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Ocean Currents Above the Continental Shel:f 0./f 

Oregon as Measured with a Single 

Array of Current Meter/ 

Curtis A. Collins2 and June G . Pattullo 

Department of Oceanography 
Oregon State University 
Corvallis, Oregon 9733I 

ABSTRACT 

Ocean currents were measured with meters moored above the Oregon continental shelf 
during four periods of about 25 days each-in July, September, and October 1965 and in 
February 1966. The data are described with histograms and progressive vector diagrams. 
Velocity variations having a frequency lower than one cycle in two days were associated 
with similar variations in wind in the alongshore direction. At a depth of 20 m, southerly 
winds were associated with northward-moving currents and northerly winds were associated 
with southward-moving currents. In February, when the waters were not stratified, this was 
true at all depths. In July and September, when the shelf waters were well stratified, the 
vertical shear of the alongshore current between 20 m and 60 m was 2 x rn-3 sec-1. This 
means that currents at a depth of 60 m in these months were often northerly. 

Introduction. The purpose of this paper is to describe measurements of 
current velocity, ocean temperature, and wind over the Oregon continental 
shelf and to describe the relationships among these variables. The measurements 
were made at frequent intervals (e.g., at 5-minute intervals for measurements 
of temperature), but only variations of periods long compared with tides are 
discussed in this paper. Lengths of the four records discussed varied from 21 
to 26 days. 

It is well known that surface currents adjacent to the Oregon coast flow 
equatorward in the summer months when the winds are northwesterly and 
poleward in the winter when the winds are southerly (Jones 1918, Marmer 
1926, Barnes and Paquette 1954). The equatorward flow is usually considered 
to be part of the California Current. The poleward flow is usually referred 
to as the Davidson Inshore Current. 

1. Accepted for publication and submitted to press 15 August 1969. 
2 . Now with Pacific Oceanographic Group, Department of Energy, Mines and Resources, Nanaimo, 

B.C., Canada. 
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Recent studies of drift-bottle returns have provided additional information. 
Burt and Wyatt (1964) have noted a good correlation in autumn between the 
shift in the winds from northwesterly to southerly and a shift in the alongshore 
surface currents from southerly to northerly. They also found that poleward 
Row extended on occasions as far as 165 miles offshore. Schwartzlose (1964) 
noted that the seasonal shift occurred first in higher latitudes; that is, poleward 
Row was observed off the Washington-Oregon coast before it was found off 
California. 

Direct measurements of subsurface currents are much less numerous than 
those of surface currents. During November 1961, Reid (1962) tracked at set 
of drogues off the coast of California and observed northward Row at 250 m. 
Stevenson ( 1966) reported on drogue measurements made over a period of 
four years near a station 8 5 km off the Oregon coast, in water 800 m deep. 
Although he observed some northward Row, he found that the average flow 
is to the south at all depths between the surface and 300 m. Collins et al. 
( 1968) made simultaneous drogue and current-meter measurements in Oregon 
coastal waters in September I 96 5; both drogues and meters yielded similar 
results with respect to the mean Row: northward Row at depth and southward 
Row at the surface. They also showed at this time that the Row 8 5 km offshore 
(observed with drogues) differed markedly from the Row in shelf waters. 
Measurements in Oregon shelf waters in September 1966 have indicated that 
the subsurface poleward Row persisted for at least one month and was at least 
18 km wide (Collins et al. 1968). 

Two other coastal phenomena related to horizontal currents are upwelling 
and seasonal variations in density structure. Upwelling, which occurs regularly 
along the Oregon coast from May through September, is a result of the same 
northwesterly winds that cause the equatorward current drift. During the 
winter the shelf waters are nearly homogeneous, but in summer they become 
well stratified, partially as a result of upwelling. For example, in July and 
September of 1965 the density difference between the surface and 60 m was 
about 0.001 g cm-3; during the following February the difference was only 
one-tenth as large. This shallow summer pycnocline is associated with both 
a thermocline and a halocline. A temperature inversion has been observed 
and may lie between upwelled and non-upwelled water (Pattullo and McAlister 
1962, Mooers et al., in preparation). 

