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STD Observations in the Northeast Pacific,

September - October 1972
Ronald K. Reed and David Halpern

Summaries of STD measurements in the northeast
Pacific during September and October 1972 are pre-
sented as computer-generated plots and as listings
of temperature, salinity, sigma-t, and dynamic height
anomaly. Distributions of physical properties and
flow during October are presented and discussed. The
variation of dynamic height anomaly at three time
series stations is evaluated; results at all sites
suggest the existence of semidiurnal internal tidal
waves. Deviations at the same sites occupied a month
apart were only slightly greater than those that
occurred during a 12-hr period.

1. INTRODUCTION

During 16-19 September 1972 and 17-21 October 1972, vertical pro-
files of temperature and salinity from the surface £o 1500 m were obtained
in a region of the northeast Pacific (see figures 1 and 2) from the NOAA
Ship OCEANOGRAPHER. Station positions were determined by satellite navi-
gation and by LORAN A.

The measurements were made with a Plessey model 9006 salinity/tempera-
ture/depth (STD) system. The STD sensor was lowered at 15 m/min in the
upper 200 m, and the speed was increased to 30 m/min below that depth.

Data were recorded in analog format on an X;-X,-Y recorder (Leeds-Northrup)
and were also recorded in digital format, at a rate of 0.2 sec/scan, on a
Plessey model 8114A Digital Data Logger. Except for calibration purposes,
data were recorded only during descent; when bottles were tripped on ascent,

only the analog recorder was used.
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2. CALIBRATION

On each cast a Nansen bottle was placed 4 m above the STD sensors,
and the bottle was tripped at nominal depths of 1500 m, 1000 m, 500 m, or
near the surface. At 1500 m, the bottle was tripped during descent; other-
wise bottles were tripped during ascent while operating the analog record-
er. The reversing thermometers used were calibrated by the National
Oceanographic Instrumentation Center, and salinity was determined on a
laboratory inductive salinometer. Temperature and salinity values obtain-
ed from the Nansen bottle were compared with values recorded in analog
form at the time the bottle tripped. The temperature and salinity compari-
sons obtained in this manner (i.e., based on time) did not depend on thermo-
metric depth, but the accuracy of the depth sensor was checked against the
thermometric depths. (Deviations from the above procedure did occur for
the September cruise; bottles were tripped only at the bottom of the casts,
and the values obtained from the bottle ware compared with those recorded
digitally at the same depth as the thermometric depth.) Temperature and
salinity corrections for the October cruise were applied during the initial
processing of the digital data. Table 1 summarizes the temperature and
salinity corrections obtained during the two cruises; corrections to depth
were not necessary. Changes in corrections during a cruise were not de-

tected.

3. DATA REDUCTION
Reduction of the digital data consisted of the following steps. First,
an entire digitizer scan was removed from the data when its depth value

was less than the preceding one. Second, temperature and salinity values



Table 1. Mean values of the temperature (°C) and salinity (°/ov) corrections
applied to the STD data recorded during September and October 1972.
(Standard deviations of the mean values = s.d.)

Period Temperature Correction Salinity Correction
Depth Mean s.d. Depth Mean s.d.
(m) (m)

16-19 Sept A1l depths +0.01 0.003 A1l depths -0.04 0.003

17-21 Oct A1l depths +0.02 0.018 0 -0.02 0.019
500 -0.04 0.010

1000 -0.05 0.009

1500 -0.06 0.006

recorded at the same depth were averaged together. Third, temperature and
salinity were computed at 1-m intervals; e.g., the temperature at 90 m was
equal to the arithmetic mean of the measurements between 89.5 and 90.5 m.
Fourth, scans with anomalous temperature or salinity values were removed
from the 1-m averaged data when the temperature or salinity gradient on
both sides of the scan changed sign and exceeded a critical value. The
critical gradients were 0.05°C/m and 0.0259/00/m for depths between 0 and
200 m and 0.01°C/m and 0.01°9/00/m below 200 m.

4. DATA PRESENTATION
The reduced corrected data from each STD cast are summarized by a
computer generated plot of the vertical profiles of temperature, salinity,
and sigma-t and by a listing of selected values of temperature, salinity,
sigma-t, and dynamic height anomaly. When the depth of the uppermost mea-

surements was not equal to 0 m, surface values of temperature and salinity



were computed from a least squares fit of the data recorded above 7 m depth.
Methods given by LaFond (1951) were used in computing sigma-t and specific
volume anomaly at 1-m intervals. Using the trapezoidal method of integra-
tion, these latter values were used to determine the dynamic height anomaly.
Depth in meters was defined as equivalent to pressure in decibars.
Tables 4-9 contain the abbreviations, units, and codes used with the STD

data Tistings.

5. PRELIMINARY REMARKS
Data obtained during these cruises allow one to examine properties

and flow and their areal and temporal variations.

