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Sea level and current data collected near Newport, Oregon are

compared to determine an empirical relationship from which the low

frequency (f < .1 cpd) alongshore current field over the continental

shelf is estimated from observed sea level measurements at the coast.

Regression analysis of the near-surface (20 - 25 m) currents

with sea level indicates the surface currents are in geostrophic

balance with the sea surface slope. Analysis of the alongshore shear

between the near-surface and deep (75 - 80 m) layers with sea level

shows the thermal wind relationship holds.

A near-surface regression model is developed from which the mean

monthly alongshore current 20 - 25 m below the surface can be esti-

mated with a standard estimate of error (GER) less than six cm/sec.

The annual range at this depth is nearly 60 cm/sec. A regression

model for the alongshore shear is formed from which the mean vertical
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shear is estimated with a of .07 - .10 cm/sec/rn. The annual

range is approximately .8 cm/sec/rn.

The surface currents are found to be predominantly driven by the

local meteorological conditions. Deep and near-bottom current observa-

tions suggest the deep layer currents are primarily influenced by the

thermal wind relationship and the location of the California Under-

current.
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COMPARISON OF SEA LEVEL AND CURRENTS OFF
THE OREGON COAST USING MEAN MONTHLY DATA

INTRODUCTION

The annual oscillations are among the strongest signals observed

in the oceanographic regime over the continental shelf off Oregon.

Strong seasonal changes have been shown to occur in sea level (Brunson,

1973), alongshore current (Huyer, et al., 1975), the near-shore den-

sity field (Huyer, 1976), and coastal upwelling (Smith, 1974), and

seem to be inherently tied to the annual variations in the climatolog-

ical pattern off Oregon. This pattern is primarily dominated by the

large scale atmospheric circulation of the North Pacific High. During

the summer the high is more intense and located farther to the north,

causing northerly and northwesterly winds to prevail off the Oregon

Coast. In the winter, the high is further south and weaker, with

the winds becoming westerly and southwesterly along the coast.

The seasonal change in the wind and the resultant change in the

wind stress on the ocean's surface, causes corresponding changes in

the alorigshore surface currents. During the spring and summer months

southward moving alongshore currents occur due to the northerly winds.

The associated Ekman transport brings the onset of coastal upwelling,

causing cooler more dense water to reach the surface with a character-

istic upslope of the main pycnocline towards the coast. In consonance

with both the offshore mass transport of surface waters and the

dynamic relationship between sea surface slope and the geostrophic por-

tion of the current a lowering of sea level at the coast is observed.

With the pr?dominance of southerly winds in the fall and winter, the
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surface alonshore current becomes northiard, upwelling ceases, the

main pycnocline becomes generally horizontal at about 100 meters,

and sea level rises.

Studies of the seasonal variability of oceanographic phenomena

off Oregon hive been very limited, the main objective of these being

to show the changes of specific observations on a seasonal basis with

some discourse as to their probable causes. Some comparisons have

been made between various oceanographic parameters in order to verify

the consisteicy between general dynamic theory and actual oceanographic

data (e.g. Smith, 1974), but nothing has been done to relate quantita-

tively the seasonal cycles of the oceanographic observations. Direct

comparisons of sea level, current and wind observations have been

conducted for periods of a few months. Results from these studies

have generally shown good correlations between changes in these

observations for periods of several days.

Continuous sea level measurements are easily recorded at the

coast while current observations entail considerable expenditure of

time, effort and money with no assurance of being successful in the

end. If the general low frequency current features can be predicted

from coastal sea level observations, it would mean considerable

savings to many studies where precise current observations are not

required. The main objective of this study will be to determine

whether an empirical relationship can be shown to exist between

monthly mean sea level and alongshore current observations. It is

felt that a predictive tool may be developed from which the mean
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monthly current field over the continental shelf can be successfully

estimated from observed sea level measurements at the coast. Monthly

mean values of sea level and aiongshore currents from data collected

near Newport, Oregon (44°37'N, l24°051W), during the years 1967 -

1975 will be examined using simple linear regression techniques.

A brief examination is also made to determine how closely the

climatological pattern effects changes in the oceanography off Oregon.

Mean monthly values of windstress, atmospheric pressure, and sea level

will be exaiiined to determine the relationship between atmospheric

and oceanographic conditions.
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Review of Earlier Studies

The first known description of the currents off Oregon and

Washington was given by George Davidson from observations he made

between 1865 and 1906 (Jones, 1918). Davidson described a southward

setting current, now known as the California current, 50 to 100 miles

off the coast of unknown width and velocity. Inside this was a north-

ward setting current which he named the Davidson Inshore Eddy Current.

Jones (1918) concluded from Davidson's observations and ship's drift

measurements that during the summer, when northwesterly winds pre-

vailed, the tendency of the inshore current was to the south. During

the winter, this flow was primarily to the north due to the influence

of southerly winds, Thus, the seasonal nature in the current field

off Oregon and its possible close association to the prevailing local

winds has been considered for quite some time.

Sverdrup et al. (1942) suggested that the Davidson current might

be the surface manifestation of the subsurface California counter-

current. Evidence of this undercurrent was observed by Reid and

Schwartzlose (1962) off Southern California. Current drogue measure-

ments showed that the subsurface countercurrent extended seaward from

the coast for 60 miles with a velocity of about .44 knots at the cen-

ter. Similar drogue measurements by Stevenson (1966) found no

indication of any strong permanent subsurface current off Oregon,

however, very recent studies do show evidence for such an undercurrent.

The first extensive observations confirming the true seasonal

nature of the nearshore surface currents off Oregon were obtained from



drift bottle studies between 1959 and 1971 by Burt and Wyatt (1964)

and Wyatt et al. (1972). The annual cycle obtained from these studies

showed a northward flowing current from October to February and a

southward flowing current from May to August. Variable currents were

found in the spring (March and April) and in the fall (September)

coinciding with the major seasonal direction changes. The Davidson

current was found to extend further than 165 miles off the coast at

times, but the main flow was believed to occur within 100 miles off

Oregon and Washington. The average geostrophic flow over the annual

cycle as determined from the 1000 db surface was found to be northward

within 100 miles and southward outside this distance coinciding with

the general features of the California current (Lee, 1967).

Wyatt et al. (1972) concluded from the drift bottle and wind data

off Oregon that the inshore surface currents, including the northward

Davidson current were very closely related to the local windstress on

the water's surface. Normal and anomalous currents were readily

explained by examination of associated wind distributions. Current

meter measurements over the continental shelf also showed that

southerly winds were associated with northward moving currents while

northerly winds were associated with southward moving currents

(Collins and Pattullo, 1970).

During the suriiiier, the shelf water is well stratified and a

current shear exists between near surface and deeper waters (Collins

and Pattullo, 1970). While the surface flow was observed to be south-

ward, the deeper flow was often found to be northward. Simultaneous



drogue and current-meter measurements by Collins et al. (1968) over

the Oregon continental shelf yielded a mean northward flow at depth

and a mean southward flow at the surface during September, 1965.

Cutchin (1972) and Huyer (1974) show deep flow over the continental

shelf to be poleward in late summer and southward in the spring.

The seasonal cycle of the alongshore velocity field over the

continental shelf was well summarized by Huyer et al. (1975) from

direct current measurements made between 1965 and 1973. These find-

ings include:

(1) In winter, the alongshore flow is generally northward

and independent of depth.

(2) In spring, flow is southward at all depths but stronger

near the surface.

(3) In summer, surface flow is southward and deep flow is

northward,, The southward surface flow forms a coastal

jet and the deep northward velocity increases with

distance off shore.

Even though papers on the variations of sea level date back more

than 200 years, reliable and accurate data were not available until

the late 19th century. Gall (1926) summarized the European thought

on the subject, hypothesizing that sea level changes were related to

meteorological and oceanographic factors. Montgomery (1938) found

close agreement between dynamic height calculations and monthly mean

sea level corrected for atmospheric pressure. He proposed eight pos-

sible contributions to long term sea level changes, including:



(1) Dynamic effects due to changes in gradient currents.

