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(i) 

ABSTRACT 

Semi-daily bathythermograph observations to 45 m depth were made at 
the Swiftsure Bank lightship during the period 1954-1961 and to 40 m depth 
at the Umatilla Reef lightship each summer during the period 1955-1959. 
The temperature data were smoothed by a 7-day running average and are 
presented as plots of sea temperatures at several depths. Daily surface 
temperature and salinity observations were also made at both locations. 
Tables of monthly mean sea temperatures and salinity are presented. 

The temperature structure at the Swiftsure Bank lightship was isothermal 
or, more usually, slightly positive during the winter months. A negative 
thermocline structure was present during the summer months. Short-term 
surface heating and cooling occurred throughout the year; their effects 
were felt throughout the entire water column. 

Surface salinities were lowest in the winter and spring and highest in 
the summer at both lightships. This seasonal cycle is controlled chiefly 
by the variations in freshwater runoff from the coastal rivers of Vancouver 
Island and Washington. Large daily fluctuations in the discharge volume 
from the coastal rivers caused immediate variations in the surface salinity 
at both lightships. 

There are strong relationships in the temperature and salinity varia
tions at Swiftsure Bank lightship and at the Neah Bay, Wash. shore station. 
Air temperature and precipitation at the Tatoosh Island, Wash. weather 
station appear to be directly related to variations in sea surface temper
ature and salinity at the lightship. These meteorological data can be used 
to indicate climatological changes that would affect the oceanographic 
conditions in the Swiftsure Bank coastal region. 
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Fig. 1. Chart showing the locations of the Swiftsure Bank and Umatilla Reef lightships. 



A report on bathythermograph observations at the Swiftsure Bank and 
Umatilla Reef lightship stations, 1954 to 1961 

by 

H.J. Hollister 

INTRODUCTION 

Permission to conduct a program of bathythermograph observations at 
the Swift sure Bank lightship station (Fig. 1) was granted to the Pacific 
Oceanographic Group by the United States Coast Guard in February 1954. 
The program was later extended to include observations at the Umatilla 
Reef lightship station (Fig. 1). Arrangements to outfit the lightships 
and inaugurate the program were made with the Commander of the 13th 
Coast Guard District at Seattle, Washington. Liaison with the U.S.C.G. 
personnel on the ships was conducted through the Operations and the Aids 
to Navigation divisions of the District Office. Bathythermograph 
equipment and winches were supplied by the Pacific Oceanographic Group, 
Nanaimo, B.C. The winches were installed on the lightships by a Seattle 
marine engineering firm, who also did the routine maintenance work 
throughout the period of service. 

This report provides a synopsis of the sea temperature and salinity 
data in tabular and graphical form. A full description of the observa
tional procedures is included. A general description of oceanographic 
and climatological conditions at the lightships has been prepared by 
abstracting a number of scientific reports about conditions in the 
surrounding coastal regions. 

DESCRIPTION OF THE OBSERVATIONS 

Year-round occupancy of the two lightship stations was maintained 
by thre'e ships. Lightship "Swift sure " (WAL- 535) (Fig. 2) occupied the 
Swiftsure Bank station for 9 months from mid-June to mid-March of the 
following year. She was relieved by the lightship "Relief" (WAL-508) 
(Fig. 3) for the 3-month period mid-March to mid-June. Lightship 
"Umatilla" (WAL-513) (Fig. 4) occupied the Umatilla Reef station during 
the 9-month period from mid-September to mid-June of the following year, 
and was relieved during the 3-month period mid-June to mid-September by 
the lightship "Relief", which had transferred from the Swiftsure Bank 
station. 

The bathythermograph observations were made by U.S.C.G. personnel 
under the supervision of the Officer-in-charge of the lightship. Most 
of the observers had Some previous experience in making BT observations 
during duty in other Coast Guard ships. 
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Swift sure Bank lightship 

The first bathythermograph observation at the Swiftsure Bank light
ship was made on June 17, 1954. Observations were almost continuous 
during the next seven years to June 30, 1961. There were only three 
periods when the continuity was broken for more than a week. These were: 
August 28 to November 10, 1954, and February 12 to March 20, 1956, caused 
by winch dreakdowns or loss of bathythermographs, and May 5 to July 8, 
1960 when the station was occupied by lightship WAL-513, which was not 
equipped with a bathythermograph winch. Sea surface temperature and 
salinity observations were practically continuous throughout the whole 
seven-year period. Observations at Swiftsure Bank lightship were termin
ated on June 30, 1961 because the station was permanently discontinued by 
the Coast Guard. 

At the commencement of the program in June 1954, bathythermograph 
observations were made twice daily at 0900 and 1800 P.S.T. In January 
1960, the observation times were changed to 0800 and 1600 P.S.T. A sea 
surface temperature reading was made in a bucket sample of seawater at the 
same times. A water sample for salinity analysis was collected at the 
0900 (later, 0800) observation and was stored in a 2-oz glass sample 
bottle sealed with a waxed cork. These samples were shipped in cases 
of 100 bottles to the Pacific Oceanographic Group at Nanaimo, B.C. 
Records of meteorological and sea conditions were recorded on the bathy
thermograph log sheets. 

Swiftsure Bank lightship was located in essentially the same position 
since 1909. The position of the lightship was 48°32.6'N, 124°59.6'W 
until August 1, 1956. Then, it was moved to the position 48°32.0'N, 
124°59.7'W to provide better holding ground for anchoring. The depth of 
the water has variously been reported by the lightships to be 144 to 
198 feet (44 to 60 metres) depending upon the scope of the anchor chain. 
The bathythermographs were usually lowered to 165 feet depth (50 metres) 
but they sometimes touched the bottom at shallower depths. The bottom 
is apparently covered with huge boulders, because bathythermographs have 
been lost due to fouling on an obstruction in the sea floor. 

Umatilla Reef lightship 

Bathythermograph observations were made at the Umatilla Reef light
ship because it was convenient to continue using the bathythermograph 
equipment on the lightship "Relief" (WAL 508) after she transferred from 
the Swiftsure Bank station each June. The ship occupied the Umatilla 
Reef station during the period mid-June to mid-September each year. The 
first bathythermograph observation at the Umatilla Reef lightship was 
made on June 18, 1955, and observations were continued during the summer 
months for the next five years until September 29, 1959. Procedures were 
the same as at the Swiftsure Bank station: twice-daily bathythermograph 
observations were made at 0900 and 1800 P.S.T. with a surface salinity 
sample collected at 0900. Observations were not re-commenced in June 1960 
because the lightship "Relief" (WAL 508) had been decommissioned and the 
new relieving lightship was not equipped with a bathythermograph winch. 
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Umatilla Reef lightship has been located at the same position, 
48°10.0'N and 124°50.4'W, since 1900. The depth of the water at the 
lightship is reported to be between 138 and 168 feet (42 and 51 metres). 
The bathythermograph was lowered to 140 feet (43 metres) depth usually. 

Daily sea surface observations were inaugurated in March 1956 by the 
lightship "Umatilla" (WAL 513), which was not equipped to take bathy
thermograph observations. A sea surface temperature observation was 
made at 0900 P.S.T. and a salinity sample was collected at the same 
time. Records of meteorological and sea conditions were made twice 
daily at 0800 (at 0900, since 1958) and 1700 P.S.T. On October 1, 1959 
the Umatilla Reef station was temporarily occupied by a lighted buoy 
instead of a lightship, so the observations were interrupted. They 
were commenced again on December 22, 1959 by the lightship WAL 513, 
which had been renamed "Relief", and were continued until May 10, 1960 
when the lightship was again replaced by a buoy. A lightship returned 
to the station on a full-time basis on July 12, 1961. Daily sea surface 
temperatures are being observed under the auspices of the Scripps 
Institution of Oceanography, La Jolla, Calif. 

OBSERVATIONAL EQUIPMENT 

It was necessary to equip two lightships, the "Swiftsure" and the 
"Relief", with bathythermograph equipment in order to maintain continuous 
observations at the Swiftsure Bank station. A U.S.N. bathythermograph 
winch of the "Lietz" type was installed on the main deck aft, close to 
the stern. A steel pipe sounding boom similar to that illustrated on 
page 10 of H.O. Pub. No. 606-c (U.S. Navy Hydrographic Office, 1956) was 
rigged so that it could easily be stowed in rough weather. Two bathy
thermographs of the 200-foot (60-metre) range were supplied to each ship. 
When the program of observations commenced in June 1954, bathythermographs 
with Fahrenheit temperature scales and depth scales in feet were supplied. 
After mid-March 1957, instruments with Celsius temperature scales and 
depth scales in metres were used until the termination of the program in 
June 1961. Sea surface temperatures were measured with an armoured 
mercury thermometer graduated in 0.5 F (later, 0.5 C) intervals. 

DESCRIPTION OF THE DATA 

Bathythermograph observations 

For publication in a data record,the bathythermograms were drawn on 
standard graphs representing a calibration grid. The traces were pOSi
tioned on the grid using an alignment temperature calculated according 
to the method described by LaFond (1951). Bathythermograph traces 
obtained with a 200-foot (60-metre) instrument sometimes show hysteresis 
(double-trace effect), especially in the thermocline portion of the trace. 
It is usually caused by time lag in the response of the thermal element 
of the bathythermograph, and the magnitude depends upon instrumental 
characteristics and the degree of the temperature gradient. Uusita10 
(1960) and Yasui and Sawara (1960) describe mathematical methods for 
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determining a mean temperature trace, which was essentially a curve 
equidistant between the two traces. In the data records, bathythermo
graph traces with hysteresis have been presented by drawing a visual 
mean of the two traces. The bathythermograph traces obtained at the 
Swiftsure Bank lightship during the period June 17 to August 27, 1954 
showed excessive hysteresis due to instrument failure. so these were not 
published. 

