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This study examines the seasonal variability in temperature and

salinity of the nearshore waters off Oregon and Northern California.

Specifically, temperature and salinity variations during summer and

winter were ana1yzed from data gathered at shore stations along the

coast and from hydrographic data collected within 25 nautical miles
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classification scheme was employed to determine what local processes
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In summer mixing with Columbia River plume water was found to be the

major modifying process along the Northern Oregon coast. Off Central and

Southern Oregon local heating and mixing with water from the shelf/slope

region were found to be most influential. In winter dilution due to pre-

cipitation and subsequent runoff is the major modifying factor along the

entire coast except off Northern Oregon where mixing with shelf/slope

waters is slightly more influential.

The temperature and salinity structure of the near surface waters

(< 200 meters) was examined for four latitudinal zones off the Oregon-

Northern California coast. Within each zone profiles were constructed

at 5, 15, and 25 nautical miles offshore.

Surface waters are warmer and more saline in summer than in winter.

Surface temperatures increase seaward in both seasons. Surface salinities

increase seaward only during winter; in summer the increase is shoreward.

Offshore gradients of temperature and salinity are one to two orders of

magnitude greater than longshore gradients.

A strong thermocline to 30 meters and a strong halocline to 75 meters

is present in summer. In winter the water is isothermal to 50 meters

while a strong halocline is present to 100 meters. Below these levels

temperatures and salinities continue to slowly decrease and increase,

respectively, until at 200 meters they become constant throughoutthe

study area. Variability with distance from shore is significant only

in summer and is constrained to the upper 150 meters of the water column.
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A STUDY OF THE SEASONAL VARIATION IN TEWERATURE
AND SALINITY ALONG THE OREGON-NORTHERN

CALIFORNIA COAST

INTRODUCTION

This thesis is devoted to a detailed investigation of the coastal

waters off Oregon and Northern California. The impetus for the study

came from my research over the last two years which was primarily di-

rected towards collecting and analyzing all the available physical

oceanographic data for the nearshore region along the Washington, Ore-

gon, and Northern California coasts (Bourke etal., 1971). This liter-

ature survey examined and summarized all physical and meteorological

factors pertaining to the zone from the shoreline to 10 miles offshore.

A shocking conclusion was the appalling lack of data (and in some

cases lack of basic knowledge) for this, the region where man exerts

his greatest influence on the oceans.

As a first step towards enlightening our knowledge of this region,

I have chosen to examine the temporal and spatial variability of the

temperature and salinity of the shelf waters off Oregon and Northern

California. The area selected for this study extends from the coast-

line to 25 miles offshore, and from north of the Columbia River mouth

(latitude 46°l6'N) to Crescent City, California (latitude ',1°4l'N).

The continental shelf is relatively narrow along this portion of the

West Coast especially off Southern Oregon and Northern California

where it is approximately 10-15 miles wide.
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Organization of the Thesis

In order to more adequately handle the data the thesis has been di-

vided into two major sections. Temperature and salinity data gathered at

shore stations along the coast have been treated separately from that col-

lected from the offshore coastal waters. The shore station data have

been analyzed to assess the influence of local processes on the coastal

waters found at each shore station. The offshore data have been analyzed

to determine the uniformity of the temperature and salinity field in both

the offshore and longshore direction.

The literature survey.referred to previously disclosed that most of

what we know concerning Oregon coastal waters is derived from data col-

lected during the summer months. This is to be expected since most of

these investigations were concerned with coastal upwelling which is pre-

dominantly a summer phenomenon. Sufficient data now exist for the winter

months to permit a detailed study of the temperature and salinity struc-

ture for this season. Therefore, for both the shore station and offshore

sections, the results of the summer months are contrasted with those of

winter.

Before proceeding with the shore station analysis, it is appropriate

to review the characteristics of the oceanic waters that supply the

coastal waters found off Oregon. The temperature and salinity structure

and the mean circulation of the Subarctic Pacific water mass are dis-

cussed in the next section.
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THE SUBARCTIC WATER MASS

The oceanic waters of the eastern North Pacific were originally de-

fined by Sverdrup etal. (19k2) based on examination of temperature-

sal inity (T-S) diagrams. They stated that the water off the Pacific

Northwest coast was a 'transition zone" being a mixture of Equatorial

Pacific and Subarctic waters, with the latter water mass being the major

contributor. Since this time, numerous papers have described the eastern

subarctic Pacific region, noteably Doe (1955), Dodimead (1958), Tabata

(1960), Uda (1963) and Dodimead etal. (1963); the last two papers des-

cribe the entire subarctic Pacific region. The unique feature of the

water in the eastern subarctic Pacific region is the presence of three

distinct layers in the vertical salinity structure. The principal fea-

tures of the summer and winter salinity structure as described by Dodi-

mead etal. (1963) are shown in Figure 1. They define the "upper zone"

to extend from surface to about 100 meters in depth; this zone is

characterized by low salinities (32.7 ± 0.3%
) and an homogeneous

structure during the winter months. The major seasonal variations occur

within the upper zone as this is the layer that is directly Influenced

by surface processes. The "halocline zone" acts as a transition between

the upper and lower zones. Salinities increase about I %o in the depth

interval from about 100 to 200 meters, i.e., from approximately 32.8 to

33.8% . In the lower zone the salinity increases gradually but uniform-

ly to about 314i4%o at 1000 meters depth. Below this depth the increase

is even more gradual increasing to 34.7% near the ocean bottom. The

distinctive salinity structure of the upper few hundred meters is attri-



4

Salinity Timp.ratss ( C)
325 33.0 33.5 34.0 T

8 9 10 Ii
I_________________________________________________________________________________

0 I,
¼.,

UPPER (seasonal)

ZONE ZI

I ioo.

tNTERMNA
HAL OL/NE

0. . - -
.
0 -

LOWER ZONE

Figure 1. Salinity and temperature structures in the
eastern Subarctic Pacific. (From Dodimead
and Pickard, 1967)

buted to the excess of precipitation and runoff over evaporation in this

region (Tufly and Barber, 1960; Tabata, 1961).

The bottom of the halocline is reasonably defined by the isohaline

surface of salinity = 33.8 ± o.l% (Doe, 1955; Fleming, 1958). Tully

and Barber (1960) have suggested that at this level only the upward trans-

fer of water is possible and, therefore, this depth represents the limit

of surface mixing. Surface effects such as cooling, heating, and evapor-

ation are thus constrained to the upper and haloci me layers. Below the

33.8%o surface changes in properties are primarily due to advection.

The principal features of the temperature structure are described by

Dodimead etal. (1963). In the winter an isothermal layer extends to

the top of the halocline (about 100 meters, Figure 1). Within the halo-

dine the temperature usually decreases with depth, but occasionally a

temperature inversion occurs. The magnitude of the temperature gradient

depends on the amount of surface cooling and the temperature of the water
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in the halocline. In the summer an isothermal layer is present above a

marked seasonal thermocline (30 to 75 meters extent) where temperatures

may decrease by as much as 8C in an interval of 20 meters (Fofonoff and

Tabata, 1966). From 75 meters to the base of the halocline (", 200 meters)

the temperature may slightly increase ordecrease. In the lower zone the

temperature decreases with depth during all seasons.

Within the subarctic region Dodimead etal. (1963) establish "do-

mains" or regions where there is a rational consistency of properties,

structure and circulation. Two domains, transitional and coastal, exist

off the Pacific Northwest coast, one overlapping the other (Figure 2).

Dodimead etal (1963) point out that oceanographic features within the

coastal dàmain vary markedly from one area to another due to local van-

ations in runoff, heating and cooling, winds, etc., and thus, properties,

structure, and circulation will also vary. The boundary between oceanic

(transitional domain) and coastal waters for this region has been defined

on the basis of surface salinity by several investigators. Doe (1955)

used the 32.5 %o isohaline as the boundary between offshore and coastal

waters in the upper layer; Dodimead etal. (1963) defined the seaward

extent of the coastal domain, by the 32.4%o isohal me; Budinger et al.

(1964) used the 32.5%o isohaline to define the limits of the Columbia

River plume; while Ingraham (1967) has used the 32.0%o isohaline to

trace the position of a nearshore surface front.

This thesis will examine only the nearshore portion of the coastal

domain, i.e., that portion within 25 miles of the Oregon-Northern Cali-

fornia coast. (All distances subsequently referred to in this thesis are



I10t 1800 I70°W 160° 500

NORTH PACIFIC OCEAN

SCHEMATIC DIAGRAM OF
UPPER ZONE DOMAINS

2 " / '' / '/1/ / / / GY8E L___

WEC1i/ V /"2-_- SUBARCTIC CURRENT// ,i_> CENTRAL SUBARCTIC DOMAIN .,.

TRANSITIONAL DOMAIN/ sucrc BOUND WEST WIND DR/FT

'y_;.-..iS: '.

Figure 2. Schematic diagram of upper zone domains. (From Dodimead eta]., 1963).



7

in nautical miles.) The investigation is also limited to the upper 200

meters of the water column as this has been shown to be the approximate

limit of surface mixing.

Circulation Within the Eastern Subarctic Pacific Region

The major eastward flowing surface current in the North Pacific was

previously termed the "West Wind Drift" or "Subarctic Current" (Sverdrup

etal.., 191+2). Dodimead etal. (1963) have indicated that it is more

appropriate to divide this current into two flows (Figure 3), the more

northerly of the two flow,s termed the Subarctic Current and the more.

southerly, the West Wind Drift. It is the latter, a mixture of the

Oyashio and Kuroshlo current systems, which supplies the California

Current system. This current is a broad, slow, and shallow ('\' 500

meters) southward flowing current. It flows offshore as a diffuse band

about 300 miles wide Wi th en average speed of 0.2 knots. It Is driven

by local and regional win.ds that cause It to be nonuniform and seasonal.

North of 35°N and inshore of the California Current is the poleward

flowing Davidson Current. Based on drift bottle measurements Schwartzlose

(1963) describes It to be at least 50 miles wide attaining speeds of 0.5

to 0.9 knot for distances of several hundred miles. The current develops

off the Oregon-Washington coast in September and becomes well established

by January. Towards spring it diminishes and disappears by May. Returns

from drift bottles (Burt and Wyatt, 1964) indicate that the Davidson

Current may extend northward to merge with the Alaskan Current and that

it may reach a width of 165 miles off Oregon.
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Direct measurements of the flow over the shelf off Oregon have been

carried out by Oregon State University since 1965 with most of these mea-

surements being made in summer during the upwelling season. Analyses of

the measurements have been presented by Collins, Creech, and Pattullo

(1966); Mooers, Bogert, Smith, and Pattullo (1968); and Pillsbury,

Smith, and Pattullo (1970). Interpretation of the various flows are re-

ported by Collins (1968), Mooers (1970), and Pillsbury (1971). In

general the flow over the shelf in summer is southward in the upper kO

meters. Below this depth the flow is northward and tends to concentrate

beneath the inclined permanent pycnocline at a depth of about 100 meters.

The northward flow Is not consistent, but appears to reach maximum

strength when the surface flow is slow. The poleward subsurface flow

appears to deteriorate when, due to strong northerly winds, the surface

flow is strong. A review of the nearshore current system along the

Pacific Northwest coast is given by Bourke etal. (1971).
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SHORE STATION ANALYSIS

Introduction

Shore sampling stations have been established along the Oregon and

Northern California coasts since 1960 under a program designed to provide

the temperature and salinity characteristics of oceanic water in the

region of the land-ocean boundary (Figure 14). Knowledge of coastal

water characteristics should provide insight into the various local pro-

cesses influencing this zone. From 1960 to 1963 weekly measurements were

made at 12 stations, but after a detailed analysis by Pattullo and Denner

(1965), it was determined that sufficient uniformity existed in the tem-

perature and salinity distributions along the coast to permit sampling at

fewer stations. However, more frequent observations were deemed necessary

as some of the processes which influence the temperature and salinity

distributions were found to have periodicities of less than a week.

