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This research consists of two related yet distinct

studies: an observational study of the surface character of

the penetration of marine air into the southern Willamette

Valley and a climatological study of the summertime air

masses of northwestern Oregon.

For the observational study, temperature and estimated

wind data were gathered by automobile. Mesoscale analysis

of several cases indicate that the Marine Air Penetration

(MAP) occurs regularly in approximately the same area and

is strongly controlled by the topography. Qualitative
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observation and reasoning strongly suggests that the strong

winds and increased stability at the top of the marine layer

have an adverse effect upon agricultural field fires.

Results of the climatological study indicated that the

application of the partial collective method of analysis to

July maximum temperature data from the U.S. Climatological

Network yielded a meaningful air mass climatology for north

western Oregon. To our knowledge, this is the first time

that the partial collective method has been applied to a

region with mountainous areas west of the Rocky Mountains or

to the mesoscale.
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THE MARINE AIR PENETRATION OF THE SOUTHERN WILLATTE
VALLEY AND ITS EFFECT UPON AGRICULTURAL FIELD FIRES

CHAPTER I

INTRODU ION

This research consists of two related, yet distinct

studies: a ground-level observational study of the Marine

Air Penetration (MAP) east of the U.S. Highway 20 Coastal

Range pass west of Corvallis, Oregon, and a climatological

study of the summertime air masses of northwestern Oregon.

Throughout this thesis, the term Marine Air Penetra-

tion (MAP) refers to the entrance of an air stream of ma-

rine origin into the region east of the Coastal Range pas-

ses and the movement and/or the presence of this heated,

diffluent air stream over the floor of the Jillamette Val-

ley. The source volume or source region of Marine Air

Penetrations (MAPs) is defined as the open volume of space

which is bounded on the east by the crestline of the Coast-

al Range, at its base by the land and the Pacific Ocean,

and aloft by the variable height of the base of the marine

inversion; the southern, western, and northern bounds of the

source volume are not defined. Except for bhe discussion

in the Literature Review chapber, the term sea breeze is
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mutually exclusive from the iP, and is restricted in mean-

ing to the eastward flowing portion of the ocean-land cir-

culation west of the crest of the Coastal Range. The

birth of' an MAP begins when marine air moves east of a

Coastal Range pass through an eastern Coastal Pane valley

(overcoming any upvalley pressure gradient forces), and

descends onto and fans out across the floor of' the Vii-

larnette Valley. An air mass in this manuscript is de-

fined in terms of the origin and homogeneity of the air:

different sources produce air of different mean character-

istics with relatively small scatter about the means (same

definition as the one used by Bryson, 1966). Lastly, the

use of "Coast" and "Valley" in this manuscript refers to

the Oregon Coast and the Vlillamette Valley.

The purpose of the observational portion of the study

is to delineate the surface extent and mesometeorological

character of the NAP in the part of the Vlillamette Valley

south of Albany, Oregon. The wind shift during an MAP's ar-

rival, and the rise in wind speed and presence of a strong

stable layer above the marine mixing layer after its arrival

have an adverse effect upon agricultural field fires in

most cases, tending to result in an increased concentration

of ground-level pollution. It was and is the hope of the
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author that a real-time forecasting scheme of the occur-

rence and intensity of the MAP will be developed to aid

Willamette Valley farmers in the affected area in deciding

when is the best time to light a fire on a given day, or

if a fire should be lit at all during that day.

The purpose of the climatological study is to des-

cribe the type and frequency of the summertime air masses

of northwestern Oregon, a region of rapid transition from

a marine climate at the Coast to a continental climate east

of the Cascade Pange. Not only is the study scientifically

interesting, but the results are useful: the Willamette

Valley, which lies in this zone of climatic transition, is

the major center of agriculture and population in Oregon.

The original reason that the climatological study was under-

taken was to attempt to relate the frequency of MAP occur-

rences with the frequency of a given air mass. It became

evident during the course of the research that no such iden-

tifiable relationship exists. The reasons for this finding

are addressed in the succeeding chapters.

The purpose of the entire study as a whole becomes

apparent when the results are interpreted in light of pre

vious studies. Joint objectives of both parts of this

study which are considered in the Conclusions chapter



include: 1) A description 0±' how the MAP affects the sum-

mertime climate of the Willamette Valley, and 2) Implica-

tions which the results of the climatological study may

have upon the MAP and field burning.

In the succeeding chapter, the literature most

closely related to this study is discussed. Some lit-

erature less closely connected to this research is in-

cluded in the list of references for the benefit of the

reader interested in related topics.
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CHAPTER II

A REVIEW OF SO RELATED RESEARCH

The major portion of the discussion in this chapter

relates to the observational study. Sea-breeze theory and

observational studies of the Oregon and some other West

Coast sea breezes are discussed, followed by a description

of agricultural field burning and the summertime ventila-

tion of the Willamette Valley. The chapter concludes with

a summary of the methods and results of Bryson's study of

the air masses found in the portion of the United States

and Canada east of the continental divide.

2.1 The Sea Breeze

Work on the sea breeze, as in most lines of scien-

tific research of natural phenomena, falls under two basic

categories: observation and theory. That the two branches

of' research are necessarily closely related is well known:

an observer does not usually design an observational pro-

gram or interpret his results without a theory, and a the-

oretician cannot test a model without a wisely gathered

set of measurements and qualitative observations.

The major role of theoretical research in meteorology

is to describe a simple, "ideal" case of the phenomenon by
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proposing the physical mechanisms governing its occurrence.

For the present state-of-the-art, this amounts to formula-

ting the proper forms of the basic equations and seeking

numerical solutions for a given set of initial conditions.

To this end, the advent of the modern high-speed computer

with ever-increasing storage capacity is an invaluable

tool for the theoretician. Through proper formulation of

a numerical model, a set of solutions for meteorological

parameters of interest for various times of day may be ob-

tained. The solutions obtained may then be compared di-

rectly to observed values.

Yet these numerical models have been necessarily sim-

pie in nature. For the case of sea-breeze research, it is

only recently that the numerical modeling of variable (flat)

land-water configurations has been realized (e.g., Pielke,

197Lç. and Neumann and Mahrer, 1975). A major contribution

of the observational researcher therefore, is to choose an

approach and make observations in such a manner that the

chances for comparison with theory are maximized. The chan-

ces of comparison are further facilitated by simplifying

the results in the presentation. This objective is usually

best accomplished by presenting a simplified general case

of the observed phenomenon, followed by the proposal of a

descriptive model which suggests its physical causes.

The importance of this goal of observational research was
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underscored by Lowry (9E2) in the Introduction to his

ambitious and comprehensive study of the sea breeze of

northwestern Oregon, when he writes (p. 2),

"It will be one of the principal purposes of the work
presented here to present a variety of observations
made of the sea breeze in complex terrain near an
essentially straight coastline in midlatitudes.
Thus theoretical meteorologists may have available
data against which to check calculations based on
work they may do. The major portion of this thesis,
therefore, is a quantitative description of the sea
breeze as observed in some detail in a complex en-
vironment essentially different from any other in
which it has been observed and yet not so complex
that it would not be amenable to mathematical treat-
ment."

A commonly held objective of this much smaller obser-

vational study of the closely related mesoscale Willamette

Valley phenomenon, the MAP, is to provide some available

data against which calculations of future theoretical

studies of the MAP may be checked.

In the next section, several basic theoretical to-

pics which contribute to understanding the sea breezes

observed in nature are discussed.

2.1.1 Theoretical Base

The sea breeze is an example of one of the most fun-

damental atmospheric processes: the generation of motion

due to differential warming of the lower levels of the at-

mosphere over the land and sea during the day. Despite

the simplicity of this underlying thermal forcing, some of



the basic processes which sea breeze theory must account

for include: a) why the air over the land is warmed more

than the air over the sea, b) a mechanism initiating the

circulation, c) processes by which the circulation is

maintained, and d) reasons for the observed diurnal

variation of the surface wind at coastal locations. In

this subsection, these topics will be briefly considered.

Most descriptive discussions of the sea breeze be-

gin with the observed fact that on clear days, the air over

the land is warmed more than the air over the sea, without

attempting an explanation of why this is the case. Wexler

(19t6) and Defant (1951, p. 656) do consider this question,

however. They mention that the downward transport of heat

through wave action keeps the sea surface temperature of

the water lower, resulting in a much smaller variation in

air temperature over the water than over the land. Another

process contributing to the lowering of the air temperature

over the water is the heat flux from the air into the

water due to evaporation during the day (Nexler, 19/+6).

This cooling should be proportional to the wind speed,

and less as the relative humidity increases. Evaporative

cooling is likely a significant process during periods of

strong northerly flow in upwelling regimes along the Oregon

Coast, when warm, dry air is carried from land to the sea
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south of points and promontories. With regard to the great

warming of air over the land, the relatively lOW rate of heat

transfer downward from the surface of the ground is also

recognized as being a significant factor. Wexier (19k6)

writes, "On sand or rock the heating is confined to a thin

layer." Hence a much greater proportion of the energy is

transported upward into the air over the land. Lowry (1962)

mentions that over tree-covered land, such as the western

slopes of the Coastal Range, the warming is less due to

evapotranspiration.

Concerning a mechanism which initiates the sea-breeze

circulation, Defant (1951, p. 657) presents the following

explanation (words in parenthesis are added),

"At the beginning of the day air pressure over the
land rises (due to convection and a resulting in-
increase in the thickness) while there is only a
negligible increase over the water. As a conse-
quence, a drainage of the upper air from the land
toward the sea takes place, and during forenoon
the pressure close to the surface of the sea begins
to rise, while it starts to fall over the land.
This developing sea-land (horizontal) pressure gra-
dient is accompanied by an air current in the same
direction, that is, the sea breeze."

Defant also presents an explanation for the land breeze,

mentioning that in the evening the land and the overly-

ing air above it cool faster than the air over the sea,

and a reverse nocturnal circulation develops. Defant ex-

plains that the land breeze is, "...of smaller intensity

and vertical extent because of the lack of instability



and convection."

The concept that the sea breeze requires a mini-

mum surface land-sea air temperature difference to over-

come surface friction is included in the linearized mo-

del of Haurwitz (19L1.7).

He reasons that, "...a specific, positive temper-

ature difference is required just to overcome the fric-

tional force. As soon as Ta_Tb has fallen below this

critical value, the sea breeze starts to slow down." In

addition to a minimum temperature difference, Lowry (962)

uses the pressure difference from the Oregon coast inland

to the Willamette Valley as a means of preparing a sea-

breeze climatology. The concept of a minimum pressure

difference is also useful in explaining why the land breeze

near a shoreline is usually weak or nonexistent: the fric-

tion is greater in the stable air overlying the rougher

land.

The sea-breeze circulation is maintained primarily

through the warming of air over the land. In modeling the

sea-breeze circulation of the Los Angeles area, Edinger

(1959) accounts for dilution due to convectional heating

as a major process in causing the rising of the marine in-

version. In his review of sea breeze literature, Lowry

(1962) stresses that "the overall vigor of the sea breeze,

including its intensity and dimensions, is proportional
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to the instability of the air over the land." All nu-

merical simulations of the sea breeze necessarily include

a heating function over the land in their formulation, and

the specification of a solvable form of a heating function

is a major concern in the formulation of the sea-breeze

problem (the numerical models of Smith (1955), Pearce (1955),

Estoque (1961), Fischer (1961), Neumann and Mahrer (1971),

and Pielke(19714.) are some examples). The energy input

into the circulation decreases as sunset is approached and

the air over the land cools down, thereby decreasing the

ocean-land temperature difference.

The locus of the endpoints of hourly surface wind

vectors on sea-breeze days at coastal stations in regions

having simple topography (flat land. and straight coastline)

often resembles an ellipse of clockwise rotation with its

major axis oriented at an angle to the coastline. Haurwitz

(191+7) shows that the inclusion of the acceleration terms

in addition to the Coriolis force and the force of friction

in the equations of motion is necessary to produce an el-

liptical solution, while omission of the acceleration terms

yields a straight-line solution. Later studies show that

regularly occurring major departures of the diurnal wind

pattern from one elliptical hodograph result from the lo-

cal effects of a variable coastline or certain orientations

of higher inland topography. Dexter (1958) identifies a
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bay effect, and Staler (1957) identifies a topographical

Ttreflectiontt component at Port Angeles, Washington which

he attributes to the presence of the Olympic mountains.

For Astoria sea-breeze days, Lowry (1962) identifies both

a bay effect and an effect he attributes to the presence

of higher land south of the Columbia River.

As coastal and inland topography becomes more corn-

plex, studies on a case-by-case basis become necessary with

other local winds (e.g., slope winds). The following sec-

tion considers observational studies of the Oregon sea

breeze at the Coast and the eastward penetration of marine

air into the Willamette Valley, i.e., the marine air in-

flow into northwestern Oregon.

Studies of marine air movement in the Los Angeles ba-

sin and into Washington State are briefly mentioned since

despite the geographic, oceanographic, and meteorological

differences of these areas, insight into the processes

which bring marine air inland into Oregon is gained.

2.1.2 Observational Studies

The most comprehensive study of the sea breeze of north-

western Oregon was done by Lowry (1962); it concerned the be-

havior and movement of marine air from the Coast to the wes-

tern side of the Willamette Valley through the broad corri-

dor west of Sheridan, Oregon and the narrower corridor along
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U.S. 20 west of Corvallis. Other studies which concern

the sea breeze or other related phenomena include a case

study of an Oregon sea breeze evexit (or strong prefrontal

MAP, in the terminology of this thesis) by Johnson and

O'Brien (1973), a study of the structure of the marine in-

version by Garcia-Meitin (1975), and a study of an Oregon

heat wave by Cramer and Lynott (1970). These studies

and relevant studies of other West Coast regions will

be mentioned on a topic-by-topic basis in the following

subsections.

2.1.2.1 Frequency of the Oregon sea breeze

In order to derive a climatology of the sea breeze,

Lowry (1962, pp. 37-k6) had to decide on a simple method

of identifying sea-breeze days from published climatologi-

cal data. The scheme which he arrived at involves the

concept of a minimum temperature difference and also takes

the Coast-to-Valley pressure difference into account as

well (Lowry, 1962, p. kl). By applying his classification

to 1953-1960 May through September Astoria and Salem data,

Lowry found that the relative frequency of days with at

least a 2/3 probability of a sea breeze was greatest

(just above 75%) during the last half of July. The rela-

tive frequency of the sea breeze is about 25% during May

and June, and rises rapidly during the first half of July.
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The relative frequency drops steadily during August and

September, falling below 25% after mid-September (Lowry,

1962, p. I+i).

For a comparison, four cases of MAPs of 1975 are

classified according to Lowry's scheme in the Results

chapter of this manuscript. To supplement that comparison,

it is interesting to point out the seemingly contradictory

result that the 23 August 1972 sea breeze "event" of

Johnson arid O'Brien (1972, p. 1272) has a Lowry rating of

zero (0/3 probability) o± a sea breeze, since the 1700 PDT

Astoria to Salem pressure difference is too small (approx-

imately k nib, or 0.12 inches of mercury).

2.1.2.2 Winds

The most complete description of winds aloft and at

the surface was made

ing the variation of

tion between Newport

August 1972 inland p

tal in nature and as

characteristics:

by Johnson and

the zonal wind

and Corvallis.

enetration of m

exhibiting the

O'Brien (1973) concern-

in an east-west direc-

They describe the 23

rine air as being fron-

following important

"1) a sea breeze front, distinguishable in the zonal
wind field, which penetrated more than 60 km inland;
2) a distinct wind maximum which followed the front
inland; 3) the surface onshore flow at the coast
which took place below the main inversion, deepen-
ing the marine layer at the onset; k) a return flow
above the inversion which appeared in quasi-periodic
surges in response to surges in the sea breeze flow."
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The use of aircraft observations, pibal and rawinsonde ob-

servations, and hourly surface wind observations permitted

the construction of 2-hourly zonal wind analyses between

0600 and 2000 PDT on 23 August 1972. The analyses reveal

the formation of a low-level westerly current beneath a

fairly vigorous easterly current during the late morning

and early afternoon. By 1600 PDT, westerlies at 500 ft

of over 10 kt occurred over Ellmaker State Park. After

1600 PDT the westerlies reached Corvallis, and by 1800 PDT

exceeded 1L kt at about 350 ft above sea level, with a sur-

face westerly component there of about 9 kt. The eastward

movement of the leading edge of the marine air at the sur-

face was about 9 kt as it passed Ellmaker State Park in

the Coastal Range.

While the zonal component of the wind in the corridors

he studied is not mentioned, Lowry (1962) does present

hourly wind speed data from Baber and Cougar Mountains

near the Coast for five consecutive sea-breeze days in

1956, concluding that there is no evidence "for the no-

tion that the intensity of the sea breeze is heightened by

near-coastal mountainsv, such as Wexier (191+6) predicts

from theory. Lowry also gives a qualitative description

of vertical winds and turbulence encountered by the obser-

vational aircraft flying the two Coastal Range gaps he

studied. Fliers often encountered downdrafts near 5000 ft
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from 10 to 60 km inland, and updrafts between 1000 and 3500

ft in the Yamhill Valley near Perrydale. These vertical air

currents are likely a combination of mechanicaland thermal

turbulence associated with various, flow patterns and stabil-

ities over the rough Coastal Range terrain.

Lowry also studied the diurnal variations in surface

winds for sea-breeze days at Astoria by first subtracting

out the vectorial mean of the 24 hourly wind vectors and

examining the difference to obtain the components of the

wind generated locally. For a generalized sea breeze day,

the local wind rotates along an ellipse havig a major

axis oriented in a WNW to ESE direction, with the strong-

est west-northwesterly wind occurring at 1500 ft (Lowry,

1962, p. 100). Applying the method used by Dexter (1958),

Lowry identifies ellipses of clockwise rotation for a gen-

eral sea breeze effect (northwest wind in afternoon), a

harbor effect (northeast wind in afternoon), and a fairly

large daytime south to south-westerly component which he

feels is due to deflection of air piling up against ter-

rain to the right of the flow.