The accuracy of individual bathythermograph observations depends upon 
the reproducibility limits of the bathythermograph and on the accuracy of 
the observed reference sea temperature. The maximum scale error of the 
thermometers used to observe the sea surface temperature is estimated to 
be ±0.3 F (±0.2 C). The laFond method of processing bathythermograph 
data removes the systematic errors from the data. It is the random 
error in the data that must be carefully considered, depending upon the 
use to which the data are put. Bra10ve and Williams (1952) discussed 
the nature and causes of bathythermograph errors but did not give estimates 
of their magnitude. The manufacturers give specifications of ±0.2 F 
temperature accuracy and ±2 feet for depth accuracy. Vine (1952) gives 
a precision of 0.1 to 0.3 F for reading a bathythermograph trace. 
Robinson (1957) made an excellent study of observational errors in bathy
thermograph data, and reported that temperature data from operational 
naval operations would have an overall random instrumental error of 0.4 F. 
No direct tests of the accuracy of the lightship observations were made 
but, using the above-mentioned information and considering the operational 
conditions on the lightships, the accuracy of the bathythermograms in the 
data records is estimated to be ±0.5 F (or ±0.3 C) and ±5 feet (or ±2 
metres). 

Meteorological observations 

Several daily series of meteorological observations were made at the 
lightships. One series was recorded in the bathythermograph logs in 
conjunction with the observations at 0900 and 1800 P.S.T. These observa
tions consisted of wind direction and force, air temperature - dry and 
wet bulb, present weather, cloud cover, sea and swell conditions. and 
estimated s~face current. Similar meteorological entries were also made 
in the ships' logs every four hours, commencing at 0000 P.S.T. A further 
series of detailed meteorological observations were made for the U.S. 
Weather Bureau by the lightships "Swiftsure" and "Relief" at the 
Swiftsure Bank station, commencing on June 22, 1956. The observations 
were made 4 times daily at 0300, 0900, 1500 and 2100 P.S.T., and consisted 
of records in U.S.W.B. form 1210 F of cloud cover, visibility, wind 
direction and force, present and past weather, barometer reading, air 
temperature - dry and wet bulb, sea temperat.ure, and wave conditions. 
On June 18, 1959 observations at 0700 and 1900 were added. These records 
are filed at the National Weather Records Center at Asheville, N.C. and 
are available as microfilm copy. Surface weather observations for several 
months each year during the period 1951-1953 and barographs for the period 
1951-1953 are also available at the Center. No U.S.W.B. observations were 
made at the Umatilla Reef station during the 1955-1959 period of oceano
graphic observations, but since July 1961 regular daily meteor10gica1 
observations have been made for the Weather Bureau. 
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Publication of the data 

The bathythermograms of the twice-daily observations from ~oth light
ship locations are published in a series of annual data records (Pacific 
Oceanographic Group, MSS, 1958a, 1958b, 1959; Hollister, MSS, 1960, 1961). 
The published data from the Swiftsure Bank lightship commence on November 
11, 1954 and are continuous through the several annual data records until 
the last observation on June 30, 1961. The published data from the 
Umatilla Reef lightship commence on June 18, 1955 and are presented for 
the period mid-June to mid-September each year, until the bathythermograph 
observations terminated on September 29, 1959. 

The records of sea surface temperature and salinity data obtained 
from the daily observations at both lightship stations are published in 
the same annual data record series as the daily seawater observations from 
British Columbia lightstations (for example, Hollister, MS, 1962). 

The mereorological records obtained at the lightships in conjunction 
with the twice-daily bathythermograph observations are published in the 
same data records as the bathythermograms. For the Swiftsure Bank 
lightship,only the records for the period November 1954 to December 1958 
have been published. Similar records obtained at the Umatilla Reef 
lightship are published for the periods June 18 to September 16, 1955; 
March 14, 1956 to September 30, 1959; and December 22, 1959 to May 10, 
1960. 

METHODS OF PROCESSING THE DATA 

Averaging and smoothing 

The daily bathythermograph data were subjected to a series of 
averaging and smoothing steps in order to facilitate their use. Tempera
tures to 0.1 F or C were read from the bathythermograms at the 0-, 5-, 
10-, 20-, 30-, 40- and 45-metre levels. No 45-metre readings were made 
from the Umatilla Reef lightship bathythermograms. Each daily pair of 
temperature readings was averaged to give a daily mean temperature at 
each of the chosen depths. If there was only one daily observation, then 
this value was used as the daily mean temperature. Missing data for one 
or two days were supplied by linearly interpolated values. These means 
were smoothed for plotting purposes by a seven-day equally-weighted 
moving average. The seven-day function was chosen so that the graphical 
plots of the lightship data would be compatible with similarly smoothed 
data from the B.C. coastal daily seawater observations. Also, an 
equally-weighted smoothing procedure can be performed easily by simple 
computation methods. It is realized that there is sometimes a negative 
frequency response in a seven-day equally-weighted smoothing function when 
there are high-frequency variations (3-4 days) in the time series 
(Holloway, 1958), but this is not a significant problem in the coastal 
stations and lightship observations. A better procedure would be to use 
a seven-day normally-weighted smoothing function on the daily time series 
data (Holloway, 1958). A computations program for performing this method 
has recently been prepared for use with a computer at the Canadian 
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Oceanographic Data Centre (Somers, MS, 1965). The daily mean temperatures 
were averaged to give monthly mean temperatures at the several depths. 
Monthly mean surface salinity values were obtained from the daily salinity 
data, which were also smoothed by a seven-day equally-weighted moving 
average. 

A daily mean air temperature at Swiftsure Bank lightship was obtained 
from the 0900 and 1800 P.S.T. air temperature records made in conjunction 
with the bathythermograph observations. These mean values were also 
smoothed by a seven-day equally-weighted smoothing function. 

Graphical plots of the data 

The smoothed sea temperature data were used to prepare annual graphs 
of temperature at the seven depths (Fig. 6-13 for Swiftsure Bank; and 
Fig. 32-35 for Umatilla Reef). The smoothed air temperature data were 
plotted on the Swiftsure Bank graphs also. Curves of the smoothed daily 
0900 P.S.T. sea surface temperature and salinity data were plotted for 
each year (Fig. 19-26 for Swiftsure Bank, and Fig. 38-43 for Umatilla 
Reef). The daily sea surface temperature data were used to complete 
the O-metre curve in the annual graphs of the bathythermograph temperature 
dam when no bathythermograph observations were available. They are 
identified on the graphs by the expression "0 metre DSW obs'n". 

Time profiles of the vertical temperature structure at Swiftsure Bank 
lightship were prepared from the smoothed temperature data. The equally
weighted mean sea temperature for every seventh day throughout the year; 
i.e., January 1, 8, 15, etc., was plotted on an annual graph at each of 
the seven depths. Interpolated isotherms at 0.5 C intervals were drawn 
between the plotted temperature means. The smoothed O-metre temperature 
data were plotted as a separate curve at the top of the cross-sectional 
graph. The vertical sections for Swiftsure Bank lightship in the years 
L955 to 1960 are presented in Figures 16, 17 and 18. Profiles of the 
Summer bathythermograph temperature data at Umatilla Reef lightship were 
prepared but are not reported here. 

The monthly mean sea temperatures at each depth ac Swiftsure Bank 
l~ghtship for the period July 1954 to June 1961 are listed in Table 2 and 
are plotted in Figures 27 and 28. When no bathythermograph observations 
were available, the monthly mean sea surface temperature of the daily 
0900 P.S.T. data was listed in Table 2 as the Om entry, and sub-surface 
temperatures were estimated, using these surface temperatures as a 
reference value. The estimations took into consideration the average 
temperature gradient observed for the month in other years and also the 
apparent trend of the seasonal temperature change. Average monthly mean 
sea temperatures for the period 1955-1960 were calculated for each depth, 
and are listed in Table 2 and plotted in Figure 29A. 

Monthly mean surface salinities at Swiftsure Bank lightship are 
listed in Table 4. Average monthly mean salinities for 1955-1960 were 
calculated, and are shown in Figure 29C. 
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The monthly mean sea temperatures for several depths at Umatilla 
Reef lightship during the period 1955 to 1959, are listed in Table 5. 
The monthly mean sea surface temperatures listed for months when there 
are no bathythermograph data were obtained from the daily 0900 P.S.T. 
data. Average monthly mean sea surface temperatures for the period 1956-
1960 were calculated, and are shown in Figure 44A, together with the range 
from maximum to minimum monthly values recorded. 

Monthly mean surface salinities at Umatilla Reef lightship are listed 
in Table 6. Average monthly mean salinities for 1956-1960 were calculated, 
and are shown in Figure 44B. The extent of the range from maximum to 
minimum monthly salinity is also indicated on the plot. 

GENERAL DESCRIPTION OF THE GEOGRAPHY, CLIMATOLOGY,AND OCEANOGRAPHY 
IN THE REGION OF THE LIGHTSHIPS 

There are numerous reports that discuss the variations in the climato
logical and oceanographic conditions in the regions off the coasts of 
southwestern Vancouver Island and Washington State. Most of the reports are 
listed and summarized in the excellent bibliography compiled by Anderson 
~ ale (1961). A brief synopsis is made here of the information contained 
in some of these reports. They are listed in the Reference section so 
that the reader may refer to them if the more detailed information is 
required. 

Geography ahd topography 

The locations of the lightship stations are shown in Figure 1, and a 
chart of the configuration of the ocean floor is shown in Figure 5. 

The Swiftsure Bank lightship was located off the entrance to Juan de 
Fuca Strait in water that has an average depth of 50 metres. The depth 
on the Bank increases gradually to the west, but to the south and southeast 
it increases quite rapidly to a submarine trench of 300 metres depth running 
northeastward into the Strait (Fig. 5). Vancouver Island is the nearest 
coast, about 10 miles to the northeast. The mountains on Vancouver 
Island rise directly from the seacoast to an average height of 3000 feet. 
Tatoosh Island and Cape Flattery are about 14 miles to the southeast of 
the lightship. The mountains on Cape Flattery rise quite steeply to a 
height of 1,200 feet. Southward, along the Washington shore, there is a 
narrow coastal plain which is about 5 miles wide in the vicinity of Cape 
Alava. The mountains of northwestern Washington rise gradually to an 
average height of 5,000 feet. These land configurations have an important 
orographic effect on the winds in the entrance to Juan de Fuca Strait 
(Reed, 1931). 