Hence, starting in 1964 sampling has been done on a daily basis to pro-

vide more detailed information at the following stations: (1) Columbia

River Lightship, (2) Seaside Aquarium, (3) Cape Arago, (1+) Port Orford,

and (5) Crescent City, California. In 1965 the Depoe Bay Aquarium and

Ilarine Science Center at Newport were added. The Cape Arago station was

relocated to Charleston in 1966. Data from the Columbia River Lightship

and the Depoe Bay Aquarium have not been used in this report due to

their close proximity to better or more representative shore stations.

The data are all listed in technical reports of Oregon State University

(o.s.u. Dept. of Oceanography, 1961-1963; 1965-1971). In addition, the
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sample size of the Newport data has been increased by including the weekly

T-S observations made at Buoy 15 (approximately one mile up river from the

Marine Science Center) by students of Dr. Frolander (Frolander, 1960-

1967).

Description ofSampling Facilities at Each Shore Station

1. Seaside Aquarium (1961-1970)

Oceanic water is pumped daily at high tide from a vertical riser

located in the surf zone about 1000 feet seaward of the Aquarium. The

water is moved by a large capacity pump through sx-inch piping and dis-

charged to a settling tank from which a bucket sample is drawn for tem-

perature and salinity analysis. The vertical riser (or standpipe) is

uncovered at low water; hence, pumping operations commence an hour to an

hour and a half prior to high tide and continue for at least two hours

before the bucket sample is drawn. Hence, the actual sample probably

represents a mean temperature and a mean salinity for about an hour be-

fore and during high tide.

2. Newport-Marine Science Center (1965-1970)

Salt water is provided to the aquarium at the Marine Science Center

in Newport from a submerged intake just off the bottom in Yaquina Bay.

The intake is located off the pier to which the R/V YAQUINA Is normally

berthed, i.e., north and bayward of the Center. A sample is drawn for

water analysis from a tap in the aquarium. In order to minimize the di-

luting effects of the Yaquina River, only samples taken at high water

were used for the analysis in this report. The Frolander data used were
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only those measured near the bottom at high tide. [See Bourke (1969) for

discussion of tidal effects on temperature and salinity data.]

3. Cape Arago (1963-1966)

The Cape Arago Light Station is located on a small rocky island four

miles south of the Coos Bay jetties. Access to the island is via a small

foot bridge about 50 feet above the water. It was from the center of this

bridge that a bucket sample was drawn for analysis of temperature and

salinity. The channel under the bridge is open to the sea from the NW

and SW and is vigorously flushed by wave action and swift currents. No

beaches are present; it is an area of smooth, steep rocky cliffs which

descend to the water's edge. The bottom is rock, swept clean ofsediment

by the swift currents.

4. Charleston (1966-1970)

Water samples are gathered by staff members of the Oregon Fish Com-

mission from a small beach near the Fish Commission Laboratory. The

sampling site is about a mile inside the Coos Estuary near the old Coos

Bay Coast Guard Station. Bucket samples are gathered daily by personnel

wading hip deep into the water. These samples are from the estuary sur-

face, and thus, only samples taken at high tide have been used in this

report.

5. Port Orford (1964-1970)

Bucket samples were collected from the east side of the Port Orford

Municipal pier until January 1970 when the sampling site was relocated to
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the Oregon State University Marine Science Laboratory. Water samples from

either of these. sites are undiluted by streams or rivers and little in-

fluenced by tidal range as the sampling sites extend well beyond the low

water limit. The few observations not taken at high tide are included in

the data analysis since tidal effects are negligible.

6. Crescent City (1961-1970)

Temperature and salinity observations have been recorded continually

at this shore station since 193'4. However, this thesis only Includes

data extending to 1961 at which time the site was included in the list of

shore stations. Bucket samples of surface waters are taken from Citizens'

Dock located in a shallow protected part of the harbor.

Measuring Instruments

Sample temperatures were taken with a calibrated thermometer con-

tamed in a plastic-1 ined, brass protecting enclosure. The thermometers

were calibrated against a standard and read to the nearestO.1C. Observ-

at ions are considered accurate to approximately O.2C.

Most salinity data were computed from hydrometer readings and tables

(Zerbe and Taylor, 1953). Starting in 1965 hydrometers were calibrated

against an inductive salinometer which has an accuracy of about +O.O03

(Brown and Hamon, 1961). Salinities recorded from 1962-1964 at Seaside,

Cape Arago, and Crescent City are uncorrected and can be considered ac-

curate only to + O.5?. The accuracy of sal inities determined by a cor-

rected hydrometer is about + O.2°/ computed by running replicate samples
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on an inductive salinorneter. Bottle samples were also Occasionally taken

at each station to verify the hydrometer readings. All salinities ccl-

lected at Newport were bottled samples run on an inductive salinometer.

Seasons

In order to examine the seasonal variability at each shore station,

the data were arranged into summer and winter groupings. Based on a

comprehensive analysis of all pertinent physical parameters of the near-

shore zone of the Pacific Northwest (Bourke etal., 1971), each season

may be considered as a time when dominant mean physical factors such as

wind and current direction are in a quasi-steady state condition. I have

defined the summer season to be the months of July and August except at

Crescent City for which June and July are used. This latter exception is

based upon an examination of the data from Crescent City which indicates

that June. and July are the dominant months for coastal upwelling in this

region. The winter season is defined to include the months of December,

January, and February. The summer and winter seasons could more correctly

be defined as the months of July and January, respectively. The addition-

al months are included only to provide a broader data base.

Construction of Modal Cells

To assess the influence of local processes on coastal water charac-

teristjcs as measured at the shore stations a classification scheme was

adopted after the fashion of Pattullo and Denner (1965). A temperature-



salinity field is constructed based on class intervals of lC for tem-

perature and O.5% for salinity. Each observation, consisting of a

temperature and salinity sample, is plotted in its particular cell as de-

fined by a pair of temperature and salinity intervals. Summer and winter

T-S fields have been constructed for each station. The relative frequency

for each cell has been calculated and is summarized on these plots. On

each field an isopleth has been drawn around the areas of high frequency.

The frequency chosen for each T-S field has been arbitrarily selected.

A fixed frequency size was not chosen due to the wide variability in

sample size. However, at least 55°' of all observations on each field

are included within eachisopleth.

The single cell containing the greatest number of observations is

termed the 'central or modal celP'. The T-S characteristics of this cell

make up a water type which is more prevalent than any other type and is

assumed to be representative of coastal water which has not undergone

local modification. Other cells containing large numbers of observations

are found near the central cell and represent water types that have been

modified in varying degrees by some local process.

Each local process Is represented by a vector on the T-S diagram

and its area of influence is represented by a sector approximately cen-

tered about its process vector. The width of a sector is not fixed, but

k arbitrarily determined by the nature of the process and by the shape

of the isopleth enclosing the high frequency cells. However, for any

particular process the width of its sector is the same on all T-S dia-

grams. For example, on each 1-S diagram the heating and cooling pro-
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cess sectors are of the same width, but are relatively narrow compared

with a "mixing" process sector such as mixing with Columbia River or

shelf/slope waters. Construction of the vector for a "mixing'1 process Is

far more dubious than for a process such as heating; hence, one would

expect a "mixing" process sector to be larger to account for the increas-

ed variability.

The distribution of temperature and salinity at each station can be

determined by summing the frequency of observations by row and column,

respectively. These distributions are presented as histograms. The

skewness of the distributions is readily apparent; for this reason modal

rather than mean values have been used as the more precise measure of cen-

tral tendency. Skewness coefficients have been calculated for each histo-

gram as presented in Snedecor and Cochran (1967). They show the variance

of this coefficient to be 6/N , where N is the sample size. Based on

the foregoing, the degree of skewness is assumed small or slight if the

absolute skewness coefficient, m3 , is < /6/N . The skewness is mod-

erate if Im3 is > /6/N but < 2 /7i . Large or strong skewness occurs

if m >2 /6/FL

Discussion of Major Summer Processes

Pattullo and Denner (1965) have shown that in summer there are three

major processes that may alter the "normal" water type(s) (as defined by

the T-S characteristics of the modal cell) found along the Oregon-Northern

California Coast. These are: (1) mixing with Columbia River plume,
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(2) upwelling, and (3) local heating. Questions to be answered in this

section of the thesis are: (1) to what degree do these processes affect

the central cell water?, and (2) are there other processes (perhaps only

local in extent) that should be considered?

To determine the extent of alteration of central cell water by a par-

ticular process, it is necessary to construct on the T-S field a vectôr

representing that process. The process vector emanates from the center

of the central cell. Its terminus must be determined for each process

being considered (see Figure 7 for example).

1. Process of local heating

The process of local heating assumes that the temperature of the

central cell water would increase with no appreciable change in salinity.

This vector would then be directed along the isohaline which passes

through the center of the modal cell and is indicated by the vector H

on the 1-S diagram.

Local heating could occur by direct solar insolation when the skies

are clear over a station that normally experiences a large amount of fog

due to coastal upwelling. The Intensity of upwelling (as measured by the

relative coolness and saltiness of the water) varies continually through-

out the summer at any one location due to calms or shifts in the local

wind field. During these relatively quiescient periods local fogging is

minimal. Direct solar heating of several days duration may then warm

up the shallow coastal water at the sampling sites to a considerable de-

gree. A sample calculation fo!lows using the relationship H = PCZLT



where H = net heat exchanged across the air-sea boundary which Lane (1965)

has computed for the coastal region off Oregon In summer as

approximately 300 langleys/day (cal cm2day),

p = average density of the near surface waters (gm cm3),

C = specific heat of sea water near the surface (cal gm1C),

= temperature increase of near surface waters (C),

z = depth of water warmed by net heat input (cm),

pC = 0.95 (cal cm3deg) from Pattullo etal. (1969).

The temperature increase experienced by a column of water one meter in

depth would be:

H

pC z

0.94x 300
= 1.66 C/day

and over a three-day period a 3.2 C increase in water temperature could

be expected. Neuman and Pierson (1966, p. 236) report a shallow oyster

basin, that was heated over a period of 15 clear days in which the water

temperature at one meter depth was raised more than 7C. They summarize

that "under special circumstances, sunlight can warm water rapidly if

its effects are not countered by other process I turbulent mixing] and if

the warming is localized."

Water temperatures may also be increased as the incoming tide flows

over sands and rocks and mixes with residual water warmed during the dur-

ation of low tide. The mechanisms by which these tidal flat areas In-

crease the water temperature has been investigated by Ayers (l965),while
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Johnson (1965) and Gonor (1968)show that beach sands and rocks may be

warmed during the duration of low tide to more than 1OC above the estuar-

me water temperature.

2. Process of Upwelling

The process of coastal upwelling occurs along the entire Oregon and

Northern California coasts primarily from May to September and varies

locally in intensity in response to local wind fields. Along the Oregon

coast, July and August are the months when coastal upwelling reaches its

maximum intensity. As previously indicated, upwelling occurs earlier at

the lower latitudes and appears to be most intense in the vicinity of

Crescent City during June and July. The upwelling process brings rel-

atively cool, saline water to the surface where it mixes with the sur-

face waters. The upwelling vector (U) can then be expected to be di-

rected from the modal cell toward a region of lower temperatures and

higher salinities. The vector must terminate at the characteristic

temperature and salinity of.upwel led water prior to mixing. This char-

acteristic temperature and salinity is not yet well defined as there Is

no agreement on the depth from which upwelled water originates. Off the

Oregon coast it is reasonably certain that upwelled waters seldom come

from depths deeper than 200 meters (R. D. Pillsbury, personal communica-

tion). Examination of hydrographic data taken near the bottom (30 to 50

meters depth) at 1 to 5 miles offshore indicates a rather consistent T-S

of approximately 7C and 3L4.0 + O.l%o . It is this value that is used as

the terminus of the upwelling vector. (Pattullo and Denner, 1965, also
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used 7C and 3i+.O% based upon the average temperature and sal inity at

200 m at NH-25)

3. Process of Mixing with Columbia River Water

Perhaps the most important process affecting the shelf and slope

waters off Northern Oregon in summer is mixing with Columbia River water.