In the earlier research on the sea breeze of north-

western Washington using hodographs of surface winds,

Staley (1957) notes a similar counterclockwise rotation

of hodographs at Port Angeles and Port Townsend on the

Olympic Peninsula. He reasoned that the effect of air
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piling up against the terrain cannot exceed the Corio].js

force, but did not attempt to reconcile his theory with his

data. This particular topic is an example of a gap be-

tween theory and observation which needs to be resolved

by future investigation.

Staley (1959) extended his analyi of iodographs

eastward to the Columbia Baain of Washington, and found

evidence for an eastward progression of the time of maxi-

mum westerly flow from the Puget Sound area through

Stampede Pass, in late afternoon, to Ellensburg at about

i800 PDT, and finally to stations in the Columbia River

basin during the evening. This circulation is superimposed

upon a drainage flow into the basin at night, and an up-

slope flow out of the basin during the day. Although

parts of northern Oregon are likely affected by similar

circulations, a similar study of Oregon winds is necessary,

due to the large differences in topography between Washing-

ton and Oregon. It is apparent from the results of the

smaller-scale climatological study presented later in this

manuscript that several types of modified marine air do

reach Santiam Pass east of Corvallis.

Using a very different method of surface wind

analysis, Johnson and O'Brien (1973) present time series

of the westerly and northerly components of the wind at

Newport, Oregon during late August 1972. Following a
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period of alternating northerly and southerly components

of the wind, a major change to only northerly flow occurred

just prior to the penetration of marine air of 23 August.

At the same time, a change to easterly flow, subsidence

and hot weather developed over the Willamette Valley.

Johnson and O'Brien's case is particularly interesting

since it shows that a short period of Coastal upwelling

and inland heating may be followed by a strong penetration

of marine air into the Valley, given a favorable sequence

of synoptic-scale events.

2.1.2.3 Moisture variations

The study of Lowry (1962) focuses heavily on the

variations of relative humidity as the primary means of

identifying sea breeze days. Sea breeze occurrences were

subdivided into two natural categories: "V" days, where

the hydrograph traces showed .sharp daytime minima, and

"U" days, where there were "U"-shaped minima. A complete

sea-breeze day occurred when a "U" or "V" day was observed

at both Sheridan and Corvallis, since this provided an

indication that the circulation reached the Willamette

Valley. Despite these pronounced and unique types of

traces, analysis of the temporal and station-to-station

values of mixing ratio indicated that there was little

change in mixing ratio as the sea-breeze "front" passed,
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and also little consistent pattern in the sign of the

change from coastal to inland stations. Lowry concluded

that this is an indication that the Oregon sea breeze is

a non-advective wind surge, especially on the "V" type of

sea breeze day. In examining temperature changes at Salem,

Lowry reached a similar conclusion, observing that (p. 76)

"In general only small changes in temperature seem to have

taken place after frontal passages, especially when account

is taken of the time of the day at which the passages oc-

curred at various points."

In contrast with moisture variations observed on

complete sea-breeze days at the valley floor, Lowry ob-

served a cyclical variation in mixing ratio in Coastal

Range peaks, especially pronounced at stations in the

Valsetz basin, with maxima occurring in early afternoon

and minima occurring in early morning (Lowry, 1962, pp.

108-110). The opposite variation is observed at the 850 nib

level over Salem. Further examination of moisture data

permitted Lowry to conclude that for U-type days, there was

a persistence of relatively warm, dry air between 8o and

700 nib. Hence the V-type sea breeze day represented a dis-

tinct change of air mass, while a U-type was more of a

"non-advective wind surge superimposed on a relatively

static set of stratified air masses" (p. 116).
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2.1.2.k Surface temperature and pressure

The cooling due to the inland movement of marine air

through the Coastal Range gaps west of Sheridan and

Corvallis is quite noticeable in Lowry's analyses of the

diurnal variations of temperature at several stations in

these areas on "U" and "V" sea breeze days (Lowry, 1962,

pp. 68 and 70). Diurnal temperature variations were

greater in the Valley than closer to the Coast, primarily

from cooling in the gaps during afternoon. Maximum tempera-

tures at Grand Ronde and Burnt Woods occurred shortly after

noon, while at Salem and Corvallis, the maximum temperatures

occured during late afternoon. In addition, Lowry (1962,

p. 75) mentions that on "V" days the maximum temperatures

are higher at Coastal Range stations and piedmont areas of

the eastern side of the Coastal Range.

Lowry (1962, p. 91) also presents an analysis of

diurnal pressure variations at Astoria, Grande Ronde,

Valsetz, and Salem in terms of departures from the baseline

pressure (the line of connecting the 0400 PST pressure on

the day in question with the pressure at 0400 PST the fol-

lowing morning). From the analysis of seven sea breeze

days, it is evident that the magnitudes of the pressure

variations (p. 92) from the baseline "increase with increas-

ing distance from the beach, ranging from 0.05 inches of
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mercury, or 1.7 mb at Astoria to 0.12 in of mercury, or

L..1 mb at Salem." He also observes that at both Astoria and

Salem, morning pressures are higher and afternoon pressures

are lower on sea breeze days than on days in general. Re-

garding the diurnal variations in Astoria to Salem pressure

difference (p. 95), the maximum pressure difference occurs

at 1700 PST when the pressure is lowest at Salem. Also,

the pressure difference is greater on sea-breeze days than

on days in general, which is reasonable since there is an

influx of air from the Coast to the Valley on sea breeze

days.

Surface pressure analyses for the 23 August 1972

sea breeze "event" of Johnson and O'Brien (1973, p. 1272)

show the eastward progression of an inverted trough from

the Coastal Range at 0800 PDT to the Cascades at 1700 PDT.

As the trough progressed eastward during the day it inten-

sified, due to the strong heating of inland areas. At

1700 PDT, the air temperature from the buoy about 18 n mi

NNW of Newport was 60F, while the temperature at Salem was

83F, with a dewpoint of i1F (O'Brien, 1972: CUE I Meteor-

ological Atlas, Volume 1). Hence large Coast-to-Valley

pressure, temperature, and moisture gradients existed at

this time.
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In their study of an Oregon heat wave which devel-

oped during the first week of July 1960, Cramer and Lynott

(1970) present detailed surface potential temperature

analyses of western Oregon and surface pressure analyses

of the Pacific Northwest. The results of their study in-

dicate that hot weather may persist in western Oregon for

several days without a significant inland penetration of

marine air into the Willamette Valley from the west. The

surface pressure analyses show that a thermal trough on

the 1600 PDT maps intensified and moved northwest to the

southwestern corner of Oregon, resulting in flow toward

the Coast which was strong enough that marine air was pre-

vented from entering the Valley from the west. Intensifi-

cation of the surface potential temperature gradient occurred

during the period 2-5 July, with the maximum temperature

gradient of the study occurring on the afternoon of 5 July.

The surface pressure field changed by 1600 PST on 7 July,

as the thermal trough moved southeastward, being replaced

by a strong WNW to ESE pressure gradient directed from the

Coast to the Willamette Valley (Cramer and Lynott, 1970,

p. 758). The surface potential temperature map for the

same time shows a decreased potential temperature gra-

dient accompanying the influx of marine air into the Valley.
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2.1.2.5 Vertical temperature structure and the marine_layer

Cramer and Lynott (1970) also present vertical

cross-sections of potential temperature from the Coast

at Newport to the eastern side of the Cascades at Redmond,

at several times during the period 1 to 7 July 1960. The

cross section for 1600 PST July 1 shows the presence of a

very stable layer at about 6000 ft over the Coast and the

Willanette Valley. As the heat wave builds, this air is

warmed and mixes with subsiding air from the east. By

1600 on 5 July, the stable layer is almost gone (p. 753,

Figure 11+), with the 96F isentrope located just above the

floor of the Valley. The penetration of marine air into

the region west of the Cascades is reflected in the larger

number of isentropes on the 1600 PST map for 7 July, which

slope downward and to the right. A time section of winds

and potential temperature up to mid-tropospheric levels

over Salem also indicates that an upper-level chamge from

easterly to westerly flow took place late on 6 July. In

the following passage, Cramer and Lynott describe the chan-

ges which took place at the end of the heat wave (p. 752):

"The cooling trend started late on the 6th shown
by the backing of winds below 6000 ft (Figure L1.).
After descending to the surface from above
10,000 ft in 36 hr, the 96F isentrope was back
above 7000 ft by 0i00 PST 7 July as cooler air
moved in below. By 1600 the air mass structure
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had entirely changed (Fig. 17) reflecting the
continuing advection of cooler, stable air. The
northern Coast Ranges had cooled the most (Fig. i8).
The advection of cooler air was evident as isen-
tropes tended to lie across the Northern Coast and
Cascade Ranges, through very warm air still remained
in south-central Oregon. The western Oregon heat
trough disappeared from the sea-level pressure map
(Fig. 19), and a strong pressure gradient across
northwest Oregon reflected the advance of cooler
air."

The fact that the air mass structure had entirely changed

reflects the fact that large-scale synoptic changes aloft

had occurred.

Johnson and O'Brien have analyzed time sections of

temperature and potential temperature from soundings at

Newport during their 23-2k August sea breeze "event".

Prior to the onset of the sea breeze at 0900 on 23 August,

the structure is very complex, with four weakly stable lay-

s in the làwest 2. km. After 0900, the three upper stable

layers rose. A single strong stable layer formed between

200 m and 700 m in the afteriioon, the base of which rose

to a maximum height in the evening, when the low level

westerlies were at a maximum depth and the low level north-

erlies were at a maximum strength. As the inversion rose,

the change of temperature with height increased to about

3.3C/100 m. After midnight, the inversion descended during

a period of weak land breeze (0200 to 0800). It briefly

rose again after the onset of the sea breeze at 0800 on
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214. August.

The study o± Garcia-Meitin (1975) for a period near

the end of August, 1973 also shows that the marine inver-

sion contains several stable layers. The study is a de-

tailed examination of variations in the structure of the

marine inversion with time from Cape Kiwanda at the Coast

eastward to Salem (through the Sheridan corridor in the

Coastal Pange). She found that the inversion seems to re-

spond to weak synoptic-scale changes, rising with low-le-

vel convergence and lowering with subsidence in high pres-

sure.

Although the study of Edinger (1959) concerns the be-

havior of the marine layer in the Los Angeles area, some of

the physical insights gained may be applied to the behav-

ior of the marine layer in Oregon. Important topographical

differences between the two regions include the fact that

the San Gabriel mountains north of Los Angeles are higher

and have no low passes, and that the Mojave desert is much

higher in elevation than the Willamette Valley. Edinger

observed that on the average, the depth of the marine layer

(height of the marine inversion's base) increases from un-

der 900 ft just south of Santa Monica to over 2100 ft in

the San Gabriel Valley. The departures from the mean

height of the base of the inversion showed a common rising
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early in the day followed by a fall later on, with the

maximum height occurring at 0900 PST at the coastal sta-

tions and not until about 1300 PST at inland stations

(Edinger, 1959, p. 220). Maps of hour-by-hour deviations

from the daily mean height revealed "the existence of a

bulge or wave crest in the thickness of the marine layer

that moves from the coast inland during the daylight

hours and is replaced by a following hollow or trough by

late afternoon." Edinger also presents a model in which

he estimates the magnitudes of three basic mechanisms

which produce changes in the depth of the marine air:

horizontal convergence and divergence in the marine layer,

dilution of the marine air from above due to convection,

and the advection of deeper or shallower layers of air

into the area. He concludes that the major effect is

the dilution of marine air due to convection.

2.1.2.6 Lowry's model of the Oregon sea breeze

Lowry proposed a descriptive model to explain

several features of the Oregon sea breeze which he ob-

served (Lowry, 1962, pp 136-143; see especially Figure

29, p. 137). In the diagram of his descriptive model,

an east-west cross section from the Coastal Range to the

crest of the Cascades, he indicates the heights of the
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condensation level and the top of the marine inversion,

the location of stratus, and the east-west component

of the wind for four times on a typical sea breeze day.

At 1600 PST, while the condensation level is high

over the Willamette Valley from non-adiabatic heating,

the crest of the wave on the base of the marine inversion

is over the Coastal Range. The energy initiating this

moving wave crest "enters the system through a combin-

ation of insolation, resulting convection, and a moving

zone of convergence as hypothesized by Edinger". Marine

layer stratus is found from the Coast to just east of the

crest of the Coastal Range. At 2200 PST the crest of the

moving wave on the marine inversion base lies over the

Willamette Valley, and the marine layer is becoming

quite shallow over the Coastal Range ridges. By 014.00 PST,

the condensation level in the Valley is well below the

base o the marine inversion because of nocturnal ra-

diant cooling, resulting in a thick layer of stratus

there. Dry, warm conditions prevail over the Coastal

Range, and the top of the marine inversion is moving

toward the Coast. By 1000 PST, the wave crest is lo-

cated over the Coastal Range. The condensation level

has risen markedly above the eastern slopes of the

Coastal Range which are warmed by morning sunshine.



The crest of the wave on the marine inversion from the

previous day is moving westward over the Coastal Range,

and a new wave is beginning to form at the Coast which

will move inland.

Although this wave has the appearance of an in-

ternal gravity wave, Lowry's computations show that

the speed of such a gravity wave would be between Lf and

5 times larger than the hypothesized speed of the wave

in his model. He concludes that other mechanisms are

involved, and that the oscillations on the marine inver-

sioribase resemble those of the wave of positive and nega-'

tive height anamoly observed by Edinger over the Los

Angeles basin.

2.1.2.7 Synoptic conditions for two marine air ftjypgjpvI

The 23-2k August 1972 case of Johnson and O'Brien

(1973), and the heat wave of the end of July, 1960 stu-

died by Cramer and Lynott (1970) are both examples of

strong, deep penetrations of marine air where a distinct

change of air mass occurred. The 500 mb map for OOGMT

23 August 1972 (Johnson and O'Brien, 1972, p. 1270)

shows the presence of a short wave trough just off the

coast of Washington which is just beginning to move

through the long wave ridge in the vicinityof the
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western Oregon. The surface map (p. 1271) shows a weak

cold front approaching an offshore ridge just off the

Coast. Twenty-four hours later, the 500 mb trough has

passed eastward to the Great Basin, and 30 kt winds, from

about 314.0 degrees prevail over western Oregon (CUE-I

Meteorological Atlas, Volume 1, 1972). A sharp 500 mb

ridge is located just west of the West Coast. The surface

front has weakened further, and has reached Quillayute,

Washington. Succeeding maps show that the surface front

washedout before reaching Oregon. In summary, this deep

invasion of marine air was related to the movement of a

short-wave trough through Oregon, with the influx of marine

air beginning at the surface as a thermal trough moved east-

ward toward the Cascade Pange and a sharp offshore ridge

began to move onshore on the afternoon of 23 August 1972.

Although the synoptic situation a few days preceeding

the invasion of marine air for the case described by

Cramer and Lynott was considerably different, the event

was also initiated by the movement of an upper-air trough

through the West Coast area (Cramer and Lynott, 1970,

pp 714.2-714.3). The trough was a longer-wave feature with a

closed center which moved inland on July 7, 1960. On 14.

and 5 July, winds at 500 mb over northwestern Oregon were

light and from a generally northerly direction. On 6 July



30

1960 (1600 PST) the wind shifted to the WNW at Salem. At

the surface, a similar sharp ridge in the Pacific was

building toward the coast of Washington and Oregon. Cramer

and Lynott's Salem time section shows that a shift to light

westerly winds progressed downward to 6000 ft by 0L4.O0 PST

on 7 July, followed by an increase in speed and a shift

to the southwest above 9000 ft by 1600 PST. The detailed

surface pressure analysis for the same time on 7 July shows

a strong high offshore accompanying a strong low-level

influx of marine air.

Despite some dissimilarities, both of these strong,

deep inland penetrations of marine air were preceeded by

the sharpening of a surface ridge offshore. As an upper-air

trough. neared the Coast., marine air began flowing inland

near the surface. It is difficult to make a more detailed

comparison of these two cases because of the differences in

the methods of analysis used.

For cases of this type, the strong diurnal rhythm

in the mesoscale low-level pressure pattern will tend to

cause the penetration of marine air into the Willamette

Valley to occur in late afternoon and evening. Hence the

timing of the upper air changes with the low-level influx

of marine air should vary somewhat from case-to-case, de-

pending on what time of day the upper air trough moves

into northwestern Oregon.
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To this point, research most closely related to the

Oregon sea breeze has been reviewed. Other topics that

concern the observational study presented in this manu-

script include processes by which pollution present in the

air in the Willamette Valley may be removed, and recent

research on agricultural field burning. These topics are

considered in the next two sections.

2.2 Willamette Valley ventilation

The synoptic conditions over the Willamette Valley

during the field burning season of July through September

are characteristically dominated by subsidence in the east-

ern arm of the Pacific anticyclone and frequent penetra-

tions of marine air into the Willamette Valley, both of

which act to produce and/or enhance a relatively low lying

stable layer that tends to "cap" the Valley. Hennessey and

Craig (1976) introduce their study of ventilation processes

in the Willamette Valley by stating that the smoke from

field fires "is emitted into a valley where the ventila-

tion is restricted by topography, frequent inversions, and

atmospheric stagnation." Despite these generally adverse

meteorological conditions which are most prevalent during

the summer and early fall, studies have shown the existence

of processes by which the Willamette Valley is ventilated.

Well-known studies of air pollution potentials in
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the United States were done by Holzworth (e.g., Holzworth,

1972) using the mixing height and the transport wind as

indicators. In order to study the Willamette Valley more

closely during summer and late fall and since Holzworth

published seasonal statistics only, Hennessey and Craig

(1976) did a statistical study of monthly data for these

and other quantities using the Salem data of Holzworth.

They also computed the ventilation index, which is the

product of the transport wind (mean wind speed in the mix-

ing layer) and the mixing height divided by a constant.

The trend in their results causes them to conclude that

"the mixing height, transport wind and ventilation index

at Salem, Oregon decreases as the field burning season pro-

gresses while their respective coefficients of variation

increases. In other words, conditions not only worsen as

time goes on, but the day to day variability increases"

(Hennessey and Craig, p. 17). Thus they recommend early

season field burning as a fundamental smoke management

strategy. It is also stressed that their results are good

for the open part of the Valley near Salem; substantial

variations of both mixing heights and transport winds can

be expected for other parts of the Valley due to differen-

tial heating, wall effects along the mountains, and marine

air penetrations.