(2) Effects of local winds.

(3) Local addition of mass.

(4) Atmospheric pressure.

(5) Thermal effects.

(6) Changes in bottom topography.

(7) Widespread effects from action of any of the above at a

distance or over large areas.

(8) Astronomic tides of long periods.

La Fond (1939) described the annual cycle in sea level along the

West Coast of the United States. Sea level at San Diego reaches a

maximum in summer and a minimum in winter. Further north this trend

reverses, with Seattle having a minimum in summer and a maximum in

winter. These changes were attributed primarily to the seasonal

variations in water density and atmospheric pressure. Pattullo et al.

(1955) in an extensive study of world sea level variations showed that

steric and recorded departures were in phase in low and temperate

latitudes. Temperature fluctuations in the upper 100 m accounted for

most of the sea level changes found. Analysis of sea level records in

the Pacific by Pattullo (1960) verified the seasonal pattern presented

by La Fond with a noticeable phase shift north of 40°N Latitude. She

also found that the Northwest Coast of the United States exhibited

some large anomalous areas, suggesting that nonisostatic influences

such as sea slope, wind, and currents could lead to appreciable

regional deviations.
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Brunson (1973) first described the seasonal fluctuations of sea

level off Newport, Oregon, from monthly mean sea level measurements

obtained from a tide gauge installed there in 1967. For the five year

mean, sea level was found to be highest in January and lowest in May

and June. According to Brunson, (1973) steric height determinations

(Brunson assumed the 500 db surface and the ocean bottom where it is

less than 500 m deep to be a level of no motion) could only account

for about one-third of the measured departures from mean sea level.

Reid and Mantyla (1976), by extrapolating the slopes of steric height

surfaces into the continental slope and shelf, were able to show that

the steric height fluctuations could account for the entire seasonal

variation in sea level at Newport. Using this method of computing

the steric height, Huyer (1976) showed that there is very little

seasonal variation in the steric height at a point 80 km offshore

from Newport. Inshore of this point, sea level slopes downward

towards the coast in the summer and upward towards the coast in winter.

Estimates of geostrophic current from the steric heights relative to

600 db agree quite favorably with direct current measurements for the

same region (Huyer, 1976). Geostrophic flow is generally northward

from October to February with little or no vertical shear. Summer

flow is southward with a mean vertical shear present and stronger flow

at the surface.

Near shore steric sea level measurements are quite noticeably

out of phase with the seasonal heating cycle. Northerly winds during

the summer bring about coastal upwelling (defined by Smith, 1968) and
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southward currents over the continental shelf. Warm surface waters

moved offshore under the influence of Ekman transport are replaced by

cooler water from beneath. In addition, the southward current advects

colder water from the north. During the winter, the situation is

reversed. Southerly winds predominate producing northward currents

and stopping upwelling. Ekman transport is towards the coast piling

up the warmer surface waters against the coast while concentrating low

salinity water from river runoff near shore. The northward currents

also advect warmer water from the south into the region.
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DESCRIPTION OF DATA

The Oregon coastal region near Newport (see Figure 1) is ideally

suited for the study and comparison of seasonal variations in sea

level, current, hydrographic and meteorological observations. The

Oregon State University Marine Science Center, located on Yaquina Bay

near Newport, is the site of a recording tide gauge from which mean

sea level is determined. The Newport (NH) and Depoe Bay (DB)

Hydrographic Lines have been routinely occupied by Oregon State

University research vessels (e.g. Barstow et al., 1969). These and

other sampling stations in the region have also been used for moored

current meter installations (e.g. Huyer et al., 1971). Bakun (1973,

1974) has prepared atmospheric pressure and geostrophic wind calcula-

tions for a point 85 km northwest of Newport representing the areal

cumulation of synoptic weather data from the entire Oregon coastal

region. The general proximity of these various data sources enables

direct comparison of the seasonal variations without problems arising

due to spatial distortion.

Sea Level Observations

Sea level data is obtained from observations taken at the Marine

Science Center on a Fisher Porter recording tide gauge. The water

level is recorded at 6 minute intervals on a punch tape from which

hourly and monthly mean sea levels are determined.

Mean sea levels for this study were obtained by averaging tabu-

lated hourly heights as measured by the gauge. Daily mean sea level
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values were calculated using the formula 1/24 ( h + h1 + ....h23),

where h0 , h1 .. .h23 denote hourly heights, h0 being 0000 hours GMT.

Monthly mean sea levels were then determined by averaging the appro-

priate number of mean daily values for each month. The averaging of

hourly heights effectively filters out the influence of the diurnal,

semi-diurnal and shorter tidal components (Roden, 1960). The Newport

tide gauge data was processed by the National Ocean Survey, Tides

Section, National Oceanic and Atmospheric Administration until

August, 1973. Since then the data has been processed by the Depart-

ment of Oceanography, Oregon State University. Table 1 summarizes the

monthly mean sea levels since the tide gauge was installed in

February, 1967.

Current Observations

Direct current meter measurements off the Oregon Coast have been

made at various intervals since 1965. Only those observations made

since the installation of the Newport tide gauge in February, 1967,

are considered in this study. Prior to the 1972 Coastal Upwelling

Experiment (CUE-I), the current observations were made with Braincon

current meters. Since 1972, Aanderaa current meters have been used.

Both types of current meters have Savonius rotors and were moored

in arrays with subsurface flotation (Pillsbury et al., 1969).

The current meters record speed and direction at sampling inter-

vals of 20 minutes for the Braincon meters and 5, 10, 15 or 20

minutes for the Aanderaa meters. The sampling interval time series

are then filtered to obtain hourly time series. The details on the



TABLE 1. Monthly mean sea level (cm).

Jan Feb Mar Apr May Jun Jul Sep Oct Nov Dec Mean

1967 270.6 284.7 277.2 259.8 264.0 261.1 264.4 272.3 276.3 277.5 282.2 271.8

1968 285.9 293.8 283.6 256.2 268.3 263.7 266.8 276.4 273.1 281.2 290.7 305.4 278.8

1969 301.2 301.2 274.3 280.8 268.9 270.5 261.5 263.5 273.0 277.9 280.0 299.4 279.4

1970 302.2 289.4 275.9 257.7 257.1 261.4 261.8 265.3 264.2 275.6 288.9 301.6 275.1

1971 280.5 271.9 280.8 272.4 262.5 2G6.7 263.7 270.4 272.5 268.3 275.8 288.2 272.8

1972 280.8 286.4 282.4 274.0 263.7 267.3 268.7 271.2 273.3 272.8 284.9 290.6 276.3

1973 292.0 287 4 277 7 252.1 259.1 260.6 259.1 2606 266.7 269.4 293.2 298.1 273.0

1974 285.3 278.6 2886 273.4 263.0 263.7 271.3 264.9 269.7 263.7 275.8 280.4 273.2

1975 276.8 286 5 278.3 263.3 257.9 256.6 262.7 261.8 264.9 278.0 280.4 275.8 270.3

Mean:
1967-75 288.1 285.1 280.7 267.5 262.3 263.8 264.1 266.5 270.0 273.7 283.0 291.3 274.6

1967-74 289.7 284.9 281.0 268.0 262.8 264.7 264.3 267.1 270.6 273.2 283.4 293.2 275.1

-J
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current meter data processing are reported by Pillsbury et al. (1974).

The vector mean horizontal current for each month's observations were

computed from the hourly data.

Those data records with less than 10 days duration in any one

month were categorically eliminated from this study. This is justi-

fied since the emphasis is on quantifying the seasonal comparison

between sea level and current, and necessary since previous studies

have identified kinetic energy spectra peaks at periods corresponding

to several days (Cutchin and Smith, 1973; Smith, 1974). By elirninat-

ing periods of less than ten days, these energy peaks as well as

those associated with tidal and inertial oscillations are effectively

filtered out of the data. The mean current data used in this study

are listed in Appendix I.