The discharge from the Columbia River moves as a rather well defined

plume being swept along the surface in a southwestward direction by the

prevailing ocean current system and winds. The plume remains relatively

close to shore near the Seaside station, but moves progressively off-

shore as it flows southward. A Columbia River process vector (CR) is

constructed for each shore station T-S diagram to determine the influr

erice, if any, of this water type on the coastal waters of Oregon and

Northern California. The terminus of the CR vector must be chosen for

each shore station as one would expect the i-S characteristics of the

plume to be modified as it progresses southward.

The core of the Columbia River plume can be detected by its high

temperature and low salinity as compared to the temperature and salinity

of the oceanic water with which it is mixing. As one progresses west-

ward from the Oregon coast, the surface waters gradually become warmer

and fresher until at about 60 to 125 miles offshore a maximum in temper-

ature and minimum in salinity are reached. These extrema mark the T-S

characteristics of the core. Frequently, the position of the temperature

maximum does not coincide with the position of the salinity minimum,

e.g., the temperature maximum may be 105 miles offshore and the salinity
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minimum 125 miles offshore. This feature has also been noted by R. H.

Evans (personal communication). Assuming salinity to be the better

tracer of Columbia River plume water (Duxbury etal., 1966), I have used

the position of the salinity minimum to determine the core of the plume.

This procedure has been used to establish the T-S core character-

istics along three frequently sampled hydrographic lines. These lines

extend perpendicular to the coast and are sampled every 10 to 20 miles

to a distance of 165 miles from shore. The lines originate off Newport

(NH line), Coos Bay (CH line), and Brookings (BH line). The average

temperature and salinity of the core of the Columbia River plume calcu-

lated in this fashion are:

Number of
T(°C) s(%o) Observations

NH Line (July-August) 17.5 29.95 13

CH Line (July-August) 16.5 31.37 6

PH Line (July-August) 16.5 31.59 11

BH Line (June-July) li.8 32.15 5

No hydrographic line exists off Port Orford which is centered approxi-

mately between the CH and BH hydro lines. Therefore, a PH line was

created by averaging the July-August values of the CH and BH hydro lines.

Note that the temperature decreases and the salinity increases as

the plume flows southward. This is to be expected as the relatively

warm, fresh water of the Columbia is being increasingly mixed with cold,

saline ocean water until, at some ill-defined position off the Northern

California coast, it is no longer detectable. The terminus of the CR vec-

tor for the Newport T-S diagram is then the temperature and salinity of

the core as measured along the NH line; for Cape Arago, that measured
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along the CH line; for Port Orford, that measured along the PH line; and

for Crescent City, that measured along the BH line.

The terminus of the CR vector for the Seaside T-S diagram is more

difficult to determine. An examination of the 1-S data taken at high tide

at Seaside and that taken of the Columbia River plume core off Seaside

obviously shows that core water is not being mixed or advected to the

beach at Seaside. The salinity of the core is the best indicator of its

presence (Duxbury eta]., 1966). 0ff Seaside the core salinity varies

approximately between 20 and 25%o (Figure 5). Considering a simple

mixing process occurs with oceanic water, these values appear to be too

low to create the salinity measured at Seaside. However, most diagrams

of the Columbia River plume (defined by surface salinity) show the shore-

ward boundary of the plume to be reasonably well defined when measured

off Seaside (Figures 5 and 14). The salfnities Qf this boundary are

approximately 29-30%o . The temperature limits are not as clearly de-

fined, but range between 14 and 17C. Using theory developed for surface

discharges from ocean outfalls, one can show. that it is indeed the bound-

ary or edge of the plume and not the core that effects the coastal waters

at Seaside. It is not too far fetched to assume that the Columbia River

discharges into the ocean through its jetties in a manner quite similar

to the discharge from an ocean outfall expelling effluent horizontally at

the surface. Theory describing the latter type of flow near the orifice

of the outfall considers two zones of flow Figure 6). In the ''zone of

flow establishment" the velocity (and temperature and material concentra-

tion) across the core is assumed uniform. As the jet (Columbia River dis-



Figure 5. Columbia River plume as defined by surface salinity during
June 1968. (From Cruise REPORT, OSU, 1968).
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Figure 6. Schematic representation of jet mixing. (From Wiegel, 19614).

charge) issues from the orifice (jetties), turbuluent mixing occurs at

the boundary of the jet and ambient fluid (ocean) due to the high shear

stresses present. As the jet penetrates farther into the ocean, the en-

trainment of oceanic water increases and the velocity (and temperature)

at the boundary decreases. Eventually, at a distance of five to seven

orifice diameters (Wiegel et al. , 1966), the eddies generated by the

mixing of the jet with ambient ocean water would penetrate to the cen-

ter of the core. By this analogy with jet theory, one can say that the

T-S characteristics of the Columbia River upon discharge to the ocean are

preserved within the center of the plume for a distance of at least five

to seven times the width of the jetties or a distance of about 10 15

miles. This analogy is reasonably corroborated by the isohalines in

Figure 5. Therefore, off Seaside, the temperature and salinity of the

core are still preserved (or altered only slightly) and it is the temper-

ature and salinity mixture at the edge of plume which influences the

water characteristics at Seaside. I have used l5C and 3O% as an aver-

age mixture of plume and ocean water at the boundary of the plume off

Seaside.



The jet flow analogy also applies to the Columbia River plume ob-

served off Central and Southern Oregon. Here the plume can be considered

to be in the ''zone of established flow'' (Figure 6) where mixing takes

place throughout the jet. This implies that, as has been previously des-

cribed for Newport, Coos Bay, and Brookings, T-S values of the core rather

than plume edge values should be used to determine the influence of mix-

ing with Columbia River water.

Analysis of Summer Data

1. Seaside

The T-S field for Seaside (Figure 7) contains 382 observations. An

isopleth has been drawn around all cells containing five or more obser-

vations which comprises 6l.5 of the data. The modal cell is bounded by

the 12 and l3C isotherms and the 32.5 and 33.0 %o isohal ines and consists

of lO.2 of the population within the isopleth. The water type repre-

sented by the modal cell is relatively warm and fresh compared to the

other shore stations indicative of the strong influence of mixing with

Columbia River water. The shape of the isopleth shows increasing tem-

peratures are associated with decreasing salinities, i.e., for each lC

increase in temperature there is a corresponding 1 %o decrease in salinity.

The freshening effect of the Columbia River is seen in the wide variation

of sal inities (5.5 %o ) enclosed by the isopleth.

The major process vectors and their areas of influence (sectors) are

indicated on Figure 7. As expected, mixing with the discharge from the
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Columbia River is the dominant process that alters the normal water type

(as defined by the T-S of the modal cell) measured in the surf at Seaside;

7.6°/ of the observations fell in this sector. No other process occurs

with any significant frequency. Local heating, the next most influential

process, occurred only one-fourth as often as Columbia River mixing.

One sector, containing l2.3 of the observations, is undefined. This

sector includes data with temperatures nearly the same as those of the

modal cell, but with salinities increased by 0.5 to l.O%. This suggests

upwelling as the major process in this sector, but the low temperatures

(9-IOC) normally expected with upwelling are not present due to the rel-

atively high temperature of modal cell water (12.5C) brought about either

by mixing with the warm Columbia River effluent or absorption of heat

from warmed beach sands. Observations within this sector shall then be

deemed to be under the influence of upwelling modified by local heating

(Li and H). That upweiling is a relatively unimportant modifying process

off Seaside can be seen by its low frequency of occurrence, 4.7. The

intensity of this upwelling, as indicated by the coolness of the water,

is not great. Observed temperatures in the U sector (I1C) are 3 to i-iC

warmer than normally found in intense upwelling areas.

The salinity histogram for Seaside (Figure 8A) is strongly skewed

to the left. The most frequently observed or modal value is 32.75%

which is the same as that of the modal cell. The mean salinity is

30.58% . The temperature histogram is strongly skewed to the right

with mean and modal temperatures of l4i and l5.5C, respectively, the

latter being 3C warmer than the modal cell temperature. This difference

indicates that when warm surface waters are present wide variability

exists in surface salinities.
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2. Newport

The T-S field for Newport (Figure 9(a)) contains 130 observations.

The frequency five isopleth contains 61i.6°' of the data. The modal cell

is bounded by the 9 and lOC isotherms and the 33.5 and 314.0%c isohalines

arid consists of 3l.0 of the population within the isopleth. The cold

saline water of the modal cell indicates that upwelling commonly occurs

in this region. The shape of the isopleth shows there is very little

variation in salinity (l% variation), but considerable variation in

temperature (6C variation).

Not unexpectedly, local heating is the dominant process in altering

the central cell T-S characteristics; 9l. of the observations fell in

this sector. Upwell ing does not alter the modal cell characteristics to

any major degree (8.6°i occurrence) since the temperature and salinity of

the modal cell are very nearly what one would expect in a region of

strong upwelling.

There were no observations showing alteration of modal cell water

by mixing with Columbia River plume water. Since this struck me as some-

what unusual, I
plotted the average surface temperature and salinity mea-

sured during July and August for each station along the Newport hydro

line, i.e., F4H-3, NH-5, NH-15,..., NH-105, in order to examine the in-

fluence of the plume as mixing progressed from the plume center (NH-105

approximately) to the shore. As seen in Figure 9(b), these values are

centered about the CR vector and progress sequentially from the tip of

the vector (representing the core of the plume) to the vector tail cen-

tered in the modal cell. At NH-l05 the surface waters have nearly the

same characteristics as the plume core. Moving shoreward the influence
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of the plume on the nearshore waters decreases in an orderly fashion un-

til, at NH-3, the nearshore waters have virtually the same T-S character-

istics as the modal cell. Notice also that the values for stations NH-

35 to NH-105 lie above (are warmer than) the ideal ized mixing line re-

presented by the CR vector and that values for stations NH-15 to NH-25

lie below (are cooler than) the CR vector. For stations NH-35 to NH-105

this may be interpreted that mixing with warm Columbia River effluent is

an influential factor and that for the inshore stations, NH-15 to NH-25,

mixing with relatively cooler shelf and slope waters is a dominant mod i-

fying process. Stations NH-3 and NH-5 are definitely under the influence

of coastal upwell ing as indicated by their much lower temperatures and

higher salinities.

The model is therefore altered to reflect the influence of oceanic

water from the shelf and slope regions as a modifying process. Observ-

ations of warm, relatively fresh water found in the CR process sector

are now attributed to mixing with shelf/slope (S/S) water. This water

type lies seaward of the surface front associated with coastal upwelling.

Under this hypothesis observations falling into the S/S sector represent

water from l5-L5 miles offshore which has moved shoreward during periods

of temporary subsidence of upwel 1 ing. During periods of active upwel 1 ing

The surface front indicates the position where the seasonal pycno-
dine, tilted upwards because of the upwelling process, intersects
the sea surface generally 10 to 15 miles offshore. Inshore of this
front lies another front associated with the permanent pycnocl me.
This front generally intersects the sea surface only during periods
of intense upwelling. Shoreward of the surface front surface waters
flow offshore and then sink due to convergence at the front.
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the convergent flow which occurs at the front inhibits mixing of shelf!

slope water inshore.

Shelf/slope (S!S) water is further defined to be little influenced

by the Columbia River plume. Its seaward extent is marked by theinter-

section of the line connecting the NH stations and the CR vector. This

nodal point defines where the processes of mixing with Columbia River

water and S/S water are equally influential in modifying offshore coastal

waters.

Further, one may use this nodal point to define the edge or bound-

ary of the plume. This hypothesis states that the plume edge is deter-

mined by locating the position where the plume no longer exerts the dom-

inant modifying effect on oceanic coastal waters, rather than character-

izing the edge of the plume by physical parameters such as salinity,.

temperature, or oxygen.