Measurements. The currents were measured with Braincon type-316 
Histogram Current Meters; the temperatures were measured with Braincon 
type-146 Recording Thermographs. The meters recorded the number of 
rotations of a Savonius rotor during an interval of 10 or 20 minutes; the 
current direction was determined by recording the positions of the direction 
vane during the Io- or 20-minute period; the method has been described by 
Sundblad (1965). That is, the output of the current meter, the current velocity, 
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Figure 1. Location of measurements. Circle indicates position of the BLUEWATER No. 2 in September 
and October 1965; square indicates position of the instrument array in September and 
October 1965; star indicates July 1965 position of the WoDECO m and the instrument 
array and the February 1966 position of the instrument array; cross indicates the BL UE-
WATER position in February 1966. Depths are in fathoms. Solid circles along 44° 4o'N 
indicate the positions of the hydrographic stations used in Fig. 5. 

was taken to be the average speed and the most frequently observed direction 
for the Io- or 20-minute recording period. The thermographs photographed 
thermometers at 5-minute intervals (Brainard 1965). 

These instruments were mounted in a taut-line array supported by subsur-
face floats; see Fig. 1, Table I for the locations and times of the observations. 
Measurements were made in 1965 during July, September, and October and 



Table I. Statistics of shelf currents. Times are Pacific standard time. Speeds are cm sec', directions in degrees true. 
Speed is the mean speed past the rotor, regardless of direction; u is the mean speed eastward; v is the mean speed 
northward. See text for explanation of other headings and methods used. \J\ 

+ 
Inclusive Depth Number of Standard Principal Mode Secondary Mode Vector 

dates (m) observations Variable Mean dev. Max. Min. speed freq. speed freq. mean 

2040 20 1472 Speed 21.0 7.5 49.8 5.7 15.7 9.8 16.5 
12 July u -4.7 10.3 26.2 -30.1 - 12.5 19.9 

to 'V -15.6 11.0 21.4 -49.7 - 17.5 20.4 
0740 Direction 215 11.4 197 

2 August 
1965 60 1472 Speed 13.3 3.5 29.5 5.7 12.2 27.2 4.3 

u 1.4 6.8 17.7 - 18.8 +2.5 27.5 
'V -4.1 11.2 22.2 -29.5 -12.5 30.5 7.5 14.9 
Direction 195 9.3 025 4.8 161 "' i:: 

2310 20 3672 Speed 13.8 4.8 43.8 5.2 9.8 18.4 0.8 
'I 
.:! 
i:, 

28 August u 0.0 9.1 31.0 -31.5 -7.5 21.6 7.5 19.3 ...... 
to 'V 0.8 11.4 28.2 -33.6 +7.5 21.0 -7.5 14.7 

1100 Direction 025 5.7 225 4.5 360 
23 Sept. 1965 60 3672 Speed 15.4 5.2 42.9 5.2 12.8 14.4 6.1 'I 

u -0.7 8.5 20.5 -31.4 +2.5 20.4 -7.5 17.6 ;:i • 
6.1 12.3 35.8 -41.5 + 12.5 25.9 - 12.5 "' 'V 7.7 

Direction 005 8.0 175 2.5 353 "' '-, 

1910 20 3600 Speed 19.3 7.4 50.5 5.2 17. 1 12.2 4.0 "' i:, 
'I 24 Sept. u 1.2 13.5 49.0 -40.1 + 7.5 14.9 .... 
::,-. 

to 1900 'V 3.9 15.0 44.1 -49.0 +2.5 18.5 -12.5 9.6 
19 Oct. 1965 Direction 025 6.5 205 2.9 018 

1200 25 1872 Direction 205 20.6 015 10.5 
24 Jan. 