The Umatilla Reef lightship is located 14 miles south of Tatoosh 
Island and is 4 miles west of the closest shore, Cape Alava (Fig. 1). 
Umatilla Reef is 2! miles to the northeast of the lightship (Fig. 5). 
The lightship is anchored in water of about 45 metres depth, and is 
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located midway on a shelf that extends 9 miles offshore to a depth of 
100 metres before deepening abruptly to 300 metres depth (Fig. 5). 

Climatology 

Precipitation and air temperature 

The main climatic features of the coastal regions of southwestern 
Vancouver Island and Washington are heavy precipitation and a small annual 
range of air temperature. The mean annual total precipitation at the 
entrance to Juan de Fuca Strait is 90 inches (230 cm) (Harry, 1955). 
The amount increases to 110 inches (280 cm) on the Vancouver Island coast 
at Pachena Point, directly to the north of the Swiftsure Bank lightship. 
A similar annual total falls on the slopes of northwestern Washington 
in the "West Olympic-Coastal" climatological region (U.S. Weather Bureau, 
1962). Most of the precipitation falls during the winter months. The 
Summer months are generally dry. The mean January total for the coastal 
regions is 12 inches (30 cm) and the mean July total is 2 inches (5 cm) 
(Harry, 1955). 

Weather records from Tatoosh Island are used in this report to 
indicate the climatological conditions in the region under consideration, 
because it is a first-class U.S. Weather Bureau station and has a good 
exposure to the ocean. Observations are made hourly and the data are 
tabulated and summarized in monthly and annual reports published by the 
U.S. Weather Bureau (1955-1962). The mean annual total precipitation for 
the climatological normals period of 1931-1960 is 77.7 inches (197.6 cm); 
the maximum monthly precipitation is 12.2 inches (31.0 cm), in December; 
and the minimum is 2.0 inches (5.1 cm), in August. The monthly mean 
precipitation at Tatoosh Island for the period 1954 to 1961 is presented 
in Figure 3lA. 

The mean annual air temperature of the coastal region is 49 F (9 C). 
The maximum monthly mean temperature is 56 F (13 C) and occurs during 
July or August, and the minimum is 40 F (4 C), during January (Harry, 
1955). The mean (1931-·1960) annual air temperature at Tatoosh Is land is 
49.3 F (9.6 C). The maximum monthly mean is 56.0 F (13.3 C) in August 
and the minimum is 42.0 F (5.6 C) in January (U.S. Weather Bureau, 1955-
1962). The monthly mean air temperatures at Tatoosh Island for the period 
1954 to 1961 are presented in Figure 30A. 

Wind conditions 

During the summer months the prevailing winds along the Washington 
and Vancouver Island coasts are northwesterly. The prevailing flow 
shifts to south and southeasterly in the winter, and its speed increases 
considerably. Storms bring gale force winds to the coast from the SE to 
NW quadrant. In the immediate vicinity of Swiftsure Bank and the 
entrance to Juan de Fuca Strait, the topography of the surrounding coasts 
often causes distinctive local wind conditions. 
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Swiftsure Bank lightship: Reed (1931) noted the frequent occurrence 
of easterly gales during the winter at Tatoosh Island, and ascribed the 
cause to a funnel ling or venturi effect associated with the steep slopes 
of the land at the western end of the Strait. McIntyre (1952) noted that 
strong SW winds sometimes occurred in the entrance to the Strait when the 
geostrophic winds were predominantly NW along the Vancouver Island coast. 
He too, attributed this directional change to the funnelling effect of the 
surrounding mountainous coastline. 

Harris and Rattray (1954) made a detailed study of the surface wind 
conditions in Juan de Fuca Strait and Puget Sound. They discussed the 
relationships of winds observed at Tatoosh Island to the general wind 
flow in the Striat, and presented a very useful series of wind frequency 
roses for this location. Their studies concerning the western end of 
Juan de Fuca Strait can be abstracted as follows: "During the winter 
period December to March a strong westward flow out of the Strait is indi
cated by the high frequency of strong E winds at Tatoosh Island. During 
April and May, predominantly W winds at Tatoosh Island indicate a net 
eastward flux into the Strait. During the summer months June to September, 
the westerly winds in the Strait are often quite strong. The predominance 
of S winds at Tatoosh Island during most of this period of westerly winds 
in the Strait is sometimes puzzling but is probably explained by the 
venturi effect. During October to November, the prevailing surface wind 
returns to a strong westward flow out of the Strait, as indicated by the 
numerous easterly gales observed at Tatoosh Island." 

In conjunction with his studies of the easterly gales at Tatoosh 
Island, Reed (1931) noted that the same special wind conditions were 
recorded at the Swiftsure Bank lightship. A summary was made of the 
original U.S.W.B. wind records for the Swiftsure Bank lightship for the 
IS-month period January 1958 to March 1959, in order to compare these 
observations with those at Tatoosh Island. Part of this summary is shown 
in Table 1. During the 6-month autumn and winter period of October 1958 
to March 1959 there was a similar high frequency occur~ence of prevailing 
easterly winds at both stations. In the other 6 months the prevailing 
wind directions at both locations were always in the same quadrant (S to W) . 
On the basis of the conclusions in these reports, (especially that of 
Harris and Rattray, 1954), which are supplemented by this brief inter
station examination, it is reasonable to assume that the wind records for 
Tatoosh Island would also indicate the general wind conditions at the 
Swiftsure Bank lightship. Table 1 is a monthly summary of the hourly 
observations of wind direction and speed at Tatoosh Island for the period 
1954 to 1961 expressed as percentage frequency of the most-prevalent dir
ection (from 16 compass points plus calm) and the average speed in that 
direction. These values were obtained from Table B of the monthly supplement 
to the Tatoosh Island Local Climatological Data report (U.S. Weather 
Bureau, 1955-1962). The 1958 summary of the Swiftsure Bank lightship 
wind observations is also included in the table. 

Umatilla Reef lightship: As mentioned earlier, the predominant winds 
along the Vancouver Island and Washington coasts in the summer are from 
the northwest. The mountains of the Olympic peninsula create strong 
orographic effects on the air flow along the northwestern Washington coast, 
so that Some of the special effects observed at Tatoosh Island would 
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also be observed in the coastal region near the Umatilla Reef lightvessel. 
During the winter months, the prevailing air flow along the Washington 
coast is from the south, but at the lightship the prevailing winter winds 
are NE and SE, reflecting the frequent E winds observed at Tatoosh Island. 
Records of semi-daily wind conditions at the Umatilla Reef lightship for 
the period 1955 to 1960 are published in the bathythermogram data record 
volumes. 

Hydrology 

The principal sources of freshwater drainage into the coastal ocean 
in the vicinity of the lightships are the discharges from the Columbia 
River and from the many small rivers on the Vancouver Island and Washington 
coasts. Seasonal differences in the occurrences of maximum and minimum 
discharges from these two sources result in significant fluctuations in 
their relative effective contributions to surface salinity conditions in 
the coastal ocean. 

Although the mouth of the Columbia River is some 160 miles south of 
the entrance to Juan de Fuca Strait, its discharge contributes materially 
to the variations in the salinity characteristics of the inshore surface 
waters of this region. The monthly mean flow at the mouth of the Columbia 
River has been computed by the U.S. Geological Survey as an estimated 
"observed" discharge. These and other hydrological data were supplied 
by the Current Records Center of the Water Resources Division at Portland, 
Oregon. The flow of the Columbia River has a distinct seasonal pattern. 
The maximum discharge occurs either in Mayor June in response to increased 
snow melt in the region of the headwaters, and the minimum flow occurs 
during September or October. Often, a secondary maximum occurs in January 
or February during the period of heavy coastal precipitation. Data for 
the IS-year base period 1948-1962 (U.S. Geological Survey, 1964a) indicate 
that the mean annual "observed" discharge of the Columbia River at the 
mouth is 278,900 cu ft per sec. The maximum monthly mean discharge is 
567,900 cfs in June, and the minimum is 132,100 cfs in September. The 
monthly mean discharges of the Columbia River at the mouth for the period 
1954 to 1961 are presented in Figure 3lB. 

The discharges from the small coastal rivers are closely related to 
the rainfall amounts and are equally as variable. The discharge maxima 
occur during the heavy precipitation period November to January. The 
minima occur in August and September, the dry period on the coast. The 
average annual discharge from the rivers along the 90-mile coastline from 
Cape Flattery south to Grays Harbour (latitude 47°N) is estimated to be 
20,600 cfs (Budinger ~ ale 1964). The Hoh River (Fig. 1) is the only 
gauged river in Washington state (U.S. Geological Survey, 1964b) near the 
coastal region under consideration. Its mean annual discharge is about 
2,000 cfs. The average maximum monthly mean discharge is 3,420 cfs in 
December, and the average minimum monthly mean is 1,100 cfs in September. 
The mean monthly discharges for the period 1954 to 1961 are presented in 
Figure 3lB. The annual runoff from this river is considered to be repre
sentative of that from the Washington coastal drainage area. 
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Runoff from the southwestern Vancouver Island shore would have an 
effect on the surface salinity in the Swiftsure Bank region also. There 
were no discharge records available for rivers on this shore until guage 
readings were commenced in October 1959 at the San Juan River running into 
Port San Juan (Fig. 1). The mean annual discharge of this river is about 
1,900 cfs. The maximum runoff occurs in January and February and the 
minimum in July and August, which is a similar seasonal pattern to that of 
the Hoh River. 

Surface water circulation 

Swiftsure Bank Lightship: The lightship was located in a region of 
eddies and indeterminate water movements caused by the varying interactions 
of the forces of tide~ wind, and gradient currents. Inasmuch as the 
lightship is a fixed observation point, surface current measurements there 
will not always indicate the major characteristics of flow in the Sur
rounding coastal region. A general synopsis is presented here of the 
information contained in several early research reports dealing with the 
oceanic circulation in the Swiftsure Bank coastal region. 