The temperature andsalinity histograms for Newport (Figure 8B) are

strongly skewed to the right and left, respectively. The skewness of the

salinity distribution is extreme exceeding seven standard deviations.

Modal values are identical to that of the modal cell which indicates

that the water type off Newport is well characterized by the modal cell.

Mean values of temperature and salinity are ll.8C and 33.1+2% , respect-

ively.

3. Cape Arago

The T-S field for Cape Arago (Figure 10(a)) contains 175 observ-

ations. The frequency five isopleth contains 76.6°/a of the data. The

modal cell is bounded by the 12 and l3C isotherms and the 33.5 and 34.0%

isohalines and consists of l.9°/ of the population within the isopleth.
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The high salinity of the modal cell indicates that upwelling is a com-

monly occurring feature in this area. However, the temperature of the

modal cell is 2 or 3C higher than one would expect in a region of known

upwelling. A local source of heating evidently increases the water tem-

perature at the sampling site by at least one degree when compared to

the average surface temperature five miles offshore (CH-5). The increas-

ed heating is probably due to the warming influence of the dark basalt

rocks lining the sides and bottom of this tidal channel which are heated

considerably during low tide. [Refer to previous sections which discuss

sources of local heating and which describe the Cape Arago sampling

station.]

The distribution of 1-S pairs shows that upwelling is the most in-

fluential process in modifying the water type found at Cape Arago; 32.4?

of the observations fell in this sector. These 1-S values do not nec-

essarily indicate an increase in the intensity of upwelling, but more

likely indicate a suppression of the local heating phenomenon. T-S

pairs observed in this sector probably represent upwelled water which

has moved shoreward during periods of cloudiness or fog and has not

undergone subsequent heating from the surrounding rocks at the sampling

site.

The second most important modifying process is local heating oc-

curring with a frequency of 2l.9°. Temperatures 3C warmer than the

modal cell value are frequently observed. Of next most importance (20.2%

occurrence) is an undefined process which decreases the modal cell

salinity by 0.5 to 1 .O%o (to 32.5-33.O% ) , but which exerts little or

no change in temperature. This minor freshing effect I attribute to
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mixing with the discharge from the Coos River estuary (CRE) as this is

the only local source of low salinity water found in summer. The aver-

age summer flow rate of the Coos River is approximately 150 ft3lsec

(Bourke etal., 1971).

The influence of shelf/slope water was examined in a manner similar

to the Newport analysis. The average surface temperature and salinity

for each station along the Coos Bay hydro line, e.g., CH-5, CH-l5,

CH-25,..., was plotted as shown in Figure 10(b). The T-S pairs are cen-

tered about the CR vector as previously noted for the Newport analysis.

Surface waters at stations CH-85 and CH-l05 appear to be markedly in-

fluenced by the CR plume. The two point mixing of modal cell water and

shelf/slope water appears to extend seaward only as far as CH-25 as in-

dicated by the straight line connecting the CH-25 and modal cell 1-S

pairs (Figure 10(b)). This line was constructed after having reduced

the temperature of the modal cell by 2C to eliminate the effects of

local heating. Fourteen percent of the observations fell in the sector

about the S/S mixing line.

Hydrographic stations CH-35 through CH-65 are a mixture of Columbia

River plume and shelf/slope water. The nodal point indicating equal mix-

tures of these two water types and which also defines the shoreward

boundary of the plume lies farther offshore than at Newport, positioned

approximately 75 miles offshore.

Moderate skewness towards higher temperatures is indicated by the

temperature histogram (Figure IlA). The salinity histogram exhibits a

large negative skew. Modal values from the histograms are identical to

those of the modal cell suggesting the latter can be confidently used

to characterize the nearshore waters of the region.
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4. Charleston

Due to the close proximity of the Charleston station to the Cape

Arago station, I had originally planned to examine only the Cape Arago

data. Data from Cape Arago appear to be more representative of oceanic

conditions since the sampling site is located on the open coast and is

relatively free from the contaminating effects of tidal variations and

river runoff. Furthermore, at Charleston, only a limited amount of use-

ful data are available for the summer season since most of the observ-

ations were made during times of low and slack water.2

However, the closeness of the two stations can be used to advantage.

The relative location of these stations provides a unique opportunity to

judge the merits of an estuarine site against an open coast site to deter-

mine if the former can realistically represent oceanic conditions. There-

fore, an analysis of the Charleston data was performed to be used pri-

marily in comparison with the Cape Arago data.

The 1-S field for Charleston (Figure 12) contains 83 observations,

the least number of all the shore stations. The frequency four isopleth

contains 68.7°/ of the data. The modal cell is bounded by the 11 and 12C

isotherms and the 33.0 and 33.5%o isohal ines and consists of 21.0% of

the population within the isopleth.

The shape of the frequency four isopleth is nearly the same as that

for Cape Arago. However, the relative importance of the modifying pro-

cesses are different for the two stations. At Charleston the effect of

local heating is the dominant modifying process (31.2% of occurrence),

2 Observations are now being made daily at high tide.
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whereas, at Cape Arago upwelling is dominant. Modal cell water at

Charleston is 0.5C cooler and 0.5% fresher than at Cape Arago Mixing

with shelf/slope water and upwelling plus heating also significantly

modify the water type at Charleston (26.7 and 22.2%o occurrence, res-

pectively); neither is important in altering the water type at Cape Arago.

The temperature and salinity distributions for Charleston are simi-

lar to those at Cape Arago except that the negative skewness of the

salinity distribution is more pronounced at Charleston primarily due to

the wider range of salinities observed at this station. Also, as at Cape

Arago, modal values are identical to central cell values indicating the

temperature and salinity of the central cell may be used confidently to

describe the water mass found inside the estuary at Charleston.

It may be prudent to re-emphasize that the limited number of samples

within each sector (ranging from 10 to 11+ for the three processes men-

tioned above) permits only gross comparisons to be made. In general,

the Charleston station in summer appears to satisfactorily represent

oceanic conditions, but more data is required before a definitive state-

ment can be made.

5. Port Orford

The 1-S field for Port Orford (Figure 13(a)) contains 267 observ-

ations. The frequency five isopleth contains 90.2°' of the data. The

modal cell is bounded by the 9 and 1OC isotherms and the 33.5 and 314O%o

isohalines and consists of l3..5 of the population within the isopleth.

The water type represented by the modal cell is indicative that intense

upwelling is a common occurrence in this region.
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The shape of the isopleth indicates there is little variation in

salinity(L5%o variation), but considerable variation in temperature (7C

variation). Consequently, one would expect local heating to be a major

modifying process on the central cell water type. This is indeed true as

local heating occurs with a frequency of 6l.2. The observations taken at

Port Orford are surface samples takenby lowering a bucket over the side

of a pier. In summer the water surface is relatively calm within the pro-

tected harbor thus allowing appreciable warming (2 to 3C above the temper-

ature of the modal cell) of the surface layer. This in contrast to the

winter situation when the harbor is open directly to wind and wave action

arriving from the SW. Vigorous turbulent mixing occurs In the harbor, and

as can be seen from the winter T-S diagram (Figure 23), there is very

little variation in surface temperature.

No other modifying processes occur with appreciable frequency. Up-

welling modified by local heating (U andH) is an influential modifying

factor only l7.8? of the time. Mixing with shelf/slope water occurs with

a frequency of lO.8. The contribution from S/S waters was determined by

averaging the surface data from similar stations along the Coos Bay (CH)

and Brookings (BH) hydro lines as no hydro line originates offshore from

Port Orford. These stations are given a PH designation. Mixing with

S/S water extends as far as PH-35 as indicated by the mixing line connect-

ing this station with the modal cell (Figure 13(b)).

The shoreward boundary of the Columbia River plume as defined by the

nodal point is closer to shore than at Cape Arago to the north (55 miles

offshore vice 75 miles of Cape Arago). The Columbia River plume does bend
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shoreward in the vicinity of Cape Blanco as seen in the average summer

salinity contours constructed by Duxbury eta]. (1966, Figure 114).
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Figure 114. Generalized summer surface salinty distribution.
(From Duxbury etal., 1966)
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Moderate positive skewness is seen in the temperature histogram for

Port Orford (Figure IIB). Salinities are strongly skewed towards lower

values. The salinity histogram shows that mean and modal sal inities are

the same as that of the modal cell. Modal and mean temperatures are,

respectively, 1 and 2C warmer than that of the modal cell, reflecting

the strong influence of local heating at this station.

6. Crescent City

The T-S field for Crescent City (Figure 15(a)) contains 200 observ-

ations taken during the months of June and July (see section on seasons).

The frequency five isopleth contains 514.5 of the data. The modal cell

is bounded by the 10 and 11C isotherms and the 34.0 and 34.5%o isohalines

and consists of l4.7? of the population within the isopleth. The water

type represented by the modal cell indicates that upwelling is a common-

ly occurring feature of this area. The temperature of the modal cell

appears to be about 1C warmer than expected for a region where upwelling

is intense. Local heating of the shallow waters at the sampling site

by direct solar insolation is the major cause of this warming. The

shape of the isopleth shows that higher temperatures are associated with

lower salinities, i.e., for each 1C increase in temperature there is a

corresponding )%o decrease in salinity.

The model shows that mixing with shelf/slope water is the dominant

modifying process with 76.4°/a of the observations falling in this sector.

The S/S mixing line was constructed after having reduced the temperature

of the modal cell by lC to eliminate the effects of local heating (Figure

15(b)). Average surface values along the Brookings (BH) hydro line mdi-
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cate mixing with S/S water to. a distance of 35-45 miles offshore. These

values can not be established with the same degree of certainty as values

along the NH and CH hydro lines (especially at BH-5) as the BH line is in-

frequently sampled.

Stations seaward of BH-45 deviate from the S/S mixing line and mdi-

cate mixing with Columbia River plume water. The shoreward extent of the

plume as defined by the nodal point is approximately 75 miles offshore.

Modification of modal cell water by upwelling and by local heating

are other influencing processes, but these occur relatively infrequently,

l8.3°. and 5.42, respectively.

The temperature histogram for Crescent City (Figure llC) shows almost

no skewness and is the only station for which the temperature is nearly

normally distributed. The histogram modal temperature is 3C warmer than

the modal cell temperature, a feature also observed at Seaside. The

salinity histogram is strongly skewed to the left with the skew exceeding

seven standard deviations. The histogram modal salinity is O.5% less

than that of the modal cell.

Summary of Summer Conditions Along the Oregon-Northern California Coast.

Based on the foregoing analyses modal cell values of temperature and

salinity may be used reliably to describe the water type found along the

Oregon-Northern California coast. tn general, two water types exist. The

first, with T-S characteristics of 12.5C and 32.75% , is located in the

vicinity of Seaside where the discharge from the Columbia River strongly



influences the temperature and salinity along this region of the coast.

For the rest of the coast, from Newport south to Crescent City, a single

water type exists having 1.-S characteristics of lO.5C ± ic and33.75%o,

These values indicate that coastal upwelling occurs along the entire

length of the coast except for the region near Seaside where its effects

are masked by the Columbia River discharge.

Because the upwelling process keeps surface temperatures depressed,

processes which may modify the above water types generally tend to in-

crease the temperature with little alteration to the salinity. A wider

fluctuation in temperatures as compared to salinities is therefore ob-

served amounting to 5-7C. Salinities vary from I to 3.5%o except at

Seaside where a 5.5%o variation is experienced due to fluctuations in

the flow rate of the Columbia River. This variability of surface water

temperatures during summer is also reflected in the large deviation about

the mean temperature at each station (Table 1). The salinity deviation

is much less except at Seaside and Crescent City where considerable vari-

ation exists in the temperature and salinity of the water masses being

mixed with the central cell water at these two stations.

Histogram analysis for each station shows that the modal salinity

is identical to that of the coastal water type (except at Crescent City

where it is O.5° less) which is expected since the salinity deviation is

not large. The salinity distributions are all strongly skewed towards

lower salinities. The skew at Newport and Crescent City is extremely

large exceeding seven standard deviations. Less skewness is seen in the

temperature histograms with the skew being towards higher temperatures

except at Crescent City where virtually no skewness is present. Modal



Table 1. Shore station temperature-salinity statistics for summer.