to 50 1559 Speed 26.3 14.3 73.1 7.9 12.2 10.0 40.3 1.9 6.5 
1140 u - 3.4 9.3 28.7 -21.7 - 12.5 24.1 

19 Feb. 'V -5.6 27.7 72.6 -55.9 -12.5 13.6 12.5 7.1 
1966 Direction 195 26.0 015 9.1 211 

75 1872 Speed 27.0 13.2 61.1 7.2 13.6 9.2 38.4 2.3 10.8 r-, 

-4.6 9.8 24.4 - 28.1 - 12.5 20.2 7.5 12.1 N u ~= 
V - 9.8 26.3 61.l -53.2 -37.5 10.5 -12.5 10.2 
Direction 195 18.3 015 7.5 205 
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in 1966 during February. Winds were measured aboard the oil-drilling barges 
WooEco III and BLUEWATER No. 2, using anemometers located 10 m above 
the water. The output of the anemometer was recorded at one-hour intervals 
on the BLUEWATER No. 2 and at four-hour intervals on the WooEco III. 

Results. Statistics for the current data are shown in Table I; included are 
the principal and secondary modes for the histograms (frequency distributions) 
presented by Collins et al. (1966). Representative histograms of the speed and 
direction are illustrated in Fig. 2. Ten-degree intervals were used for direction, 
five-cm sec' intervals for u and v (eastward and westward speeds), and an 
interval of four rotor revolutions per minute for speed.3 

The mean speed is simply an average of all speed readings taken in a set; 
the direction has been disregarded. For all sets, the average was 18 cm sec', 
with the lowest mean speeds in September and the highest in February. The 
speed distributions were all skewed, with the mean larger than the mode; the 
February distributions were bimodal. The average speed at the principel mode 
for all sets was 13 cm sec'. The mean standard deviation- 8.o cm sec1

-

generally increased linearly with mean speed. The range in speeds was large 
in every set and was equal to about six times the standard deviation. The lowest 
of the minimum speeds observed-5 cm sec 1 -was near the threshold of the 
current meter. 

The direction histograms were bimodal except that for the July data at 20 m. 
The direction of flow most frequently observed during each set (modal direc-
tion) is listed in Table I under "Principal Mode." The modal directions 
nearly paralleled the bottom contours; flow was southward in July and Febru-
ary, northward in September and October. In February, 20°/o of the direction 
observations fell within the ten-degree interval of the principal mode. Values 
for u (eastward speed) and v (northward speed) were computed from the speed 
and direction measured during each observation. In all cases, mean v was 
larger in magnitude than mean u. That is, the alongshore flow was better 
developed than the offshore-onshore flow. 

An impression of the vector mean flow and an estimate of the slow changes 
with time can be gained from an examination of the progressive vector dia-
grams (Fig. 3). These are constructed by vector addition, beginning with the 
initial observation at each sensor and adding successively a vector representing 
each ensuing observation of velocity. These plots do not represent position plots 
of drifting objects; all data for each plot were collected at a single point. The 
vector mean flow is the vector sum divided by the total time elapsed. It is 
parallel and proportional in magnitude to a vector connecting the beginning 
and end points of a progressive vector diagram. It is obvious that, if there is 
any appreciable variation in direction, the vector mean speed will be less than 

3. Poorly matched quantizing intervals made the use of an interval with units of centimeters per 

second less desirable (Webster 1964: 24). 



10 

Journal of Marine Research 

20 

JULY 
20METERS 
>-S-< 

15 
X 

SEPTEMBER 
20 METERS 
..s .. 

[28,1 

5 5 

>-u z 
w 
::, 
3 20 30 40 50 60 70 

ol,-IL.,...-.----,-:::::::::;,=-.,... 
10 20 30 40 50 60 

a: 

w 
> 
<l 
...J 

IO 
OCTOBER 
20 METERS 
1-S--4 

FEBRUARY 
75 METERS 

-s--1 
5 

QL.--=.---------===-· 
10 20 30 40 50 60 70 80 
ROTOR REVOLUTIONS /MIN . 