The surface current data obtained by drift-pole observations made 
from the lightship during the period 1915 to 1920 were examined by Marmer 
(1926). He derived from these data the values of the three major components 
of the surface currents - the tidal, non-tidal, and wind currents. The 
tidal current is of a rotary nature, in a clockwise direction. It has a 
velocity ranging from 0.3 to 0.9 knots. Estimates of the speed and 
direction of the tidal currents at Swiftsure Bank are given in the 
annual volumes of the Tidal Current Tables published by the U.S. Coast 
and Geodetic Survey (1960). Marmer (1926) noted the existence at the 
Swiftsure Bank lightship of a permanent non-tidal current setting 
northwestward (315° true) with an average velocity of 0.5 knot. He 
attributed the permanency of this non-tidal flow to a continuous surface 
outflow from the entrance of Juan de Fuca Strait. It appears that the vel
ocity is greatest during the autumn and winter, and least during the spring 
and summer. The wind-driven currents are superimposed on this non-tidal 
current to give variable resu1amt flows. Information in the U.S.C. & G.S. 
Tidal Current Tables indicates that winds from all of the 16 compass 
points except WNW produce wind currents at the lightship setting in the 
W to N (true) quadrant. The WNW wind produces a current setting to the 
SSW (194° true). Wind speeds in the range 10 to 30 m.p.h. will generate 
average currents of 0.5 knot. Current speeds up to 4 knots have been 
estimated by lightship personnel during the period of bathythermograph 
observations. 

The currents in the coastal ocean region around Swiftsure Bank 
have been described by Tully (1942). He related the configurations of 
the surface currents in this region to the combined effects of the 
estuarine outflow from the Juan de Fuca Strait and the wind-driven currents, 
w·ith Some modification by the offshore gradient currents. The seaward 
flow from the Strait forms a wake stream which veers to the right and 
flows northwestward along the Vancouver Island shore. Depending on the 
effect of the seasonal wind pattern upon this wake stream, Swiftsure Bank 
lightship was located either in the stream or on the edge of an eddy 
circulation. 
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Umatilla Reef lightship: The major ocean current off the coast of 
Washington is the California Current, which sets southward with an average 
speed of 0.25 knot. Close inshore, the flow is southward during the 
summer . but in the winter a weak northward flow (Davidson Current) develops 
along the shore while the offshore current is still southerly (Reid, 1960). 
This northward flowing current appears to be caused by local wind stress 
(Burt and Wyatt~ 1964). 

Studies of the surface currents at the Umatilla Reef lightship have 
been made by Marmer (1926). The lightship is located in a region of weak 
currents which are easily influenced by the wind. The tidal current at 
the lightship is only slightly rotary, the flood stream setting NNW (345° 
true) and the ebb stream SSE (165°), at a speed less than 0.5 knot. The 
tidal current is generally masked by wind and gradient currents. There 
is a distinct seasonal variation in the non-tidal surface currents at the 
lightship. During the winter (November to April) the current sets 
northward (350°) at 0.7 knot, when the prevailing winds are strong Sand 
SEe During the Summer months the non-tidal current is more variable, 
but generally flows in a southeasterly direction at the rate of 0.4 knot. 
The prevailing winds in this period are light Wand NW. In the presence 
of strong SE winds, it is estimated the combined tidal and non-tidal 
currents will have a speed of 2 to 3 knots in a northerly direction. 
Estimates of the tidal currents at the Umatilla Reef lightship are given 
in the Tidal Current Tables published by the U.S. Coast and Geodetic Survey. 

Oceanographic conditions 

The amount of oceanographic information available in the areas near 
to the lightships is quite small. Within a radius of 5 miles of Swiftsure 
Bank lightship there were only 20 oceanographic stations observed during 
the period July 1941 to November 1961, the majority of these being in the 
summer months. There were none observed within a 5-mile radius of the 
Umatilla Reef lightship. Descriptions of the oceanography of the coastal 
regions off the southwest coast of Vancouver Island are provided by Tully 
(1938, 1942) and Lane (1962. 1963). Detailed studies of oceanographic 
conditions off the Washington coast were commenced in 1961 by the Univer
sity of Washington (Budinger ~ al. 1964). 

The seasonal changes in the seawater structure in the vicinities of 
the lightships would be similar to those described for the inshore section 
in Lane's model (1963) of the coastal region structure. During the winter, 
the temperature structure of the coastal waters is isothermal or slightly 
positive (temperature increasing to the bottom). Surface temperatures 
increase gradually in the spring. In the shallow coastal zone the 
warmed surface water is mixed downward, resulting in the establishment of 
a thermQcline structure extending through all depths. With additional 
summer heating, the magnitude of the thermocline increases. During 
periods of high insolation and light winds a cransitory shallow (5 m) 
isothermal upper zone will occasionally appear. The reduced solar heating 
during the autumn, as well as increased mixing due to stronger winds, 
decreases the size of the thermoc1ine~ and returns the temperature structure 
of the coastal water to the isothermal or positive winter conditions. 



- 13 - . 

In the vicinity of Swiftsure Bank the seawater would have a shallow 
estuarine salinity structure similar to that described by Tully (1958) 
and Lane (1963), which is characterized by a low-salinity isoha1ine upper 
zone and a ha10c1ine extending to the bottom. There is a continuous 
band 100 to 200 miles wide of relatively low-salinity surface water extending 
along the Washington and British Columbia coasts (Doe, 1955; Favorite, 
1961). The salinity is least during the winter due to the large amount 
of runoff from the land. In the inshore regions, including the approaches 
to Juan de Fuca Strait, the salinity of the upper zone becomes even less 
during the winter, because this brackish water is held close inshore by 
the prevailing southeast winds. During the spring this accumulation of 
brackish inshore water spreads seaward into the coastal zone as the winds 
change to a westerly direction. Thus, the upper zone water over the 
Swiftsure Bank becomes less saline, but there is probably little change 
in the salinity of the bottom water. The salinity of the upper zone 
increases gradually during the summer because of the admixture of more 
saline surface ocean water and the decrease in the land drainage. During 
July, August or September, brief periods of localized upwelling condition 
could occur when strong northwest winds prevail for several days. This also 
brings more saline water into the upper zone. The surface salinity begins 
to decrease in the autumn as the freshwater inflow to the coastal region 
increases and the prevailing wind changes to the south, thus conserving 
the less-saline upper zone water along the shore. 

Movement of the upper zone water due to wind forces (Ekman transport) 
is discussed by Fofonoff and Tabata (1965). They show that an offshore 
transport of water along the coast often occurs during the period April 
to September. This causes the seaward movement of the brackish upper zone 
water. In the winter a strong onshore transport occurs, which would 
move the low salinity upper zone water closer inshore. 

The characteristics of seawater structure in the vicinity of the 
Umatilla Reef lightship are probably the same as those described for the 
inshore coastal region (Lane, 1963). Recent studies by Budinger et al. 
(1964) have shown that, during the winter, the nearshore 10w-sali~tY-band 
along the Washington coast receives further freshwater dilution from the 
Columbia River discharge as well as from the increased runoff from the 
coastal rivers. The prevailing northerly winds in the SU1llIll.er cause the 
Columbia River discharge to stream to the southwest, so that in this 
period the surface salinity along the Washington coast will be affected 
primarily by the runoff from the coastal rivers. Upwelling conditions 
might occur for short periods during the summer in this region. 

SOME GENERAL CONSIDERATIONS FROM THE DATA 

Swift sure Bank lightship 

Daily variations in seawater temperature 

A glance at the annual graphs (Fig. 6 to 13) of the smoothed daily 
seawater temperature data immediately shows how variable the temperature 
conditions in this area can be. All the graphs display numerous short
term variations superimposed on a general seasonal cycle. The seawater 
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temperatures respond quickly to external changes in heating and cooling. 
Changes of 2 to 3 C can occur in the surface temperatures in a period of 
10 days or less. The air temperature curve can be considered as an 
approximate measure of incident solar heating, although sea temperature 
also has a modifying effect on air temperature. (It should be noted 
that on these graphs the air temperature scale is ~ that of the sea 
temperature.) The short-term heating and cooling changes are usually 
effective throughout the whole water column, as shown by the numerous 
instances of correlation between the curves for the seven depths. 
OccaSionally , there is a phase difference between the curves for the 
shallower depths and those for 40 and 45 metres, especially during the 
summer months. Examples of this condition in which temperatures from 0 
to 30 m increased while those at 40 and 45 m decreased occurred on August 25 
and September 25, 1955 (Fig. 7), July 16, 1956 (Fig. 8). August 23~ 1958 
(Fig. 10)~ and August 1, 1959 (Fig. 11). These could have occurred 
because of an intrusion of cold deep water, which was not observed in the 
shallow depths because of a simultaneous increase in surface heating. 

Some indication of the seasonal changes in the patterns of the 
temperature structure can be noted in the relative positions of the 
temperature curves and the spread between them. The winter positive 
structure is shown by the reversal of the usual 0 to 45 m order of the 
curves to an array where the 45 m curve shows the highest temperatures 
and the 0 m curve the lowest. A positive water temperature structure 
generally occurs from December through mid-March. There is a brief 
transitional period of 2 or 3 days when an isothermal structure precedes 
and follows the positive structure. The increase in the magnitude of the 
thermocline during the change from spring into summer can be noted by the 
increasing separation bet'f'een the individual curves. The brief occurrence 
of a shallow (5- 10 m) mixed upper layer is illustrated by the coincidence 
of the upper 2 or 3 curves. This situation occurs usually when a 
significant heating or cooling cycle commences, and lasts only for 3 or 
4 days. It should be remembered that these temperature-depth curves are 
from smoothed data, and the real temperature structure will have a 
greater variability. An indication of the variety tha.t can occur in a 
summer temperature structure is shown in Fig. 14, in which a series of 
semi-daily bathythermograms observed during July 5 to 10, 1959 are 
presented. The need for a daily data smoothing process is quite evident. 
(The dates of these observations are indicated in the 1959 graph in Fig. 11.) 
A series of 12 bathythermograms were chosen from the 1959 observations to 
illustrate the seasonal variety in the bathythermograph traces, and is 
presented in Fig. 15. These are not isolated instances of a particular 
type of trace. Similar traces were observed each year during the 
corresponding period. The dates these typical observations were made 
are indicated in Fig. 11 and 18 by the "BT" indicator. 