Modal Cell Histogram Mean Skewness

T S Tmode Smd I + a + a T" S'

Seaside 12.5 32.75 15.5 32.75 14.4 ± 1.70 30.58 ± 2.64 0.1+22 (L) 0.951 (L)

Newport 9.5 33.75 9.5 33.75 11.8 ± 2.19 33.112 ± 0.1+6 0.512 (L) - 1.651+ (L)

Cape Arago. 12.5 33.75 12.5 33.75 13.1 ± 1.61 33.50 ± 0.71 0.326 (M) 1.008 (L)

Charleston 11.5 33.25 11.5 33,25 12.6 ± 1.23 32.94 ±0,77 0.398 (M) 1.423 (L)

Port Orford 9.5 33.75 10.5 33.75 11.2 ± 1.95 33.68 ± 0.50 0.263 (M) 0.992 (L)

Crescent City 10.5 34.25 13.5 33.75 12.4 ± 1.77 32.52 ± 1.57 -0.090 (5) 1.221 (L)

5, M, and L after the skewness coefficients indicates slight, moderate, or large skewness.
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temperatures differ from mean temperatures by less than 1C except at

Newport where the difference is about 2C. The statistics for each

shore station are presented in Table I

The major process which modifies the central cell water type is dif-

ferent for epch station. The frequency of occurrence of the various pro-

cesses at each station is listed in Table 2, At Seaside, mixing with

Columbia River water is the dominant modifying process (74.6 occurrence).

At Newport and Port Orford, where modal cell temperatures are low dueto

active upwelling, local heating is the dominant process (91.4 and 6l.2?

occurrence, respectively). At Cape Arago, upwelling is the major pro-

cess (32.4 occurrence) although T-S values falling in this sector may

well represent a condition of suppressed local heating. Mixing with

shelf/slope water is the most influential process at Crescent City with

a frequency of occurrence of 76.4?.

The core of the Columbia River plume may be defined with relative

ease by locating positions of maximum temperature concurrent with mini-

mum salinities. Defining the shoreward edge of the plume is consider-

ably more difficult as this boundary is rather diffuse. A method is

presented where the boundary is defined by determining the position

where mixing with Columbia River plume water is no longer the dominant

process altering the offshore surfacewaters. Wherethe CR vector

crosses a line joining the average surfaceT-S pairs, samples every 10

to 20 miles along a hydrographic line, is assumed to be the position

where equal mixing takes place between shelf/slope waters and Columbia

River plume water (Figure 16).



Table 2. Summary of major modifying processes during summer.

S/S U H U&H CRE CR

Seaside Number of Observations 19 26 161
? of Occurrence 4.7 8.8 12.3 74.6

Newport Number of Observations 5 53
of Occurrence 8.6 91 .4

Cape Arago Number of Observations 21 37 25 8 23
of Occurrence 18.4 32.4 21.9 7.0 20.2

Charleston Number of Observations 12 4 14 10 5
? of Occurrence 26.7 8.9 31.2 22.2 11.1

Port Orford Number of ObservatiOns 20 19 113 33
? of Occurrence 10.8 10.3 61.2 17.8

Crescent City Number of Observations 71 17 5
of Occurrence 76.4 18.3 5.4

S/S shelf/slope water

U upwellin9

H local heating

U & H upwelling plus local heating

CRE Coos River

CR Columbia River

0
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Figure 16. Schematic diagram illustrating the method
of defining the shoreward boundary of the
Columbia River piume The CR vector is
constructed frqrn the modal cell to the
T-S of the Columbia River core. The S/S
vector is drawn from the modal cell para+lel
to the line joining the T-S pairs from 5 to
145 miles off shore. iheT-S pairs are aver-
age surface values along a hydro line. Mix-

ing with S/S water and CR plume occurs from
45 to 85 miles offshore. Where the CR vec-
tor crosses this mixing line is the region
of equal mixing between these water types.



This assumption is based upon the

which indicates shelf/slope water

From 45 to 85 miles offshore isa

tween the above two water types.

is approximately indicated by the

line joining the T-S pairs.
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shape of the line joining the T-S pairs

exists from 5 to 45 miles offshore.

region wheremixing takes place be-

Where equal amounts of mixing occurs

intersection of the CR vector and the

Discussion of Major Winter Processes

Pattullo and Denner (1965) state that dilution of modal cell water

due to precipitation and runoff is the major modifying process occurring

in winter. Analysis of the shore station data taken from December

through February indicate that indeed this is true, but additionally,

several other processes are also quite important. These are: (a) mix-

ing with shelf/slope water, (b) local heating, (c) local cooling, and

(d) upwelling. The importance of these processes varies at each of the

shore stations.

1. Process of precipitation and runoff

The coastal region of the Pacific Northwest experiences a monsoonal

effect as part of the seasonal shift of the North Pacific high pressure

area and the Aleutian low pressure area. During winter the North Pacific

high weakens and its center shifts about 10° southeastward while the

Aleutian low intensifies (Budinger etal., 19614). Gale force winds from

the SE-SW quadrant occur frequently bringing relatively warm moist air in

contact with the cold dry air from the north; precipitation in copious

amounts is the result. The onset of winter is marked by the start of the

rainy season. The average annual rainfall along the coast ranges from 60
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to 80 inches per year of which approximately 70 falls during the period

November-March (Meteorology Committee, 1968), The effect of this large

quantity of fresh water on the oceans is to dilute the nearsurface coast-

al waters with little change in temperature. The temperature of a rain

drop just prior to hitting the sea surface should be very nearly the

same as the wet bulb air temperature measured just above the sea surface

(w.P. Elliott, personal communication). This latter temperature is

generally within 0.5C of the sea surface temperature. Rainfall which

enters coastal waters from land runoff, however, may be expected to vary

somewhat in temperature being either cooled or heated dependent on the

temperature of the soil over which it flowed. In general then, dilution

either from precipitation directly on the sea or indirectly from land

runoff would be indistinguishable. Hence, both sources of dilution may

be represented by a single vector. This vector, P , is directed along

the isotherm which passes through the center of the modal cell

2. Process of local heating

Local heating processes occur in winter as well as in summer. How-

ever, the amount of heating during winter is considerably less. Lane

(1965) indicates the net solar radiation is reduced by a factor of three

from its summer high. Temperature increases of 1 to 2C are experienced

in winter compared to the k to SC increases observed in summer. Local

heating in winter is attributed to direct solar radiation during non-

stormy periods and is indicated by the vector H on the T-S field.
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3. Process of local cooling

Temperatures cooled below that of the central cell with little or no

dilution are observed only along the Southern Oregon coast. The amount

of cooling is relatively small usually about 1C, with an occasional

decrease of 2C observed. Local cooling is observed when the air temper-

ature is abnormally low for a period of several days. This process is

represented by the vector C and is directed opposite to the heating

vector.

14. Process of mixing with shelf/slope waters

The average surface temperature and salinity at each of the stations

from 5 to 145 miles offshore along the NH, CH, and BH hydrographic lines

was plotted on the T-S field. These points are clustered about lO.5C and

32.5% . The vector, S/S , indicates a two-point mixing process between

the shelf/slope water and the modal cell water. The modal cells for the

Central and Southern Oregon stations are coincident with S/S water, i.e.,

the cluster of data points lies within the modal cell.

5. Process of coastal upwelling

Although coastal upwelling is primarily a summer time phenomenon, it

has occasionally been observed in winter subsequent to a shift in the pre-

vailing southerly winds. Its occurrence can be detected by the presence

of salinities in excess of 33%o concurrent with low temperatures. Within

the study area wintertime upwelling has only been observed along the Cen-

tral and Southern Oregon coast.
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Analysis of Winter Data

1. Seaside

The 1-S field for Seaside (Figure 17) contains 435 observations of

which 64.hi% are contained within the frequencyseven isopleth. The modal

cell is bounded by the 8 and 9C isotherms and the 30.0 and 30.5%o iso-

halines and consists of 7.7% of the population within the isopleth. The

low frequency of occurrence of modal cell water indicates a wide vari-

ability in the water type found off Seaside. The wide range in salinity

(27.5 to 32.5% ) accounts for most of this variability as approximately

60% of the observations fell in a temperature bandonly 2C wide. The

position of the modal cell on the T-S field, i.e., in a region of rel-

atively low temperature and salinity, indicates the influence of the

Columbia River (which flows at its secondary maximum rate during this

time of year) on the surface waters off.Seaside.

Mixing with shelf/slope waters is the major modifying process which

occurs at Seaside (43.5% frequency of occurrence). Mostof the data

taken 5 to 15 miles offshore falls on or near the vector, S/S, which

represents mixing between modal cell and shelf/slope water. Dilution

by rainfall and runoff is the next most significant process; approxi-

mately one-fourth of the observations fell in this sector. Warming by

local heating occurred infrequently (11.5%) as did mixing with Columbia

River water (20.4%). This latter process presumably occurs during

periods of high river runoff when the surface area of the plume expands

and moves closer to the Seaside area.
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Moderate positive skewness is observed in the temperature histogram

for Seaside (Figure 18A). The histogram modal temperature is 1C warmer

than the modal cell temperature. The wide variability in salinity ob-

servations is reflected in the salinity histogram which is strongly

skewed towards lower values. The salinity of the modal cell is l%o less

than that of the most frequently observed salinity. Hence, the T-S char-

acteristics of the modal cell are reasonably good indicators of the

water type found off Seaside.

2. Newport

The T-S field for Newport (Figure 19) contains 211 observations of

which 64.7? are contained within the frequency five isopleth. The modal

cell Is bounded by the 9 and lOC isotherms and the 30.5 and 3l.O% iso-

halines and consists of l8.3? of the population within the isopleth.

The temperature range is small; 7l of the T-S pairs are contained in

a 2C wide temperature band. The salinity variability is moderate vary-

ing only by 3.5%o . As at Seaside, the temperature and salinity of the

modal cell are both cooler and fresher than that measured at the more

southerly stations. Observations within the modal cell are undoubtedly

influenced by the cold fresh water of the Yaquina River which flows at

its maximum rate during this season.

Dilution by precipitation and runoff is the major modifying process

(i+4.7) followed closely by mixing with shelf/slope waters (33.9).

Modifications due to local heating and mixing with Yaquina River water

are minor.
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Moderate positive skewness is observed in the temperature histogram

for Newport (Figure 18B). The salinity histogram exhibits the largest

skewness of all the shore stations in winter. Modal cell T-S values are

identical to the histogram modal values providing good assurance that

the modal cell well represents the water type found at Newport.

3. Cape Arago

The T-S field for Cape Arago (Figure 20) contains 116 observations

of which .l.2 are contained within the frequency four isopleth. The

modal cell is bounded by the 10 and 11C isotherms and the 32.5 and 33.0%

isohalines and consists of l6.9 of the population within the isopleth.

Seventy percent of the temperature observations arecontained in a band

2C wide. The variation in salinity (2.5%o ) is the smallest observed

among the six shore stations.

The 1-S characteristics of the modal cell are an excellent indicator

of the surface water type found on the shelf off Coos Bay. As seen in

Figure 20(inset), the average surface 1-S pairs for the first five sta-

tions along the CH hydro line are located close to or within the central

cell. The temperature and salinity histograms (Figure 2lA) bear this

out as histogram modal values are quite similar to modal cell values.

Large skewness is present in both temperature and salinity histograms.

The major processes altering the water type represented by the modal

cell are precipitation and cooling occurring with frequencies of 2.4 and

32.3?, respectively. Local heating was significant l5.2°' of the time and

is not a common feature at Cape Arago as examination of the data showed

8O? of the observations from this sector occurred within a ten-day period
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in December 1965. Coastal upwelling, though infrequently seen, is ob-

served throughout the winter season (l0.2°i occurrence). The duration of

this upwelling Is of the order of 2 days based upon a sampling rate of

one observation per day.