Other studies of the ventilation of the Willamette
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Valley have concerned specific area and processes. Craig

and Hewson (1972) investigated the transport of pollutants

from the Willamette Valley up the slope and over the crest

of the Cascades. It was estimated that slope and upvalley

transport over the Cascades may contribute to 10% to 20%

of the total ventilation of the Valley in summer. During

stagnant conditions, upvalley winds are the major means

of ventilation. Olsson, et. al., (1970) indicate that the

east-west cellular circulation associated with influxes

of marine air contribute to the transport of pollution

out of the Willamnette Valley basin during summer and early

fall. Thus we are left with the interesting result that

the same type of phenomena which causes increased sta-

bility, and whose entrance into the Valley may result in

locally increased ground-level concentrations of field

burning smoke also has a circulation which aids in the

ventilation of the Valley.

Olsson and Tuft (1970) centered their attention on

the ventilation of the Portland metropolitan area, and

found the air flow to be complex with a fair amount of

transport out of the area, due to the presence of the

Columbia Piver Gorge to the east and the mouth of the

Columbia River to the northwest. Northerly flow was

found to predominate in the rest of the Valley, where

transport conditions were less favorable.
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2.3 Agricultural field fires

Recently approximately 60,000 hectares of grass-seed

straw and stubble have been burned annually in the Willamette

Valley for the purpose of pest control, such as ergot and

grass-seed nematode, and residue disposal (Craig and Wolf,

1979; Air Resources Center, 1969). Spurred on by the con-

cern for air quality in the Willamette Valley during the

field burning season of July to September, considerable

research on the alternatives to open field burning was

done during the mid-1970's (e.g, Odell and Miles, 197k,

and (Miles and Odell,1976), most of which were found to be

economically and technologically impractical.

Fortunately, results of the very recent study on

field burning plume behavior by Craig and Wolf (1979)

indicate that the utilization of rapid ignition methods

conducted under light wind conditions with low thermal

stability will result in a lesser environmental impact

(Ibid., p. iv). The variables considered most important

in the determination are "the meteorological variables-

wind velocity, temperature, humidity, and turbulence;

the fuel loading and moisture content; the field size;

and the ignition methodt' (p. i). Because the field size

and the ignition method were experimentally controllable,

they were varied. Pairs of burnings were conducted within

a few hours, to compare the effect of field size or ignition
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method under somewhat similar meteorological, fuel loading

and moisture conditions. Despite the fact that their study

was designed to emphasize field burning methods rather

than different meteorological conditions, they obtained

considerable information which may be applied in a rough,

qualitative sense to the effect of the MAP upon field fires.

It will be shown in the Results section that the ar-

rival of the MAP is characterized at the surface by a wind

shift and an increase in wind speed, followed by a fall in

temperature. Although it was not directly measured, the

findings of other studies (e.g., Johnson and O'Brien, 1973;

Cramer and Lynott, 1970; Lowry, 1962) combined with these

observed surface characteristics strongly suggest that the

MAP is capped by a stable layer which strengthens with time

following the arrival of the marine air at a given location

in the Valley. Thus by considering the effects of a wind

shift, higher wind speeds and greater stability upon field

fires, a qualitative feel for the effects of the MAP upon

field fires may be obtained.

Of the four field burning techniques used in Craig

and Wolf's study (the backfire, the regular burn, the into-

the-wind stripfire, and the perimeter ignition), the back-

fire is quite susceptible to wind shifts, due to the long

duration of the burn (Craig and Wolf, p. 19). With a major

wind direction. reversal, a slow burning backfire could
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become a raging headfire (p. 63). Although affected by wind

shifts, some account for them can be made during the igni-

tion of the regular burn (p. 22). Because of the much

shorter burn time, it is less likely that a wind shift will

occur during a fire lit by perimeter ignition techniques

(pp 67-68). The geometry of this most effective technique

also suggests that changes in wind direction for light wind

speeds will have little effect upon the development of a

convective column which carries the pollutants upward. Thus

the use of perimeter ignition techniques may help to avoid

the adverse effects of wind shifts associated with the MAP.

Although they do not predominate, there are some pos-

itive effects that an increase in wind speed has upon field

burning. The initial rates of fire spread are noticeably

increased for higher wind speeds with a more pronounced in-

crease occurring for headfires than for backfires; in ad-

dition to an increased rate of oxygen supply to the fire,

the flames are tilted over in the direction of the fuel

(Craig and Wolf, p. 6). Also, for situations where the

smoke is drifting passively away from the fire, Pasquill's

diffusion equation applies and the concentration downwind

is inversely proportional to the wind speed. -

The predominant effect of increased wind speed, and

thus also increased low-level vertical wind shear is a
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negative one, probably due to .reater entrainment and, a

reduction in plume buoTancy. In their discussion of

low-level smoke concentrations relative to increased wind

speed, Craig and Wolf (pp 68-69) observe that:

"The ground-level smoke for all fires, however,
increases as the wind sDeed increases. For the raDid
ignition this may be due to retardation of the con-
v2ctiV column formation as well as to lesser plume
rise."

They also mention that for light wind

no smoke visible beyond the immediate

field. Craig and Wolf recommend that

how the ambient wind speed relates to

needed (p 85).

A semi- empirical formula for th

conditions there is

area of the burned

further research on

fire behavior is

concentration of

smoke derived by Craig and Wolf shows that the concentration

is proportional to the product of wind speed and the verti-

cal potential temperature gradient or stabiiit.y to the 7.183

power (pp 50, 51, and 83). Hence both a higher wind speed

and a hiher stability result in an increased downwind

concentration of smoke near the ground.

The most obvious effect of increased stability upon

field fires is the suppression of plume buoyanc:r. Craig

and Wolf point out that the stability not only influences

the heiht of rise of gases in the convective column, but

also determines the effective deth of the layer of air that
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supplies oxygen to the fire. This effect should tend to

cause less complete combustion, more pollution, lower fire

temperatures and hence lower equilibrium plume heights.

In summary, the results of Craig and Wolf's study

suggest qualitatively that the increased wind speed and

higher stability associated with the MAP have an adverse

effect upon field fires; the effects of a wind shift are

not as significant.

In the next section, Bryson's (1966) study of air

masses found in the United States and Canada east of the

continental divide is discussed. This study relates to

the climatological portion of this research.
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2.Lf Air Mass Analysis

Bryson (1966) utilized three different techniques in

his analysis of eastern North American air masses and mean

confluence zones: the tracing of trajectories back to the

source region (Canada only), the resolution of the daily

maximum temperature frequency distribution into partial col-

lectives (component normal distributions),and the analysis

of streamlines and confluence zones using monthly resul-

tant winds. The research was undertaken with the hope of

determining whether or not there is a natural coincidence

of the dominance of certain types of air masses with cer-

tain biotic regions. Referring in particular to the border

between the tundra and the boreal forest of Canada, Bryson

(1966, p. 229) states that his purpose is "to explore the

sources and distribution of air masses over these areas

in order to add to the synoptic evidence of the relation-

ship between the treeline and the mean, possibly modal,

frontal zone". The frontal zone he is referring to is the

mean midsummer transition zone between Arctic air to the

north, and air of other origin to the south.

The results of Bryson's study may be divided into

two major topics: 1) Several cases (e.g., the Boreal forest

and the "corn belt") where the mean positions of the bouri-

daries of air masses, or fronts, as determined by analy-

ses of monthly resultant winds for certain seasons are
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coincident with certain natural biotic or aricultural

regions, and 2) The application of the trajectory method

and the partial collective method to July surface winds

and maximum temperatures ofNorth American ir masses east

of the Rocky Mountains. While results of the first type

are indeed very interesting, the methods and results of

the two methods of air mass analysis employed by Bryson

are discussed further, since the partial collective method

of air mass analysis was applied to the climatological

StUdy.*

Air mass analysis by the trajectory method begun by

tracing Canadian air trajectories for 10 months of July

back to their source, since this is an aid in deciding

how a particular column of air (especially near the sur-

face) acquired its characteristics. For the purposes of

the study, trajectories were traced to the borders of

Canada, resulting in four major external sources: Arctic,

Pacific, Atlantic, and United States. A fifth minor source

was found to be an anticyclone having a long residence

over Hudson Bay. The July air mass frequencies were then

plotted for 5-degree latitude and longitude grid segments

* The partial collective method as applied to the
climatological study is described in detail in the Methods
chapter.
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for the ten years 19k5-51 and 195L4.-56, based on geostro-

phic trajectories from twelve hourly surface synoptic

charts (Bryson, 1966, p. 231).

Their results show that the July frequency of Arctic

air decreases south;vard fairly rapidly from over 90% over

the Canadian Arctic Archipelago to about 10% over south-

eastern Canada. The frequency is also lower over western

Canada and higher over the Hudson Bay area where Arctic

air spreads southward more often. The Pacific air has a

frequency of over 90% in British Columbia, and decreases

rapidly northward over the Yukon Territory and the north-

western Northwest Territories, reaching less than 10%

near the Arctic Ocean. The frequency of Pacific air de-

creases much less rapidly eastward across southern Canada

between 50 and 550N latitude, in the main stream of the

westerlies. Parts of Newfoundland have a frequency of

air with Pacific origin of greater than 10%. Atlantic

air is basically confined to the area east of Hudson Bay,

and has a frequency of less than 50% over Newfoundland.

'tUnited Statest! air, most of which has its ultimate origin

over the Pacific, has its highest frequency of over 35%

over southern Ontario and southwestern Quebec, and de-

creases rather rapidly northward. Hudson Bay air has a

frequency of about 10% over the southeastern portion of
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the bay, and occurs very infrequently over a rather broad

area (Bryson, 1966, pp 231-23L).

In introducing the partial collective method of

analysis, Bryson explains that "it is implicit in the air

mass concept that different sources produce air of dif-

ferent mean characteristics, with relatively small scatter

about these means. Without this assumption the air mass

concept breaks down and air mass classification becomes

arbitrary." The method used was an abbreviated version

of that used by Essenwanger (195L.), and was applied to the

frequency distributions of July daily maximum temperatures

at about 120 Canadian and United States stations for the

ten-year period 19L8 through 1957 (Bryson, 1966, pp 23k-235).

The assumption that the frequency curveof.a given statiOn

is composed of a series of (fractional) normal curves or

partial collectives was checked by constructing the fre-

quency distribution of maximum temperatures for single air

masses identified by the trajectory method (Ibid., p. 236).

Identification of the partial collective or air mass

obtained was then made. This was accomplished by "making

the reasonable assumption that an air mass is most frequent

in its source region, and decreases in importance with dis-

tance from the source." When the collectives were fol-

lowed from station-to-station away from the source, changes
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in frequency and temperature modification were small

enough that the identity of the partial collective tas

preserved (Bryson, 1966, p. 236).

The frequencies obtained by the partial collective

method were then compared to those obtained by the tra-

jectory method. Although some large discrepancies were

found, most values were in general agreement. Some of

the discrepancy is attributed to the fact that four of the

ten Julys examined were for different years. Also, the

resolution of the trajectory method was much less, since

the trajectories were computed for 5-degree latitude-

longitude grids and smooth isopleth patterns were drawn.

In comparing the two methods, it is observed (p. 236) that

"the trjectorymethod is sufficientl:r accurate to provide

a reasonably certain identification of the general air mass

distribution pattern and the partial collective method is

sufficiently sensitive to give details." This statement

suggests that the partial collective method could be well

suited to a detailed study on a smaller scale, such as

northwestern Oregon.

Air masses traced through partial collective analysis

in Bryson's study were named for their regions, where they

were required to have their highest frequency. For ex-

ample, along a profile from Brownsville on the Gulf of
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Mexico to the Canadian Arctic, maritime tropical air de-

creases from a frequency of 100% at Brownsville to 70%

at Little Pock to 23% at Huron, South Dakota, and finally

to 3% at Ennadai at about 58°N in Canada (Bryson, 1966,

Fig. 8, p. 239). Air masses identified along the profile,

from coldest to warmest, included two types of western

Arctic (the colder originating over the Arctic Ocean),

eastern Arctic, Yukon, Canadian Pockies Pacific, Northern

Pockies Pacific, maritime Tropical, and continental Tro-

pical.

In the first part of the next chapter, the methods

used in the observational study of the MAP are presented.

The second part of the chapter emphasizes the partial col-

lective method as it was applied to the climatological study.
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CHAPTER III

I'IETHODS

In this chapter the methodology used for the obser-

vational study and the climatological study is described.

Prior to detailing the methods used it is useful to pre-

sent a brief synopsis of why the studies were conceived,

and how the methods used were chosen.

During the field burning season of July through Sep-

tember, 1974, the author observed that the penetration

of marine air (the MAP) over the floor of the Willarnette

Valley southwest to southeast of Corvallis, Oregon re-

sulted in cases of excessive ground-level concentrations

of smoke downwind of certain agricultural field fires,

which on occasion crossed major highways, sometimes re-

ducing the visibility to near zero. Hence, during late

1974 and 1975, it was decided that an observational study

of the MAP was necessary. It was determined that temper-

ature was the best single meteorological parameter to

measure the presence of an MAP in the Valley. Based on a

few trips made during 1974, it was decided that an analysis

of the surface temperature field of MAPs in the Valley

would yield the presence of a cool tongue containing a

temperature minimum near Philomath, Oregon.
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Measurement of the temperature field by automobile

was chosen. It was the best method available for rapidly

and inexpensively obtaining sets of a relatively large

number of quasi-instantaneous data points. Neasurement

by automobile also permitted a first-hand, in-the-field

look at the extent and temporal change of other mesomete-

orological characteristics such as the location of surface

wind shift zones, confluence zones, and wind speed

changes. Observers could also on occasion measure the wind

speed using a hand-held anemometer, take photographs of

field fire plumes, and record any relavent or unusual

weather phenomena observed en route.

The data gathering methodology employed yielded

enough usable data to permit the analysis of several case

studies of the MAP, as well as the construction of mean

temperature cross-sections of the phenomenon. The methods

used were successful in describing for the first time the

surface mesoscale structure o± the NAP whose source

region is the volume of marine air lying west o± the U.S.

20 Coastal Pange pass.

Following the preliminary analysis of some of the

field data, it was decided that the study of the MAP

should be expanded through a climatological study of

the frequency of the summertime air masses of north-

western Oregon. It was postulated that the station-to-
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station variation of the frequency and mean temperature of

an air mass might correlate to areas where MAPs should

occur. The partial collective method of air mass identi-

fication had, not, to our knowledge, been applied to a re-

gion west of the Continental Divide. Some doubt existed

as to whether this approach would yield meaningful results

for northwestern Oregon, a region of complex terrain with

small to large mountain chains or valleys and varied areas

of forested or cleared land. Hence, a second reason that

the climatological study was undertaken to test its appli

cability to such a region.

The ideal situation would have been for the observa-

tional study and cliniatological study data to be for the

same period of record: for example, the months of July,

August, and September during the years 1966 to 1975.

However, the observational study was done during only one

season (July-September, 1975) and the most recent U.S.

Climatological Network data available at the time was for

1974. Additionally, time and manpower limitations made

it more reasonable to choose only one of the three months

for the climatological study. Maximum temperature data

for the three months were semi-quantitatively compared for

a few of the stations in different parts of northwestern

Oregon. The comparison showed that the July data tended

to differ from the August and September data in. the



following ways:

1 A greater day-to-day variability in maximum
temperatures was observed for July than for
August or September (i.e., shorter prolonged
hot or cool periods).

2. For most inland stations, a greater spread in
the maximum temperature data was evident for
July than for August or September.

3. The maximum temperature for the year was
usually observed in July rather than in
August or September.

L1.8

The second result of the comparison was the primary reason

for the choice of July data over August or September data,

as this characteristic would permit the easier and more

accurate identification of the partial collectives. An

additional reason for the choice of July was that Lowry

(1962,p. 44) found that the frequency of days having a

high probability for sea breeze occurrence is greatest

in. July. Hence, there would be a better chance that an

NAP ty-pe of marine air mass derivative would be detected.

3.1 The Observational Study

3.1.1 Data gathering

The field data were gathered in the period July 1 to

September 8, 1975. The measurement in space and time of

temperature (the primary MAP indicator variable) was made

through the use of fast response telethermometers (Yellow

Springs Instrument Company) mounted on cars. The tem-

perature probe was attached to an exposed location such

as an aerial, or was mounted on a wire protruding from the



right front window of the car. Prior to each trip, the

telethermometers were zeroed and checked against each

other. One or two cars were driven along prescribed

routes so as to measure either transverse or longitudinal

sections through the marine air tongue. For example, a

commonly used transverse section extended along U.S. 99W

from Corvallis to Junction City, with observations being

taken on both the outbound and return trips (see Figure 1

for map of study area).

The wind speed and direction were occasionally

estimated by watching the movement of tall grass and

pennants along the route. Some wind measurements were

made using a portable Belfort hand-held anemometer for a

few of the trips. All data gathered by car were recorded

on data record forms by the passenger. Odometer reading,

time, and temperature were always recorded; comments re-

corded included landmarks, estimated wind speed and di-

rection, small-scale weather phenomena, passage near

streams, rivers, groves o± trees, or shady zones, and

other unusual or pertinent phenomena.

Additional sources of wind data included strip charts

from the Pacific Power and Light Company meteorological

tower located near Lebanon, the American Can Company

meteorological tower near Halsey, and the Waii Chang-

Teledyne meteorological tower in Albany. A few one-minute



__S
.

-J-- .

?
5 S,

I

ft*

/ or7 3O ,-
X rI

;
X': J-c'

/

S.

i
/

r

H

Figure 1. The observational study area

3R
2
r

0 2 # 4 e

/ ...-, I";

'S-fl

0



wind averages from Corvallis Airport were also obtained.