Meteorological Observations

Six hourly synoptic surface atmospheric pressure fields are

prepared by Fleet Numerical Weather Central on three degree mesh

length grids for the northeastern Pacific Ocean. These pressure

fields have been used to compute the geostrophic wind and windstress.

The calculations for the geostrophic wind and windstress are

described in depth by Bakun (1973; 1974). Bakun has provided us with

six hourly time series of wind, windstress and pressure at 45°N,

125°W (site "B" Figure 1). These data were used to compute monthly

mean windstress and atmospheric pressure. The monthly mean calcula-

tions for the north-south component of the geostrophic windstress (Ty)



TABLE 2. Monthly mean atmospheric pressure minus 1000 (mb).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean

1967 16.7 23.9 14.8 15.4 22.7 17.5 20.3 18.4 16.0 17.6 17.7 19.0 18.3

1968 16.5 15.5 16.8 24.4 18.7 19.7 19.3 16.8 18.2 16.1 16.9 12.9 17.7

1969 9.6 7.9 20.6 17.5 18.7 16.6 20.7 18.2 16.1 17.7 19.2 14.3 15.4

1970 13.5 18.7 20.6 21.6 22.1 18.3 19.1 18.0 19.1 17.1 14.1 11.6 17.8

1971 20.8 20.1 17.4 17.8 19.7 18.8 19.1 16.6 16.5 19.3 18.4 15.0 18.3

1972 20.1 16.5 18.3 19.0 18.3 18.1 18.0 17.6 17.4 19.7 15.2 17.7 18.0

1973 15.2 14.8 15.8 23.1 19.5 18.9 19.7 19.0 16.9 17.9 10.5 14.7 17.2

1974 17.4 19.7 12.8 19.9 20.0 18.5 18.5 18.5 17.5 20.4 17.7 19.6 18.4

Mean 16.2 17.1 17.1 19.8 20.0 18.3 19.3 17.9 17.2 18.2 16.2 15.6 17.8

-a
U,



TABLE 3. Monthly mean alongshore windstress(dynes/crn2)
computed from the geostrophic wind. A positive
value indicates northward direction.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean

1967 .992 .268 .464 -.075 -.576 -.767 -.779 -.580 -.172 .776 .442 1.087 .090

1968 1.560 1.329 .616 -.451 -.413 -.520 -.730 -.294 -.251 .507 1.233 1.399 .289

1969 .549 1.138 .133 .301 -.195 -.437 -.655 -.390 -.073 .354 .764 1.578 .256

1970 1.056 .693 .023 -.241 -.404 -.461 -.551 -.523 -.217 .398 .753 1.110 .199

1971 .499 .108 .742 .032 -.556 -.123 -.495 -.220 -.194 .013 .646 .304 .063

1972 .213 .900 .411 .060 -.313 -.457 -.465 -.441 -.180 -.325 .741 .998 .095

1973 1.267 .465 .029 -.405 -.291 -.355 -.575 -.646 -.078 .096 .470 1.184 .097

1974 .839 .565 .630 .053 -.272 -.694 -.341 -.537 -.185 -.114 .529 .640 .093

Mean .872 .683 .381 -.091 -.378 -.477 -.574 -.454 -.169 .213 .697 1.038 .145
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and the atmospheric pressure (Pr) corresponding to the region adjacent

to site U3H from 1967 through 1974 are listed in Tables 2, and 3.

The Observed Seasonal Cycles

A preliminary examination of the monthly mean values for some of

the above data will serve to show its cyclic nature, and one of the

obvious reasons for attempting to correlate the various parameters.

An exceptional example of the high degree of visual correlation

between oceanographic and atmospheric data can be seen in the 1973

monthly observations (Figure 2). The current data are from a single

array of current meters (Poinsettia - "Po") which were continuously

maintained in 100 m of water at 44°45'N between December 1972 and

December 1973.

The general seasonal trend in the observations can also be seen

from the long term monthly averages. The average seasonal cycles

for sea level, atmospheric pressure and geostrophic windstress have

been computed using the eight years of monthly mean values from 1967

to 1974 (Tables 1, 2 and 3). A qualitative estimate of the annual

cycle in the alongshore current field from observations between 1965

and 1973 has been presented by Huyer et al. (1975). The comparison

of these mean seasonal cycles is shown in Figure 3.
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ANALYTICAL METHOD

Regression Technique

The statistical method employed in this study has been described

by Panofsky and Brier (1965). From the theory of least squares, a

line of regression is the most probable linear relationship between

X and Y provided the deviations of the observed values of Y from those

predicted by the line of regression are normally distributed, and the

scatter about the line is the same for all values of X. The line of

regression is defined as:

V' = A + B X

where X represents the independent variable, Y' is the predicted

dependent variable, and A and B are the regression coefficients as

determined from the analysis.

The regression coefficients are obtained using the following

expressions:

B=
(xz_ x)

A=Y-BX

where X and Y are the dependent and independent variables respectively.

Here the bar over a quantity means the average of that quantity
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(i.e. the sum of all the quantities divided by the total number). For

use in computer analysis, the regression coefficients can be written

as:

IN N N

B
L11

L

A =[kz1_1' .1 BEXI]I'1

The degree of variability (dispersion) of a variable is measured

by the standard deviation of that variable, and is defined as:

1/

o'x

The square of the standard deviation is known as the variance.

In determining the reliability of the linear regression model

as a predictive tool, close consideration must be given to both the

linear correlation coefficient (R) and the standard estimate of error

(crER).
The linear correlation coefficient is a nondimensional measure

of the association between the variables X and V and is defined as:



R = B-

Its value can range between 1 and -1 with the sign being determined

by the regression slope coefficient (B). The standard estimate of

error for the purposes of this study is given by:

"ER
BZct)= IN()2j/

I 1=1

L N

and measures the scatter about the line of regression (ie, the

variance found in Y not caused by X). Approximately 68 percent of the

observed values of Y fall within the limits of the predicted

value of Y such that:

Y= Y'± ER

While the correlation coefficient measures how closely the

variations in Y are associated with the variations in X, the square

of the correlation coefficient CR2) is interpreted as the percentage

of the change in Y which can be accounted for in terms of the changes

in X.
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A high value for the correlation coefficient (and its square)

and a small standard estimate of error are essential prerequisites

if the resultant regression model is to successfully estimate the mean

low frequency currents from sea level observations.
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COMPARISON OF SEA LEVEL AND ALONGSHORE
CURRENT FIELD

Data Setup

Upon examination of the available data, it became apparent that

the limiting factor in this study would be the sparsity of current

observations. Sea level was continuously monitored at Newport from

February 1967 to January 1975, a period of 107 months. During this

time, only 35 separate months of shallow (0 - 40 m) current data

exist for periods greater than 10 days. Monthly observations at

deeper depths are even less frequent than this.

The current observations were divided into three separate bathy-

metric regions. These regions are determined by actual station bottom

depths and are referred to as the "nearshore", 'shelf" and "slope"

sectors. The nearshore sector is defined as having a water depth

less than 75 m, with the shelf sector having a depth range from 75 -

150 m, and the slope sector having depths in excess of 150 m. Table 4

shows a representative distribution for the shallow current observa-

tions in these sectors. For station locations refer to Figure 1. The

shelf sector is denoted by the crosshatched shading.

Since the majority of the current data has been taken within the

shelf sector, this data has been used to study the relationship between

sea level and the alongshore current field over the continental shelf.

In addition to the consistency of the observations, most of the

stations in this sector (six of the ten) lie along the 100 m isobath

providing a common reference point in the analysis.
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TABLE 4. Distribution of shallow (<be) current
data observations (1967-1975)

Sector Bottom Stations Station Percentage of Representative
Observations Total Observations Months

Noarshore <75m 5 15 22% 12

Shelf 75-150m 10 41 68% 35

Slope >150m 4 7 10% 1

Station Observations: Total number of monthly current observations available from all stations.