. Charleston

The T-S field for Charleston (Figure 22) contains 171 observations

of which 7O.0 are contained within the frequency four isopleth. The

modal cell is bounded by the 10 and 1IC isotherms and the 30.5 and 31.0%o

isohalines and consists of l2.6? of the population within the isopleth.

As at all the shore stations, little variation is observed in the tem-

perature distribution. Seventy percent of the observations occurred

within a band 2C wide.

The similarity between the Charleston and Cape Aragostations is

not as apparent in winter as in summer. The 1-S field at Charleston

shows both the typical wide range in salinity and the low modal cell

salinity (30.25%o ) observed at the two northern shore stations both of

which are situated on or near estuaries. The modal cell temperature at

Charleston is the same as at Cape Arago, but the salinity at Charleston

is 2%o less than at Cape Arago.

The freshening effect due to precipitation and runoff is the most

influential factor in altering modal cell 1-S characteristics (3L.6?

occurrence). This is followed closely by mixing with shelf/slopewaters

(3l.7) a situation different from Cape Arago wherein the temperature

and salinity of the modal cell were nearly the same as that of the shelf!

slope water mass. The large dilution effect of the Coos Estuary
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(' 5000 ft3/sec; Bourke etal., 1971) masks the presence of winter up-

welling at this station, a process which Is observed at Cape Arago.

One may then conclude that for the winter season the Charleston

station does not adequately reflect oceanic conditions as represented by

modal cell values at Cape Arago and the average surface T-S values along

the CH hydrographic line. The surface samples taken at Charleston ex-

hibit excess dilution due to the high river runoff of this season.

5. Port Orford

The 1-S field for Port Orford (Figure 23) contains 300 observations

of which 73.6% are located within the frequencyseven isopleth. The

modal cell is bounded by the 10 and hG isotherms and the 33.0 and 33.5%o

isohahiries and consists of 22.6% of the population within the isopleth.

The relatively high percentage of observations in the central cell plus

the fact that average nearshore surface T-S pairs plot within the cen-

tral cell (Figure 23, inset) indicate that this cell well represents the

water type found in the vicinity of Cape Blanco. This is further veri-

fied from the temperature and salinity histograms (Figure 2lB) which

show the modal values to be identical to modal cell values. In addition,

the standard deviation in temperature and salinity is the smallest ob-

served at any of the shore stations.

Precipitation is the dominant process affecting the T-S character-

istics of the modal cell; more than half of the observations fell within

this process sector. Local cooling and upwelling were of next importance

(16.4 and 15.2% occurrence, respectively). The latter process is indi-

cated by the dashed circle enclosing observations with a salinity greater
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than 33%o . Most of this winter upwelling was observed during two

periods, February 1967 and December 1967, each lasting in excess of

three weeks.

6. Crescent City

The 1-S field for Crescent City (Figure 214) contains 379 observ-

ations of which 55.2? are located within the frequency five isopleth.

The central cell is bounded by the 10 and llC isotherms and the 32.0 and

32.5%o isohallnes and consists of 9.6 of the population within the iso-

pleth. The range of temperatures is moderate ('ic) with approximately

6o of the observations occurring within a 2C wide band. On the other

hand, the salinity range is the largest observed along the coast; values

within the frequency five isopleth extend from 25.5 to 34.0%o . The T-S

characteristics of the modal cell are quite similar to those measured

5 and 15 miles off the coast along the BH hydro line indicating that,

even though a large variability in salinity exists, the modal cell is

still a good measure of the water type found off Crescent City. Despite

the large skewness of the salinity histogram (Figure 21C), the modal and

central cell values are identical. The temperature histogram shows a)-

most no skewness and also shows modal and central cell temperatures to

be virtually equal.

Not surprisingly, dilution due to precipitation accounts for most

of this variability; 63.O? of the observations fell in this sector. As

reported by the harbor master at Crescent City, fresh water from rainfall

and runoff is trapped in the harbor and is prevented from being rapidly

flushed due to the configuration of the harbor (D.G. Richcreek, persona)

communication). The northward flowing coastal currents plus the pre-
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dominantly southerly winds and waves of the winter season combine to

limit the amount of flushing normally expected during the ebb portion of

the tidal cycle.

Local cooling is the only other process of significance ici altering

the modal cell water type occurring with a frequency of 28.O?. Upwelllng

occurred infrequently (2.6°) throughout the winter season with a duration

of about one day. The daily observations show that the duration of

salinity values in excess of 33%o never exceeds one day.

Summary of Winter Conditions Along the Oregon-Northern California Coast.

The temperature and salinity characteristics of the modal cells

determined for shore stations along the Oregon-Northern California coast

may be used with confidence to describe the water type found along this

coast in winter. Two types of water are present. One, characteristic

of the region from Newport to the Columbia River mouth to the north, has

a 1-S of approximately 9.0 ± O.5C and 30.75 ± O.5%c . The other water

type extends south of Newport to Crescent City, the southern boundary of

this study, and has a 1-S of lO.5C and 32.25%o . The water type for the

northern portion of the coast is both fresher and cooler than that found

along the southern Oregon coast and may simply reflect the influence of

river runoff from the Columbia and Yaquina Rivers. The southerly stà-

tions are on the open coast and relatively uninfluenced by river runoff.

Because winter rains exert such a modifying influence on coastal

waters, it is not surprising that a wide variation in salinity exists at

most of the shore stations, ranging from 2.5%o at Cape Arago to 8.5% at
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Crescent City. The major modifying processes of winter appear to have

little effect on altering the temperature of coastal waters. The range

in temperatures is only 3 to kC; at all stations 6O-7O of the observ-

ations occurred within a temperature band 2C wide.

Temperature histograms for each sampling station show that modal

values are within IC of the temperature for the coastal water type at

that station. Slight to moderate skewness is observed at all stations

except at Cape Arago where temperatures arestrongly.skewed towards

higher values. The difference between mean and modal temperatures is

less than 0.5C except at Cape Arago where it is 0.7G. The salinity

histograms, on the other hand, are all strongly skewed to the left in

response to the winter rains which markedly dilute the nearshore surface

waters. At Newport the skew exceeds seven standard deviations. The

salinity of the two water types found off the Oregon and Northern Cali-

fornia coasts can be determined with reasonable preciseness, however,

as modal salinities determined from the histograms and modal cell salin-

ities are identical except at Cape Arago and Seaside where they differ

by 0.5 and l.O% , respectively. The statistics for each station are

listed in Table 3.

Dilution by rainfall and its associated runoff is the major process

modifying the central cell characteristics at each shore station, except

at Seaside where it is the second most influential process. The fre-

quency of observations in the precipitation sector ranged from 24.6 at

Seaside to 63.0* at Crescent City. The frequency of occurrence of this

and other processes is presented in Table . At Seaside mixing with

shelf/siopewaters is the dominant modifying process occurring 43.5* of



Table 3. Shore station temperature-salinity statistics for winter.

Modal Cell Histogram Mean Skewness

I S Tmode Sde T ± a S ± a T* S

Seaside 8.5 30.25 9.5 31.25 9.7 ± 1.13 29.56 ± 1.96 0.213 CM)
- 0.849 (L)

Newport 9.5 30.75 9.5 30.75 10.1 ± 1.08 29.91 ± 1.73 0.275 CM)
- 1.253 (L)

Cape Arago 10.5 32.75 9.5 32.25 10.3 ± 1.17 31.68 ± 1.45 0.503 (L)
- 1.299 (L)

Charleston 10.5 30.75 9.5 30.25 9.9 ± 1.01 30.35 ± 1.75 -0.077 Cs)
- 1.063 CL)

Port Orford 10.5 32.25 10.5 32.25 10.4 ± 0.86 31.56 ± 1.37 -0.192 (S)
- 0.904 (L)

Crescent City 10.5 32.25 9.5 32.25 10.0 ± 1.10 29.48 ± 2.82 0.020 (s)
- 0.658 (L)

*
5, M, and L after the skewness coefficients indicates slight, moderate, or large skewness.



Table 4. Summary of major modifying processes during winter.

P H C S/S U CR

Seaside Number of Observations 614 30 113 53
of Occurrence 24.6 11.5 13.5 20.4

YR

Newport Number of Observations 50 12 38 6

° of Occurrence 1414.7 10.7 33.9 5.4

Cape Arago Number of Observations 25 9 19 6

9 of Occurrence 42.4 15.2 32.2 10.2

S/S + C

Charleston Number of Observations 36 8 13 33 14

of Occurrence 34.6 7.7 12.5 31.7 13.5

Port Orford Number of Observations 89 10 28 18 26
? of Occurrence 52.0 5.9 16.4 10.5 15.2

Crescent City Number of Observations 119 6 53 6 5

? of Occurrence 63.0 3.2 28.0 3.2 2.6

P - precipitation and runoff S/S shelf/slope water YR Yaquina River
H local heating U upwelling S/S + C shelf/slope water
C local cooling CR Columbia River plus local cooling

N.)
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the time. At Newportmixing with shelf/slope waters occurs with a fre-

quency of 33.92g. At Cape Arago, Port Orford, and Crescent City the tem-

perature and salinity of the modal cell are nearly identical to the aver-

age surface temperature and salinity found 5 to i45 miles offshore from

these points. Local cooling is the second most influential process at

these three stations.

Comparison of Summer and Winter Shore Station Data.

Some striking similarities and

mer and winter conditions along the

Generally speaking the summer seaso

and surface currents from the north

sentially true for winter.

The Columbia River plume flows

dissimilarities exist between sum-

Oregon-Northern Cal ifornia coasts.

is characterized by winds, waves,

or northwest. The reverse is es-

southwestward during summer causing

coastal waters near the mouth of the river to be warm and fresh. The

T-S of this water type is 12.5C and 32.75% . In winter when the plume

flows towards the north hugging the Washington coast, cool fresh water

is found near the mouth having T-S characteristics of 9.0 ± O.5C and

30.75 ± O.5% . The increased freshness of the winter water type is

primarily due to the large influx of rainwater. This latter water type

extends south to Newport where the sampling station is also located on

an estuary.

From Newport south to Crescent City nearshore waters are quite uni-

form during both summer and winter. In summer upwelling occurs every-

where over this region making the nearshore waters cool and saline (lO.5C

and 33.75%o ). The temperature of the water in winter is the same as
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that during summer, but, the salinity is less (32.25%) due to dilu-

tion from winter rains.

The temperature variability in summer is larger than that in winter

primarily due to variations in local heating. Temperatures vary by 5-7C

in summer and by 3-'4C in winter. Moderate to large skewness towards

higher temperatures i observed in the summer temperature histograms;

the skew is not as severe in winter.

Salinities vary considerably more in winter than in summer. The

winter variation is 2.5-8.5% ;
in summer it is l-3.5%o . Large nega-

tive skewness is present in both summer and winter histograms; however,

greater variability Is observed in winter when the deviation about the

mean is considerably larger than in summer.

Processes which alter central cell characteristics differ at each

station during summer with local heating, upwelling, and mixing with,

shelf/slope andColumbia River plume waters being the major' contributors.

In winter rainfall and runoff is the dominant process all along the

coast except at Seaside where mixing with shelf/slope water occurs

slightly more frequently than rainfall and runoff.
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SEASONAL VARIABILITY OF NEARSI-IORE COASTAL WATERS

Arrangement of the Data

The observations of temperature and salinity taken within 25 miles of

the Oregon-Northern California coast used in this thesis came from two

sources. The National Oceanographic Data Center (NODC) has on file all

hydrographic data taken within this region prior to 1966. Hydrographic

data from 1966 to the present are those observations conducted by the

Department of Oceanography of Oregon State University (osu).

The NODC data were gathered primarily by ships from the University of

Washington, OSU, and Scripps Institution of Oceanography. These data are

filed by 100 Marsden square numbers; number 157 encompasses the region

investigated in this thesis. Data from one degree squares 410 to 47°N

latitude and from 124° to l25°W longitude within Marsden square 157 were

obtained from NODC. A computer program was written to exclude all data

observed more than 25 miles from shore. The OSU data were also run

through this program.