1b I I I 
20 30 40 

CM. /SEC. 

I 
50 

5 

F ig. z. a. 

20 30 40 50 60 70 80 90 100 
ROTOR REVOLUTIONS/ MIN. 

10 20 30 40 50 60 
CM./SEC. 

Figure z.. Histograms of current velocity data. The mean is indicated by x and the standard deviation 
by S. a. Speed histograms. b. Direction histograms. 

the scalar mean speed. Further, if a vector mean is taken over a long interval 
of time (several days or weeks) it may well average currents representative of 
several different meteorological regimes. Interpretation of such a mean is 
difficult. It is more useful in such cases to consider the major features of 
progressive vector diagrams. 

The July data showed a consistently south-southwestward set of the fl ow 
at 20 m, but at 60 m the direction varied, over periods of several days, from 
northeastward to southward and back again. When the 60-m flow was north-
ward, the speed at 20 m was less (although the direction did not change). These 
fluctuations appear to have followed changes in the wind (see RELATIONSHIPS 

AMONG VARIABLES). The vector difference (mean fl ow at 20 m minus mean 
flow at 60 m) was 13.0 cm sec• toward 202° true. 

September and October measurements were made on the seaward slope of 
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Stonewall Bank, a feature of irregular bottom topography. Contours tend 
north-south at the locations of the sensor arrays. Mean vector flow was north-
ward in September at both 20 m and 60 m. Flow at 60 m was stronger than 
flow at 20 m. During the early part of the observational period, the south-
ward fl ow occurred at both depths; it persisted at 20 m until about 5 September 
but disappeared at 60 m by 31 August. The vector shear (20 m minus 60 m 
flow) was 5.3 cm sec-1 toward 187° true. Note that the direction of shear 
was similar to that observed during July whereas the actual velocities of flow 
were not. 

During October, the flow at 20 m was northward until near the close of 
the observational period. East-west speeds showed higher variability than 
during any of the other data sets; the variance was 182 cm2 sec- 2 • 

During February, data were collected at three depths; the speed sensor 
fai led at 25 m. The progressive vector diagram for 25 m was constructed by 
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using a constant speed of five cm sec'. However, the 25-m speed sensor, 
which did work for two short periods, indicated speeds similar to those at 50 m 
and 75 m. The three progressive vector diagrams were remarkably similar. 
For three or four days in late January, the flow was southeastward; during 
the first week in February, the flow was toward the north-northeast; and for 
the remainder of the observational period, strong currents to the south-south-
west were observed at all depths. The speeds of the deeper currents during 
this period were higher than during any of the other three observational inter-
vals. The vector shear (50-m minus 7 5-m flow) was zero for February. 

TEMPERATURE. Statistics for observed temperatures are given in Table II. 
A plot of smoothed temperatures vs time is given in Fig. 4. 

Temperatures at 20 m were at their lowest in July; both the average, 
8.2°C, and the minimum, 7 .o°C, were the lowest observed. In July a temper-
ature inversion occurred beneath the seasonal thermocline. The temperature 
minimum and maximum associated with this inversion were located at depths 
of 30 m and 50 m, respectively. This resulted in the fact that the minimum 
temperatures at 20 m and 40 m were equal in July, and frequently the temper-
atures at 40 m were warmer than those at 20 m. Temperatures were slightly 
higher in September and had an average of 8.9°C. Although a temperature 
inversion was not usually present in September, one did develop from 28-
29 August and from 5-10 September; during this time it was not unusual for 
temperatures at 40 m to be higher than those at 20 m. This resulted in a 
lower minimum temperature at 20 min October; a maximum temperature of 
I 2. 7°C was observed on I 5 October. 