Supplementary data sources included a No. 1143 Casella

thermograph located at the Wilkinson residence on the

southern edge of Corvallis in the marine air corridor. The

thermograph was calibrated in early July and again in. late

September using a mercury thermometer. A second source of

thermograph data came from the Heald residence, located in

Corvallis, about one mile northwest of the Oregon State

University campus. To permit documentation of the fre-

quency and strength of MA.P occurrences during the obser-

vational period, the author kept a descriptive and semi-

quantitative daily weather notebook during the period July

1 to September 8, 1975.

The size and scope of the observational study was

limited by the amount of funding, by the equipment

available, and by the need to rely upon volunteer help.

Despite these drawbacks, analyses o± the combined field

and. supplementary data indicated that more than enough

field data had been gathered to fulfill the planned

purpose of the study. The methods used to analyze the

data are discussed in the next section.

3.1 2 Data analysis

Preliminary mesoanalyses were made for seven dates

for which an adequate set of quasi-simultaneous areal data
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had been gathered, and a moderate to strong MAP had

occurred. Temperatures, estimated wind directions, and

measured wind speed and directions (if available) were

plotted, followed by the analysis of the surface isotherm

and streamline pattern. Each analysis was assigned a

time found by approximating the mean time of the tempera-

ture data points. Four of the seven dates were then

selected for final analysis. Reasons for choosing a given

case varied: for example, some were chosen for their

uniqueness, while others were chosen for their repre-

sentativeness. A criterion common to all of the decisions

was that the quantity of field data should be as com-

plete in space and time as possible. A case was also

rated higher when a greater amount of supplementary data

was available.

In addition to the individual case studies, a corn-

posite picture of the mean temperature variation within

the MAP was constructed through the analysis of temperature

data taken on MAP days along U.S. 99W between Corvallis

and Monroe. Only dates on which a Corvallis-Monroe

temperature difference of greater than 2F occurred were

included in the data set. The dates which were included

are July 9, July 21, July 23, July 24, August 1, August 9,

August 14, August 26, and September 6.

The analysis was begun by plotting the data points
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as distance in miles from the junction of U.S. 99W and

U.s. 20 in Corvallis. A smooth curve was then drawn be-

tween the data points for each trip; trips dowii and back

were considered as seperate trips, due to the background

temperature trends present during the period of travel.

Twenty-three such one-way trips were graphed. The smoothed

temperature data for each one-way trip was then tabulated for

each mile along the route. The average temperature at one-

mile intervals was subsequently calculated to produce a

single average temperature profile. The mean temperature of

the average profile was calculated, followed by a calculation

of the departure from this mean temperature at one-mile in-

tervals. A graph of the departure of the already calculated

average temperature profile from the mean temperature of the

entire transect for all trips was then made. The reason

that the average temperature departures were graphed, in-

stead of the average temperatures themselves was to focus

attention upon the mean horizontal temperature radient

in the MAP along the Corvallis-Monroe transect, and to elim-

inate the magnitude of the average temperature itself from

the picture.

The final step in the analysis of the observational

study was the graphing of wind speed and direction data

for the four case study days. Strip chart data from Wah

Chang of Albany and American Can of Halsey were reduced
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to ten minute averages of wind seed and direction for an

approximately six hour period ircluding the estimated time

of arrival of the MAP. The ten minute averages were then

plotted as a time series to aid in the search for major

wind shifts and wind speed changes associated with the

arrival of the MAP at the two locations.

The methods used in the climatological portion of

this research are described in the next section. No data

gathering was necessary for this part of the research,

since already compiled July maximum temperature data for

the northwestern Oregon U.S. clixnatological stations were

used. Hence, the following discussion is solely concerned

with the data analysis tecbniques used.

3.2 The Climatologipl Study

The methodology used for the climatological study was

designed with the hope of achieving the following objec-

tives: 1) to attempt to relate a summertime air mass or

air mass derivative to the occurrence of the MAP, 2) to

test the validity of the partial collective method of

air mass analysis for a region of complex terrain and

contrasting summertime climate such as northwestern Oregon,

and 3) to describe a summertime climatology of northwestern

Oregon.

The following portions of this section describe the
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methods of preliminary analysis used, the development of a

workable method of partial collective analysis using a com-

bination of computer and hand analysis techniques, and the

final analysis techniques used to interpret the results ob-

tained.

3.2.1 The partial collective method

As mentioned in the review of Bryson's methods of air

mass analysis, it is implicit in the air mass concept that

different sources produce air of different mean characteris-

tics, with relatively small scatter about the means (Bryson,

1966, p. 236).

The partial collective method of air mass analysis

has advantages over the trajectory method also used by Bryson:

1) In addition to the frequency it yields an informative and

meaningful physical characteristic of an air mass: its mean

maximum temperature, and 2) it was sufficiently sensitive to

yield detail for Bryson's study, suggesting that it would be

appropriate to apply to a smaller, complex region such as

northwestern Oregon. Also, because of the complex local wind

flow patterns due to local topography, the trajectory method

would likely not yield meaningful results. Due to these con-

siderations, the partial collective method was chosen as a

means of preparing a climatology of July air masses of north-

western Oregon.
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3.2.1.1 Analysis Drocedure

Upon examination of a station's smoothed maximum

temperature frequency histogram, one usually notices

primary and secondary frequency maxima. These are indi-

cative of the presence of the major partial collectives,

which have varying fractional amplitudes, means, and

standard deviations. A practical method of reduction to

partial collectives involves the construction of families

of fractional normal curves, each family being composed of

curves with the same standard deviation but varying frac-

tional amplitude.

The fitting of the partial collectives to the

relative frequency histograms is begun by identifying a

major peak in the histogram (preferably one near the right

or left side of the histogram) which appears to be rela-

tively uncontaminated by the presence of other partial

collectives. After the major collective is fitted and

the first graphical subtraction has been made, the histo-

gram is completed through successive curve fitting followed

by graphical subtractions (See Figure 2 for an example of

a simple fit). It is advisable to begin with stations

having simple relative frequency histograms. For example,

in this study the author started with the Coastal stations,

since they all had one major peak (the marine air collec-

tive), and a low frequency of other collectives. The





fitting procedure is generally begun for stations near an

air mass's source region, especially if the source region

is oceanic. The changes in frequency are small as one

proceeds to analyze neighboring stations, so that it is

also advisable to proceed to neighboring stations which

have similarly appearing histograms. For this study, all

Coastal stations were completed first. The fitting of

inland stations was begun with the stations in the Cor-

vallis area, as these histograms had appeared to be com-

posed of three or four large partial collectives. The

following concepts should be in an analyst's mind as he

works:

1 Each air mass is most frequent at or near its
source region, and decreases in frequency as
one proceeds away from its source region.

2. Changes in the frequencies and mean temperatures
of the air masses are generally small as one
proceeds to a neighboring location, since the
identity of a particular collective tends to
be preserved, especially for short distances
or for similar climatic zones.

3. On occasion, two collectives may merge into one
(for example, if two air streams mix and ac-
quired a common character, or if two air streams
of different origin passed slowly over a large
region of homogeneous surface, such as snow-
covered ground).

4. On occasion, one collective may split into two
derivatives (for example, air flowing over a
mountain chain may acquire different character-
istics, depending on the synoptic situation,
the amount of moisture acquired as it travels
from its source region to the mountain chain,
etc.).



3.2.2 The smoothed relative frequency histograms

Prior to grouping the maximum temperature data into

classes and smoothing the data to produce the final

relative frequency histograms, a test was made to see if

five years instead of ten years of July data could be

used, since this might enable more stations or even another

month (such as August) to be analyzed. Another test was

made to determine if the histogram class size and moving

filter function used by Bryson (1966) were the best choice

for the northwestern Oregon data.

The test histogram plot of five years (1970-1974) of

July data at a Valley station produced an excessive amount

of random noise in the frequencies, making the partial

collectives difficult to identify. A plot at the same

station for ten years of data (1965-1974) indicated a

minimum amount of noise, making identification of the

partial collectives possible. It was decided that the

data set for all stations would be the July maximum

temperatures for the ten-year period 1965 to 1974.

An investigation of a few different combinations of

moving filters and class interval sizes was then made to

determine the best method of grouping and smoothing the

data. Test programs were written and executed on the

Hewlett-Packard 9820A calculator/plotter. The output

smoothed frequencies were compared for the following



classification and filtering procedures:

1. The data was sorted into classes iF in width.
Then the rncving filter c'= .la+.2b+.4c+.2d+.le
was applied.

2. Following the application of point #1 above, the
filtered data was grouped in-to classes 2F in. width.

3. The data was sorted into classes 2F in width.
Then the moving filter c'= .la+.2b+.4c+.2d+.le
was applied.

4. The data was sorted into classes 2F in width.
Then the moving filter b'= .25a+.50b+.25c was
applied.

The first procedure resulted in too much noise and scatter

in the resulting histogram. The second and third pro-

cedures resulted in less noise, but the data was over-

smoothed, resulting in the loss of too much information.

The fourth procedure, the filtering technique used by

Bryson (1966), produced a smooth curve while retaining

meaningful information. Hence, the filter function and

class interval size used by Bryson was also found to be

the best choice for the northwestern Oregon data. A final

version of the program for this method was written which

input the classified maximum temperature data and output

a listing of the smoothed relative frequency histogram data

plus a plot of the relative frequency histogram for each

climatological station. To facilitate hand analysis of

the station histogram, the class frequencies were rep-

resented by dots centered on each 2F class interval. The
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final smoothed frequency histograms were complete after a

smooth curve through the centered dots was drawn.

The next task in the analysis is the construction of

the families of fractional normal curves by computer.

The following section discusses properties of the normal

probability density function useful in accomplishing this

task.

3.2.3 The normal probability density function

The definitions for the variables used in the discus-

sion o± applications of the normal probability density

function (normal curve equation) are:

Y= the relative frequency, or the ordinate value
0= the population standard deviation
X= the independent variable, or the abscissa value

(for this study, temperature)
/4= the population mean
w= the weight of the fractional normal curve; O<wi

The equation for the normal probability density function

is:

(1)

A curve is described when O'and are specified and X is

allowed to vary.
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For a composite curve of n par±ial collectives, the

equation becomes:

f_(p) 2:7

Y= t[sx
eoJi.2. J

+ h[j Qxp(J)3

or

wt [j exp(-' Zo2 )J
(2)

Through use of information found in a standard statistics

text, it can be shown that:

W W*WL+ 1 (3)

Each weight can be thought of as the area of each frac-

tional normal curve, or partial collective. In words, the

equation states that the sum of the areas or frequencies of

the n fit curves is unity, which checks with the fact that

the area under each relative frequency histogram is unity.

The purpose of the graphical fitting method is to obtain

the best estimate of the air mass frequency, w1, of each

derivative present in the maximum temperature relative

frequency histograms.
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The next problem to consider is the choosing of the

scales of the fractional normal curve families. For the

scaling of the abscissa, consider this form of the normal

probability density function:

where ''=X-,u

The abscissa, X, is scaled as a departure, x, from the mean

of the normal curve. When the curves are fit, the scaled

mode (also the scaled mean), x= 0, is aligned with the

appropriate mean on the abscissa of the curve to be fit.

This estimated mean is then recorded.

Since the ordinate values of the normal probability

density function are the relative frequency, or the fre-

quency per unit (i.P) class interval, while the ordinate

values of the histograms are in frequency per 2F class in-

tervals, the relative frequencies of the fractional normal

curve families must be doubled. This is easily accomplish-

ed by doubling the scale of the computer-plotted families

of curves.

In choosing the correct size of graph paper for curve

construction, and for programming purposes, one needs to

determine the maximum height or peak,
peak' of each set

of curves for a given standard deviation. Consider the

equation for the set of fractional normal curves of



standard deviation O:

Y Wt exp ()]
;

(5)

We wish to calculate the value of Y at the peak of the

curves. At the peak, ,%. 0, so that

- __ (6)

For the simple case where O 1, the ordinate value of the

highest curve in the fanily of fractional normal curves

(w1= 1) is simply:

d o,39fl. (7)

For sets of curves where øj, the peak is L%as high.

3.2.3.1 Construction o± the fractional normal curve

families

The first step in the construction of the families of

normal curves was the writing of a computer program that

plotted one curve at a time. An upper limit for the ordin-

ate value was chosen after examining the heights of station

histograms. The maximum value of w for a particular stan-

dard deviation was then calculated by dividing the maximum
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ordinate value desired by Dk The increment size for

the w was then chosen.

The range of standard deviation needed was determined

through the test fitting of a few histograms. The fam-

ilies of curves were plotted by entering the standard

deviation of the family at the beginning of the program

run, and then entering the successive w in appropriate

increments for the plotting of the curves. Twenty-one

families of curves with standard deviations ranging from

1.00 to 5.00, in increments of .25. were plotted. It took

twenty to twenty-five minutes to construct each set. The

fractional normal curves used in fitting the major peak

of a few of the coastal stations had to be constructed

seperately due to the excessive height of the histograms.

3.2.4 Hand fitting of the fractional normal curves

The fitting by hand of the fractional normal curves

to the station histograms was done by beginning with the

least complex Coastal stations, proceeding to the simpler

inland stations, and then by analyzing neighboring sta-

tions in an area, or nearby stations having similar his-

tograms.
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These steps were followed sequentially for the hand

fitting of the curves:

1 Select the family of fractional normal curves
which appears to best estimate the correct
standard deviation.

2. Trace the fractional normal curve or an inter-
polated fractional normal curve onto the rela-
tive frequency histogram work graphs; record the
estimated standard deviation, mean, and frequency.

3. Perform graphical subtraction.

4. Choose a new peak to fit (usually a neighboring
peak); begin with step 1.

5. Continue repeating steps 1 through 4 until done.
If problems in fitting arise, refit the trouble
area and proceed until done.

6. After the initial curve fitting, check to see if
the frequencies of the partial collectives add
to one; make necessary adjustments until they add
to one.

The time per graph taken for the original fit was two to

three hours for the Coastal stations, three to four hours

for the inland stations, and over four hours when a new in-

land geographical region was entered. A completed analy-

sis of a neighboring station often aided in making initial

guesses, since a slight lateral shift or a change in fre-

quency of a partial collective often significantly altered

the appearance of the histogram. With time, a skill for

better initial guessing of the proper standard deviation,

the proper amplitude, and the proper positioning of the

correct partial collectives was acquired, resulting in

some decrease in the amount of time required to fit the
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station histograms.

3.2.5 Final fitting and data display

For the final computer plotting of the graphs, a corn-

posite plot program and a final histogram plot program were

written and tested. The final graphs were prepared to

display the histogram data and to indicate visually the

goodness-of-fit of each composite curve.

Prior to plotting the final graphs, composite plots

of each hand-fit data set were made and then superimposed

upon each histogram. If the fits were fair to poor, new

fits were made. Over half of the original hand fits re-

quired no changes, while for the remainder, positive or

negative errors were easily identified and corrected.

Computer plotting of the composite curves permitted very

accurate fitting of the final, adjusted partial collectives

to each histogram.

3.2.6 Sources of error

Sources of error present in the partial collective

method include error in the climatological network maximi.im

temperature data, error in data reduction and analysis, and

statistical sampling error. Errors which may be present in

the climatological network data include instrument error,

error from data discontinuities due to change o± station
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location, error in the recording of maximum temperatures,

and error in data tabulation. Although thorough checks

were made during each step of data reduction and analysis,

occasional errors in entering the data, in fitting the

partial collectives, and in tabulating statistics could

conceivably have occurred. Statistical sampling error is

likely present, since the ten-year period 1965-1974 may

not be representative of long-term conditions. The fre-

quencies of trace elements (frequencies below 5%) probably

show considerable variation for different sampling periods.

Due to these sources of error, it is ironically the case

that the accuracy of the computer-plotted composite curves

is much greater than the accuracy of either the partial

collective method or the histogram data itself.

It should be stressed that these statistical results

represent conditions during the period 1965-1974, and are

not necessarily representative of a different period (e.g.,

1975-1984). The presence of any cyclic or trend changes

in the climate would likely affect the frequency of some or

all of the partial collectives.

3.2.7 Classification and interpretation of Dartial

collectives

After the partial collectives statistics were record-

ed on the work graphs, the graphs were pinned on a tack
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was then conducted for areal contiruity of the mean tem-

perature and frequency of each partial collective.

The derivatives of a classification scheme was then

begun. Roman numerals were used for each major classifi-

cation: I for continental air, II for modified marine or

Valley air, III for marine air, and IV for excessively

cool marine air. Letters following the Roman numerals

were used to indicate derivatives of these major air

masses. For example, air mass III, the marine air, is

observed to have a very high frequency at the Coast, with

most data included in one major curve. As one proceeds

eastward to the Valley stations, this major peak breaks

down into several derivatives due to variations in cloud-

iness, insolation, and local topography. The derivatives

are labeled lilA, 11Th, and IIIC to indicate that they are

of common marine origin.

As more partial collectives were labeled, it was

necessary to return and change some of the previously

designated partial collectives. An attempt was made to

maintain areal continuity of the total frequency of each

major classification, as well as among the mean temper-
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ature and frequency of each individual derivative. Areal

continuity was reconsidered during final checks and

changes.

The classification scheme chosen is effective in

illustrating air mass origin and change as well as in

maintaining areal continuity in mean temperature and

frequency. It should be emphasized, however, that the

particular classification scheme derived by this means

is not unique: several valid classifications are possible.

Also, any method of classification is by nature partially

subjective.

The last tasks were concerned with further interpre-

tation and a search for trends in the partial collectives.

The weighted mean temperature and total frequency of each

of the three major air masses were plotted on rough work

maps of northwestern Oregon. A few maps of different

groupings of some derivatives were also plotted. No

recognizable or meaningful patterns were seen in the

latter plots, so that work in this direction was abandoned.

Isopleths of frequency were drawn for air mass II, the mod-

ified marine or Valley air. It was readily seen at this

time that the station density was not great enough to make

definitive statements about certain parts of the map. A

pronounced gap in the data was evident between the Coastal

stations and the western Willamette Valley stations, while
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minor gaps were discernible in other parts of the Valley.

When the weighted mean temperature and total fre-

quency of the three major air masses were plotted on final

maps, a regular variation in the frequency of each major

air mass was noticed as one proceeded from the Coast in-

land toward the Cascade Range. A decision was consequently

made to construct a west-to-east cross section from Newport

to Santiam Pass. The total frequency and mean temperatures

for the major air masses I, II, and III were plotted on

seperate cross sections. The construction of the final

cross sections completed the analysis of the climatological

study data.