The data were then grouped by month to form summer and winter seasons.

The summer season includes all the data sampled in July and August similar

to the arrangement of the shore station data. The winter season included

data sampled from December through March. Although month to month vari-

ations within a season are observed, these variations are small compared

to the seasonal variation making such groupings permissable. Four months

of data are used for the winter season due to the paucity of data -- the

North Pacific Ocean is not an hospitable place to work during the winter.
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Examination of the data showed that most of the observations occurred

off the northern half of the Oregon coast, i.e., from Newport to the Col-

umbia River. Further, a considerable portion of the data were clustered

about hydrographic lines frequently sampled by OSU. These lines origin-

ate off Astoria and Tillamook Head (AH and TH lines, respectively), Depoe

Bay (DB line), Newport (NH line), Coos Bay (CH line), and Brookings (BH

line).

Because of the spatial arrangement of the data, I have divided the

study area into four zones. Factors affecting the temperature and sa-

linity distributions are assumed to be uniform or consistent within each

zone. The zone boundaries were constructed after having considered the

shape of the coastline, location of coastal rivers, the bottom topography,

and the distribution of the data. ZONE A extends from k6°16'N to 145°38'N,

ZONE B from 145°38'N to 1+'4°19'N, ZONE C from k4°l9'N to 42°k7'N, and

ZONE D from 1i2°1+7'N to 41°1+l'N. Each zone encompasses at least one

hydrographic line. The AH and TH lines are in ZONE A; the NH and DB

lines in ZONE B; the CH line in ZONE C; and the BH line in ZONE D.

Along a hydrographic line observations are made at regular intervals,

i.e., at 5, 15, 25, 35,... miles from the coast. Occasionally, supple-

mental hydrographic stations are made at 3 and 10 miles. In summary,

within the study area, most of the data are clustered about hydrographic

lines oriented perpendicular to the coast and are further clustered at

positions 5, 15, and 25 miles from shore.

Such an arrangement lends itself to the establishment of a grid

wherein average values of temperature and salinity may be used to repre-

sent conditions for a specified area within the grid network. Figure 25
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is a schematic portrayal of the grid arrangement used in this study.

The boundaries and coordinates of the grid points are listed in Table 5.

Longitudinal strips approximately three to five miles wide are centered

at 5, 15, and 25 miles offshore. In ZONEs A and Bsufficentobserv-

ations were made about 3 miles offshore to permit an additional strip

to be constructed. For each month and season, then, an average value

of temperature and salinity was computed from all the data within each

zone and strip. In order to construct vertical profiles average values

were also computed at depths of 0, 10, 20, 30, 50, 75, 100, 150, and

200 meters.



Table 5. Coordinates of Zones A-D and of the longitudinal strips within each zone.
The strips are approximately centered about stations 3, 5, 15, and 25 miles
offshore.

Longitudinal Strips Centered at

Zone Latitude 3 n.m. 5 n.m. 15 n.m. 25 n.m.

A L46°16.o' N 12°O1.O' W 124°iO.O' W 124°i8.O' W i21i°33.O' W
145°38.O' N 124°05.O' W 121+°15.O' W i24°29.O' W 124°43.O' W

B 45°37.9' N 1214°Ol.O' W 121+°lO.O' W i2k°20.O' W 124°35.O' W

Lth°19.O' N 124°09.O' W 124°17.O' W 12k°26.01

W 124°k2,O' w

C-i 4jO189I N 124°iO.O' W 12k°24.5' W 121+°40.O' w
43°3O.O' N i24°i8.5' W 12Y35.5' W 12'°k8.O' W

C-2 +3°29.9' N 1214018.Ol W 124°35.O' W 124°55.O' w
L+2°47.O' N 124°29.5' W 124°45.O' W 125°OO.O' W

D +2°k6.9' N 124°19.O' W ]2L1°33.O' W 124°5.O' W

41°Ld.O' N 124°27.O' W 124°38.O' W l2+°56.O' w



The Summer Season

1. The surface temperature picture

The largest variations in temperature are observed at the sea surface

making this an appropriate surface to examine longshore (y direction) and

offshore (x direction) temperature gradients.

Along the entire coast surface temperatures increase with distance

from shore. From 5 to 25 miles offshore temperatures increase by almost

2C in Zones A and D and by 3C in Zones B and C (Figure 26). The offshore

temperature gradient is approximately -O.lC/mile. In Zone A and B three

miles offshore surface waters are slightly warmer than at five miles. This

increase is most likely a result of solar insolation being mixed over a

shallower water column.

The temperature increase as one progresses up the Oregon coast is

very gradual. From Zone D to Zone B (about 240 miles) within 15 miles of

the coast surface waters warm approximately 0.5G. The longshore tempera-

ture gradient (
0.00kG/mile) reflects the remarkably uniform temperature

structure along the coast.

The offshore temperature gradient s almost two orders of magni-

tude greater than the longshore gradient. Assumptions based on longshore

uniformity may be considered valid. Physical or biological processes

sensitive to rapid changes in temperature, however, will require frequent

measurements and samples to assess the impact of the large temperature

changesacross this zone.



Surface Temperature (°c) Surface Salinity ( %)

Figure 26. Average surface temperature and salinity for the summer season by zone at 3, 5, 15, and
25 miles offshore.
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The temperatures in Zone A are considerably warmer (1.5 to 2C) than

in the other zones to the south. Most of the data in this zone are cen-

tered in the plume of the Columbia River. Surface temperatures are rais-

ed in the vicinity of the plume due to entrainment and mixing with the

relatively warm discharge from the Columbia.

2. The surface salinity picture

The surface salinities present a picture almost as uniform as the

temperature picture (Figure 26). Throughout most of the study area sa-

I inities decrease by 0.5 to 1 .O% in the seaward direction. The sal inity

difference from 5 to 25 miles offshore becomes less towards the south.

Salinities increase approximately O.5% per zone as one progresses south-

ward from Zones B through D. Surface salinity gradients, then, are simi-

lar to temperature gradients in that the offshore gradient is at least

one order of magnitude greater than the longshore gradient.

Sal inities in Zone A are 3 to i% less than those in Zones B, C,

and D. This is evidence that the diluting effect of the Columbia River

discharge is essentially limited to Zone A. Within Zone A the Columbia

River plume is centered between 5 and 15 miles from the coast. The south

jetty of the Columbia appears to direct the plume offshore so that little

dilution is apparent 3 miles offshore.

From Figure 26 one can observe that the surface isotherms are

oriented essentially parallel to the coastline. The surface isohalines,

however, are oriented almost perpendicular to the coast being directed

slightly towards the southwest. The salinity pattern is similar to

that shown in Figure iL4.
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Zone D, from Cape Blanco south to Crescent City, appears to be the

zone that Is most uniform in temperature and salinity across the entire

25 miles of the zone. Surface waters are also cooler and more saline

than in the zones to the north. It is apparent that upwelling is more

intense in this region and that the frontal zone extends at least 25

miles offshore. In Zones A, B, and C the upwelling zone appears to be

much narrower, not exceeding 15 miles in width.

3. The subsurface picture

Average values of temperature, salinity, and density (sigma-t) have

been computed at standard depths from the surface through 200 meters for

each zone. These values are listed in Table 6. The standard deviation

and number of observations for each mean is also given. The mean density

at each depth was determined from the mean temperature and salinity

at each depth. The number of surface and near surface observations is

generally much larger than for the deeper depths. However, the small

variability in temperature and salinity at the deeper depths(> 50 meters)

permits one to construct meaningful averages from thel imited data. The

evidence lies in the small standard deviationsobservedat these depths.

Figure 27 displays the vertical temperature profiles for each zone

at 5, 15, and 25 miles offshore. These profiles are characterized by a

strong shallow thermocline extending from the surface to about 30 meters.

Below this is a weak negative gradient to 200 meters, where throughout

the study area, the temperature is nearly constant at 6.8 +0.2C. The

slope of the thermocline is steeper in Zones A and B than in Zones C and

D. Surface temperatures decrease by 5 or 6c to the base thermocl me in
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Table 6. Mean temperature, salinity, and density for the summer season at standard depths for each
zone. The standard deviation (o) and the number of observations are listed for each mean
temperature and salinity.
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Figure 27. Vertical profiles of temperature, salinity, and density for
the summer season for each zone at 5, 15, and 25 miles
offshore.



Zones A and B and by 3 or 4C in Zones C and D. In all zones the strength

of the weak negative gradient is 0.O1C/m. Throughout the water column

shoreward temperatures are consistantly cooler than the more seaward tem-

peratures. However, at 150 meters depth, distance from shore is no longer

important for in each zone all temperatures are nearly identical. This

is an important result as the 150 meter surface may be considered the

lower limit of the layer in which variations in temperature may be attri-

buted to distance from shore. The small temperature inversion sometimes

found between 40 and 80 meters (Mooers etal., 1968) is not observed.

This feature, when present in an individual case, has most likely been

removed due to the averaging process.

The vertical profiles of salinity displayed in Figure 27 are not as

uniform as the temperature profiles indicating more variability with

depth and location in the salinity samples. A strong shallow halocline

is observed in which the salinity increases by at least l.5%c from the

surface to approximately 75 meters. Below this salinities gradually in-

crease to a nearly constant value of 33.98 + 0.Ol%o at 200 meters. This

salinity is the same regardless of distance offshore and throughout all

zones. The variation in salinity with depth and distance from shore is

largest in Zone A as expected. However, by 150 meters in each zone

little variability with distance from shore is noticed. Above 150 meters

the water column is more saline toward shore.

The vertical profiles of density, at (Figure 27) show a strong sea-

sonal pycnocline extending from the surface to 50 meters. Below 50 meters



depth the density increases slowly until at 200 meters a constant sigma-t

value of 26.65 + 0.05 is observed throughout the entire study area. In

each zone, at any given depth, the density decreases offshore. The 150

meter surface may be considered the lower limit of the layer in which the

variability due to distance from shore is significant. This variation is

greatest in Zone A and diminishes with decreasing latitude until in Zone

0, south of Cape Blanco, little distance form shore variation is observed

in the near surface layers.

Figure 28 displays the variation of density with depth and with dis-

tance offshore for each zone. The permanent pycnocline, as defined by

the 25.5 and 26.0 sigma-t surfaces (Collins, 1961+), is seen to rise

rapidly as it progresses shoreward. The permanent pycnocline acts as a

front separating the cold, saline upwelled water from the warmer and

fresher shelf/slope water found seaward and above the front. The shore-

ward portion of the 26.0 isopycnal comes within 20 meters of the surface

in all zones; its seaward limit is at approximately 75 meters. Based on

data obtained from the summers of 1961 to 1963, Collins found the mean

depth of the 26.0 isopycnal to be about 110 meters. However, Pillsbury

(1971) examined 10 years of data along the Newport hydrographic line and

found at NH-25 the 26.0 isopycnal to be at about 70 meters depth, well

in agreement with the above depth of 75 meters. The upper portion of

the permanent pycnocline (the 25.5 isopycnal) moves closer to the sur-

face as one progresses southward along the coast until at Zone 0, where

the intensity of coastal upwelling is strongest, it breaks the surface

approximately 8 miles from shore. One would expect the permanent pycno-
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dine to rise to the surface in Zone 0 (the region south of Cape Blanco)

as coastal waters south of protruding capes and head]ands have been

shown to be regions of intensified upwelling (Reid eta]., 1958; Arthur,

1965).



The Winter Season

Sufficient data permitting an analysis of temperature and salinity

during the winter season exists only for Zones A, B, and C. For all of

Zone D only six surface and four subsurface observations are available for

the four winter months. Therefore, this zone has been omitted from the

discussion of the winter season. The few observations available, however,

are similar to those in Zone C. Hence, it may be possible to infer con-

ditions in Zone D from those in Zone C.