During February the ocean was nearly isothermal between 25 m and 50 m; 
in Fig. 4 it was not possible to plot dots of a size sufficient to differentiate 
between the temperatures at the two depths. The mean temperature at 
25 m and 50 m was 9.8°C; this was cooler than the October 20-m mean 
(10.2°C) but was greater than either the September or July 20-m mean 
temperatures. 

Table II. Statistics for temperature data, in °C. 

Month 

20 m to 25 m 

July .. . . . . ... ........ .... . . . . 
September .. .. . . ... . .. . .. .... . 
October . . .. . . . ....... . . . .... . 
February . ............ . .. . . .. . 

40mto50m 
July . .... .. .. . . .. . . . . . ... . . . . 
September . . .. ....... .. . ..... . 
February ......... . . . . . . . . . . . . 

Mean 

8.23 
8.94 

10.23 
9.80 

7.33 
8.00 
9.80 

Standard 
dev. 

0.73 
0.63 
0.98 
0.14 

0.16 
0.13 
0.16 

Max. 

10.5 
14.4 
12.7 
10.4 

8.5 
9.5 

10.3 

Min . 

7.0 
7.6 
8.3 
9.4 

7.0 
7.7 
9.4 



60 

WIN~ 6 

-12 

CURRENT 
16 

-32 

·2• 

60m 
16 

8 r( u ., 
0 

u 
-e 

·16 

-24 

TEMPER~TURE 
12 

II 

., 
·o 10 

" 20m 5, 
"€ 9 ., 
l;-> 

40m 
6 

Journal of Marine Research 

1960 
AUGUST SEPTEMBER 

i 13 213 f 112 22 

pc, 
6 

OCTOBER 

111 

25m8 50m 

[28, I 

I¾& 
F'£9RUAAY 

Figure 4· Smoothed time series. For velocity t imes series, the sol id dot represents the eastward 
component, the circle, the northward component, 



Collins and P attullo: Currents off Oregon 61 

October temperatures had the 
largest variance, February tem-
peratures the least variance. 

Average temperatures at 40 m 
were at their lowest in July, 
7.3°C, were slightly higher in 
September, 8.0°C, and were 
much higher in February, 9.8°C. 
The variances of these time se-
ries were nearly the same, about 
o.02°C 2

• 

WINDS. Statistics for the ob-
served wind are given in Table 
II I. ( A plot of the smoothed 

Table III. Statisti cs for wind data, in me-
ters per second. 

M onth 

Onshore component 
July . . . . . . . ... . . . . . 
August . . . .... . . .. . 
September . . ... . . . . . 
October .. . ... .. ... . 
February . . . ....... . 

Alongshore component 
July . .. . . . . . ... . . . . 
August . ... .. .. . .. . 
September . . . ... . . . . 
October . . . . . ... .. . . 
February .. .... . .. . . 

M ean 

J.6 
0.4 
0.3 
0.2 
0.3 

- J.7 
- J.5 
-2.9 

2.2 
3.0 

Standard 
dev. 

2.4 
J.6 
1.4 
2.1 
6.8 

2.6 
4.3 
3.2 
5.6 
6.4 

wind data is given in Fig. 4; see RELATIONSHIPS AMONG VARIABLES) . Sum-
mer winds along the Pacific coast are predominantly northwesterly. Our data 
follow this pattern. 

The shift from prevailing northwesterly winds to southerly winds occurred 
in October, although some southerly winds occurred in August. February 
winds, though having a southerly average, were marked by the passage of a 
northwesterly storm. For all months except February, the component of wind 
in the direction of the vector average had about ten times the variance of the 
component of wind orthogonal to the direction of the vector average. 

RELATIONSHIPS AMO NG VARI A BLES. To study relationships among the 
current velocity, the wind velocity, and the water temperature, time series 
were numerically smoothed to remove tidal and inertial variations. This was 
done with a simple cosine filter that had a half-power point at 0.5 cycles per 
day. Smoothed time series are presented in Fig. 4. Peaks in the current velocity 
and temperature appear to be associated with peaks in wind velocity, i.e., the 
sea above the continental shelf responded to meteorological storms. This 
response is best described by describing the response of the continental-shelf sea 
to individual storms. 