5.1 Hydrography, October 1972

Representative vertical sections of temperature, salinity, and sigma-t
in October are shown in figures 3-5. An interesting feature is the rela-
tively steep temperature and salinity slopes which are frequently not cor-
related and do not result in significant horizontal gradients of sigma-t.
At intermediate depths at stations 31-32, for example, the isolines of
temperature slope downward toward shore whereas those of salinity slope
upward; the resulting sigma-t isolines are essentially flat in agreement
with the very weak geostrophic flow at these Tevels. A similar situation
is present between stations 44 and 45. Thus over much of the area one
cannot reliably infer flow from only the temperature or salinity gradients.
During this cruise, however, the northerly geostrophic flow near the con-
tinental slope was accompanied by downward-sloping isolines (toward shore)

of both temperature and salinity.
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The dynamic topography during 17-21 October 1972 is shown in figures
6-9. Although one cannot conclusively state that the 1000-db surface is
level in this region, figure 6 shows that the relief, referred to 1500 db,
is slight (1-2 dyn cm); in addition, direction of flow is similar to that
in the upper layers. Since a number of casts failed to reach 1500 db,
anomalies of the 0, 100, and 300-db surfaces were referred to 1000 db, and
the topographies are presented in figures 7-9. At all three levels, a
northerly flow is evident at the base of the continental slope. Total
relief over this feature is 7 dyn cm at the surface, 8 dyn cm at 100 db,
and 7 dyn cm at 300 db. At the surface, the most intense northerly flow
is between stations 61 and 54-60,but at 100 and 300 db it is between
stations 29 and 30. Between these latter two stations, flow at the surface
is only about 5 cm/sec, increases to about 15 cm/sec at 100 db, and remains
almost this strong at 300 db. (As will be discussed later, an even more
extreme situation was present near stations 29 and 30 in September 1972
when the surface flow was southerly with a northerly flow beneath.) The
only other well-developed flow in the area was a southerly flow at the
surface in the central part of the area; at 100 m its magnitude was

appreciably reduced, however.

5.2 STD Time Series, September and October 1972
As a part of this investigation, STD casts were repeated approximately
every two hours at stations 1-18 in September and 47-53 and 54-60 in Oct-
ober 1972. The dynamic height anomaly at each-of these sites was then
examined for temporal variation. As a measure of the variation inherent

in the results of a single cast, one may use the standard deviation from
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the mean anomaly. Results from the time series are summarized in Table 2.
Although deviations ét the various sites (and during the various periods)
differ, certain features occur in each series. First, variations over a
12-hr period are relatively large. Second, variations in the 100/1000-db
and 300/1000-db anomalies are appreciably less than those in the 0/1000-db
or 0/1500-db anomalies. Finally, variations in the 1000/1500-db anomalies
are small but are still present. It should be stressed that all these
variations are greater than those due to random measurement error, which
was estimated to be less than 0.001 dyn m by the method used by Wooster
and Taft (1958).

The time series adata allow us to conclude that in this region the
0/1000-db anomaly is reliable to about 0.016 dyn m (two standard deviations
assuming a normal distribution) if obtained from a single cast without re-
gard to time or location. The reliability of other anomalies may be approxi-
mated by twice the standard deviations shown in Table 2. From the estimate
of reliability for the 0/1000-db anomaly, one may estimate the reliability
of anomaly difference between two stations as (0.016 dyn m)(2)/v?2 or 0.023
dyn m. Thus to be reliable indicators of even flow direction, differences
between two stations should exceed this amount. During the October cruise,
anomaly differences at eight station pairs were greater than 0.023 dyn m;
especially over the southwest part of the area shown in figure 7, however,
the gradients are too weak to provide useful information about flow. One
may increase the reliability of flow estimates by using anomalies on deeper
surfaces (such as 100/1000 db); as noted before, however, in some instances
flow is well-developed at these deeper levels, but in others the gradients

are quite weak.

12
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The dynamic height anomalies at the three sites have been plotted as
a function of time in figures 10 and 11. Although the data series are
too short to yield conclusive results (Haurwitz, 1954), there appears to
be qualitative evidence for the existence of semidiurnal internal waves.
In the 0/1000-db and 0/1500-db anomalies, the high and low values are
separated by about 6 hr; in the 100/1000-db and 300/1000-db anomalies,
however, this pattern is much Tess clear. Estimates of the amplitudes of
physical properties at various levels and the property gradients suggested
that the maximum wave amplitudes occurred at about 50 m. Figure 12 shows
the variation in depth of the 8-°C and 32.6-%/00 surfaces for the series
shown in figure 11; the patterns are much Tike those evident in the 0/1000-
db and 0/1500-db anomalies, and maximum amplitudes of about 8 m are in-
dicated. If one considers a long internal wave influenced by the earth's
rotation, propagating seaward from the continental shelf break (see, e.g.,
Defant, 1961) in a density medium approximated by two layers, then
crests or troughs at the more seaward site (49°N, 128°W) should occur
about 8 hr later than those at the inshore site (49°N, 127°20'W). The
observed mean time difference was about 5 hr. Thus considering the many
uncertainities and assumptions in such estimates, the generation of in-
ternal tide waves at the shelf break and their seaward propagation in

this locality seems plausible.