Application of the methods described in this chapter

yielded meaningful analyses of the surface character of

the MAP and of the July air masses of northwestern Oregon.

These results are presented in the next chapter.
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CHAPTER IV

RE SUIT S

Most of the numerical results are presented in rela-

tively compact and meaningful graphical form while the

number of tables is minimized. Because the original tem-

perature data were recorded in degrees Fahrenheit, the

analysis and presentation of the data were done in degrees

Fahrenheit, thereby maintaining consistency with the origi-

nal data. Conversion to the metric system is made through-

out the text to aid in the comparison of the results with

related research. Throughout this chapter, all times are

given in Pacific Daylight Time (PDT).

In the following discussion, the results of the obser-

vational study of the MAP of the southern Willamette Valley

are presented, followed by a presentation of the results

of the climatological study of July maximum temperatures

in northwestern Oregon.

4.1 The Observational Study

The seventy-day observational period for the summer

of 1975 was from July 1 to September 8. Daily weather

notes recorded during the period made estimation of the

frequency of occurrence of the MAP pcssible. These
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frequencies, necessarily semi-quantitative in nature, are

listed below:

1 Noderate to strong NAP occurred: 21 days, or 30%

2. Weak MAP occurred: 6 days, or 9%

3. Westerly flow due primarily to
the synoptic-scale pressure
gradient behind a cold front: 3 days, or 4%

4. The NAP did not occur: 40 days, or 57%

Weak marine air penetrations (Category 2) often occurred

with small Coast-to-Valley temperature gradients; the fact

that low wind speeds were observed on such days suggests

that a weak Coast-to-Valley surface pressure gradient

was probably present as well. Category 3 days were cloudy

with moderate to strong westerly winds. They were not

classified as MAP days, since the westerly flow was pri-

marily due to the recent passage of a synoptic-scale cold

front, as opposed to the development of a thermally driven

ocean-continent circulation.

The observational study of the summer of 1975 was

focused upon days when a moderate to strong MAP occurred.

Most of the meteorologists in the Corvallis area ques-

tioned by the author felt (on a qualitative basis) that

the occurrence of moderate to strong MAP days was less

frequent than usual during the summer of 1975. Yet, the

data set gathered was extensive enough that the near-sur-

face structure and extent of the MAP revealed in the
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following analyses is believed o be typical.

4.1.1 Case studies of the MAP

4.1.1 .1 Maps for the four dates

Figures 4-10 present mesoscale analyses of the MAP

for the four case study days. Maps for two time periods

on 4 August and three time periods on 6 September are pre-

sented, since more than one complete round trip was made

on these dates.

On the case study maps, land with an elevation above

305 m (1000 ft) on the western side of the Willamette

Valley is hatched. Elevations in feet of several higher

Coastal Range peaks are also given. The region with an

elevation below 305 m (1000 ft) in the northwest corner

of the map is the valley lying east of the U.S. Highway 20

pass. Major north-south highways indicated are (from west

to east) U.S. 99W, U.S. 99E, and I-S. Major east-west

highways indicated are (from north to south) U.S. 20,

OR 34, and OR 228 (east of Halsey). Several towns and

the Willamette River are also indicated.

The meteorological data gathered by automobile is

plotted at the point of observation, and includes tem-

perature (measured in degrees Fahrenheit) and estimated

wind direction (indicated by an arrow). Times (PDT) are

plotted and underlined at key points along the route.
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Supplementary wind data from Corvallis Airport (about

6.5 km south of Corvallis), Wah Chang-Teledyne (about

3 km north of Albany), and American Can Company (about

4 km west of Halsey) are also plotted (wind speeds in

knots). Isotherms are drawn, in increments of 1 Fahren-

heit degree, estimated streamlines are denoted by long

thin arrows, and the cold axis (trough line in the

isotherms) is denoted by an alternately dashed and dotted

line.

4.1.1.1.1 24 July 1975

Figure 3 presents the 1800 PDT map of the 24 July

case. This MAP is in the middle to late stages of de-

velopment, as evidenced by the size and structure of the

cold marine air tongue, which has already spread east-

southeastward out of the U.S. Highway 20 pass. The fact

that winds from the north-northeast prevailed prior to the

entrance of the MAP into the Valley is likely related to the

southward arching of the cold air axis toward the region

between Halsey and Brownsville. The streamline pattern

tends to parallel the cold air axis west of the Willamette

River. Diffluence in the streamline pattern is evident

as the marine air spreads out across the Valley. The

20 kt wind at Corvallis Airport is an indication of the

strength of the flow in this MAP. The temperature
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difference along the 23 i distance from the edge of the

marine air at Albany southward along U.S. 99E to the cold

air axis is about 3.90 (7F). Hence, a mean temperature

change of 0.170/kin (0.5P/rni) exists along the highway.

The mean temperature gradient (measured perpendicular to

the isotherms) from Albany to a point 19 km to the south-

west, where the cold air axis crosses U.S. 99W, is about

0.30/kin (0.9F/mi). As a comparison of the magnitude of

this value, the temperature gradient across a strong

synoptic-scale cold front is about 0.05C/km (0.15F/mi)*.

Hence, the temperature gradient in the area southwest of

Albany for the 24 July case is about six times that of a

strong synoptic-scale cold front.

Two interesting features located near the edges of

the observational area of the 24 July case are worthy of

comment and speculation. The first is the presence of an

11 kt west-northwest wind at Wah Chang (just north of

Albany) in an area where the temperatures were likely

quite high (about 32C or 90F). Given these data, and the

fact that the wind was generally up-valley (north to

northeast) in the Corvallis area prior to the arrival of

* A search through U.S. Weather Service surface maps
for the winter of 1974-1975 was made. The front with the
maximum temperature gradient was chosen to be the "strong
synoptic-scale cold front" used in this chapter.
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the MAP, it is possible that this non-marine air had

traveled south-southwestward from the Monmouth area,

southeastward along the northeast slopes of the Coastal

Range hills of Adair Tract State Forest, and then east-
*

southeastward into the iah Chang-Albany area. Another

interesting feature of the 2k July case is the small

tongue of cooler air in the Monroe area, which may have

entered the Valley through the minor gap (elevation just

over 305 m or 1000 ft) between Alsea and Monroe. A weather-

wise local resident, when questioned about the possibility

that cool air reached the Monroe area on some summer after-

noons replied that she and her neighbors had observed this

event several times in the Alpine-Beilfountain area. Yet

this marine air route is likely a rare one which is followed

only with the formation of a deep, cool marine air layer

from the Coast to the Alsea area in conjunction with a strong

local horizontal temperature and pressure gradient. The U.S.

Highway 20 pass is the primary route for marine air outflow

into the area of the Valley studied. These comments remain

rather speculative, as wind data gathered from these areas

would be necessary for more conclusive statements to be made.

* The interested reader may refer to the 1:250,000
USGS map, Salem section, to better visualize this proposed
route of non-marine air.
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4.1.1.1.2 4 August 1975

Figure 1, the first of two maps for the case of

4 August, shows the NAP as o± 1550 PDT. On this date,

very weak westerly flow began in Corvallis by 1130, The

MAP began in earnest after 1400, when westerly wind

speeds were estimated at 7-10 knots on the south side of

Corvallis. The 1550 PDT map shows that the cold air axis

crosses U.S. 99W in the same place that it did for the

24 July case, but is rotated northward along its eastern

extent near U.S. 99E. Judging from the isotherm pattern,

the marine air on this date moved more nearly due east

from Philomath. These differences are likely due to

the absence of prevailing northerly flow in the Corvallis-

Albany area prior to the entrance of this MAP into the

Valley. The cold air axis nearly parallels the estima-

ted streamlines, and appears to be located along the axis

of maximum winds as in the 24 July case. Along U.S. 99W

from the edge of the marine air some 15 to 16 km north

of Monroe northward to the cold air axis, a horizontal

temperature gradient averaging about 0.30/km (O.8F/mi)

exists, which is comparable to the 24 July case.

Figure 5 shows the MAP of 4 August seventy minutes

later. By 1700 the area under marine influence had ex-

panded to cover over 1400 square kilometers (550 square

miles), or about one-fifth of the total area of the
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Willamette Valley. The spreading of the marine air east-

ward and southward was accompanied by a concurrent de-

crease in the temperature gradient in these directions.

The streamline pattern shows Dronounced diffluence within

the marine air in the southern third of the map. Here the

marine air is found east of the original Valley air. The

eastward acceleration of the air toward the east and

southeast (central portion of the map) is likely due to

the eastward momentum of the marine air as it leaves the

U.S. Highway 20 pass combined with the effect of late af-

ternoon upsiope winds on the western flanks of the Cascade

Range. It is also possible that a larger scale thermal

circulation such as described by Staley for Washington

State (Staley, 1957) is a contributing physical mechanism.

These hypotheses, however, need the support of observa-

tional evidence f or locations east of the mesoscale re-

gion of this study before more conclusive statements can

be made.

For the case of 4 August, very little diurnal cooling

has occurred outside of the marine air during the approx-

imately 40 minutes between the recording of southern air

temperatures; temperatures near Monroe cooled less than

iF during this time. An interesting minor feature of

Figure 6 is the bending of the isotherms near Corvallis,

which is likely due to a small urban heat island effect.



83

14.1.1.1.3 12 August 1975

Figure 6 depicts the i8io PDT map for 12 August.

This case is unique because smoke from a large slash burn

fire in the Coastal Range upwind of Corvallis traveled

southeastward, providing a visual means of following the

trajectory of the marine air. The fire was lit in mid-

afternoon, and smoke reached Corvallis by about 1600.

Visibility in the marine air northwest of Corvallis was

estimated to be less than 1.5 km in smoke. The boundary

of the smoky area is symbolized by a spiked, dashed line.

Between Corvallis and Albany, an observed distinct boundary

or wall of smoke and the surface wind direction data indi-

cate that the confluence zone was narrow and well defined.

Visual evidence for the boundary of the MAP and the Valley

air became increasingly less distinct southeast of CR 314.

where the concentration of particulates decreased due to

dispersion. The fact that the boundary of smoke was de-

tectable over 30 km southeast of Corvallis qualitatively

suggests that vertical mixing at the top of the marine lay-

er was suppressed.

k.1.1.1.4 6 September 19

The maps for the case of 6 September present three
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successive pictures of this intense MAP. The extensive

set of data gathered for this excellent case permitted

analysis of three map times and a look at the structure

of the MAP from the valley east 0± its birthplace in

the U.S.20 Coastal Range pass to its maturity over the

Willamette Valley floor.

Weak westerly flow with wind speeds of less than

5 knots began on 6 September after 1300 in the Corvallis

area. Figure 7, the 1700 PDT map of the 6 September case,

shows the presence of a relatively strong temperature

gradient west of Philomath, well within the marine air.

The mean horizontal temperature change measured along U.S.

20 between Burnt Woods and Philomath is about 0.10/km

(0.35F/mi). The transverse mean horizontal temperature

gradient from the edge of the marine air 8 km north of

Monroe to the cold air axis is 0.350/km (1.OP/ini).

In the narrow region just a few kilometers south

of Corvallis Airport, the temperature gradient exceeds

0.90/km (2.5P/mi). The following statistic best empha-

sizes the temperature contrast associated with this case:

a temperature difference of 120 (22F) occurred along a

37 km straight-line distance from just east of Beilfoim-

tam northwest to Burnt Woods, a mean temperature gra-

dient of about 0.350/km (1 .OF/nii) or about seven times

that of a strong synoptic-scale cold front.
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Streamlines within the MAP indicate that the

characteristic diffluence originates in the gap near

Wren. The strongest surface winds observed along the

route occurred about 3 kin east of Philornath. The wind

analysis for this case illustrates that for the moderate

to strong MAP, the flow accelerates as it leaves the gap

near Wren and enters a region of open Valley with lower

surface friction. The speed of the air stream then

decreases slowly as the marine air spreads outward across

the Valley floor.

The 1700 PDT map for this case shows that south winds

prevailed outside the MAP and that the major thrust of ma-

rine air lay well north of Halsey. This contrasts with the

24 July MAP for which brisk north to northeast winds

prevailed prior to the MAP and the thrust of marine air

was southeastward toward the Halsey area.

The 1725 PDT map for 6 September (Figure 8 ) shows

that the average temperature gradient in the MAP in the

part of the Valley east of the U.S. 99W has increased

considerably, since the surge o± marine air which was

located west of U.S. 99W at 1700 has now spread outward

over the Valley floor. For example, an average temper-

ature gradient of about 0.35C/km (1.OF/mi) exists from

the junction of U.S. 99E and OR 34 west-southwestward

to the point where the cold air axis crosses J.S. 99W.
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On a smaller scale, the region of very strong temperature

gradient present just southeast of Corvallis Airport at

1700 has weakened somewhat and shifted southward about

7 km. The local effect of this change combined with the

continued strong influx of cool marine air from the

Philomath area is reflected by this statistic: the tem-

perature at a location about 5 km south-southeast of

Corvallis Airport dropped about 2.5C (4F) in approximately

25 minutes. An interesting feature on this map is the

2 kt wind from the south-southwest at Wah Chang-Teledyne

north o± Albany, which indicates that the Albany area is

still outside of the marine air. Another interesting

feature is the presence of a surface confluence zone in

the southern portion of the map (denoted by a dashed line)

which divides the NAP to the north from the warmer air to

the south which earlier had covered the entire Valley.

The 1800 PDT map for 6 September is presented in

Pigure 9 . The wind at Wah Chang has shifted to west-

northwest and has increased to a speed of 8 kt. This

fact plus the cooling just south of Albany make it cer-

tain that the NAP has now reached the Albany area. The

depth of the marine air over the Coastal Range at this

time is substantially greater than it was at 1700, since

the marine air has crossed Coastal Range passes having a

higher saddle point elevation than the U.S. 20 pass. The
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influx of marine air has increased substantially in its

southern reaches (the Halsey, American Can, and Bell±'oim-

tam area), and the confluence zone on the southern boun-

dary of the MAP has moved southward. A comparison of this

map with the 1700 PDT map shows that during the hour,

another approximately 250 1cm2 of the Valley have come

under the influence of the NAP.

In the 35 minutes between the 1725 PDT map and the

1800 PDT map, the temperature near Corvallis Airport has

cooled another 3C. Outside of the marine air, 2 km north

of Monroe, the temperature has cooled 1 . 5C in the hour

between 1713 and 1813. Hence, roughly half of the cool-

ing near Corvallis may be attributed to cold advection in

the MAP.

In comparison with the previous cases, the 6 September

NAP is unique due to the strength of the temperature gra-

dient in its later stages. At 1800 a mean temperature

gradient of 0.350/km (1.OP/mi) was still present from

the bend in U.S. 99E between Harrisburg and Halsey to the

point where the cold air axis crossed U.S. 99W. Another

unusual characteristic of this case is that the marine air

reached Albany, while for most NAPs the marine air re-

mained south o± Albany. These characteristics indicate

the occurrence of a strong inland surge of a deep marine

layer which crossed over much of the Coastal Range as well
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as through the lower passes. The MAP of 6 September was

much more than a brief surge of marine air entering the

Valley. Rather, it was continuous invasion of marine
*

air which persistea after sunset.

The case of 6 September 1975 appears similar in many

respects to the 23-24 August 1972 case of Johnson and

O'Brien (1973). To make a complete comparison, data for

the region west of the Coastal Range as well as data in.

the vertical would have had to have been gathered and

analyzed for the 6 September 1975 case. Yet the s3rnop-

tic-scale situation for both cases has enough similarity

to justify further discussion of this topic in the Con-

clusions Chapter.

4.1.1.2 Wind data time series

Reduced strip chart wind speed and direction data

from Waii Chang-Teledyne of Albany and American Can Com-

pany west of Halsey provide an Eulerian view of the wind

near the time of the onset o± the MAP for the four case

study days. Time series of ten minute averages of wind

speed and direction are found in FigureslO tol5 of this

subsection. The scale for wind speed in knots is found

at the left-hand side of each graph, while the scale for

* This statement is based on the author's qualita-
tive observations made during that evening.
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wind direction in degrees is on the right side. The X's

denote wind speed and the dots denote wind direction.

Data from American Can was not available for the first

two case study days.

The Wah Chang wind data of Figure 10 for the 24 July

case show that from 1700 to 1900 (including the time of

car temperature observations) the average wind direction

was from 300 to 320 degrees with an average speed of be-

tween 8 and 13 kt. The 1800 PDT map (Figure 3) shows

that temperatures were about 32C (90F) in the Albany

area at this time. The wind then dropped to a speed of

4-7 kt from a nearly northerly direction after 2000. As

previously discussed, the wind and temperature data to-

gether indicate that the NAP never reached the Albany area

during the case of 24 July.

The Wah Chang wind data ±' or the case of 4 August

(Figure 11) show that light southwesterly to westerly

winds prevailed from 1300 to 1500, followed by an hour

of variable winds. A wind shift to about 300 degrees

occurred shortly after 1630, followed by a wind speed

increase to 8 to 10 kt after 1730. From the wind data

and the two maps of the 4 August case, it appears that a

weak influx of marine air began at about 1645 at Wah Chang,

and strengthened after 1730. However, no temperature

data are available to verify that marine air reached
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the Albany area.

Figures 12 and 13 show the wimd data from Wali Chang

and American Can for the case of 12 August. Winds at

both stations averaged from about 335 degrees at 18 kt

until about 1730, when they shifted to about 300 degrees

at 10 kt. Although this suggests that an influx of marine

air may have begun at both stations at about 1730, no

conclusive statement can be made due to lack of data in

these areas. The winds prior to that time indicate that

north to northwesterly flow prevailed in the Valley in

the early afternoon.