In July, north-northwesterly winds reached a maximum of 10 m sec' on 
the 24th. A maximum of the southward current off Depoe Bay at 20 m and 
60 m occurred ten hours later: currents at 20 m attained a speed of 25 cm 
sec', those at 60 m, 19 cm sec-'. Twenty-four hours after the maximum of 
wind speed was attained, the temperatures at 20 m reached a minimum of 
7.9°C and those at 40 m reached a maximum of 7.5°C. Similar current and 
temperature variations were associated with north-northwesterly winds of 
7 m sec' on 16 July off Depoe Bay and with northerly winds of 7 m sec-, 
on 29 August over Stonewall Bank. 
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After a summer of predominately northwesterly winds, the first strong 
southerly wind occurred on 4 October; the maximum wind speed was about 
1 5 m sec 1 • Twelve hours later, 20-m currents over Stonewall Bank attained 
a maximum speed of 23 cm sec' and were north-northwestward in direction. 
After this southerly storm, the temperature at 20 m increased rapidly. 

South-southeasterly winds attained a maximum ( 14 m sec 1) on 28 January. 
On this occasion the northerly current maximum lagged the wind maximum 
by 16 hours: at 50 ma maximum of 45 cm sec' was attained, at 75 m, 41 cm 
sec'. A maximum wind speed of 14 m sec' also occurred on 5 February; 
winds were south-southeasterly at this time. A maximum of northward current 
at 50 m and 7 5 m off Depoe Bay occurred simultaneously with the wind 
maximum: the maximum speed attained at both depths was 34 cm sec'. 

On 12 February, the west-northwesterly winds reached 12 m sec'; 24 
hours later, the southward currents at 50 m attained a maximum speed of 
47 cm sec', at 7 5 m, 41 cm sec'. 

To investigate further the relationship between ocean currents and winds, 
we computed covariance functions and conditioned cross-spectra as defined by 
Bendat and Piersol ( 1 966 ). From the covariance function we obtained the 
average number of hours that current lagged winds, TR· Conditioned cross-
spectra were used to obtain the partial-regression coefficients for the model 

v = bx v·x x,+bx v·x x2 +a, 
I l 2 I 

in the manner suggested by Hamon and Hannan (1963); here vis the northerly 
component of current velocity, x, the northerly component of wind velocity\ 
X2 the easterly component of wind velocity, the a and h's partial-regression 
coefficients. Because of the low variance in the onshore winds and current 
velocity, significant coefficients could be obtained for only the alongshore 
components; these are given in Table IV. 

The number of days that the alongshore flow lagged the alongshore wind 
varied from zero for the 20-m and 60-m alongshore flow in September to 
o. 7 for the 7 5-m alongshore flow in February. In both July and February, 
it took slightly longer, o. 1 days, for the alongshore current at the deep current 
meter to respond to the alongshore wind relative to the alongshore current at 
the shallow current meter. However, none of the differences among TR was 
significant, nor was any TR significantly greater than zero days. 

The estimate of the partial-regression coefficients for the alongshore current 
and alongshore wind ( bx v. x ) is normally distributed with the standard devia-

' I 

tion, ab (also listed in Table IV). Partial-regression coefficients for the along-
shore current and alongshore wind did not differ significantly for July, Septem-

4. In our discussion of winds, we have adhered to the convention that winds are named for the 
direct!on from which thq blow. The wind-velocity vector is directed opposite to this, so x, will be 
negative for northerly wmds. The units of x,, x,, were m sec-1. 