5.3 Comparison of Anomalies and Flow - September and October 1972
Figure 13 presents a comparison of the observed dynamic height anomalies
in September and in October 1972 at approximately the same sites along the

Strait of Juan de Fuca - Cobb Seamount Line. Two main features are apparent.

14
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First, the slopes of anomaly (and thus flow) were generally similar during
the two cruises at the 100/1000-db and 300/1000-db levels. On the other
hand, they are quite dissimilar at the 0/1000-db level, and the differ-
ences in absolute anomaly values are relatively large. For example, the
strong surface northerly flow near the continental slope in October was
not present in September, but at subsurface depths flow here was northerly
during both cruises. Many of the differences in slopes of the 0/1000-db
anomalies during the two cruises cannot be considered reliable indicators
of flow, however. During the October cruise, the slopes between stations
29 and 34 all exceed 0.023 dyn m, but in September this value is exceeded
only between stations 23-34 and 20-21.

A comparison of the variability at the same sites over a month is of
interest, and the deviations from the mean anomalies at approximately the
same sites are presented in Table 3. If we compare these deviations with
two standard deviations over periods as short as 12 hr (Table 2), we find
that only two of the 0/1000-db deviations exceed the mean value of 0.016
dyn m, none of the 100/1000-db anomalies exceed the mean value of 0.009
dyn m, and one of the 300/1000-db values is greater than 0.007 dyn m.

Thus we may conclude that most of the variations in dynamic height anomaly
over this one-month period were no greater than the variations that could

have been expected over a 12-hr period.

18



Table 3. Deviations (dyn m) of values from the mean dynamic height anomal-
les computed at approximately the same sites during 17-19 Sep-
tember and 17-18 October 1972.

Station Pair Dev. (0/1000 db) Dev. (100/1000 db) Dev. (300/1000 db)

19-37 0.005 0.003 0.004
20-36 0.004 0.008 0

21-35 0.009 0.005 0.003
22-34 0.016 0.006 0.001
(1-18)-33 0.003 0.004 0.002
23-32 0.016 0.003 0.004
24-31 0.018 0.006 0.001
25-30 0.002 0.007 0.006
26-29 0.017 0.009 0.008

19






6. STD STATION DATA SUMMARIES
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Table 4. Abbreviations and units used to describe the STD measurements.

CAST ROAR 2-0C-001

DATE

TIME

LAT

LONG

WEATHER
SEA STATE
BAROMETER

WIND DIR

SPD
VISIBILITY
CLOUD
AMOUNT

DRY

WET

DEPTH

STD Station 1 made aboard the OCEANO-
GRAPHER during ROAR 2

Day, month, year

Hours and minutes, Greenwich Mean
Time (GMT)

Latitude, degrees, minutes, and tenths
west

Longitude, degrees, minutes, and tenths
west

Present weather conditions (see Table 5)
Sea state conditions (see Table 6)

Sea level atmospheric pressure, in
millibars (mb) greater than 1000 mb

Wind direction, degrees true from
which the wind blows

Wind speed, knots °

Visibility (see Table 7)

Cloud Type (see Table 8)

Amount of cloud cover (see Table 9)
Dry bulb air temperature, °C

Wet bulb air temperature, °C

Depth to the bottom, uncorrected meters

22



Table 5. Weather condition code used to describe each set of STD measure-

ments.
Code Weather Condition

0 Clear (no cloud)

1 Partly cloudy

2 Continuous Tayer(s) of cloud(s)

3 Sandstorm, duststorm, or blowing snow
4 Fog, thick dust, or haze

5 Drizzle

6 Rain

7 Snow, or rain and snow mixed

8 Shower(s)

9 Thunderstorms

Table 6. Sea state code used to describe each set of STD measurements.

Code Height (meters) Description
0 0 Calm-glassy
1 0 - 0.1 Calm-rippled
2 0.1 - 0.5 Smooth-wavelet
3 0.5 -1.25 Slight

4 1.25 - 2.5 Moderate

5 2.5 -4 Rough

6 4 -6 Very Rough

7 6 -9 High

8 9 - 14 Very High

9 >14 Phenomenal

23



Table 7. Visibility code used to describe each set of STD measurements.

Code Visibility

0 <50 meters

1 50 - 200 meters
2 200 - 500 meters
3 500 - 1000 meters
4 1 -2 km

5 2 - 4 km

6 4 - 10 km

7 10 - 20 km

8 20 - 50 km

9 50 km or more

Table 8. Cloud type code used to describe each set of STD measurements.

Code Cloud Type

0 Cirrus

1 Cirrocumulus
2 Cirrostratus
3 Altocumulus

4 Altostratus

5 Nimbostratus
6 Stratocumulus
7 Stratus

8 Cumulus

9 Cumulonimbus
X Clouds not visible

24



Table 9. Cloud amount code used to describe each set of STD measurements.

Code Cloud Amount

0 0

1 1/10 or less, but not zero
2 2/10 - 3/10

3 4710

4 5/10

5 6/10

6 7/10 - 8/10

7 9/10 or more, but not 10/10
8 10/10

9 Sky obscured or not determined
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