TABLE 5. Simple statistics of near-surface and
deep layer flow (V) for shelf secb.or.

N SL V

(cm/eec)

R (1%)

Significance
Maximum Range

V 1SL
(ce/sec) (cm)

DTAL:

Near-surface 47 268.9 10.8 -13.5 13.9 .89 (.39) 58.2 44.8

Deep 45 269.7 10.6 1.3 6.5 .56 (.40) 28.9 42.7

NON-SUMMER:

Near-surface (Nov-Jun) 20 271.7 15.4 14.2 19.9 .97 (.61)

Deep (Nov-May) 14 276.3 16.0 -0.1 9.8 .83 (.75)

SUMMER:

Near-surface (Jul-Oct) 27 266.8 4.8 -13.5 7.3 .63 (.S2)

Deep (Jun-Oct) 31 266.7 5.1 1.9 4.4 .28 (.48)

N: Number of observations SL: Mean sea level Standard deviation (SL)

R: Correlation coefficient V: Moan alonjhore current : Standard deviation (V)

1%: One percent significance level
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The current data from the nearshore and slope sectors were

excluded in this analysis due to the low frequency of observation, the

nonconsistent nearsurface observation depths and the considerable

differences in their topographic regimes. The first reason is obvious

upon examination of Table 4. The second arises from the influences

of surface windstresses and density changes on the upper layer of the

shelf waters off Oregon. These effects are most dramatic in the top

50 rn, and current observations taken at various depths within this

layer will tend to show stronger responses the closer they are to the

surface. All the shallow current observations in the shelf sector

have been taken between 20 and 25 meters. The topographic differences

are also self-evident. The nearshore region being strongly influenced

by shallow water depth and bordering coastline while the slope region

includes water depths in excess of 500 in. All these factors are

intended to support the reasoning behind picking those stations

(defined as the shelf sector) which are assumed to most reliably

describe the alongshore current field over the shelf.

The observations taken at the shelf sector stations were divided

into three categories where possible. The "near-surface layer" for

the purposes of this study is represented by current observations

taken between 20 and 25 meters. A "deep layer" is defined which lies

approximately 50 to 60 in below the near-surface observations, depend-

ing on the availability of observations. The deep layer flow is

generally represented by current observations at depths of 75 - 80 m.

"Near-bottom" current observations are represented by the deepest
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observation taken within the lower third of the water column at each

of the shelf and slope sector stations. These tend to coincide with

observations in the deep layer at the shallower stations of the shelf

sector. Near-bottom observations from the shelf and slope sectors

are examined later in a qualitative analysis of the deeper current

regime off Oregon.

In general, the monthly current observations are representative

of the monthly mean current at each station during the specified month.

In some cases they represent the mean current for as little as ten

days of continuous observation. For current data consisting of less

than 25 days of observation in a given month, the mean sea levels

were computed to correspond to the same period of time as the observed

currents. Current data with more than 25 days of observation in any

one month were directly compared with the actual monthly mean sea

level. In all, 14 of the 47 current observations obtained from the

nearsurface layer consisted of between 10 and 24 days of data for

which the monthly mean sea level observations had to be adjusted.

The sea level and current observations for the shelf sector were

subjected to the linear regression techniques discussed earlier. The

current data are regressed upon sea level making sea level the

independent variable and current the dependent, or predicted vari-

able.
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Comparison and Regression

Figure 4 shows plots of the observed sea level and the near-

surface and deep current data for the shelf sector. Examination of

the near-surface plot shows two significant facts about the data. The

most obvious being a strong correlation between high sea level with

positive (northward) surface currents and low sea level with negative

(southward) surface currents. This correlation is in agreement with

(1) the theory of geostrophic surface currents, and (2) the association

between wind drift currents and Ekman transport along a coastal bound-

ary. Closer examination reveals that this correlation is considerably

stronger if the months whose data generally coincides with summer and

early fall (July to October) are ignored. During this period, here-

after referred to as the summer" period, the currents appear to be

more northward than at other times of the year for similar sea level

observations. In analyzing the data through linear regression, this

difference is used to better describe the relationship between sea

level and near-surface current.

The regression of sea level on the near-surface alongshore

current results in a linear correlation coefficient for the entire

data set of 0.89 (Table 5, page 25). From analysis of variance

(Panofsky and Brier, 1965) the probability of uncorrelated populations

having a correlation coefficient greater than 0.39 is less than 1

percent for a sample size of 47.

It has been noted from visual inspection of the data plots that

the correlation appears considerably better if the observations from
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July through October are excluded. The regression analysis bears this

out, resulting in a linear correlation coefficient of .97 and cJER

equal to ±4.7 cm/sec (Table 6, page 33). For the population size of

20 monthly observations, the correlation coefficient is significantly

different from zero at the 1 percent level with a value greater than

0.61. The high correlation coefficient and good standard estimate of

error about one-fourth the standard deviation) makes this line of

regression desirable for predictive modeling. The regression line and

°ER
limits for this portion of the year (November through June) are

plotted in Figure 5a.

The correlation coefficient from the data associated with the

summer was found to be significant with a value of 0.63 and a

equal to ±5.8 cm/sec. The slope of the regression line (B) for the

summer period is comparable to that for the rest of the year (0.96

and 1.26 respectively). The difference in the two data sets is

apparent in the more northerly aspect of the velocity field during

the sunnier for similar sea level elevations. The regression slope for

non-sunnier portion of the year (B = 1.256) is run through a point

corresponding to the mean sea level and current of the sunnier data.

The for this line of regression is ±5.9 cm/sec differing by only

0.1 cm/sec from the original regression line. Figure Sb shows the

resultant regression line and limits for the summer period.

The mean alongshore current and sea level elevation for the sum-

mer data is -13.0 cm/sec and 266.8 cm respectively. The current

velocity computed for the non-sunnier period associated with the same
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sea level elevation was found to be -20.3 cm/sec. The mean difference

in the velocity fields of both data sets is 7.3 cm/sec for similar sea

level elevations, with the surner data being more northerly.

Examination of the deep layer flow does not show the close

correlation between sea level and current data, but similar character-

istics are still apparent. Between November and May, the deep flow

still has some association with changes in sea level elevations. High

sea level elevations still tend to correlate with northward flow while

low sea levels are associated with southward flow, but the maximum

range in the velocity changes is considerably less. The maximum

range in the seasonal alongshore velocity for the near-surface layer

is nearly 60 cm/sec compared to a range of 30 cm/sec in the deep

layer, with a range of 45 cm in the sea level variations. From this

observation alone, the influence of sea level elevations appears to

be 50 percent less for the deep flow compared to the near-surface

layer. The same general pattern also recurs for the current flow

observed during the summer months with the mean flow during this

period being about 15 cm/sec more northward than the near-surface.

Note that maximum southward flow associated with low sea level during

the non-summer period is also 15 cm/sec more northward than its near-

surface counterpart.

The observed and calculated correlation (R = .56) between the

deep layer currents and sea level (Table 5, page 25) does not appear

to hold any promise in developing a satisfactory regression model for
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TABLE 6. Regression parameters for near-surface, deep
and unit shear regression analysis.

N A B R R2 a (1%)

NEAR-SURFACE:

Noverrer-June 20 -355.4 1.256 .97 .94 ±4.7 (.61)

July-October 27 -269.2 .961 .63 .39 ±5.8 (.52)

(-348.1) (1.256) (±5.9)

DEEP:

November-May 14 -141.4 .512 .83 .69 ±5.4 (.75)

June-October 31 -62.9 .243 .28 .08 ±4.2 (.48)

UNIT-SMEAR: 46 4.147 -0.0144 -.86 .74 ±.09 (.39)

N: Number of observations A, B: Regression coefficients R: Correlation coefficient

Standard estimate of error (1%) : Significance level

TABLE 7. Simple statistics and regression parameters for

sea level, atmospheric pressure and windstress.