Annual profiles of the sea temperature structure at Swiftsure Bank 
lightship for the years 1955 to 1960 are shown in Fig. 16, 17 and 18. 
These were prepared from 7-day mean values , so the small scale variations 
seen in the multi-level annual graphs have been suppressed. The winter 
positive and transitional isothermal structures are indicated by the almost 
vertical alignment of the isotherms from December to March. The transition 
in April and May from the slightly positive winter structure to the negative 
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summer structure is indicated by the sloping of the isotherms. The 
parallelism of the isotherms in the summer months indicates the relative 
constancy of the slope of the thermocline. The average magnitude of the 
temperature change through the thermocline was 4.5 C, from 8.0 at the 
bottom to 12.5 C at the surface. Undulations in the isotherms are a 
result of the effects of heating and cooling processes. When these 
effects are large, the crowding of the isotherms indicates that they are 
immediately felt throughout the whole water column. The return to the 
winter positive or isothermal structure occurs during late October and 
November. The cooling is usually quite rapid, as indicated by the proximity 
of the isotherms. 

Daily variations in surface salinity 

Graphs of the daily surface salinity and temperature data obtained 
at the Swiftsure Bank lightship from the 0900 P.S.T. observations are 
shown in Fig. 19 to 26. As in the case of the multi-depth graphs, the 
daily data have been averaged by a 7-day smoothing function. The primary 
interest in these graphs is the salinity curves, as the temperature 
curves are almost exact duplicates of those for 0 m in the multi-depth 
figures (Fig. 6 to 13). 

There are numerous instances of short-term variations in the surface 
salinity at the Swiftsure Bank lightship. They are as frequent and as 
extensive as those noted at a shore station such as Amphitrite Point 
(Fig. 1). The salinity data from the lightship reflect the changes that 
occur in the salinity of the upper zone of the inshore coastal waters in 
the approaches to Juan de Fuca Strait. The high frequency of the changes 
is due to the great variability in the amount of the freshwater runoff to 
this region , coupled wi.th the complexities of the inter-actions of wind 
and tidal currents. A few examples have been chosen to illustrate the 
first-order relationship between freshwater runoff and surface salinity 
conditi.ons at the lightship. As mentioned earlier, the discharge data 
for the Hoh River in Washington is the best available indicator of fresh
water runoff to the region. 

In 1955, the salinity decreased from 32.3 ~ on March 27 to 30.0 ~ 
on April 5, increased to 31.5 ~ on April 12 and then decreased again to 
a low of 29.6 ~ on the 20th (Fig. 20). The daily discharge of the Hoh 
River had increased five-fold from 1,080 cfs on March 26 to 5 , 600 cfs 
on April 1. The discharge volume then decreased to 1, 580 cfs on the 
5th but increased again to 5,130 cfs on the 9th and, after a Slight drop. 
remained at the above-average 3.000 cfs level until the 14th. Fluctuations 
in the volume of river discharge have been shown to be related to variations 
in the amount of precipitation on the coast. Large increases in daily 
precipitation were observed at Tatoosh Island and at Pachena Point on 
March 31 (2.6 in) and again on April 8 (1.3 in). In June 1956 there was 
a large decrease in salinity from 31.4 ~ on the 4th to 25.3 ~ on the 11th , 
followed by a rapid recovery to average salinity levels.(Fig. 21). This 
is the largest short-term variation noted in the seven years of surface 
salinity data for the Swiftsure Bank lightship. The daily discharge 
volume from the Hoh River increased from 2,440 cfs on June 6 to 8,160 cfs 
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on the 9th, then decreased to 4,290 cfs on the 11th. These are excessively 
high volumes. During this same period, June 1 to 15, the Columbia River 
discharge was exceedingly high, causing one of the worst floods in many 
years in the lower Columbia River valley. There is no doubt that in this 
situation the excessive Columbia River discharge contributed to the low 
surface salinity of the region around Swiftsure Bank lightship. Precipi
tation observed at Tatoosh Island and Pachena Point was heavy on June 7 
and 8 (1.9 in). These examples illustrate the simple and direct relation
ships between decreasing surface salinity and increasing freshwater runoff 
from the adjacent coast. 

It can be noted in these graphs that decreasing salinity is sometimes 
accompanied by increasing sea surface temperature, and that the date of 
the salinity minimum coincides very closely with the date of the associated 
temperature maximum. Some instances of this variation are noted for 
August 2, 1955 (Fig. 20), May 5 and June 16, 1959 (Fig. 24), and June 1, 
1960 (Fig. 25). The salinity decreases were not associated with sudden 
large increases either in coastal river discharge or in precipitation. 
These salinity variations probably occurred when the narrow band of warmed 
brackish inshore water moved seaward into the vicinity of the lightship. 
During the periods of these examples the force of prevailing onshore winds 
from the SW quadrant decreased, or the wind shifted briefly to the NE 
quadrant. 

An increase in the surface salinity due to upwelling might be expected 
to occur for brief periods in the inshore coastal region. Upwelling is 
quite localized in the region of the approaches to Juan de Fuca Strait 
(Lane, 1963) and will not always be recognized in the observations from 
a fixed location such as the lightship. The prime criterion indicating an 
upwelling effect in the brackish upper zone would be the coincidence of 
increasing salinity and decreasing sea temperature at the surface. 
Upwelling probably occurred in the period August 8 to 25, 1959, as indicated 
by the coincidence of increasing salinity and decreasing temperature in 
the curves in Fig. 25, and by the downward slope of the 40 and 45 m 
temperature curves since July 25 in Fig. 11, which would indicate an 
intrusion of deep cold water. Winds at the lightship were westerly, force 
2-3, during this period and fog was prevalent. These are meteorological 
conditions that can be associated with the occurrence of upwelling in the 
coastal zone. Dodimead ~~. (1962) also noted the occurrence of 
upwelling off the coast of Vancouver Island in August 1959. 

Seasonal variations in seawater temperature 

The monthly mean seawater temperatures for the Swlftsure Bank lightship 
at seven depths for the period January 1955 to June 1961 are listed in 
Table 2, and have been plotted in Fig. 27 and 28. For each year, the 
temperature curves generally had similar particular shapes at each depth, 
attesting to the presence of strong vertical mixing forces in the area 
throughout the year. The spread between the individual annual temperature 
curves shows that there is considerable variation from year to year~ but 
a common seasonal cycle can still be recognized in the group of curves 
for each depth to 40 m. The seasonal cycle at 45 m is somewhat obscured 
by the large temperature variations in the winter months. The minimum 
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monthly mean temperature at all depths to 30 m occurred generally in March, 
or in a few instances, in January or February. At 40 m, the monthly 
m~n~mum occurred in one of these three months, or in August (1958, 1959) 
or September (1960). At 45 m, the minimum occurred in March 1955, April 
1956, February 1957, August 1958 and 1959, July 1960, and May 1961. 

The summer heating process in the shallow depths to 10 m is quite 
rapid during April , May , June and then becomes slower Jnti1 the maximum 
monthly mean i s reached in August or September (cf. Fi~. 27 and 28). 
An early summer ma~imum was observed in June 1958. At the deeper depths~ 
the summer heating is more gradual and occurs over a longer period, due 
to admixture of warm surface water downward into the deeper portion of the 
water column. As the depth increases , the time of maximum temperature 
advances a month or more. At 20 m it occurred most frequently in October, 
at 30 m in October or November , at 40 m in November and December, and at 
45 m in December or January. 

The average seasonal cycle of seawater temperature at the Swiftsure 
Bank lightship for several depths is shown in the plots of the 1955-
1960 average monthly mean temperatures in Fig. 29A. The average minimum 
temperature for depths 0 to 40 m was 8.0 C in March and for 45 m was 7.9 C 
in July or 8.0 C in March (cf. Table 2). The seasonal progression of the 
increasing depth of the annual maximum temperature is more obvious in the 
plots of average temperatures shown in Fig. 29A. The average maximum 
monthly mean temperature at 0 and 5 m occurred in August, at 10 m in 
September, at 20 and 30 m in October, at 40 m in November, and at 45 m 
in December. The average annual temperature range at the surface was 
from 8.0 to 12.1 C, at 20 m from 8.0 to 10.8 C, and at 45 m from 7.9 to 
9.0 C. 

The varying rates of the seasonal heating and cooling processes can 
be noted in Table 3, which is a tabulation of seawater temperature differ
ences from month to month at each depth. These were obtained by subtracting 
the monthly mean seawater temperatures (Table 2) for a month from those 
for the preceding month at each depth. In Table 3, this difference is 
entered in the column for the second month. A cooling trend is indicated 
by a negative sign placed before the difference, and a warming trend is 
indicated by a positive sign. The heating process generally commenced in 
April and extended through to September, as indicated by the positive
signed temperature differences. The occurrences of negative-signed 
differences at all depths during August 1955, July 1956, July 1958, July 
and August 1959 indicate a halt in the regular heating trend. The monthly 
mean temperature curves in Fig. 27 and 28 for these particular years 
also show these decreases in summer temperatures. By reference to the daily 
air and sea temperature curves in Fig. 7 to 11, it is noted that during 
these months of decreasing seawater temperature there were periods of 
significant decreases in the surface heating, as evinced by rapid cooling 
in the air and at the sea surface. The decreases for these months were 
larger at the greater depths, and were of sufficient size to lower the 
1955-1960 average values for July and August at the 30, 40 and 45 m 
depths, as shown in the temperature curves in Fig. 29A. The cooling 
could have been accentuated in the deeper water because of the intrusion 
of deep colder water. The most noticeable of these summer temperature 
decreases occurred in August 1959, especially at the depths of 20, 30, 40, 
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and 45 m (solid line in Fig. 28). It is believed that a significant 
upwelling condition occurred during August 8 to 25, (cf. Dodimead ~ al. 
1962, p 21) so that the principal reason for the decrease could be an 
intrusion. 