Figures 1+ and 15 display the wind data for the

strong MAP of 6 September. The Wah Chang data (Figure 1k)

show that the wind shifted abruptly from 210 to 280 de-

grees during the ten minute period from 1725 to 1735 PDT,

and averaged from 295 to 325 degrees until 1930. A Si-

multaneous increase in sDeed from 2 to 7 kts occurred with

the abrupt wind shift. The behavior of the wind for this

case suggests that the MAP, which was increasing in depth

with time, finally moved east of the hills west and north-

west of Wah Chang. The marine air then accelerated as it

moved down onto the Valley floor, with a front-like ar-

rival occurring at about 1730 at Wah Chang. The presence

of a simultaneous wind shift and sharp increase in wind

speed suggests that a rapidly moving narrow and intense
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convergence zone was associated with the onset of the

MAP. It is unfortunate that thermograph data from Wah

Chang were not available since this would strengthen

the evidence for the frontal nature of the arrival of

the MAP in this area.

The behavior of the wind at American Can (Figure 15)

is best understood by looking again at the maps (Figures

7-9) of the 6 September case. At 1700 (Figure 7) the

wind at American Can was from 325 degrees at 5 kt. The

Halsey area was just within the marine air, and was sur-

rounded by several interesting features. A relatively

weak thrust of the MAP was over 5 km north-northeast

of Halsey, while the leading edge of the major thrust

had just passed Corvallis airport. A warm pocket in

the Monroe area indicated that marine air had not yet

entered that part of the Valley. A weak confluence zone

was also located a few kilometers south of American Can

and Halsey. By 1725, the major thrust of the MAP had

spread eastward across the Valley, but remained north of

American Can, where the temerature dropped only 0.5C (IF).

A brief shift at American Can to 305 degrees at 1725 sug-

gests that the weak confluence zone may have moved briefly

northward before moving south again after 1730.

Examination of the American Can data for the period

1730 to 1950 shows that the wind speed dropped off slowly
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while the wind direction remained between 320 and 330

degrees. This indicates that the major flow of marine

air remained north of American Can during this period.

However, after 1950, the wind abruptly shifts to about

290 degrees, and increases in speed from 2 kt -to 8 kt.

This strongly suggests that the marine air has entered -the

Valley through the Alsea-Bellfountain route. That this

almost certainly occurred provides evidence -that: 1) the

MAP of 6 September was deep and driven by a strong coast-

-to-valley pressure (and density) gradient, 2) that marine

air does penetrate the Valley in the southern portion of

the region studied by way of the pass west of Monroe under

these conditions, and 3) -that the MAP of 6 September was

different from the other cases in that it strengthened

after sunset, and probably persisted at most Valley lo-

cations through most o± the night. Lastly, if thermograph

data had been available at Albany and Halsey for the 6 Sep-

tember case as well as for the other dates, a better arid

more accurate picture of the MAP in these areas could be

constructed.

4.1 .1 .3 Thermograph data

Thermograph traces from the Heald residence about one

mile north of the OSU campus in Corvallis and the

Wilkinson residence on the southern edge of Corvallis
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provided a supplementary data source. Data was avail-

able from each location for two cf the four case study

days. This data is discussed as an estimate of the Inag-

nitude of the cooling rates associated with the MAP, since

the following problems reduced the accuracy of the data:

1. The thermograph at the Wilkinson residence was
housed in a roughly built open-air shelter with
a white roof which helped cut down on solar ab-
sorption. Despite these precautions, the local
air temperature recorded was likely as much as
6P too high near midday on nearly calm, sunny
days. As a result, the calculated late after-
noon' temperature decreases are greater than
actual ambient temperature decreases.

2. Differences in the cooling rates between the
two locations partially resulted from differ-
ences in ventilation, exposure to sunlight, and
solar absorption.

The estimated rates of cooling given below result from

the combined effects of advective cooling due to the MAP,

and radiational cooling independent of the MAP. With the

data which was available, the two effects were inseperable.

Some cooling due to the early arrival of the NAP began

in the early afternoon of 4 August in Corvallis, resulting

in a flat peak in the thermograph trace from the Heald

residence. The temperature dropped slowly from 27C (81F)

at 1600 to 25C (77F) at 1900. The increasing effect of

diurnal radiational cooling contributed to a rapid tem-

perature drop to 18C (65F) by 2100. The mean rate of

cooling from 1600 to 1900 was about 0.70/hr (1.3P/hr)

while from 1900 to 2100 it was 3.30/hr (6F/hr).
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Thermograph traces from both the Heald residence and

the Wilkinson residence were available for the 12 August

case. The temperature began to fall at both stations

at approximately 1620. The temperature fell about 60 (liP)

from 290 (84F) to 230 (73P) at both residences between

1620 and 1940. The mean rate of cooling at each station

was approximately 1.90/hr (3.5P/hr).

The thermograph trace from the Wilkinson residence

for 6 September shows a nearly constant decrease in tem-

perature from 310 (88F) at 1525 to 250 (77P) at 1750.

The temperature then decreased nearly constantly to 19.50

(67F) at 1925. The average cooling rate (at the Wilkinson

residence) of 2.50/hr (4.5F/hr) for the first period and

3.30/hr (6F/hr) for the second period are indicative of

the unique strength and cooling capacity of the MAP case

of 6 September 1975.

4.1.2 Application of Lowry's Drobability o± sea breeze
classification

Calculations of maximum temperature and 1700 PDT

(ooz) pressure differences from Weather Data Service data

allow for a test of the sea breeze classification system

of Lowry (1962). His system predicts the probability of

a sea breeze event using Astoria to Salem maximum tem-

perature differences and 1700 PDT (ooz) pressure dif-

ferences for a given date. The numerals 0,1 ,2,and 3
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indicate the probability in thirds of a sea breeze event

(e.g.:1 means a 113 probability). Included in Lowry's

sea breeze occurrence classifications was Haurwitz's (1947)

recommendation that a minimum temperature difference of

30 (5.5P) is necessary for a sea breeze to occur.

Table 1 shows the maximum temperature and 1700 PDT

pressure differences for the four case study days. Re-

sults show that all four dates have a Lowry classifica-

tion of zero, because all of the Astoria-Salem pressure

differences are too low. The most probable explanation

for the failure of the test of Lowry's classification

is that his study of the sea breeze concerned the entrance

of marine air into the Willamette Valley through the

broad Sheridan corridor west of Salem as well as throu

the narrower U.S. 20 pass west of Corvallis. Hence, the

Astoria-Salem pressure and temperature differences were

more applicable to his study. Use of the Newport-Corvallis

temperature and pressure differences would be more appli-

cable to this study of the NAP.

Another reason that the test failed may be due to the

difference in the summers studied. The sea breeze days

studied by Lowry were often accompanied by more cloud-

iness late in the day or on the following day than were

the MAP days of this study. Also, the summer of 1957

studied by Lowry seems to have had a considerably greater
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ATmax(')
17 EDT (00Z) Lowry

Date 4P(in of Hg) Classification

24 July 19 .13 0

4 August 17 .13 0

12 August 13 .09 0

6 September 25 .10 0

Meaning of Lowry Classification

0 = 0/3 probability of sea breeze

1 = 1/3 probability of sea breeze

2 = 2/3 probability of sea breeze

3 = 3/3 probability of sea breeze
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freauency o± sea breezes associated with stratus than did

the simer of 1975. The MAPs of this 1975 study seem to

have been drier and more thermally driven phenomena than

the sea breezes of 1957, which were more moist and more

often initiated by the Coast-to-Valley pressure gradient.

Lastly, the two studies were very different in terms of

the methods used, the type of observations taken, and the

region studied, and in the definition of the phenomenon

studied as well, making a comparison somewhat difficult.

4.1.3 Corvallis-Monroe cross sections

Figure 16 is a graph of the departures from the mean

temperature along the U.S. 99W route averaged over twenty-

three one-way trips along the Corvallis-Monroe transect.

This transect is approximately perpendicular to the air

flow and the cold air axis, and thus represents a cross

section through the MAP. The temperature gradient along

this mean cross section should be less than for most indi-

vidual cases, since case-to-case changes in the orienta-

tion of the MAP temperature structure result in a de-

creased mean temperature gradient. The fact that a regu-

lar, relatively high amplitude temperature pattern appears

in Figure 16 is an indication that the case-to-case vari-

ation in the temperature structure of the MAP is small.

Along the transect between about 7 km and 1L. km
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Figure 16. Average temperature departures from the mean
along the Corvallis-Monroe transect.
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south o.f Corvallis tnere is a 'ean tethperature gradient

of approxirnte1v0.2C/ (O.6F/mi). This is about four

times that of a very strong synoptic-scale cold front.

The average temperature difference from the average warm-

est point along the route to the average coldest point

(on the cold air axis) is 3.30 (6F). The cold air axis

of the mean MAP (line of maximum negative temperature de-

parture) crosses the transect at a point just over two

miles south of the junction of U.S. 99W and U.S. 20.

Maximum winds along the route were usually observed in

the same narrow region just north of Corvallis Airport.

In conclusion, the zones of maximum winds and coldest

temperatures are coincident for the mean MAP, and their

north-south variation from case to case is small.

Figure 17 presents the temperature profile along the

Corvallis-Monroe transect for the strong MAP of 6 Septem-

ber. The zone of coldest air is found at its mean posi-

tion between 3 km and 5 km south of the junction of U.S.

99W and U.S. 20. The temperature gradient between 13 km

and 19 km south of that junction is about 0.40/kin (1.1P/mi)

about eight times that of a strong synoptic-scale cold

front. The temperature gradient just north of the cold

air axis appears even stronger. Also, a temperature dif-

ference of over 6.7C (12F) exists between the cold air

axis and a point just south of the southern edge of the
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Figure 1Z.. Temperature profile along the Corvallis-
Monroe transect for the 6September 1975 MAP.



marine air.

Figure 18 depicts the control experiment case of

18 August, when no MAP occurred. No identifiable tern-

perature gradient was present along the Corvallis-Monroe

transect. The day was partly cloudy with fairly uniform

westerly flow in this part of the Valley. The alternating

regions of sun and shade account for the random fluctu-

ations observed. A similar lack of an identifiable tem-

perature pattern was also observed prior to the onset of

the MAP on several documented dates. The lack of a con-

sistent, non-random temperature pattern in these data for

days or times when an MAP is not present shows that the MAP

is a mobile mesoscale feature which is best defined by

the presence of the type of temperature field previously

described. Westerly flow alone does indicate that an

MAP is present.

4.1.4 The MAP: A summary of its characteristics

The results of the observational study of the MAP

show it to be strong, mobile mesoscale phenomenon which

occurs regularly in the same region. During the summer

of 1975, a frequency of 30% was observed for the moderate

to strong MAP, while the weak NAP had a frequency of 9%.

The MAP normally enters the Philomath area from the

U.s. 20 Coastal Range Valley west of Wren during early
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Figure i8. "Control" Experiment temperature profile
along the Corvallis-Monroe transect.
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afternoon. The marine air then spreads rapidly east-south-

eastward across the Valley floor reaching maximum strength

between late afternoon and sunset. In its final stages

it may cover over one-f if th of the total area of the Wil-

larnette Valley; the area covered is usually outlined by

a line from a few kilometers north of Corvallis to a few

kilometers south of Albany southward to a point just east

of Halsey, and then west-southwestward to Monroe.

In the next section, the results of the climatolog-

ical study are presented. While it is shown that it was

not possible to correlate a particular air mass with MAP

days, the study is useful in that it reveals the July air

mass climatological framework within which the MAP occurs.
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4.2 The Climatological study

Before the results of the climatological study are

discussed in detail, the station locations and the method

of presentation of the numerical results obtained are

introduced and briefly explained.

Figure 19 is the cliinatological station location map.

Station crosses mark the location of each station. The

three-letter code beneath each station cross is the call

name of each station. To the upper right of each sta-

tion cross is the geographic location number. The dma-

tological network is divided into five geographic regions:

region 1, which lies along the Coast, and regions 2

through 5, which lie inland. Region 2 is the northern-

most inland region and region 5 the southernmost. The

digit to the left of the dash indicates the region,

while the digit to the right of the dash is the station

number within that region. The station numbers increase

from north to south in region 1, and from west to east

in regions 2 through 5. The geographic ordering system

was devised to emphasize the station-to-station areal

continuity in the mean temperature and frequency of the

partial collectives.

Table 2 is a listing of the climatological network

stations in order of geographic location number. The

call name, complete name, and elevation (in feet) are



. %'-. I--;

-z

u-i

cj

0

I-i

(.1

0-

---,--; ;
C.ij

-

5 .-3 \

L.

(H(F

)_
fg

4'

dS ,. -I c- - - +

(, _\ 4 YTP

I
----'/+ N

Figure 19. Climatological station location map.



TABLE 2 116

CLL4ATOLOGICAL T fIO1S BY GECGRFHIC LGC.TI&N

Geog.
bc. Call Elev.

name Full station name (ft.)

1-1 TIL Tillamook 10

1-2 OLO Oboverdale 20

1-5 OTS Otis 150

1-1-I. NFT Newport 154

1-5 TDW Tidewater 50

2-1 OHG Cherry Grove 780

2-2 MOM Mc Minnville 148

2-3 NWS North Willamette Experiment S taion 150

2-4 MOL Molalla 400

5-i ViZ Valsetz 1155

3-2 PAL Falls City 440

5-5 DAL Dallas 325

3-4 SLE Salem 196

3-5 CM Silverton 408

5-6 SYT Stayton 465

3-7 SCF Silver Creek Falls 1350

5-8 BET Detroit Dam 1220

L4_l OWE Corvallis Water Bureau 592

L4 1-IYF Hyslop Farm (Corvallis, OSU) 225

4-5 ALB Albany 220

4-4 LAO Lao 0mb 590

4-5 FSD Foster Dam 550

-6 GAS Cascadia

4-7 CTF Santiarn Fass 4748

5-1 NTI Noti 445

5-2 FRN Fern Ridge Dam 586

5-5 EUG Eugene 559
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given for each station. This listing plus the station lo-

cation map introduces the climatological network.

Table 3 is a listing of the partial collective statis-

tics o± the curves fit. For each station, the number of

curves fitted and the number of maximum temperatures in the

set of data are listed in the first column. The air mass

classification and the estimated standard deviation, mean,

and frequency of the fitted partial collectives at the sta-

tions are listed (warmest to coolest mean temperatures) in

the succeeding columns. The estimated frequency has been

rounded to the nearest hundredth from data where the total

of the partial collective frequencies added to exactly 1.

The sum of the rounded frequencies is occasionally a hundredth

more or less than 1, due to roundoff error. When the fre-

quency was less than .005, it is listed as ".01".

In the Appendix, histogram plots of the smoothed, fil-

tered frequencies and their fitted composite curves appearin

station locatian'nwnber order. The position of the mean of

each partial collective is denoted by an arrow. Also given

is the frequency and the air mass classification o± each

partial collective. A visual feel for the goodness-of-fit

for each station can be quickly obtained by comparing the

composite plot curve, or the curve fit, with the shape of the

relative frequency histogram. ifl addition, a rough visual

conception of how the individual partial collecti7e curves

graphically add to produce the station composite curve can be
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ey to Table 3

Station column Succeeding numbered columns

geogranic location i Airmass classification
station call name estimated standard deviation
number, of curves fit estimated mean (F)
nuier of data points estimated frequency (rounded

to nearest .01)

Station Cl C2 03 04 05 06 07 C8

1-1 I II III
TIL 1.50 3.00 3.30
3 87.7 78.6 5.8

309 .01 .08 .91

1-2 I II 1113 IIIA
OLO 3.00 1..50 1.75 3.75
4 86..6 80.3 76.0 6..l

310 .03 .03 .03 .92

1-3 I II 1113 lilA
OTS 2.75 1.70 2.25 4.00
4 89.6 82..3 77.1 67.6

302 .03 .03 .09 .85

1-4 I II 1110 1113 lIlA
NFT 1.75 2.00 2.00 1.25 3.00
5 90.5 60.9 75.3 70.8 63.8

310 <.01 .01 .02 .02 .65

1-5 I II III
2.75 2.25 4.50

3 90.0 83.8 73.3
310 .05 .05 .91

2-1 IC 13 IA II 1113 1111 IV
CHG 1.75 2.00 3..75 3.50 3.50 2.50 2.50

99.2 95.6 88.9 80.1 71.3 65.3 60.3
310 .01 .01 .27 .34 .24 .10 .03

2-2 IC 13 IA II 1113 lilA
10M 1.75 2.25 3.75 3.00 3.50 5.50
6 104.7 97.4 90.6 82.7 75.1 65..7

309 <.01 .06 .52 .27 .29 ..0
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Station 01 02 03 04 05 06 07

2-5 IC lB IA II IIL lIlA IV
NWS 1.25 .00 5.75 5.25 4.00 2.25 2.25
7 105.0 96.2 9u.0 82.3 75.5 66.5 61.5

508 <.01 .04 .26 .29 .56 .03 .03

2-4 IC lB IA II IIIB lIlA
ICL 1.75 2.75 5.00 3.20 3.50 2.75
6 106.5 96.7 o9.0 81.9 73.5

510 .01 .06 .25 .32 .4 .03

3-1 lB IA II 1110 1118 lIlA IV
VLZ 1.75 5.25 5.25 2.95 2.50 2.25 2.00
7 98.1 89.0 81.7 74.7 68.5 62.7 6.5

277 .01 .19 .51 .27 .14 .07 .01

3-2 lB IA II IIIB lIlA Iv
FAL 2.00 3.25 2.75 2.75 2.25 1.75
6 96.2 89.4 81.8 74.5 68.5 62.5

510 .Ob .27 .31 .4 .10 .05

3-3 IC lB IA II IIIB lilA IV
DAL 1.25 2.00 3.50 5.00 3,00 2.75 2.50
7 104.7 98.1 90.5 85.7 77.7 71.7 66.5

510 <.01 08 .30 .26 .23 .11 .02

3-4 I II IIIB lilA IV
SLE 4..50 5.00 3.75 2.50 1.75
5 92.6 84..O 75.7 70.7 63.3

310 .33 .31 .29 .06 ..02

3-5 I II IIIB 111A2 IIIA1 Iv
SLT 4.50 2.50 3.00 2.25 2.25 2.00
6 d8.7 82.0 75.0 70.7 65.9 60.1

510 .50 .25 .26 .12 .06 .01

5-6 IC lB IA II IIIB 1111 IV
SYT 2.50 1.50 3.50 3.00 5.25 2.25 2.75
7 98.2 95.6 8.9 81.8 75.1 67.9 60..3

510 .03 .02 .34 .30 .27 .04 .01

3-7 IC lB IA II IIIB lIlA IV
SOP 2.00 1.50 5.50 2.00 5.50 3.50 1.75
7 96.3 92.4 85.4 80.5 74.6 65.7 57.b

510 .02 .05 .44 .10 .26 .11 .01

f-I

119
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Otation 01 02 03 05 06 07 08