1. The surface picture

Throughout most of the study area surface temperatures increase

slightly with distance offshore (Figure 29). Temperature differences be-

tween 5 and 25 miles offshore are approximately O.5C in all zones. The

offshore temperature gradient is about -0.03 C/mile, four times less than

during summer. In the longshore direction surface waters cool slowly (<

0.5C) as they flow northward from Zone C to Zone B. The temperature de-

crease is more rapid ( i.oc) within Zone A where the surface waters come

in contact with the relatively cool discharge from the Columbia River.

Twenty-five miles offshore, where the influence of mixing with rainfall-

runoff and Columbia River water are minimal, the temperature difference

over the 210 miles from Zones A to C is only 0.6C. The temperature differ-

ence increases to l.5C ten miles closer to shore. Longshore temperature

gradients are about -0.005C/mile which is about an order of magnitude less

than the offshore gradient.
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The distribution of surface salinities is similar to the distribu-

tion of surface temperatures, i.e., salinities increase with distance

from shore and to a lesser extent with decreasing latitude (Figure 29).

Salinities in Zone A are significantly less (2 to 6%o ) than those in

Zones B and C which is apparently due to the influx of Columbia River

water. Off the Northern Oregon coast the offshore salinity gradient is

an order of magnitude greater than off Central and Southern Oregon. The

longshore salinity gradient is twice as small as the summer gradient.

From Newport south to Cape Blanco, Zone C, surface waters appear to

be quite uniform from the coast to 25 miles offshore. The temperature

and salinity difference are small -- O.5C and o.6% , respectively. The

temperature-salinity characteristics of the surface waters throughout

Zone B are also quite uniform. The Columbia River discharge creates a

variable picture in Zone A. The influence of the Columbia is felt mainly

at 5 and 15 miles offshore. In fact, three miles offshore a pocket of

relatively warm and saline oceanic water is found between the coast and

the Columbia River plume.

2. The subsurface picture

Similar to the summer analysis, average temperatures, salinities

and densities have been computed from the surface to 200 meters for each

zone for the winter season. These values are listed in Table 7.



Table 7. Mean temperature, salinity, and density for the winter season at standard depths for each
zone. The standard deviation (a) and the number of observations are listed for each mean
temperature and salinity.
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Vertical profiles of temperature for each zone at 5, 15, and 25 miles

offshore are displayed in Figure 30. These profiles are characterized by

an isothermal or slightly positive structure to 50 meters. Below 50 meters

a weak negative gradient (0.O1C/m) extends to 200 meters a depth at which

in all zones the temperature becomes nearly constant at 7.7 ± 0.1C. Sea-

ward temperatures are warmer than those closer to shore, but variability

due to distance from shore is almost negligible, especially in Zones B

and C.

The vertical profiles of salinity displayed in Figure 30 show a

strong halocline extending to 100 meters in which salinities increase by

at least l.5% in Zones B and C and by more than 5%o in Zone A. Below

100 meters salinities continue to slowly increase until at 200 meters

salinities are nearly constant throughout all zones at 33.90 ± 0.5%o

Variability with distance from shore is more apparent than was for temper-

ature, but is still not as important a feature as in summer.

The vertical density profiles (Figure 30) show that a strong seasonal

pycnocline from the surface to 30 meters is present everywhere in Zone A.

In Zones B and C a weak seasonal pycnocline extends to 20 meters and is

apparent only within 5 miles of the coast. Farther offshore (15 and 25

miles) the density is nearly constant to 30 meters. Below 30 meters in

all zones the density gradually increases until at 200 meters the coastal

waters off Oregon exhibit a constant density of 26.5 ± 0.1
t

units.

Throughout the study area there is no variation of density with distance

offshore below 30 meters. In Zone C no variability is present below 10

meters.
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Figure 30. Vertical profiles of temperature, salinity, and density for
the winter season for each zone at 5, 15, and 25 miles off-
shore.



The isopycnals shown in Figure 31 are very flat compared to the sum-

mer picture. The permanent pycnocline (defined by the 25.5 and 26.0

surfaces) appears to be constrained between 75 and 100 meters depth indi-

cating it has descended about 25 meters from its mean summer level. The

width of the permanent pycnocl me is greater in winter implying the front

is not as stable or intense in winter as in summer. The permanent pycno-

dine can be defined by the 25.5-26.0 isopycnals only to within 15 miles

of the coast. Shoreward of this it is best defined by the 25.5 isopycnal

alone.

Comparison of Summer and Winter Seasons

Because of the striking similarities and dissimilarities in the tem-

perature and salinity fields during the summer and winter seasons, it ap-

pears appropriate to summarize the results of the previous sections by

comparing the summer T-S structure with that of the winter season.

In general, the surface waters are warmer in summer than in winter.

Summer temperatures are 2 to 5C warmer than in winter with the largest

increases occurring off Northern Oregon. Surface temperatures increase

with distance offshore in both seasons. The offshore temperature gradient

is four times larger in summer than winter. In the longshore direction

surface temperatures increase towards the north in summer while the re-

verse is true in winter. The temperature gradient is nearly the same in

each season.
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Surface waters are 0.5 to 1.0% more saline in summer than in win-

ter. Surface salinities decrease with distance from shore in summer.

In winter salinities increase in the offshore direction. Sal inity grad-

ients ri the x direction are identical in summer and winter. In both

seasons surface salinities increase towards the south. The longshore

gradient, however, is twice as large in summer than in winter.

The vertical profiles of temperature, salinity, and density show

that variability with distance from shore is significant in summer, but

that it is relatively unimportant in winter. A strong thermocline is

present in summer from the surface to 30 meters. In winter the near sur-

face waters are isothermal to 50 meters. A strong halocline is observed

in both seasons extending to 75 meters in summer and 100 meters in winter.

In both seasons at 200 meters the temperature and salinity are constant

throughout the study area. At 200 meters summer temperatures and salin-

ities are cooler and more saline than winter values due to the strong

coastal upwelling occurring during the summer months. Summer values are:

6.8 + 0.2C and 33.98 + 0.0l%o
;
in winter these are: 7.7 + 0.1C and

33.90 + 0.5%c

The permanent pycnocline defined by the 25.5 and 26.0 isopycnals

rises sharply shoreward in summer, but is essentially flat in winter.

The bottom of the permanent pycnocline (26.0 isopycnal) 25 miles offshore

is at approximately 75 meters in summer and rises to within 20 meters of

the surface 3 to 5 miles offshore. In winter the 26.0 isopycnal has des-

cended to about 100 meters; it is not found closer than 15 miles from

the coast. The stability or intensity of the front is weaker in winter

than summer.



Because of the influence of the Columbia River discharge, the

coastal waters off Northern Oregon (Zone A) show the greatest variability

in tempe rature and salinity in both summer and winter. This variability

decreases with distance from the Columbia such that Zone D (summer) and

Zone C (winter) exhibit almost uniform 1-S characteristics throughout the

entire zone.



CONCLUSIONS AND RECOMMENDATIONS

Summary and Conclusions

Variations in the temperature and salinity distributions off the

Oregon-Northern California coast have been investigated for both the sum-

mer and winter seasons. Temperature and salinity data gathered at shore

stations were analyzed using a modal cell technique to determine what pro-

cesses were influential in altering the "normal'1 T-S characteristics of

the coastal water at each sampling site. The relative importance of these

processes at each station was also determined. Local heating plus mixing

with shelf/slope water and Columbia River plume water were found tobe ost

influential during summer. In winter dilution due to precipitation and

subsequent runoff was the major modifying factor along the entire coast

except off Northern Oregon where mixing with shelf/slope waters was

slightly more influential.

Comparison of shore station data and temperature and sal inity data

taken within 25 miles of the coast has shown that the average temperature

and salinity of the modal cell is a valid and easily determined method

to describe the water type existing immediately off the coast. Based on

the foregoing conclusion water types for the summer and winter seasons

were calculated. A noteworthy result was that for a region of large van-

ability, a considerable portion of the Oregon-Northern California coast

can be represented in each season by a single water type.

At each shore station the salinity distributions are strongly skewed

towards lower salinities both in summer and in winter. The temperature



distributions, however, are not as severely skewed as the salinity distri-

butions. Temperatures appear to be more strongly skewed towards higher

values in summer than in winter.

As pointed out by Dodimead etal. (1963), it is not possible to

establish a model to describe the entire coastal domain due to the wide

variability in local conditions. Rather, it is more appropriate to des-

cribe or model the water structure of a region within the coastal domain.

Thus, summer and winter models for the temperature and salinity struc-

ture within the upper 200 meters have been constructed for the nearshore

waters within 25 miles of the Oregon-Northern California coast. In this

region surface waters are warmer and more saline in summer than in winter.

Surface temperatures increase with distance from shore in both seasons.

Surface salinities, on the other hand, increase with distance from shore

only during winter; in summer the increase is shoreward. Offshore grad-

ients of temperature and salinity are one to two orders of magnitude

greater than in the longshore direction.

In summer near surface waters are characterized by a strong thermo-

dine to 30 meters and a strong halocline to 75 meters. In winter the

near surface waters are isothermal to 50 meters while a strong halocline

is present to 100 meters. Below these levels temperatures and salinities

continue to slowly decrease and increase, respectively, untilat 200

meters the temperatureand salinity become constant throughout the near-

shore region. Variability with distance from shore is significant only

in summer and is constrained to the upper 150 meters of the water column.
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Recommendations

After having examined all the available hydrographic data gathered

along the Oregon-Northern California coast and from the waters immediately

adjacent to the coast, several opportunities to improve and enhance our

research efforts in this area come to mind. A quick glance at the data

distribution shows that the Southern Oregon and Northern California coasts

have not received their share of attention. The CH (Coos Bay area) and

BH (Brookings area)hydrographic lines were frequently sampled in the early

1960's. However, these lines have been sampled only once in the past

seven years during the summer and winter months. Every effort should be

made to conduct hydrographic cruises off Southern Oregon at least once in

summer and in winter.

Off Northern Oregon it is difficult to assess the impact of the

Columbia River, shelf/slope water, and coastal upwelling on the coastal

waters of this region as no permanent hydrographic line exists in this

area. It is recommended that a hydrographic line be established south of

the Columbia River entrance. This line should originate off Seaside as

the shore station located here may be used as the terminus of the hydro-

graphic line. At present the spotty (almost random) sampling which occurs

in Zone A provides little insight into the seasonal and annual fluctua-

tions of physical properties. It is also recommended that all hydrographic

lines originate 1-3 miles offshore (vice the present 5 miles) in order to

assess the large fluctuations which occur within this region.
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The shore station program is a valid and worthwhile project which

should continue. Large quantities of data are obtained at little expense.

In many cases the temperature and sal inity data gathered at a particular

shore station are all that is available to the ocean engineer siting a

power plant or establishing an ocean outfall in the vicinity of the shore

station. Additionally, it has been shown that these stations do adequate-

ly represent oceanic conditions off the coast.

The shore stations at Charleston and Crescent City presently collect

samples from the surface of the water by means of a bucket. These samples

are often contaminated with non-oceanic water from river discharge, pre-

cipitation, and land runoff. Data more representative of oceanic condi-

tions could be obtained at these stations if subsurface samples were taken.

Water samples collected in a Frautschy bottle or some similar vessel

should provide a means of obtaining subsurface samples.

It is well known that the temperature and sal inity vary considerably

along the coast over a diurnal cycle. Yet, at each shore station there is

no tfeelu as to what the magnitude of these variations are. It is recom-

mended that occasional surveys be made at each shore station wherein hour-

ly (or more frequent) samples are taken over periods of k8 to 72 hours.

These surveys should be made by automatic monitoring equipment since the

shore station observers are volunteers with other primary jobs.

Lastly, it is recommended that as more data become available the

analyses carried out in this thesis be conducted on a monthly basis rather

than a seasonal one. Although not as large, a knowledge of the month to

month variations in temperature and salinity should provide better insight

into the mechanisms controlling the annual cycle.
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