The commencement of the cooling process in autumn is indicated by the 
occurrence of negative-signed differences in Table 3. It begins first 
in the shallow depths in September or October, and extends to all depths 
by November. The seawater temperature generally decreases steadily until 
March of the following year. There were four instances of an interruption 
of the cooling process, as indicated in Table 3 by positive-signed temp
erature differences for January 1956, February 1958, December 1959, 
and February 1960. In the daily temperature curves shown in Fig. 8, 10, 
ll~ and 12, a noticeable increase in both air and sea temperatures occurred 
for a period of approximately 10 days during each of these months. The 
weather records from Tatoosh Island during these 10-day periods showed 
that the winds were from the SE quadrant at 20-30 mph, cloud cover was 
10/10~ and the average daily air temperature anomaly was +3 to +7 F. 
These meteorological conditions could indicate the occurrence of a flow 
of warm maritime air into the coastal region. The SE winds could also 
cause an influx of warm water into the area from lower latitudes. The 
resultant increase in surface heat was thoroughly mixed to the bottom by 
the strong winds and by the stronger surface currents that occur in the 
winter. 

Year to year variations in seawater temperature 

In Fig. 27 and 28 it can be noted that there is a considerable variation 
(approx. 2 C) between the annual temperature curves at all depths. The 
year to year variation in seawater temperature at the Swiftsure Bank ligh~ 
ship can also be noticed in Fig. 30B where the 0 m and 40 m monthly mean 
temperatures for each year are plotted. The coldest year of the seven-
year period was 1955. With the major exception of January and February~ 
the monthly mean temperatures at all depths were lower in this year than 
in any other year and were about 1 C below than the average (cf. Table 2). 
The coldest January and February occurred in 1957. The warmest period 
during these seven years commenced in August 1957 and extended to July 
1958. This warmer-than-average condition prevailed at all depths to 45 m. 
Similar anomalous surface temperature conditions were also observed during 
these periods at the shore stations at Amphitrite Point, Race Rocks, B.C., 
and Neah Bay, Wash. (Hollister, MS, 1964, Fig. 11). They were also 
recognized in the sea surface temperature conditions of the coastal region 
off the coasts of Vancouver Island and Washington. The monthly sea surface 
temperature charts prepared by Johnson (1961) show an anomaly of almost 
2 F below average in this region, commencing in April 1955 and ending in 
March 1956. These charts also show an anomaly of 2-3 F above average in 
the May 1957 to July 1958 period. This warmer-than-average condition has 
been commented upon by Stewart ~~. (1960) and others. 
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Seasonal and year to year variations in surface salinity 

The monthly mean surface salinities for the Swiftsure Bank lightship 
are listed in Table 4, as well as the average monthly means for the period 
1955-1960 and the maximum and minimum monthly means. The individual 
monthly means are plotted in Fig. 31C and the 1955-1960 averages are plotted 
in Fig. 29C. During the 1954 to 1961 period the monthly mean surface 
salinity ranged fro~ 28.5 to 32.0~. The average minimum salinity of 30.2 ~ 
occurred in April and the average maximum of 31.9 ~ occurred in September 
(cf. Fig. 29C). 

It has been mentioned earlier in this report that there is a relation
ship between increasing freshwater runoff from the land, indicated by the 
discharge data from the Hoh River, and a decrease in the surface salinity 
observed at Swiftsure Bank lightship. The interaction has been shown 
sometimes to be almost instantaneous (1-2 days lapse). Comparison of 
monthly mean surface salinities with monthly mean river discharges would 
probably show the cumulative and residual effects of freshwater runoff 
on surface salinity conditions in the inshore coastal region. The monthly 
mean discharges of the Hoh River and of the the Columbia River at the mouth 
are plotted in Fig. 31B. The direct relationship between coastal precipi
tation and discharge from the coastal rivers can be noted by comparing 
the plots of the monthly mean precipitation at Tatoosh Island in Fig. 3lA 
with those of the Hoh River discharge. The period of high discharge 
volume from the Hoh River extends from December through February. The low 
salinity period at Swiftsure Bank lightship genea11y occurs from December 
to April , with an occasional extension into May (1960) or June (1956). 
The low-salinity period in the inshore coastal region is also maintained 
during the early months of the year by the Columbia River discharge. 
The maximum discharge occurs in June, but there is often a secondary 
maximum in January or February. Budinger ~~. (1964) state that during 
the winter the Columbia River effluent extends northward along the Washington 
coast and blends with the freshwater draingage from the coastal rivers in 
the inshore regions. 

Some simple direct relationships between variations in the surface 
salinity and the freshwater discharge can be noted in Fig. 31B and 31C. 
It should be remembered that the volume of discharge from the Columbia River 
is about 135 times that of the Hoh River. A combination of high discharges 
from the coastal rivers in November 1955~ as indicated by the Hoh River 
discharge data, and from the Columbia River in December 1955 and January 
1956 produced the record low monthly mean salinity in January 1956 (cf. 
Table 4). Excessive discharge from both the Columbia River and the coastal 
rivers resulted in a large decrease in surface salinity at Swiftsure Bank 
lightship in June 1956. The very low salinity for March 1961 resulted 
from an excessively high discharge from the coastal rivers in January 
and February coupled with a high Columbia River discharge in February. 

The higher surface salinities in the summer months reflect the 
reduction in the average volume of freshwater runoff into the region due 
to low discharge characteristics of the coastal rivers. Although the 
maximum discharge of the Columbia River occurs in late Mayor June, its 
direct influence is rarely apparent in the region of the approaches to 
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Juan de Fuca Strait. One major exception occurred in June 1956. Budinger 
et al. (1964) have shown that during the summer, the predominant northerly 
winds cause the Columbia River runoff to extend in a plume of brackish 
water running southwest from the mouth. 

Umatilla Reef lightship 

Daily variations in seawater temperature 

The smoothed daily seawater temperature data obtained at the Umatilla 
Reef lightship during the summer months of 1955 to 1958 are plotted in 
Fig. 32 to 35. The variability of the daily temperature is as great 
as at the Swiftsure Bank lightship. The parallelism between the temper
ature curves for all depths is good evidence of the presence of strong 
vertical mixing forces. Surface heating was rapidly mixed dow~ward into 
the deeper water. Most of the cooling seems to have originated from the 
surface, as there is no clear evidence in these diagrams of a deep cold 
water intrusion due to an upwelling condition. The separations between 
each of the temperature curves from 0 to 20 m are often greater than 
between 20 and 40 m, which indicates a strong temperature gradient in the 
upper portion of the summer thermocline structure. The magnitude of the 
thermocline was larger at the Umatilla Reef lightship than at the Swiftsure 
Bank lightship because the temperatures in the top 5-10 m were higher. 
Semi-daily variations that occurred in the temperature structure are 
illustrated by the bathythermograms presented in Fig. 36, which were 
observed during July 1 to 7, 1959. The extreme transitory nature of the 
shallow mixed surface layer is shown by the rapid change in structure 
from 0900 to 1800 of the 3rd, and from the 6th to the 7th. The bathy
thermogra.ms presented in Fig. 37 illustrate the wide variety of temper
a.ture structures that occurred each summer. Each bathythermogram repre
sents the conditions of temperature structure that prevailed for 1 or 
2 days only. It was difficult to choose bathythermograms that could be 
considered typical for any greater length of time. 

The daily surface seawater temperature data observed at 0900 P.S.T. 
are plotted in Fig. 38 to 43 for the period July 1955 to April 1960. 
The usual seasonal cycle of minimum temperatures in January, February or 
March~ and of maximum temperatures in July, August or September is discer
nible through the many short-term variations in heating and cooling. 
Occurrences of secondary maxima during the summer are noted in several 
years. Changes of 2 to 3 C occurred during IS-day intervals. Temperatures 
during the fall and winter months of 1957 were considerably higher than 
during the early spring months of that year, and were at a higher level 
than during the same period in 1956 or 1958. The higher temperatures 
continued into the first four months of 1958, as shown by the absence in 
the plotted temperature curve of the usual cooling trend in Feb~uary and 
March. An early maximum sea temperature occurred in mid-June 1959, 
following which the summer temperatures appeared to be quite low. 
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Daily variations in surface salinity 

The graphs of the surface salinity data obtained from the daily 
observations are presented in Fig. 38 to 43. There are numerous short
term variations of considerable amplitude in the surface salinity at 
the Umatilla Reef lightship. They can be directly related to changes 
in the runoff from coastal rivers along the Washington coast. The large 
decrease from June 1 to 12, 1956 (Fig. 39) is due to the great increase 
in discharge volume from the coastal rivers and the Columbia River, as 
mentioned in a previous section discussing surface salinity conditions 
at the Swiftsure Bank lightship (cf. p. 15). In fact, many of the 
significant decreases in salinity at the Umatilla Reef lightship are 
accompanied by a similar but lesser decrease in surface salinity at the 
Swiftsure Bank lightship. An extensive period of low surface salinity 
commenced on February 25, 1957 and extended into early April (Fig. 40). 
The discharge from the Hoh River increased from 895 cfs on February 22 
to 6,8100 cfs on the 23rd and to l3~600 on the 24th. The discharge level 
remained at an above-normal level of 2,000 cfs most of March. A signifi
cant increase in the daily discharge from the Columbia River also occurred 
in late February and early March, 1957. 

Surface salinity conditions at Umatilla Reef lightship were quite 
variable during the first six months of 1959 (Fig. 42). Most of these 
variations can be related to large increases in freshwater runoff from the 
coastal rivers. For instance, the decrease commencing in April 28, 1959 
is related to an increase in the Hoh River discharge from 1,790 cfs on 
the 27th to an estimated 14,400 cfs on the 29th. The largest salinity 
variation of the year occurred in mid-June 1959. It was probably due 
more to an increase in the discharge from the Columbia River rather than 
from the coastal rivers. There was a significant increase in the discharge 
from the Columbia River during this period, from 415,000 cfs on June 1 to 
539~000 cfs on June 16, while there was only a moderate increase in the 
Hoh River discharge, from 2,060 cfs on June 1 to 3,280 cfs on June 5 and 
remaining at the 2,000 cfs level until the 15th. During the first 15 
days of June the winds at Tatoosh were from the Sand SWat an average 
speed of 12 mph, which would contain the brackish upper zone water against 
the Washington shore. A large decrease in the surface salinity was 
observed at the Swiftsure Bank lightship at the same time (cf. Fig. 24) 
which indicates that the dilution of the upper zone was quite extensive 
and not limited to the Umatilla Reef region. 