2

N A 8Pr BT R 0ER

Sea Level:Prcssure 95 334.8 -3.36 -.763 .58 ±1.8

Sea Level:Windstress 95 272.1 17.46 .883 .78 ±5.7

Sea Level:Pressure/Nindstress 95 305.2 -1.80 13.15 .948 .90 ±3.7

a a
SL y T Pr

275.1 12.2 136 .614

]
17.8 2.8



34

the deeper flow field. The regression of the summer period has a

correlation coefficient of only 0.28 which is not significantly

different from zero at the 1 percent level for the sample size (31).

The correlation for the rest of the year was only slightly significant

at 0.83 with the 1 percent level at 0.75. In an attempt to develop

some type of descriptive model which would incorporate the deeper flow

regime, an estimate of the vertical velocity shear (v/Bz) was com-

puted from the two layers and then compared with sea level.

In estimating the vertical velocity shear, it was necessary to

insure that computations from different depths (i.e. 20 m to 80 m and

25 m to 75 m) could be analyzed with no biasing due to varying depth

intervals. For the purpose of this study the "shear" is defined as

the difference between the deep and near-surface currents divided by

the depth interval and is written as:

V V
Deep - Surface

tD LD

where V and V are the respective velocities for each layer
Deep Surface

and LD is the depth interval in meters. The observed range in the

shear was 0.6 to -0.2 cm/sec/rn, representing the average velocity

shear for the entire depth interval. A positive shear value would

indicate flow becoming more strongly northward with depth. The plot

between shear and sea level is shown in Figure 6. The calculations

and computed values for the shear are listed in Appendix II.

The comparison of shear and sea level does indicate the possibil-

ity of quantitatively modeling the deep layer flow through regression
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of the shear field. The regression resulted in a correlation coeffi-

cient of -0.86 with a standard estimate of error equal to ±.09 cm/sec/

in. The data set consisted of 46 observations and was found to be

significantly different from zero at the 1 percent level for a corre-

lation coefficient greater than 0.39. From observation of the shear

plot (Figure 6a), there appears to be considerably more scatter in the

region where sea level is less than 270 cm. This may, in part, be

due to the fact that more observations have been taken in this region.

It might also be attributable to the presence of the summer shear data

which, though conveniently located about the line of regression, may

not have as strong a dependence on sea level. A lower correlation

with sea level has been observed in both the near-surface and deep

layer current data and should also be true in the shear data. For

this reason it seems reasonable to define the standard estimate of

error for both regions of the plot. In this way the error limits

can better compensate for the increased variability about the line of

regression for the region where the surmier shear data is present

(sea level <270 cm). The standard estimate of error was computed to

be ±.lO cm/sec/rn for sea level less than 270 cm and ±.07 cm/sec/rn

for sea level greater than 270 cm. The resulting regression model

with its GER limits is shown in Figure 6b. The regression parameters

are listed in Table 6.
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Rotation of Coordinate Systems

Some comparisons between different current meter arrays in pre-

vious studies off Oregon have been made in a natural coordinate system

because of the significant variations in isobath orientation. This

coordinate system can be taken parallel to the local bathymetric

bottom contours or oriented to the principle axis in which the off

diagonal element of the Reynolds stress is zero (Fofonoff, 1969).

In practice, the principle axis of the flow has generally been

found to lie within a few degrees of the actual isobath orientation

(e.g. Smith, 1974; Kundu and Allen, 1976). For this study, the natural

coordinates at each station are taken in the direction of the local

isobath. The alongshore currents are rotated to the natural coordi-

nate system and compared with sea level to determine whether the

normal (north-south) or natural coordinate system best represents the

comparisons between data.

Figure 7 shows graphically the generalized orientation of the

normal and natural coordinate systems. I and J are the east-west and

north-south axis for the normal system while I' and Jt are the

respective axis in the natural system rotated by the angle 0. The

following equations are used to rotate the observed currents at each

station to their respective local coordinate system:

I' = I cos e - J sin 0

JI = J + I sin 0
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To determine if a better regression model was available using

current data rotated into its natural coordinate system, a test was

made using the near-surface data obtained from the stations located

over the 100 m depth contour. The alongshore (north-south) current

data is rotated to a natural coordinate system oriented parallel to

the local isobath direction. The calculations used to determine the

new alongshore current components were described earlier. The

stations and local isobath orientation (as inferred from Figure 1) are

as follows:

1. Carnation (C)

2. Sunflower (S)

3. Poinsettia (P0)

4. 0E3-7

000T (no change)

0

013 T
0

030 T

020°T

5. NI-I-15 020°T

The data consisted of 41 observations. The correlation between sea

level and alongshore current was found to be higher and the standard

estimate of error lower for the unrotated data. The unrotated

correlation was .90 with a of ±6.5 cm/sec while the rotated

correlation was .89 with a of ±7.0 cm/sec. Similar results were

obtained from rotating the deep layer flow for the same stations.

For the available data there appears to be no significant change

in the correlation of the data field due to the rotation from a normal

to a natural coordinate system. There is apparently no obvious dis-

tortion inherently present in the data due to the variations in the

isobath orientation between stations.
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QUALITATIVE EXAMINATION OF NEAR-BOTTOM CURRENTS

From the plots and regression analysis of the near-surface and

deep layer data (Figure 5, Table 5), two observations are apparent in

the relationship between current and sea level. One is the consider-

able decrease in their correlation and regression coefficients with

increasing depth. The response of the non-summer near-surface current

to changes in sea level is reduced by nearly 60 percent for deep layer

flow as seen from the changes in the regression slopes. A similar

change occurs between the two flows during the summer portion of the

year.

The second observation is seen in the difference observed in the

relationship between sea level and the alongshore current field during

the summer period. This is evidenced by the segregation of the data

plots into two distinct regions as mentioned earlier. In the near-

surface region this period is characterized by currents which are

generally 7 cm/sec more northerly than flow with similar sea levels

during the rest of the year. This flow still has a strong southward

component with a significant response to changes in sea level. The

same period in the deep layer is characterized by a mean northward

flow of 2 cm/sec which is independent of sea level.

These observations suggest the existence of a deeper more north-

ward setting current located seaward of the continental shelf which

strongly influences the shelf currents during the later stages of

coastal upwelling, and which is independent of changes in sea level or

surface conditions. An examination of the near-bottom current
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observations taken over the continental shelf and slope is made to

test this reasoning. Direct current observations over the continental

slope off Oregon are very limited. Most of the information available

has been inferred from the drift bottle studies and current drogue

measurements.

The only continuous current meter observations over the slope

were taken between February and July of 1975 in 200 and 500 meters of

water at 45°N latitude (Gilbert et al., 1976). A number of continuous

bottom current observations have been taken along the 100 meter contour

over the continental shelf. The available slope and shelf near-bottom

current observations are shown in Figure 8. Those observations with a

northerly component are plotted to see if there is any tendency for a

northward bottom current to persist throughout the year off the Oregon

coast.

With the exception of spring (March, April and May), northward

bottom flow is characteristically persistent over the shelf at all

times (as confirmed by Collins and Pattuilo, 1970 and Collins, et al.,

1968). Northward flow was observed in March of 1975 and May of 1972.

in 1975, while southerly flow existed over the shelf during April

northward flow was observed at 200 m over the slope. A month later,

though southerly flow was found both over the shelf and at 200 m,

northward flow was still present at 480 m. In June, northerly flow

was again evident over the shelf.

Even from the meager evidence presented here, it is possible to

draw some conclusions about the near-bottom currents off Oregon:
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(1) over the shelf, the only month in which a northward flowing

bottom current has never been observed is April; (2) where the obser-

vations are available (1975), a northward bottom current was shown to

exist near 500 m even when flow over the shelf and at 200 m became

southward; and (3) northward flow was shuwn to persist over the

continental slope from February to July of 1975.