5-8 ID IC 13 IA II IIIB lIlA IVDT 2.00 1.75 375 2.75 1.75 4.00 3.50 1.25
8 100.5 94.5 s7.9 81.5 77.1 72.3 61.5 53.2

310 .01 .02 .25 .25 .05 .50 .09 <.01

4-1 lB IA II 1113 lIlA
CB 1.50 4.25 2.75 3.25 5.00

5 101.4 90.0 81.8 72.9 65.0
3j0 <.01 .1 .5u .07

4-2 I II IIIB lIlA IV
HYF 4.25 2.75 3.00 3.25 1.50

90.7 82.) 76.2 70.0 0.3
10 .31 .28 .24 .16 .01

4-3 I II IIIB lilA IV
ALB 4.00 3.00 3.25 2.75 2.00
5 9.1 1.8 7b.1 bo.8 ol,2

310 .35 .26 .27 .11 .01

4-4 IC lB IA II IIIB lilA IVA IVE
LAG '.25 2.00 3.75 2.00 3.50 2.75 1.75 1.25
8 97.2 92.0 85.5 79.0 74.2 67.1 58.8 53.0
10 .05 .08 .44 .10 .24 .05 .02 <.01

4-5 IC lB IA II IIIB lilA Iv
FSD 2.00 2.25 5.75 1.75 3.25 2.50 1.75
7 94.2 9.7 55.5 78.2 72.1 64.4 )8.8

)10 .07 .11 .44 .08 . .04 .01

4-6 lB IA II IIIB lIlA IV
GAS 3.00 3.75 1.55 3.25 3.00 2.00

6 o7.9 78.8 72.4 70.2 4.0 55.9290 .14 .53 .03 .20 .Oo .01
4-7 IC lB IA IIIB lIlA IVA I
SIP .25 3.50 2.50 3.00 2.75 2.75 1.25
7 56.5 79.8 72.0 65.5 55.5 49.7 42.5

295 .16 .58 .19 .18 .06 .02 <.01

5-1 lB IA II 1113 IIIA IVNIl 1.75 5.00 3.00 2.75 3.50 1.75
6 96.5 90.5 85.2 77.5 71.3 62.5

310 .05 .25 .34 .15 .15 .01
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tation 01 02 03 05

7-2 lB IA II 1110 IIIB
F1N 2.00 3.25 2.75 2.25 2.50
6 96.4 90.3 83.6 77.6 71.8

310 .0 .24 .3 .i8 .15

5-3 lB IA II 1110 IIIB
EUG 1.75 2.50 2.75 2.75 2.50
6 98.0 93.2 87.0 80.3 73.3

310 .05 .19 e29 .28 .16

lilA
3.00
66.5
.08

lilA
2.75
66.2
.04

'J (

121
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obtained by noting the frequency and the location of

the mean of the partial collectives. Because the com-

posite curves were plotted on the H-P calculator/plotter,

they are plotted to within a frequency of less than 1O,

which is less than the width of the line plotted. Then

examining these plots and the data in Table 3, it should

be remembered that the accuracy of the results (probably

within about 2% of correct) is much less than the accuracy

of the goodness-of-fit of the partial collectives to the

station histograms.

L..2.1 Station histograms and partial collective fits

Lf.2.l.l The Coastal stations

The histogram and composite curves plots for geo-

graphic group 1, the Coastal stations, show that marine

air mass III is most frequent by a large margin, while the

other air masses are present in very small to trace quanti-

ties. The major peak of air mass III or a derivative of

III dominates the Coastal histograms, clearly distinguish-

ing them from the histograms of the inland stations.

At Newport, the total frequency of air mass III is

99%, and the major derivative lilA has a frequency of 95%.

The Newport histogram shows that L9% or about half of the
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maximum temperatures are 62, 63, 64, or 65F. The station

at Newport is located closer to the ocean than the other

four Coastal stations, resulting in a greater frequency

of cool maximum temperatures. The prevailing north to

northwesterly winds blow off the ocean which has a nearly

constant sea surface temperature of between 50F and 55F,

due to summertime Coastal upwelling. During its short

overland trajectory the air is warmed to the 60 to 65P

range at the time of maximum temperature on most days

with onshore marine flow. Hence the proximity of

Newport to a cool ocean of nearly constant temperature

helps to explain the narrow, high frequency peak observed

there. The marine derivatives IIIB and IIIC at Newport

likely occur during sunny days with less intense onshore

flow, permitting more heating of the marine air before

it reaches the station. Modified marine air of mixed

continental and marine origin was observed at Newport

only 1% of the time, while purely continental air was

observed there on only one day out of 310 during the

ten-year period (1965-1974) of July data.

The more sheltered inland locations of the other

four Coastal stations result in a lower frequency, a

warmer mean temperature, and a larger standard devia-

tion of the marine air there. The greater variations

in stratus cloud cover, strength of the onshore flow,
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and local topography make possible a greater range of

marine air modification. A greater frequency of modi-

fied marine air mass II and of continental air mass I

is observed at these more inland Coastal stations.

The frequency of continental air is greatest (5%) at

Tidewater, the most inland location.

The results for the Coastal stations provide evi-

dence that the partial collective method is valid in

identifying non-random air masses whose frequencies

decrease away from the source region. Variations in

the mean temperatures of the partial collectives are no

more than a few degrees Pahrertheit, indicating that areal

continuity exists. A trend toward greater frequency of

the inland air masses is also found with increasing

station distance from the Coast.

4.2.1.2 Inland stations

Due to the larger number of inland stations (geo-

graphic areas 2-5), the discussion of these results will

be restricted to general trends and tendencies. It will

be left to the interested reader to cite specific numer-

ical examples from the graphs in the Appendix.

The histograms for the inland stations are markedly

different from those of the Coastal stations. The dis-

tribution of maximum temperatures is broader with several
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minor peaks in contrast with the single major high fre-

quency peak of the Coastal stations. Despite the more

complex histograms characteristic of the inland stations,

a recoiizable pattern of decrease in frequency away from

major air mass source regions is evident. The three major

air mass source regions are the Pacific Ocean, the Wil-

laniette Valley, and the inter-mountain plateau east of the

Cascade Range, for the marine air (III), the modified ma-

rine or Valley air (II), and the continental air (I),

respectively. Stations in the Willamette Valley proper

show a markedly smaller frequency of marine air than do

the Coastal stations. The frequency of airmass II, the

modified marine air, is greater in the Valley than at

either the Coastal stations or the stations in the foot-

hills of the Cascade Range. Lastly, the total frequency

of the continental air mass derivatives is greater for the

easternmost stations, decreases somewhat at the Valley

stations, and is present in only trace quantities at the

Coastal stations.

Analyses for many Valley stations indicate small to

trace amounts of the very cool air mass IV derived from

marine air mass III. The mean temperature of IV is less

than the mean temperature of the major marine peak of

the Coastal stations. Air mass IV is also observed at

several locations in the western valleys of the Cascade
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Range. There it may be due to the formation of clouds

or rain in a westerly flow of relatively unmodified

marine air ascending the western slopes of the Cascades.

The occurrence of IV is not seen at some Valley stations,

where it is likely imbedded within cooler marine air mass

III derivatives. Air mass IV is not observed at the

Coastal stations.

The more usual circumstance is that there is a dif-

ferential warming of the marine air as it moves inland.

Derivations such as IIIB and IIIC appear at the inland

stations which were not present, or present only in trace

quantities at the Coastal stations. A reasonable hypo-

thesis is that the warmer marine derivatives result from

variations in insolation due to the amount of daytime

cloudiness. For example, derivative 1110 may represent

sunny days or days which become sunny by late morning.

Marine air mass derivative TuB may occur on days when

clouds persist much of the day, with clearing in the

afternoon. Derivative lilA may represent days when clouds

persist the entire day, allowing for very little insola-

tion and hence little modification of the marine air.

Further work on the correlation of cloud cover with the

maximum temperature in marine air at inland station needs

to be done to test the validity of the above hypotheses
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The frequency of continental air mass I decreases as

one moves westward, and the number, mean, and frequency

of continental derivatives exhibit areal continuity.

Local variations in topography,wind speed and direction,

and surface albedo are probable factors contributing to

the presence of several continental derivatives at the

eastern stations and at many Valley stations, while a

single continental curve only is found at stations in the

middle of the Willamette Valley. A full explanation o±

why this is the case is beyond the scope o± this study.

The important fact is that station-to-station continuity

exists for air mass I and its derivatives.

The frequency 0±' air mass II, the modified marine or

Valley air is greatest in the Valley and decreases toward

both the east and west. it is unique in that its source

region apparently lies within the region studied. The

following sequence of events represents a possible expla-

nation of a way that air mass II might be formed:

1 A strong influx of marine air into the Valley
occurs, followed by a few days of rather stag-
nant weather.

2. During this time, the marine air is modified
primarily by these processes: subsidence and
drying, daytime heating of the boundary layer
from beneath, and limited mixing with continen-
tal air.

Further discussion of this topic is found in section 4.2.3.



128

L..2.2 A test of the partial collective method

Figure 20 presents histograms of the warmest third

and coolest third of 30 Julys (19k5-197k) at Eugene. The

curve on the left is for the 10 cool Julys, and the dashed

curve on the right is for the 10 warm Julys. The arrows

which mark the positions of the mean maximum temperatures

of the six partial collectives identified for the 1965-7k

Eugene data roughly suggest that the same collectives are

present, and that the variation of their means is within

the range o± this method's accuracy.

The purpose of this test, which was also made by

Bryson, is to show that the difference between cool and

warm Julys results from a greater or lesser frequency of

the air mass derivatives, as opposed to changes in their

mean temperatures. A hand fit for the 10 cool Julys indi-

cated that the means for the six collectives averaged only

0.25F cooler than for the 1965-7k data (extremes ranged

from 0.3F cooler for air mass II and 0.5F warmer for derL-

vative IIIB). Despite the fact that the ten-year data set

is a subset of the thirty-year period, these differences

are closeenoughto zero to suggest that a cool July is

due to a higher frequency of cool derivatives and a lower

frequency of warm derivatives. Significant factors resul-

ting in cool Julys in the JJillamette Valley are likely the

higher frequency of MAPs, greater daytime cloudiness in ma-

rine air, and more Pacific cold fronts with precipitation.
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Figures 21 through 23 present maps of the total fre-

quencies and the weighted mean temperatures of major air

masses I, II, and III, respectively. The mean temperature

is weighted on the basis of frequency for major air mass-

es I and III. For example, if the frequencies for the

derivatives of a major air mass are .10, .40, and .50

while the respective mean temperatures are 60, 70, and

80F, the calculated weighted mean temperature is 74F.

These maps facilitate easy visual identification of areal

continuity and trends present in the major air mass sta-

tistics.

Figure 21 shows that the mean temperature of air mass

I is within 3F of 90F at all Coastal and Valley stations.

The mean temperature is cooler in the Cascades duetothè

higher elevation and probably for some stations from cooling

by evapOtrànspiration from the foi'est or evaporation fropi

nearby reservoirs. The frequency o± continental air reaches

a maximum of 75% at the easternmost station, Santiam Pass.

Frequencies of 30% to 40% are common on the Valley floor.

The frequencies decrease to a trace at the Coastal sta-

tions. The frequencies for air mass I of 5% at Tidewater

and 3% at Cloverdale reflect their more inland location

relative to the other Coastal stations. The nearly con-

stant frequency of the continental air observed across the
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Willamette Valley suggests that once the continental air

decends to the Valley, it moves easily across it, encom-

passing its entire area.

Essentially continuous trends in the mean temperature

and frequency are observed outside of the Valley. Over

the entire region covered by the map, the frequency of

the continental air decreases as one moves westward away

from the source region.

Figure 22 presents the mean temperature and fre-

quency of air mass II at each station. Isopleths of

frequency have been drawn in 10% intervals. Frequency

maxima appear in the Willamette Valley, the source re-

gion of this modified marine or Valley air mass. Over

the Valley as a whole, variations in frequency are slight:

all Valley values lie within 5% of a frequency of 30%.

The frequency of the Valleyair decreases away from the

source region toward both the Coast on the west and the

Cascade Range on the east. The isopleths of frequency

show a tendency to extend eastward into river valleys of

rivers flowing westward out of the Cascade Range, and a

tendency to parallel contour lines of elevation. In

several places additional data points are needed to place

the isopleths with more certainty. The mean temperature

of air mass II is nearly constant along the Coast and in

the western valleys of the Cascade Range.
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When the analysis of the relative frequency histo-

grams was in its early stages, it was hypothesized that

the occurrence of the MAP could be correlated with the

occurrence of marine or Valley air. Evidence from Figures

22 and 23 suggest that this hypothesis must be rejected

for several reasons. First, marked maxima in the fre-

quency of either air mass II or III should be observed

in the Willainette Valley just east of major Coastal Range

passes, and no such maxima are observed. Secondly, the

frequency at the eastern edge of the Valley should be

lower than on the western edge. Lastly, the mean tem-

peratures of air masses II and III are several degrees

Fahrenheit lower than the maximum temperature observed

on several MAP days. The observational portion of the

study forces us to conclude that the MAP usually enters

the Valley after the time of maximum temperature, which

is often reached while the stations are in air which is

primarily continental in origin. Thus it appears that

air mass II is a modified marine air mass whose source

region is actually the Willamette Valley. This conclu-

sion is clearly suggested by the distribution shown in

Figure 22, since the frequency of air mass II decreases

rapidly from the Willamette Valley, the source region of

the modified marine or Valley air.

Figure 23 presents the weighted mean temperature and
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total frequency for air mass III, the marine air. The

total frequency of air mass III at the Coastal stations

varies from 91% at Tidewater to 99% at Newport. The

frequency in the eastern Coastal Range valley at Valsetz

is 48%, while it is still lower at the Willamette Valley

stations. A minimum frequency of 22% is observed at the

eastermnost station of Sa.ntiam Pass in the Cascade Range.

Hence the frequency of the marine air is nearly 100% at

the Pacific Ocean, the source region, and decreases in-

land away from the source region.

Warming of the mean temperature of the marine air is

observed as the air mass moves inland off the cool, up-

welled Coastal waters, and over the warmer heated inland

regions. The marine air at Newport has a mean temperature

of 64F, while it has already warmed 9F to 73P at the more

inland station of Tidewater. The warming occurs primarily

during the first few miles of inland trajectory of the ma-

rine air. The mean temperature of the marine air in the

Willainette Valley is between 73F and 75F at most stations.

A decrease in mean temperature of this air mass is again

observed at the stations on the western slopes of the

Cascade Range.

In summary, these maps of the three major air masses

all show an expected decrease in the frequency of each air
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mass away from its source region. The mean temperature

and frequency of each air mass remains nearly constant

across the floor of the Willamette Valley. Across the

entire area of this study, the mean temperature of each

air mass is nearly constant, indicating that the identity

of each air mass is preserved. One of the exceptions to

this statement is the decrease in mean temperature of each

air mass as one proceeds up the western slopes of the

Cascades. This is primarily due to cooling when air from

the west ascends the western slopes of the Cascades, or

to warming when air from the east descends these slopes.

A second exception is the rapid warming of about 1OF of

the marine air as it moves inland. Finally, areal con-

tinuity is observed in the mean temperature and fre-

quency of each air mass. Thus the data on these three

maps provide further evidence that the air mass concept

of Bryson (1966) and the partial collective method are

applicable to mesoscale studies of climate in regions

with mountainous terrain.

4.2.4 NewDort-Santiam Pass cross sections

Figures 2L. through 32 are east-west cross sections

along a line from Santiam Pass to Newport of frequency,

mean temperature, and reduced mean temperature of the

three major air masses. The mean temperatures are again
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weighted as previously explained. The curve through

the plotted points is a cubic spline fit that was drawn

using a prewritten H-P calculator-plotter program.

Figures 2k through 26 present the cross-sectional

frequency of the three major air masses. The frequency of

the continental air is nearly zero at Newport and in-

creases rapidly to greater than 30% at Corvallis Water

Bureau. It remains nearly constant across the Valley

stations, and increases again to about 60% at the three

stations in the valleys of the western slopes of the Cas-

cade Range. The frequency reaches about 75% at Santiam

Pass at the eastern side of the cross-section. Figure 25

shows that the frequency of the modified marine air is

nearly zero at Newport and zero at Santiam Pass. The

peak frequency is located at Corvallis .'Iater Bureau,

with the other two Valley stations showing only a slight-

ly lower frequency. The slope of the curve is less steep

on the eastern side, showing that some of the Valley air

penetrates into the valleys of the western Cascade Range.

Figure 26 shows that the marine air frequency of nearly

100% at Newport drops off rapidly to just under 40% at the

Valley stations. The frequency decreases more slowly

thereafter, falling to just under 25% at Santiam Pass.

This indicates that the deep penetrations of marine air,

many of which are associated with Pacific cold fronts,
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reach eastward to and probably beyond the crest of the

Cascade Range.

The three frequency cross-sections provide an alter-

nate, more visual method for showing that the frequency of

each major air mass is a maximum near the source and de-

creases away from the source. It is also evident from these

cross-sections that the frequencies of each air mass change

most rapidly in the Coastal Range and western Cascade Range

transitional zones, while tending to remain nearly constant

in the Willamette Valley.

Figures 27 through 29 are cross sections of the mean

temperature of the three major air masses. The dominant

feature of the first two graphs for the continental and

modified marine air is that the mean temperature remains

nearly constant from the Coast to the eastern side of the

Willamette Valley. A decrease in mean temperature which

is likely due to increasing elevation is observed at the

eastern side of the cross-sections. Figure 29 shows the

rapid rise in the mean temperature of the marine air between

Newport and Tidewater previously discussed.