The coincidental occurrence of a decreasing salinity condition with 
an increasing temperature condition can be noted at the Umatilla Reef 
lightship on numerous occasions; August 1, 1955 (Fig. 38), June 11, 1956 
(Fig. 39), May 23, 1957 (Fig. 40), May 5, June 16, 1959 (Fig. 42). 
These situations generally occurred in the summer during the seasonal 
heating period, and could have been caused by the retention of heat in 
a very shallow low-density upper zone. 
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Seasonal and year to year variations in seawater temperature and salinity 

The monthly mean sea-surface temperatures during the period July 1955 
to April 1960 and the temperatures at 5 depths to 40 m during the summers 
at the Umatilla Reef lightship are presented in Table 5. A plot of the 
1956-1960 average monthly mean surface temperature is presented in Fig. , 44A. 
The average seasonal temperature cycle is one which is common to most 
shore station data. There was an average annual temperature range of 5.1 C 
from the minimum monthly mean of 8.6 C in January to the maximum monthly 
mean of 13.7 C in September. This is a composite average of only 4 years 
of data during a period when coastal sea surface temperatures were above 
average for a considerable length of time. 

The annual temperature variations during the period 1956-1959 can be 
noted in the graph plot of surface monthly mean temperature in Fig. 30B. 
The maximum monthly mean surface temperature of 14.3 C occurred in 
September 1957, and the minimum surface temperature of 7.0 C occurred in 
February 1957. The warmer-than-average conditions noted at other shore 
stations on the Pacific coast during the 1957 to 1958 period were also 
observed in the surface temperature data from the Umatilla Reef lightship, 
where the period of anomalous temperatures extended from July 1957 to 
September 1958. 

The monthly mean surface salinity data for the Umatilla Reef lightship 
are presented in Table 6 and the plot of the 1956-1960 average monthly 
means is presented in Fig. 44B. The average minimum salinity of 29.3 100 
occurred in March and the maximum of 31.9 100 occurred in July and August. 
The secondary minimum in June is the result of the inclusion of the two 
very low monthly mean values for 1956 and 1959. There is a wide range 
of values for the individual monthly means, especially during the first 
six months of the year when the freshwater runoff from the coastal streams 
is the most variable. 

Year to year variations in monthly mean surface salinities are shown 
in Fig. 3lC. The unusually low salinity in June 1956 is related to the 
excessively high discharges from the coastal rivers and the Columbia River. 
The low salinities during January~ February, and March 1958 were the result 
of large discharges from the coastal rivers during December 1957, January 
and February 1958 (as indicated by the Hoh River discharge data) combined 
with a large discharge from the Columbia River in February 1958 (Fig. 3lB). 

INTER-STATION COMPARISONS OF TEMPERATURE AND SALINITY CONDITIONS 

The observations at the Swiftsure Bank lightship have provided very 
useful information upon the general variations that occurred in the 
temperature structure and surface salinity of the surrounding coastal 
area during the period 1954-1961. The observations at the Umatilla Reef 
lightship monitored the surface properties of water masses moving north
ward into this coastal region and complemented the Swiftsure Bank light
ship information. There is still a continuing need for this information 
because the Swiftsure Bank is an important fishery region. Daily sea 
surface temperature observations at the Umatilla Reef lightshi.p and daily 
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surface temperature and salinity observations at the U.S.C. & G.S. tide 
station at Neah Bay, Wash. are continuing. The observations at these two 
stations could be used to indicate major variations in the surface 
temperature and salinity conditions in the approaches to the Juan de 
Fuca Strait. 

Robinson (1961) examined the monthly mean temperature and salinity 
data for 24 shore stations along the Pacific coast of North America to 
determine the frequency of climatic coherence between the stations. 
Coherence is defined as the agreement in sign of the anomalies from a 
common base reference. She noted that in the northern group of stations 
(Canadian and Alaskan) the frequency of temperature coherence was higher 
in February (68%) than in August (32%). Salinity coherence was generally 
poor~ but at the northern stations it was slightly better in the summer 
than in the winter. The variations in the surface temperature and 
salinity data for the lightships show that there is good coherence between 
the Swiftsure Bank and Umatilla Reef lightships, and also between the 
Swiftsure Bank lightship and the Neah Bay shore station. 

Swiftsure Bank and Umatilla Reef lightships 

The lightships were located in regions that have the same general 
oceanographic characteristics. Seasonal -cycles in the temperature 
conditions were the same at both locations (Fig. 30B). In general, the 
sea surface temperatures at the Swiftsure Bank lightship were colder than 
those at the Umatilla Reef lightship. The difference was about 0.5 C 
in the winter months and 1.5 C in August and September. The average 
temperature below the 20 m depth during July and August was approximately 
0.3 C higher at the Swiftsure Bank lightship. The effects on temperature 
structure of significant short-term variations in surface heating and 
cooling were quite similar at both lightships. For instance, comparing 
the temperature curves for the summer months in the multi-depth plots, 
it ~an be noted that the large temperature increases observed in July 31. 
1955 and August 10, 1957 occurred almost simultaneously at both locations 
(Fig. 7 , 10 for Swiftsure, and Fig. 32, 35 for Umatilla). The larger 
magnitude of the summer thermocline structure at the Umatilla Reef lightship 
is shown by the greater spacing between the multi-depth temperature curves 
for this location. The daily sea surface temperature data further 
illustrates the frequent similarities in reaction to changes in surface 
heating and cooling effects (Fig. 20 to 25 for Swiftsure, Fig. 38 to 43 
for Umatilla). Examples of coincident temperature variations are those 
which occurred in June 1956, in February, May and August 1957, in May to 
September 1958, and in June 1959. 

The monthly mean surface salinities for both stations are plotted in 
Fig. 3lC. It can be easily noted that the seasonal cycles are very similar. 
The surface salinity at the Swiftsure Bank lightship in the winter was 
usually 1.2 100 higher than at the Umatilla Reef lightship, and during the 
spring and summer months there were only slight differences between the 
salinities at the two locations. By referring to the annual graphs of 
daily data (Fig.19-26 for Swiftsure, Fig. 38 - 43 for Umatilla) it can be 
noted that there is a high frequency of coincidence in the short-term 
salinity variations at the two lightship stations. The daily surface 
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salinity plots show that the large salinity changes observed in June 1956 
(Fig. 21 and 39) and June 1959 (Fig. 24 and 42), as well as the frequent 
short-term changes in the early months of 1959, occurred simultaneously 
at both locations. The fluctuations in surface salinity at the Umatilla 
Reef lightship are usually much larger than at the Swiftsure Bank lightship 
because it is located closer to the band of brackish inshore surface water. 

Swift sure Bank lightship and Neah Bay. Washington 

Monthly mean sea temperature and salinity data for the tide station 
at Neah Bay were obtained from data publications of the U.S. Coast and 
Geodetic Survey (1956, 1962) and from their Marine Data Division. The 
accuracy of the individual temperature readings is estimated to be 
within 0.3 C and the accuracy of the .salinity data, which was obtained 
from hygrometer readings, would sometimes only be within 0.3 ~ (Roden, 
1961. p. 95). 

The monthly mean sea surface temperatures at the Swiftsure Bank 
lightship and at the Neah Bay tide station are plotted in Fig. 30B. 
Both stations have very similar seasonal temperature cycles, which can 
also be noted in Fig. 29B. Surface temperatures at the lightship were 
about 1.0 C higher than at Neah Bay during the late summer, autumn and 
winter months. During the spring and early Summer months the temperatures 
were usually similar. Sea temperatures at both stations responded in a 
similar manner to monthly variations in external heating and cooling 
processes, which are indicated by the variations in the monthly mean air 
temperatures for Tatoosh Island (Fig. 30A). There is good coherence of 
significant sea temperature anomalies (greater than 1.0 C) between the 
lightship and the tide station. Roden (1961, 1963) has shown by a very 
comprehensive statistical analysis that there is good coherence between 
the monthly mean sea and air temperature anomalies for Neah Bay (sea) and 
Tatoosh Island (air), and that 60 to 70% of these anomalies can be 
directly related to one another. Air temperature data for Tatoosh Island 
could be used to indicate the possibility of abnormal heating or cooling 
variations occurring in the upper zone waters of the Swiftsure Bank 
coastal region, and the resulting effect could be confirmed by the sea 
temperature data from Neah Bay. 

The seasonal cyc1ea of surface salinity conditions at both stations 
are quite similar, as shown by the close correspondence of the plots of 
the 1955-1960 monthly average salinities in Fig. 29C. During the summer, 
the salinity at the Swiftsure Bank lightship usually was lower than at 
Neah Bay, whilst in the winter months it was higher. In Fig. 3lC the 
graph plots of the monthly mean salinities show that there is good 
coherence between the two stations, especially when the monthly variations 
are large. Both summer and winter inter-station differences were sometimes 
as large as 1.0~. Roden (1961, 1963) also examined the statistical 
relationships between surface salinity at Neah Bay and precipitation at 
Tatoosh Island. He showed that there was a high frequency of coherence 
between the salinity variations and the precipitation variations. Forty to 
60% of the salinity anomalies could be related to anomalies in precipita
tion. It has been shown earlier in this report that the freshwater runoff 
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from the coastal rivers has a considerable effect on the surface salinity 
in the Swiftsure Bank region. The statistical analyses by Roden (1961, 
1963) gives further credence to the use of the precipitation data for 
Tatoosh Island as a reliable indicator of the variations in freshwater 
runoff from the Washington am Vancouver Island coasts to this region. 
The inter-relationships between Tatoosh Island precipitation, Hoh River 
discharge, and surface salinities at the Swiftsure Bank lightship, the 
Umatilla Reef lightship, and Neah Bay are shown graphically in Fig. 3lA, 
31B,.and 31C. 