Co,llins and P attullo: Currents off Oregon 

T able IV. Relati onship between longshore wind and longshore current. See 
p. 62 for definition of terms. 

depth TR a.R bx,v•x1 ab a 
Month (m) (days) (days) (cm/m) (cm/m) (cm/sec) 

July .... . . . .. .. . . . . 20 0.3 0.8 1.7 0.5 - 8 
60 0.4 0.6 1.8 0.5 + 5 

September ........ .. 20 0.0 0.5 1.6 0.3 4 
60 0.0 0.4 2.1 0.3 10 

October ............ 20 0.4 0.8 0.7 0.5 + 4 
February .. ... . . . . .. 50 0.6 1.2 2.4 1.6 -16 

75 0.7 1.2 2.5 1.5 - 16 

her, and February; they had a value of about 2.0 cm m- '. However, the values 
do suggest that the response of the alongshore current to the alongshore wind 
was greater at depth and greater in winter. The October regression coefficient, 
0.7 cm m-•, was significantly lower than the regression coefficients for other 
months. 

The residual, a, indicates the presence of an alongshore current in the 
absence of wind. In July the currents were southward at 20 m and northward 
at 60 m when the winds were calm. In September the currents were north-
ward at both depths in the absence of wind. As noted, the currents were 
stronger at depth, so the shear had the same sense in September as in July. 
In February, there were strong southward currents at both depths. 

The large variance in the onshore breezes in February made possible the 
computation of both partial-regression coefficients so that 

v = 2.4x, + 2.4x2 - 16. 

Clearly, winds from the northwest or southeast were most effective in changing 
the alongshore flow. This also indicates that, in the absence of wind, currents 
flowed to the south at 1 6 cm sec'. 

The validity of the regression models can be tested by using statistics pre-
sented by Hannan ( 1 960 ). These statistics test the independence of the wind 
components and the residual alongshore velocity. Results have indicated that 
the regression model was significant for only the September data. However, 
as noted by Hamon and Hannan ( 1963), this should not prevent the use of 
the regression relationships (Table IV) until a more acceptable model can be 
found. 

HYDROGRAPHIC DATA. The zonal distribution of ae across the continental 
shelf at 44 ° 4o'N is illustrated in Fig. 5. The pertinent data were obtained on 
14 July 1965 and on 25-26 January 1966; during this time the current 
meters were operating. The geographic positions of the hydrographic stations 
are indicated in Fig. 1 . 
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Figure 5. Zonal specific gravity anomaly (at) sections for Oregon coastal waters at 44° 4o'N. Con-
tour interval is 0.5 a, unit; data were obtained, when water depth permitted, at depths 
o, 10, 20, 30, 50, 75, 100, 150, and 200 m. 

The rise of the isopycnals toward shore in July (Fig. 5) is typical of similar 
sections obtained in June, July, August, and September of other years (Collins 
1964); it is also indicative of coastal upwelling. The winter sections usually 
show a downwarping of the isopycnals on the outer edge of the continental 
shelf, and the depth of ai-surfaces 25.5 and 26.0 are 60 m to 100 m deeper 
than such surfaces in summer months. That part of the January-1966 section 
(Fig. 5) that is farther than 4 5 km offshore is typical of similar sections obtained 
in other years. However, the rise of isopycnals 25.5 and 26.0 from 45 km to 
25 km is unusual for winter. We note that the difference in the alongshore 
component of velocity on 25 January between 50 m and 7 5 m was + 3 cm 
sec 1 • This is simil ar in sign to the shear obtained in July and September. 
On 25 January the fl ow was onshore at 25 m and offshore at 50 m and 75 m. 

Discussion. The consistency of the vertical shear of the alongshore velocity 
in July and September and the positive slope of the isopycnals in these months 
suggest the validity of the thermal wind equation, 

Vz = EsJ-', 

where Vz is the vertical shear of the alongshore velocity, E is the gravitational 
stability, f is the Coriolis parameter, and s is the zonal slope of an isopycnal. 
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For 14 July, this equation balanced exactly; i.e., the vertical shear of the 
alongshore velocity was equal to the product of gravitational stability and the 
zonal slope of the isopycnals divided by the Coriolis parameter. This implies 
that the poleward Row at depth in summer months can be considered as the 
thermal wind associated with an upwarped pycnocline (Mooers et al., in pre-
paration). 