Since the mean temperature of each air mass was ob-

served to decrease with increasing elevation, three graphs

of reduced mean temperature were plotted. The reduced

teniperature is the teniperature which an air parcel would
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have if it were adiabatically lowered to sea level. Hence,

the adiabatic assumption was made and the reduced temper-

ature calculated using the weighted mean temperature and

assuming the adiabatic lapse rate of 1C per 100 m or

5.LF per 1000 ft.

Figures 30 through 32 are cross sections of the mean

reduced maximum temperature for each air mass. The graphs

indicate that the adiabatic assumption does not fully ac-

count for the lower mean maximum temperatures observed at

Foster Dam and Cascadia. The remainder of the cooling is

likely due to the location of the stations in a forested re-

gion near cooler streams and reservoirs. The adiabatic

assumption results in a high mean reduced maximum temperature

at Santiam Pass. This is reasonable since surface heating

during the daytime causes the temperature decrease to be

less than adiabatic as one moves up the upper slopes of

the Cascade Range. The presence of a low level inversion

especially in the morning of continental air mass days is

also a contributing factor. The rise in temperature of

the marine air from Newport to Tidewater is again observed

in the reduced temperature cross-sections.

Figure 33 is a cross section of the mean July max-

imum temperatures. The mean temperature rises rapidly

as one moves inland. July mean maximum temperatures of

about 27C (81F) are observed at the Valley stations.
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A cooler average July maximum temperature is found at the

eastern stations in the Cascade Range, due to their higher

elevation.

The results of the climatological study have shown

that the partial collective method of Bryson (1966) yield-

ed a meaningful analysis of the July air masses of north-

western Oregon. The frequency of the three major air mas-

ses were seen to decrease in a regular manner from their

source regions. The small changes in the mean temperature

of the partial collectives from station-to-station permit-

ted a meaningful means of identification of the collec

tives.

While the results of the partial collective analysis

proved to be generally inapplicable to the problem of meso-

scale marine air penetrations for reasons previously dis-

cussed, the intrinsic value of this study required the com-

pletion of the analysis and its presentation. Furthermore,

the climatological perspective of these results is useful

when considering the MAP and agricultural field burning.

For example, the fact that a substantial frequency of ma-

rine air is observed at Santiam Pass in the Cascades in

July suggests that modified types of marine air penetrate

east of the crest of the Cascades, providing a means by

which the Willamette Valley is ventilated in summer. The
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conclusions in the next chapter concerning the results of

both studies on an individual and joint basis further

substantiate the value of the climatological study.
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CHAPTER V

CONCLUS IONS

This chapter begins with a summary of the surface

meteorological characteristics of the MAP and suggestions

for its physical cause. Also considered are the synoptic-

scale causes of the deep MAP of 6 September, 1975 and the

effect of MAPs upon field burning. The chapter concludes

with the presentation of an air mass climatology of north-

western Oregon, and a discussion of the combined signi-

ficance of both studies.

5.1 The Marine Air Penetration

5.1.1 Surface meteorological characteristics

As mentioned earlier, one of the objectives of ob-

servational research is the presentation of a simplified

general case of the studied phenomenon, which may be used

by future theoretical or observational researchers. With

this objective in mind, the following general case of the

MAP is described.

In the terminology of this study, the MAP is !lborn?!

in the Coastal Range passes. For the part of the Willamecte

Valley which was researched, the marine air flows through



the U.S. 20 Coastal Range pass and valley, pouring out of

the gap near Wren and into the Philomath area generally

during the early afternoon. The marine air then spreads

rapidly to the east and southeast across the Valley floor.

For most cases, the MAP of this area reaches maximum

strength during late afternoon, encompassing up to one-

fifth of the total area of the Willamette Valley.

Figure 3k schematically illustrates the surface

characteristics of the MAP in late afternoon (1600 to 1800

PDT) during its time of maximum development. The orien-

tation of the cold air axis (the dashed and dotted line)

and the number and positions of the isotherms (iF intervals)

were approximated from the four observed case study days.

The tight packing of the isotherms is an indication of the

characteristically strong temperature gradient which often

reaches about 0.35 C/km (iF/mi). The spiked line outlines

the approximately 250 km2 regions of maximum winds, where

it is estimated that wind speeds often exceed 15 kt on MAP

days. The streamlines show the characteristic diffluence

in the air stream which occurs as the MAP spreads out across

the Valley floor.

The region of greatest concern with respect to field

burning is the 250 km2 region of maximum winds. Grass

seed growers in this area need to be particularly sensitive
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to MAP occurrences. The effects of the MAP upon field

burning is discussed further in section 5.1.Lf.

5.1.2 Physical causes

For a true model of the MAP to be proposed, the MAP

would need to have been studied aloft and over a larger

area than it was in this investigation. Yet by consider-

ing this study in connection with previous research, it

is possible to suggest some of the physical causes of the

MAP as a partial fulfilment of this objective.

From a larger-scale perspective, the MAP may be con-

sidered to be a mesoscale eastward extension of the land-

ward-flowing branch of the sea-breeze circulation. Hence

an important cause of the MAP is the differential heating

over land and sea, and the resulting sea-to-land pressure

and density gradients. Yet it is important to acknowledge

that this large-scale thermal circulation is complicated

by the presence of the Coastal Pange, the Cascade Range,

and smaller-scale topography.

While the study of Lowry (1962) described the inflow

of marine air into the Valley from a somewhat different

perspective, his model depicting the movement of the wave

along the base of the marine inversion aids in understand-

ing tae MAP. As mentioned earlier, the crest of the wave



157

moves eastward from the Coast during midday, and at 1600

PST lies over the crest of the Coastal Range. The energy

initiating this wave crest enters the system through a com-

bination of insolation, resulting convection, and a moving

zone o± convergence (Lowry, 1962, p. 136). At this time,

marine air is moving eastward through the Coastal Range

passes and into the Valley. Shortly after 1600 PST, when

the MAP is observed to reach its maximum strength, the depth

of the marine air iii Lowry's model increases over the Val-

ley as the wave crest and marine air move eastward.

Another effect of the Coastal Range is the restric-

tion of the eastward flow of marine air througt passes.

It seems reasonable that this would de1a significant east-

ward movement of marine air into the Valley until the marine

layer reached a sufficient "critical depth". Then, the ma-

rine air should move rather rapidly eastward out of the

gaps in the Coastal Range and onto the Valley floor. That

this is the case is suggested by the observed tendency of

the marine air to move rapidly out of the gap near Philomath

and across the Valley floor. Further evidence for a

"critical depth" concept is seen in the cross-sectional

analysis of Johnson and O'Brien (1973) of the zonal com-

ponent of the wind. During late morning and early after-

noon a shallow zone of westerlies moved into the Coastal
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Range. However it was not until 1600 PDT that a stronger,

deeper layer of westerlies moved eastward into the Coastal

Range pass over Ellmaker State Park. Between 1600 and 1800

PDT, the low-level maximum in the westerlies moved rapidly

eastward into the Corvallis area, carrying marine air into

the Valley. While this case is an example of an exception-

ally strong and deep MAP, a similar less intense building

in depth of the marine air followed by a surge into the

valley likely occurs with moderate to strong MAPs: for

these cases the depth of marine air is less and the routes

inland are limited to the lower passes.

In addition to the process just mentioned, slope and

Valley winds likely affect the inland movement of marine

air. From the morning into early afternoon, upslope and

upvalley winds on the eastern side of the Coastal Range

should result in a generally easterly component of the wind

toward the Coastal Range passes, thereby tending to keep

the marine air confined to the area west of the passes.

By mid-afternoon, heating of the western flanks of the

Cascade Range should result in some westerly flow up the

valleys into the Cascades. When the marine air flows out

onto the Willamette Valley floor, some eastward accelera-

tion may result from the eastward transport of air into

the Cascades. Additional research east of the area of this
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study would need to be done to evaluate the importance

of this proposed mechanism upon the MAP.

In conclusion, while the underlying cause of the

MAP is the differential heating of air over the land and

sea, as for the simple sea breeze circulation, the effect

of the topography determines observed characteristic "bot-

tleneck" flow of the marine air from the gap west of

Philomath across the Valley floor. Additionally, other

local winds such as slope and valley winds likely influ-

ence the MAP. In the next section the role of synoptic-

scale changes in an exceptionally strong and deep inva-

sion of marine air will be discussed.

5.1.3 The deep MAP of 6 September 1975

The observed strength, depth, and persistence of

strong marine air inflow well into the night for the case

of 6 September 1975 suggests that it might be related to

synoptic-scale changes such as occurred with the previ-

ously described cases of Johnson and O'Brien (1973) and

Cramer and Lynott (1970).

As expected, examinations o± the U.S. Daily Weather

Map series for 3-7 September 1975 shows that large-scale

changes at the surface and aloft were associated with this

exceptionally deep MAP. On 3-k September, a ridge built
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northward off the coast of the Pacific Northwest, while

an inverted "thermal'1 trough intensified and extended

northward along the coasts of Oregon nd Washington.

By 1200 GMT 5 September, a 500 mb high was positioned

above the Oregon-California border, while a surface trough

offshore resulted in surface easterly flow at Astoria.

Maximum temperatures in the Valley reached over 90°F on

both Lf and 5 September. The 12Z map for 6 September shows

that the 500 mb high moved southward into California as

a trough approached the Pacific Northwest from the west.

The surface trough which had been offshore had weakened

and shifted back to the Coast, with some indication of

the presence of a building offshore surface ridge (these

maps do not extend as far westward as the maps of Johnson

and O'Brien). Following the deep MAP of the afternoon and

evening of 6 September, the morning map for 7 September

shows that the 500 mb trough had almost reached the Coast,

and the surface low had shifted to the Columbia Piver

Basin, with high pressure located offshore and a cold

front lying through the southern tip of Vancouver Island.

'This sequence of synoptic-scale events indicates

that the strong, deep MAP of 6 September was associated

with a warm spell preceeding the event, followed by the

approach of a trough from the west and an associated
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influx of marine air. These events resemble those des-

cribed by the previously mentioned researchers. Although

upper air measurements were not made for the 6 September

case, it is quite probable that changes resembling those

documented by Johnson and O'Brien occurred. Because large-

scale changes are associated with MAPs of this type, it

should be possible to forecast their occurrence.

5.1.Lf Effects upon field burning

As mentioned previously, wind speeds and the in-

creased stability at the top of the marine air are the

most important adverse effects of the MAP upon field fires,

while the wind shift which may occur with its onset should

not have much effect upon fires lit by rapid-fire perimeter

ignition techniques. It is reasonable to assume that

shortly after an MAP has entered the Valley, the stabil-

ity at its top will increase the most over the region

having the lowest surface temperature. While a study of

the vertical temperature structure of the MAP would need

to be done to verify this hypothesis, it seems reasonable

that the area from the Coastal Range gap near Wren east-

ward to the vicinity of Corvallis Airport should be most

adversely affected by increased stability on MAP days.

On days following exceptionally strong, deep MAPs, the
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stability over most of the Valley should increase.

The most adverse effect of the MAP upon field fires

should occur in the region of maximum winds discussed ear-

lier. In this area, strong winds will often result in

high ground-level concentrations of smoke downwind of

the fires, sometimes over heavily travelled highways.

It is recommended that a method of operational forecasting

of the MA.P be developed as a smoke management tool for this

area.

In the next section, a summertime climate classifi-

cation of northwest Oregon based upon the results obtained

by partial collective analysis is presented. The combined

significance of the observational and climatological

studies is discussed in the last section.

5.2 Summertime climate zones of northwestern Oregon

The application of the partial collective method to

July maximum temperature at stations in northwestern Oregon

revealed the existence of three major air masses: continen-

tal air, whose source region is east of the Cascades, modi-

fied marine or Valley air, whose source is the Willamette

Valley, and marine air, whose source region is the Pacific

Ocean. The observed patterns of decrease in frequency of
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these air masses away from their source regions provides

a basis for the division of northwestern Oregon into four

summertime climatic zones, and are presented here as a con-

clusion to the climatological study.

Figure 3 is a map of the four summertime climatic

zones of northwestern Oregon. The spikes on the dividing

lines point toward the homogeneous zones, where variations

in the frequencies of the major air masses tend to be

slight.

Zone 1, the Pacific Marine Zone, is the source re-

gion of the marine air, which has a frequency of nearly

100%. The other two major air masses are present in trace

quantities or are absent entirely.

Zone 2, the Coastal Range Zone, is a transitional

zone located between the source regions of the marine air

and the modified marine or Valley air. It is transitional

since there is a pronounced eastward decrease in the fre-

quency of the marine air as well as an increase eastward

in the frequencies of Valley air and continental air,

The patterns observed here apply primarily to the Coastal

Range valleys, where the stations which were analyzed are

located; a somewhat different climate likely exists on

Coastal Range ridges.

Zone 3, the Willamette Valley Zone, is homogeneous
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since little variation in the frequency of the three major

air masses is observed. Despite the fact that it is the

source region of the modified marine or Valley air, sub-

stantial frequencies of all three major air masses are ob-

served in the Willamette Valley Zone.

Zone Li., the Western Cascade Zone, is another tran-

sitional region. The frequency of marine air decreases

eastward somewhat, while the frequency of Valley air de-

creases rapidly to the east, reaching zero at or just west

of the crest of the Cascade Range. This zone lies between

the source regions of the Valley air and the continental

air.

There likely exists a fifth zone beginning somewhere

east of the crest of the Cascades which is nearly homogen-

eous and where the continental air mass partial collectives

are dominant. This is not included as a zone here, since

the area studied did not extend that far east.

5.3 The combined significance of both studies

Determination of the joint significance of the ob-

servational and climatological studies is readily accomp-

lished by considering the implications which the July air

mass climatology has upon the MAP and field burning, fol-

lowed by a description of the role of the MAP in the sum-

mertime climate.
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An important result of the climatological study is

that the July frequency of marine air partial collectives

at Santiam Pass was just over 20%. This suggests that des-

pite its stability and the topographical constraints,

some marine air leaves the Valley through passes in the

Cascade Pange. Hence a substantial fraction of the ma-

rine air entering the Valley from the west leaves the

Valley and moves east, thus providing a means by which

the Willamette Valley is ventilated. While it is not pos-

sible to determine the length of its residence time in the

Valley from the climatological study, a large fraction of

this ventilation probably occurs during cases of strong,

deep marine air invasions, which were shown to often be

accompanied by westerlies aloft. Thus, while the MAP has

a predominantly negative effect upon field burning and the

air quality in the Willamette Valley, it appears that the

strong, deep cases provide a means by which accumulated

pollutants are removed.

It should be emphasized that it cannot be concluded

that the occurrence of continental air in the Willamette

Valley means that an MAP did not occur on that day. This

is because the MAP usually enters the Valley at or fol-

lowing the time of day when maximum temperatures occur.

What can be suggested with reasonable confidence is that
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for days where marine air mass III or modified marine air

mass II is observed, the presence of a stable layer at the

top of the marine air will make conditions less ideal for

field burning.

The MAP is the primary means by which cooler marine

air is brought into the Willamette Valley, and hence has

a profound influence upon the summertime climate of this

area. Cooler summers result from more frequent or intense

influxes of marine air, resulting in a higher frequency of

the cooler partial collectives. Conversely, a warm summer

will result from less frequent MAPs and a greater frequency

of continental air during extended hot spells. A better

understanding of the structure and physical causes of Marine

Air Penetrations should lead to a better understanding of

the summertime climate and better smoke management stra-

tegies in the Willamette Valley.
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CHAPTER VI

PECOMMENDAT IONS

The following recommendations concern areas of future

research on the Marine Air Penetration, its effect upon

agricultural field burning, and the air mass climatology

of Oregon.

Research should be conducted to study the structure

of the MAP aloft. Some surface and upper-air observations

should also be made along the Coast and in the Coastal

Range, as well as in the Cascades. A study of this na-

ture would be more fruitful if it were coordinated with

field fire research. For example, field fires could be

deliberately lit during a strong MAP, and observation of

both the fires and the MAP using aircraft and pilot balloons

made. Different ignition methods could be tried to deter-

mine the best method to use during MAPs. A major objec-

tive should be the measurement of the variation of wind

and temperature with height in the MAP, and the determina-

tion of how changes in these parameters affect field fires.

A study of the frequency of MAPs would prove useful

using data from weather stations established along a line

from Newport eastward into the Willamette Valley . It is
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suggested that wind, temperature, pressure, moisture, and

possibly cloudiness be monitored. Such data would allow

documentation of instances where marine air reached the

Coastal Range valleys but did not reach the Willamette

Valley. Another objective of such a study would be to

improve the ability to forecast MAPs.

A recommendation closely related to the previous one,

is the establishment of supplementary stations in the Coas-

tal Range passes to monitor the eastward progress of the

marine air for forecasting purposes.

Observational studies of the MAP in other portions

of the Valley would be useful in documenting other prob-

lem areas such as the region of maximum winds of this

study. Such information could then be used in smoke man-

agement.

Following the completion of further observational re-

search, a theoretical study of the motion of air in MAPs

would prove useful in identifying the dynamics involved.

A simple topographic representation of a. Coastal Range

pass and the Willamette Valley should be included in the

model.

The area studied by partial collective analysis

should be extended to include stations east of the Cascades

and along the Columbia River in order to obtain a regional
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air mass climatology. Application of the partial col-

lective method to months of other seasons should be made

to obtain a year-round climatology. Additionally, the

partial collective method may be applied in other areas of

the West. Studies of western Washington or the Central

Valley and coastal area of California would be particularly

interesting, as they could be compared to the air mass

climatology of northwestern Oregon.

It is important to re-emphasize that the forecasting

of the MAP on a routine basis should be started as soon as

possible for the purpose of improved smoke management.
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COMPOSITE CURVE FITS TO STATION HISTOGRAMS

Ke to the Apoendix

Ordinate: Frequency per 2F class interval.

Abcissa Temperature in degrees Fahrenheit

* An arrow indicates the location of the
mean of each partial collective.

* The frequencies of each partial collective
are plotted above the arrows.

* Roman numerals denote the air mass classification
of each partial collective.

* The station name, the number of data points in
ten Julys of data (maximum of 310), and the
geographic location number are shown on each graph.
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