Numerous studies of the California deep current system (e.g. Reid

et al., 1958; Wooster and Jones, 1970) have shown the existence of a

poleward undercurrent adjacent to the slope off Baja and Southern

California. The studies of the slope currents off Washington and

Vancouver Island by Reed and Halpern (1976), Ingraham (1967), and

Dodimead et al. (1963) suggest that a poleward slope current is a

permanent feature of this region during the entire year. The results

of these studies combined with the 1975 current meter observations off

Oregon strongly suggest that poleward undercurrent flow exists as a

permanent identifiable alongshore feature extending over 2000 km.

From the above reasoning, and consideration of the upwelling

dynamics, it is possible to set forth a tentative hypothesis on the

nature of the deep shelf and slope currents off Oregon. In April

the alongshore component of the wind becomes favorable for upwelling

(Bakun, 1973). The deep and bottom layer flows begin to develop on-

shore upslope components. The upslope current brings the deep denser

water normally associated with 100 - 200 m to the surface. The

upslope current would also tend to advect the northward flowing under-

current up the slope towards the shelf region.
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During April and May, the undercurrent is generally located

along the continental slope below 200 m. After the initiation of

upwelling conditions, the undercurrent begins to move up the slope

reaching the bottom shelf waters sometime in May or June, being fairly

well established in the deep layer over the shelf by July and August.

In October the wind pattern is generally variable, becoming southerly

for the winter season by November. At this time the alongshore shelf

flow becomes northward moving in response to the atmospheric condi-

tions, with the undercurrent no longer discernible from the now

well-developed Davidson current. Between January and March there is

a strong decrease in the northerly flow of the entire shelf current

field. By April the undercurrent is again located off the continental

slope and the entire flow field over the shelf is southward. Future

near-bottom current observations in the slope region will be able to

test this reasoning.
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COMPARISON OF THE SEASONAL VARIATIONS IN SEA LEVEL
WITH ATMOSPHERIC PRESSURE AND WINDSTRESS

An investigation was also made to determine how closely seasonal

variations in local meteorological conditions are reflected in the

observed sea level changes. The comparison is made between 95

consecutive monthly mean values of sea level, atmospheric surface

pressure, and the north-south geostrophic surface windstress. The

time period involved was from February 1967 to December 1974. The

data listings corresponding to this time period are found in Tables 1,

2 and 3.

The investigation was made using multiple linear regression

analysis. The method for this type of regression can be found in

Panofsky and Brier (1965) or many other statistical methods publica-

tions. The analysis was actually carried out using subroutines con-

tained within the Statistical Interactive Programming System (SIPS)

available on the CDC-3300 computer at Oregon State University.

The regression analysis used sea level as the dependent or

predicted variable. Atmospheric pressure and windstress are treated

as the independent input variables. The form of the regression model

obtained is represented by:

SL' = A
+

E1 (Pr) + B2 (Ty)

where SL' is the predicted sea level (cm) obtained from the regression,

Pr is the atmospheric pressure (-1000 mb) and Ty is the alongshore

north-south component of the windstress (dynes/cm2). A, B1 and 82 are

the regression coefficients determined by the analysis.
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The results showed a surprisingly high correlation coefficient

of .948 suggesting that nearly 90 percent of the observed changes in

monthly mean sea level during this eight year period can be explained

from the variations in the local pressure and windstress fields. The

standard estimate of error between the predicted and observed sea

levels was computed to be ±3.7 cm. The maximum observed range in the

sea level observations was 53.3 cm. The other regression parameters

are seen in Table 7 (page 33).

The value obtained for the atmospheric pressure regression

coefficient (B1 = -1.80) indicates that there is a contribution to

the inverse relationship between variations in pressure and sea level

in addition to the static effect. The static, or inverted barometer

effect refers to the lowering of sea level by 1 cm for each 1 mb

increase in surface pressure. Sea level is generally considered to

completely adjust to pressure changes within a matter of days and most

certainly within the time period of a month. The static effect should

result in a regression coefficient near -1.

The additional effect is probably only indirectly related to

pressure. The wind pattern off Oregon indicates that lower pressures

are associated with the stronger southerly and westerly winds adjacent

to the coast. Thus, part of the influence of the windstress piling

water against the coast may also be reflected in the pressure effect

depicted in this regression. A similar regression coefficient of

-1.7 was obtained by J. Sauer (1962). He indicates that the addi-

tional influence due to pressure, though certainly associated with
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the local wind may be more closely related in the steric changes

brought about indirectly by the winds.

It is apparent from this analysis that the seasonal changes in

sea level off the Oregon coast are indeed strongly dependent on the

local atmospheric conditions.



DISCUSSION

Theoretical and numerical models of coastal upwelling (Allen,

1973; O'Brien and Hurlburt, 1972) indicate that the alongshore cur-

rents are primarily geostrophic. In simple geostrophic flow, the

coriolis force is balanced by the pressure surface slope, or, for the

case of near-surface flow, the sea surface slope. This balance of

forces is written as:

fV = g

where h is the sea surface elevation. For a homogeneous fluid this

relationship would hold for the entire water column. An estimate of

the width L of a geostrophic coastal alongshore current (Collins,

1968) can be made using the regression coefficient (B) obtained from

the alongshore current (v) and sea level (sL), where:

V = SL = BSL

The regression model for the non-summer near-surface flow suggests

a geostrophic balance between sea level and alongshore currents. The

correlation coefficients of .97 indicates that nearly 95 percent of

the changes in the current are due to the changes in sea level. The

estimated barotropic current width from the regression coefficient is

76 km, a value consistent with estimates made by Smith (1974) and

Collins (1968). Huyer (1976) found the location of zero seasonal
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oscillations in steric departures to be approximately 80 km off the

coast.

A baroclinic component to the alongshore flow may also exist

obeying the thermal wind equation:

z fpBx tD

where the z axis is directed positively downward. The vertical shear

present over the continental shelf in the summer has been shown to be

in balance with the horizontal density gradient from comparisons of

geostrophic and measured currents (Smith, 1974 and Huyer et al., 1974).

The density field over the shelf is highly dependent on the

seasonal nature of the local winds (Huyer, 1976) and thus indirectly

associated with changes in sea level. This association is quite

apparent from the regression model obtained using the shear and sea

level data. When conditions are right for upwelling (i.e. northerly

winds and isopycnals sloping up towards the coast) the near-surface

mass transport is away from the coast and sea level drops. The posi-

tive horizontal density gradient associated with the sloping isopycnals

is consistent with the observed positive (increased northward flow with

depth) vertical shear. In the winter when strong southerly winds pile

the less dense near-surface waters against the coast causing higher

sea levels, there is a tendency for some downwelling to take place.

These conditions are evident in the characteristic downward slope of

the pycnocline towards the coast for this time of year. The resulting

negative horizontal density gradient leads to the negative vertical
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shear observed for high sea levels. Typical seasonal vertical sections

of the density field over the continental shelf off Oregon are shown

in Figure 9.

From the thermal wind relationship maximum horizontal density

gradients over the shelf are inferred when the maximum vertical shear

is observed during late spring and summer. During the sumer and

early fall, the less dense surface waters have been transported off

the shelf and dense upwelled water is generally present. Direct

measurements of sigma-t (c5t) during this period shows the permanent

pycnocline (25.5 - 26.0 o) characteristically intersecting the sea

surface over the shelf, implying that the horizontal density gradients

extend throughout the entire water column to the sea surface.

As mentioned previously, the near-surface currents during the

summer and early fall tend to be 7 cm/sec more northerly for their

observed sea levels. If the assumption is made that the near-surface

horizontal density gradients are negligible except during the summer,

this velocity difference can be explained from shear considerations

alone. With a negligible horizontal density gradient the geostrophic

current at the sea surface will be the same throughout the near-surface

layer. Thus, the near-surface current observations are indicative of

the actual sea surface geostrophic flow. In the sunilier when these

density gradients are not negligible, the current observations below

the surface reflect the additional influence due to the thermal wind

shear,
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The mean unit shear observed during the summer period was found

to be approximately .30 cm/sec/rn for a mean sea level of 266.8 cm.