Was the alongshore velocity shear frozen with respect to the upwarped 
pycnocline? Our answer cannot be exact, as we measured neither the geo-
graphic position nor the degree of upwarping of the pycnocline. The shear 
was not constant. In July the variance of the shear was one-third of the variance 
of the corresponding 20-m and 60-m velocities; in September this variance 
was equal to the variance of the alongshore velocity. In an attempt to take into 
account the effect of the time variation in the slope of the isopycnals on measured 
shears, we regressed the temperature difference between 20 m and 40 m on 
velocity shear. The value of the correlation coefficient was o. 1, of the regres-
sion coefficient, o.02°C cm-' sec. Thus an increase in shear was associated 
with an intensification of the thermocline and pycnocline. By applying the 
thermal-wind equation, we deduced that the inclination of the isopycnals in-
creased as the pycnocline intensified-a feature recorded in the July isopycnal 
section (Fig. 5; Collins 1964 ). 

Next we related the force of the winds to the changes in the momentum of 
the water. We considered the February data, since the changes in momentum 
were the largest in this month and since the homogeneity of the water and 
velocity allowed the extrapolation of measurements to the entire water column. 
The change in momentum of the water column from 5 February to 1 2 Febru-
ary was 9 x 105 dynes sec cm-2

• This required an average force of 1.3 dynes 
cm-2 or, using the usual formulae, a wind speed of 6 m sec'. The observed 
winds, ranging to 16 m sec', were sufficient to supply the requisite force in 
less time. Note that our regression coefficients between the wind and along-
shore velocity, which were 2 cm m- 1

, are very close to the "2°/o of wind 
speed" estimate used by mariners for surface waters. 

Conditioned cross-spectra were also computed for the wind stress and 
alongshore current. Wind stress would be better statistically than wind velocity 
(i) if larger values of partial or multiple coherence square were obtained, or 
(ii) if phase and amplitude estimates varied less from one frequency band to 
the next. No improvement in either of these statistics was noted. Others 
(Groves and Miyata 1967, Groves and Hannan I 968) have also used the wind 
velocity rather than the wind stress. 

The data have provided a good description of upwelling at a fixed point 
on the Oregon shelf during July-October 1965. In July and September, a 
freshening of the northwesterly breezes strengthened the southerly current at 
20 m and 60 m; the temperature at 20 m decreased while the temperature at 
40 m increased. The first southwesterly storm, in October, transported warm 
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offshore waters onto the shelf; this was indicated by onshore flow and an 
increase in the temperature at 20 m. 

We have used regression techniques to estimate the residual current in 
the absence of wind. These data indicate that the residual currents were 
southward only in February and at 20 m in July. Residual currents were 
northward in September and October and at 60 m in July. The fact that the 
northward flow was the strongest at 60 m in September suggests that it was 
driven from below. It is possible that this northward tendency was associated 
with a "California undercurrent". The fact that Stevenson's (1966) drogue 
measurements did not reveal a persistent northward flow suggests that this 
poleward current might be confined to the continental shelf. However, it 
seems unlikely that poleward flow in winter months was related to a "California 
undercurrent" as advocated by Sverdrup et al. ( I 942 ). 

We wish to emphasize that regression techniques do not imply that shelf 
currents are wind-drift current; they imply merely that the shelf currents 
were associated with weather conditions. The alongshore wind direction 
seemed to be a good indicator of the prevailing weather conditions. The cur-
rents could be caused by storm surges, by sea-level changes, by the curl of the 
wind stress, etc. Hopefully, the use of several instrument arrays at different 
points on the continental shelf, coupled with sea-level observations, will provide 
better insight into the dynamical nature of shelf currents and their spatial 
coherence. We have demonstrated that these currents are appreciable, variable, 
and somewhat coherent with the alongshore wind. 
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