Calculations for the surface currents are obtained by correcting the

near-surface observations for the vertical shear due to the 20 - 25 m

depth difference. The results indicate surface flow 6 - 7.5 cm/sec

more southerly than the near-surface layer, findings which are consis-

tent with the above assumptions. Using the thermal wind equation, the

horizontal density gradient associated with the observed mean unit

shear during the summer would be .032 at/km. Calculations using

Huyer's (1976) mean density d'istributions from hydrographic data taken

along the Newpo't Hydrographic Line for the period 1961-1970 indicate

similar results. The mean horizontal density gradient between NH-b

and NH-35, a distance of 46 km, was found to be .043 at/km. The

magnitude of the density gradient determined for the winter period was

nearly one-third this value.

The regression model for the alongshore near-surface current is

represented by:

V1 1.256 (SL)+ A
± °ER

where 4.7 Nov-Jun

°ER
5.8 Jul-Oct

and -355.4 Nov-Jun
A=

V
-348.1 Jul-Oct

The regression coefficient has two contributing portions such that:

AV12



53

can be defined as the arbitraryu portion resulting from the

difference between mean sea level and the arbitrary zero reference

point from which sea level is measured. A2 is a "dynamic° portion

whose contribution is determined from the physical relationships

existing in the oceanic regime itself. For this study the nine year

mean sea level is 274.6 cm resulting in an "arbitrary"

constant of -344.9 cm/sec. The "dynamic" constant is -10.5 cm/sec

for November to June and -3.2 cm/sec for July to October.

The current model is representative of the geostrophic relation-

ship between the sea surface currents and sea level for the entire

year. From July to October the mean current shear may account for

the more northerly current velocities observed at 20 - 25 m, suggest-

ing the near-surface layer may tend to have a negligible horizontal

density gradient during the remainder of the year. This tendency has

already been demonstrated in the comparison made between suniier and

winter mean density distributions as calculated by Huyer (1976).

This difference may also be totally or in part due to the presence of

the poleward flowing undercurrent on the shelf during this same period.

The regression model for the unit shear between the near-

surface (20 - 25 m) and deep (75 - 80 m) layers was found to be:

+G= -0.0144 (SL) +
ER
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where .07 SL > 270 cm

°ER
.10 SL < 270 cm

and A=A1+A2 =4.147

The "arbitrary" constant (A1) is 3.954 cm/sec/rn and the "dynamic"

constant (A2) is 0.193 cm/sec/rn.

The regression analysis of sea level with surface pressure and

alongshore windstress confirmed that the local meteorological condi-

tions have a strong influence on the near-surface dynamics. Sea level

was found to be nearly 90 percent responsive to changes in the atmo-

spheric conditions indicating that the near-surface geostrophic flow

is dominantly controlled by the local atmospheric circulation pattern

off Oregon.

Any influence of the surface conditions on the deep layer flow

was found to be reduced by nearly 60 percent. Deep layer flow between

June and October was found to be independent of surface conditions.

The qualitative analysis of the near-bottom and deep current systems

off Oregon shows the deep layer flow being driven by the poleward

moving California Undercurrent during this period.
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SUMMARY AND CONCLUSIONS

Low frequency observations of alongshore current and sea level

from the waters adjacent to the Oregon coast are compared. The current

observations were taken over the continental shelf while sea level

observations were made at Newport.

The surface currents appear to be in geostrophic balance with the

sea surface slope as measured by sea level elevations at the coast.

The average width of the geostrophic surface current is approximately

76 km.

A regression model is formed describing the relationship between

the near-surface currents (20 25 m) and sea level. Current observa-

tions taken during the summer are nearly 7 cm/sec more northerly than

anticipated. This difference is attributed to (1) the presence of the

poleward moving undercurrent over the shelf, and (2) the possibility

that horizontal density gradients within the near-surface layer are

considerably larger during this period causing a significant vertical

shear.

From the available data and results of the regression analysis it

is concluded that mean monthly sea level measurements can be used to

estimate mean monthly currents within acceptable limits. Using the

near-surface regression model developed in this study, the mean cur-

rent 20 - 25 m below the surface can be estimated with a standard

estimate of error less than 6 cm/sec. The annual range for the along-

shore current velocity at this depth was found to be nearly 60 cm/sec.
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A regression model is also formed which describes the relation-

ship between the vertical shear and sea level. The baroclinic compo-

nent to the geostrophic currents over the continental shelf is found

to obey the thermal wind relationship. The mean vertical shear

between the near-surface and deep layers can be estimated from mean

monthly sea level measurements with a standard estimate of error of

.07 - .10 cm/sec/rn. The observed annual range in vertical shear was

found to be approximately .8 cm/sec/rn.

The geostrophic surface currents are found to be driven in

response to changes in the local meteorological conditions off Oregon

(i.e. Atmospheric pressure and alongshore windstress). The deep

currents appear to be considerably less responsive to changes in sur-

face conditions. Between June and October, the deep currents over the

shelf are driven by the poleward moving California Undercurrent.

The regression models presented in this study resulted from high

correlations in the available data with reasonably low standard

estimates of error. They have been shown to agree favorably with

theoretical considerations. Additional current data will be required

to precisely determine the limits and dependability inherent in these

models. Additional observations are also needed over the continental

slope to verify the relationship between the California undercurrent

and the deep and bottom currents over the shelf.
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APPENDIX I

MONThLY ALONCSIIORE CURRENT AND ASSOCIATED

COASTAL SEA LEVEL 0[ISERVATIOII DATA

Near-surface:

Station year Month Station Observation Duration Current Sea Level

Depth Depth

(in) (in) (days) (cm/eec) (cm)

80: 1972 Jul NH-b 20 25. -11.7 269.0

Aug Nh1-10 20 30 -17.0 271.2

100: 1968 Apr DB-7 25 14 -38.3 252.7

May 08-7 25 26 -22.3 268.3

Jun 00-7 25 17 -16.8 264.4

Jul 00-7 25 31 -9.9 266.8

Aug 00-7 25 19 -3.9 273.9

1969 Aug NH-l5 20 31 -22.9 263.5

Sep NH-IS 20 19 -10.2 269.1

1972 Apr NH-iS 20 13 -29.4 261.2

May 011-15 20 31 -27.5 263.7

Jun NH-15 20 10 -19.0 265.5

Jul NH-15 20 31 -10.9 268.7

Aug NH-15 20 29 -8.2 271.2

Jul 08-7 20 25 -18.0 268.7

Aug 08-7 20 29 -17.7 271.2

Jul POt. 20 11 -9.3 270.8

Aug POt 20 13 -11.8 267.6

Dec P0 25 18 19.0 296.6

1973 Jan P0 25 31 8.4 292.0

Feb Po 25 27 1.1 287.4

Mar P0 25 31 -10.6 277.7

Apr Po 25 29 -37.4 252.1

May P0 25 30 -31.0 259.1

Jun Po 25 29 -27.8 260.6

Jul P0 20 31 -27.3 259.1

Aug P0 20 24 -16.1 259.1

Sep P0 25 28 -6.2 266.7

Oct P0 25 29 -6.3 269.4

Nov P0 2$ 31 11.6 293.2

Dec P0 25 17 19.9 297.5

Jul. C 20 31 -25.4 259.1

Aug C 20 28 -23.8 260.6

1974 Jul S 25 31 -2.8 271.3

Aug S 25 31 -13.6 264.9

1975 Feb S 25 28 13.2 286.5

Mar S 25 31 -4.8 278.3

Apr S 25 29 -36.3 263.3

May S 25 31. -31.3 257.9

Jun S 25 30 -25.3 256.6

Jul S 25 30 -7.1. 262.7

Aug S 25 31 -7.7 261.8

Sep S 25 11 -18.2 259.1

150: 1972 Jul 1111-20 20 25 -6.1 269.0

Aug 181-20 20 10 -24.1 264.6

Jul 00-13 20 29 -3.1 271.2

Aug 00-13 20 20 -9.7 273.4



62

Station Year Month Station Observation Duration Current Sea Level
Depth Depth
(m) (ru) (days) (;m/sec) (cm)

80: 1972 Jul Nfl-tO 60 25 -1.7 269.0
Aug NN-10 60 31 -2.0 271.2
Sep NU-lO 60 18 0.0 272.5

100: 1968 Jun DO-i 75 13 1.7 265.8
Jul 06-7 75 18 0.7 263.6

1969 Aug NH-15 80 31 -4.5 263.5
Sep NH-iS 80 15 0.4 265.2

1972 Apr Nfl-iS 80 13 -15.2 261.2
May Nil-iS 80 31 4.8 263.7
Jul Nil-iS 80 13 5.7 272.0
Aug NH-iS 80 15 3.0 2684
Sep NH-iS 00 30 3.1 273.3
Oct Nil-iS 80 28 3.2 272.8
Jul 08-7 80 25 7.1 268.7
Aug 00-7 80 29 4.5 271.2
Jul POL 80 15 3.6 274.2
Dec P0 80 17 15.5 296.6

1973 Jan P0 80 31 9,4 292.0
Feb P0 80 27 0.4 287.4
Mar P0 80 25 -7.5 277.7
Apr P0 80 21 -13.4 253.9
May P0 80 26 -5.8 259.1
Jun P0 80 26 -5.8 260.6
Aug P0 80 20 1.2 261.5
Sep P0 80 29 4.3 266.7
Oct P0 80 31 2.8 269.4
Nov P0 80 3C 4.4 293.2
Dec P0 80 17 11.4 297.5
Jul C 80 26 2.0 259.1
Aug C 80 31 2.8 260.6

1974 Jul S 75 31 5.9 271.3
Aug S 75 31 3.7 264.9
Sep S 75 30 6.2 269.7
Oct S 75 30 8.9 263.7

1975 Feb S 75 28 11.4 286.5
Mar S 75 31 -1.3 278.3
Apr S 75 29 -75 263.3
May S 75 31 -7.9 251.9
Jun S 75 30 -1.7 256.6
Jul S 75 30 7.9 262.7
Aug S 75 31 4.0 261.8
Sep S 75 11 -1.0 258.1

150: 1972 Jul 00-13 70 10 -12.6 264.6
Aug 08-13 70 19 1.7 273.4
Aug NN-20 70 26 5.1 271.2
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Near-bottom:
Station Year Month Station Observation Duration Current
Depth Depth

Cm) (ml (days) (cm/sec)

100: 1972 Apr DH-15 80 13 -15.2
May NH-IS 80 31 4.8
Jul NH-iS 80 13 5.7
Aug Nil-iS 80 15 3.0
Sep Nil-iS 80 30 3.1
Oct NH-iS 80 28 3.2
DeC P0 80 17 15.5

1973 Jan P0 80 31 9.4
Feb P0 80 27 0.4
Mar P0 80 25 -7.5
Apr Po 80 21 -13.4
May P0 80 26 -5.8
Jun Pu 80 26 -5.8
Aug P0 80 20 1.2
Sep P0 80 29 4.3
Oct P0 80 31 2.8
Nov P0 80 30 4.4
DeC P0 80 17 11.4
Jul C 95 26 2.0
Aug C 95 31 2.8

1974 Jul S 75 31 5.9
Aug S 90 23 5.9
Sep S 90 30 4.9
Oct S 90 30 7.1

1975 Feb S 90 28 10.0
Mar S 90 31. 1.2
Apr S 90 29 -0.9
May S 90 31 -4.3
Jun S 90 30 1.1
Jul S 90 30 5.8
Aug S 90 31 5.1
Sep S 90 11 -0.4

150: 1972 Jul NH-20 120 25 8.6
Aug NH-20 120 29 9.4

200: 1973 Aug 5 195 28 4.9
1975 Feb W 200 28 3.2

Mar W 200 3L 2.6
Apr W 200 26 1.6

500: 1975 May 0 200 31 -1.8
Jun 0 200 30 -4.3
Jul 0 200 28 3.2
May 0 500 31 2.9
Jun 0 500 30 6.6
Jul 0 500 28 4.2
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APPENDIX II

MONThLY AWNGSIIORE UNIT SURAR AND ASSOCIATED

COASTAL SEA LEVEL OBSERVATION DATA

Year Month Station Near-surface: Deep: Duration Unit Shear Soa Level
Depth/Current Depth/Current

(m) (cm/see) (m) (cm/see) (days) (cm/sec/rn) (as)

1967 Jun DH-7(1O) 40 -36.8 (60) -25.4 24 .57 260.7
1968 JUn D13-7 25 -11.9 75 1.7 13 .27 265.8

Jul DS-7 25 -12.7 75 0.7 18 .27 263.6
1969 Aug NH-iS 20 -22.9 80 -4.5 31 .31 263.5

Sep NH-iS 20 -24.8 80 0.4 15 .42 265.2
1972 Apr NH-iS 20 -29.4 80 -15.2 13 .24 261.2

May NH-15 20 -27.5 80 4.8 31 .54 263.7
Jun NH-15 20 -18.0 60 -2.7 10 .38 265.5
Jul NH-iS 20 -6.1 60 5.7 13 .20 272.0
Aug NH-15 20 -6.1 60 3.1 15 .15 268.3
Sep NH-iS 40 -7.8 60 3.1 30 .27 273.3
Oct NH-iS 40 -3.1. 60 3.2 28 .16 272.8
Jul 08-7 20 -18.0 60 7.1 24 .42 268.7
Aug DB-7 20 -17.7 60 4.5 29 .37 271.2
Jul POL 20 -9.3 60 3.6 11 .32 270.8
Jul NH-20 20 -6.7 120 8.6 25 .15 269.0
Aug NH-20 20 -3.1 70 -5.1 26 .16 271.2
Jul 08-13 20 -24.1 70 -12.6 10 .23 264.6
Aug 08-13 20 -9.7 70 1.7 19 .23 273.4
Jul NH-b 20 -11.7 60 -1.7 25 .25 269.0
Aug NU-lO 20 -17.0 60 -2.0 30 .38 271.2
Dec Po 25 19.0 80 15.5 18 -.06 296.6

1973 Jan p0 25 8.4 80 9.4 31 .02 292.0
Feb Po 25 1.1 00 0.4 27 -.01 287.4
Mar P0 25 -10.6 80 -7.5 25 .06 282.0
Apr P0 25 -37.4 80 -13.4 21 .44 253.9
May P0 25 -31.0 80 -5.8 30 .46 259.1
Jun P0 25 -25.9 80 -5.8 27 .37 260.6
Jul 80 20 -27.3 60 -8.6 31 .47 259.1
Aug Po 20 -15.7 80 1.2 20 .28 261.5
Sep P0 25 -6.2 80 4.3 29 .19 266.7
Oct P0 25 -6.3 80 2.8 31 .17 269.4
Nov Po 25 11.6 80 4.4 30 -.13 293.2
Dec P0 25 19.9 80 11.4 17 -.15 297.5
Jul C 20 -25.4 80 2.O 31 .46 259.1
Aug C 20 -23.8 80 2.8 28 .44 260.6

1974 Jul S 25 -2.8 75 5.9 31 .17 271.3
Aug S 25 -13.6 75 3.7 31 .35 264.9

1975 Feb S 25 13.2 75 11.4 28 -.04 286.5
Mar S 25 -4.8 75 -1.3 31 .07 278.3
Apr S 25 -36.3 75 -7.5 29 .58 263.3
May S 25 -31.3 75 -7.9 31 .47 257.9
Jun S 25 -2S.3 75 -1.7 30 .47 256.6
Jul S 25 -7.1 75 7.9 30 .31 262.7
Aug S 25 -7.7 75 4.0 3L .23 261.8
Sep S 25 -18.2 75 -1.0 11 .34 258.1