The meteorological observations at Tatoosh Island, especially those 
of air temperature, cloud cover, wind direction and speed, and precipi
tation,could be used to describe the climatological conditions which would 
most likely affect the oceanographic conditions of the upper zone waters 
in the Swiftsure Bank area. 

As a matter of interest, more than for discussion, the 1955-1960 monthly 
mea.n sea surface temperatures for the Race Rocks and Amphitrite Point, B.C. 
shore stations were included in Fig. 29B. Temperatures at Race Rocks 
were generally 1.0 C lower than at the Swiftsure Bank lightship, whilst 
those at Amphitrite Point were 0.5 to 1.0 C higher in the summer months 
and slightly lower in the winter months than at the lightship. In Fig. 
29C, the 1955-1960 monthly mean surface salinity for Race Rocks has been 
included. One noticeable feature is the fact that during the summer and 
autumn months the surface salinity at the Swiftsure Bank lightship is 
about 0.7 100 higher than at Race Rocks. This would indicate that the 
outflow of upper zone water from the Juan de Fuca Strait does not usually 
reach the vicinity of SWiftsure Bank, but remains close inshore along 
the south-western shore of Vancouver Island (cf. Tully, 1942). 

SUMMARY 

This report has described in detail the observational procedures, 
and the methods of processing and summarizing the data collected at the 
Swi ftsure Bank and Umatilla Reef lightships during 1954 to 1961. The 
data have not been thoroughly examined, but the seasonal and anomalous 
short-term variations in the temperature structure and surface salinity 
data have been noted. Oceanographic and climatological conditions in the 
coastal region adjacent to the lightships have been described in a general 
manner. 

The average sea surface temperature at the Swiftsure Bank lightship 
ranged from a minimum of 8.0 C in March to a maximum of 12.1 C in August. 
At lower depths, to 45 m, the minimum temperature of 8.0 C was still 
observed in March, but the depth of occurence of the maximum temperature 
deepened through the summer and autumn months so that it occured at 20 m 
in October (10.8 C) and at 45 m in November (9.0 C). The temperature 
structure at the Swiftsure Bank lightship was usually slightly positive 
or isothermal during the winter months, changing to a negative thermocline 
structure during April and May,when the surface heating process commenced. 
The magnitude of the thermocline increased to a maximum in August or 
September. The existence of a mixed upper layer was quite transitory as 
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there are strong vertical m~x~ng forces present in the region. The entire 
water column was immediately responsive to short-term changes in the 
external heating and cooling processes. Although it was difficult to 
recognize the effects of upwelling in the temperature data from the 
lightship because of its fixed position, one major occurrence in August 
1959 was noted. During most of 1955, temperatures from the surface to 
45 m were about 1 C colder than average. The highest temperatures at 
all depths occurred during the period August 1957 to July 1958. Similar 
anomalous conditions for both periods have been noted in the oceanographic 
data obtained in the adjacent oceanic regions. 

Surface salinity at the Swiftsure Bank lightship was at a m~n~mum in 
the winter and spring months ,and at a maximum in the summer and autumn 
months. This seasonal cycle is due primarily to the large volume of 
freshwater runoff from the coastal rivers during the winter months, 
combined with the northward flow of brackish surface water from the 
Columbia River estuary. Numerous short-term surface salinity variations 
occurred, and these were shown to be directly related to daily fluctuations 
in the discharge from the coastal rivers. An excessively high discharge 
volume from the Columbia River in June 1956 caused abnormally low salinity 
conditions at the lightship. The minimum average salinity of 30.3 100 was 
observed in April and the maximum of 31.9 100 was observed in September. 

Bathythermograph observations at the Umatilla Reef lightship were made 
during each year in the months of July and August only. The average 
magnitude of the thermocline was 5.2 C from 0 to 40 m, about 0.7 C greater 
than at the Swiftsure Bank lightship. 

Average surface temperatures at the Umatilla Reef lightship ranged 
from a minimum of 8.6 C in February to a maximum of 13.7 C in September. 
The average minimum surface salinity of 29.3100 was observed in March at 
the Umatilla Reef lightship~ and the maximum of 31.9 100 was observed in 
July. The short-term variations of surface salinity were directly related 
to the variations in the freshwater runoff from the Washington coast. An 
excessively high discharge from the Columbia River in June 1956 and in June 
1959 caused large decreases in the surface salinity at the lightship. 

The seasonal cycles of sea surface temperature and salinity at the 
two lightships were similar. Surface temperatures at the Umatilla Reef 
lightship were generally 1.5 C higher in the summer than at the Swiftsure 
Bank lightship. Surface salinities at the Swiftsure Bank lightship were 
1.2 100 higher in the winter and were similar during the remainder of the 
year. Short-term variations of temperature and salinity coincided very 
closely at both lightships, with the range of variation usually being 
greater at the Umatilla Reef lightship. 

There was very good coherence of temperature and salinity variations 
between the Swiftsure Bank lightship and the U.S.C. & G.S. tide station 
at Neah Bay, Wash. during this 1954-1961 period. Sea surface temperatures 
at the lightship were about 1.0 C warmer in the late summer) autumn and 
winter months than at the tide station. During the spring and early 
summer, temperatures were similar. The surface salinity at the lightship 
was slightly lower in the summer and slightly higher in the winter than at 
Neah Bay. 
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Comparisons of the temperature and salinity data from the two light
ships and Neah Bay wit~ the air temperature and precipitation data from 
Tatoosh Island, and with the discharge data from the Hoh River, Wash. and 
the Columbia River, showed numerous instances of direct inter-relationships 
between these various data. The climatological data at Tatoosh Island, 
combined with the sea surface temperature data at Neah Bay and the 
Umatilla Reef lightship, would be useful aids in determining present 
surface oceanographic conditions in the Swiftsure Bank region. 

~; A very useful method of identifying the external processes that 
affect temperature and salinity conditions in the nearshore surface waters 
of Oregon has been developed by Pattullo and Denner (1965). Using data 
from several shore stations ~ they grouped the individual temperature
salinity pairs into sets which were identified by the effects of the major 
modifying processes. A model was constructed so that the data can be 
classified in terms of the processes that affected them. The same method 
could be used to great advantage on the lightship data to determine the 
causes of the many variations in surface temperature and salinity. 
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Table 1. The percentage frequency and average speed (mph) of the monthly prevailing 
wind at Tatoosh Island, Wash., during 1954-1961; and at the Swiftsure Bank 

lightship during 1958. 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1954 
Prevailing dir. E E E W W W W S E E E E 
% Frequency 42 31 46 29 29 36 29 36 30 55 44 39 

Average speed 22 20 19 14 8 10 7 9 10 18 16 23 

1955 
Prevailing dir. E E E S W S W S S S E E 
% Frequency 53 28 29 32 35 31 31 29 27 28 41 38 

Average speed 17 20 16 16 12 11 7 10 11 17 26 26 

1956 
Prevailing dir. E E E E W W SSW SSW ENE E E E 
% Frequency 35 21 25 19 19 18 22 31 17 15 48 29 

Average speed 22 18 17 16 11 10 13 11 11 14 20 22 

1957 
Prevailing dir. E E E ENE SW SW SSW S ENE E E S 

% Frequency 48 33 22 14 20 20 22 19 30 52 44 22 
Average speed 23 25 23 13 11 9 9 11 17 22 18 26 

1958 
Prevailing dir. E E ENE ENE SSW W SSW S S E E E 
% Frequency 30 41 23 15 17 17 28 33 15 27 31 32 

Average speed 23 23 15 15 14 8 16 14 16 22 21 25 

Swiftsure Bank Lightship, 1958 
Prevailing dir. E E E SE W W W W W E E E 
% Frequency 36 43 23 19 14 29 15 14 14 24 15 32 

Average speed 25 22 14 23 25 8 3 5 14 20 25 26 

1959 
Prevailing dir. E E WNW E W WSW SSW SSW ENE ENE E E 
% Frequency 40 30 13 14 17 15 20 26 18 24 31 30 

Average speed 22 22 15 19 11 10 14 11 14 15 23 19 , 

1960 
Prevailing dir. E E E ENE WSW WSW SW S ENE ENE ENE E 

% Frequency 34 28 26 14 14 25 26 32 22 19 26 28 
Average speed 26 19 23 20 14 11 12 12 16 20 20 25 

1961 
Prevailing dir. E ESE E W W SW SSW S S ENE E ENE 
% Frequency 34 19 21 16 22 19 

Average speed 29 20 22 15 11 12 

1938-1961 Mean (U.S.W.B.) 
Prevailing Dir. E E E W W SW S S S E E E 

Mean speed 20 18 16 14 12 10 10 10 11 15 18 20 
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Table 2. Monthly mean seawater temperatures (C) at several depths, 
observed at the Swiftsure Bank lightship during 1954-1961. 

Depth(m) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1954 
0 11.3 11.2 14.0 11.1 11.4 9.6 

1955 
0 8.1 7.6 6.8 8.1 9.2 10 .1 11. 2 11.2 10.9 10.7 8.8 7.4 
5 8.2 7.6 6.8 8.0 9.1 9.7 10.8 10.8 10.7 10.5 8.8 7.4 

10 8.2 7.7 6.9 7.8 8.8 9.3 10 .3 10 .1 10 .3 10.3 8.8 7.6 
20 I 8.3 7.7 7.0 7.6 8.3 8.6 9.4 9.1 9.3 9.8 8.8 7.6 
30 8.3 7.8 7.1 7.4 7.9 8.0 8.6 8.3 8.5 9.3 8.6 7.6 
40 8.4 7.8 7.2 7.3 7.6 7.7 8.0 7.6 7.8 8.3 8.6 7.6 
45 8.4 7.9 7.2 7.3 7.5 7.6 7.8 7.4 7.6 8.0 8.4* 7.5* 

1956 
0 8.5 7.6 7.6 8.8 9.9 11.7 11.7 11.8 11.6 11.2 9.9 8.3 
5 8.6 7.6* 7.6* 8.6 9.7 11.2 10.9 11.2 11.3 11.2 9.9 8.3 

10 8.7 7.6* 7.5* 8.1 9.1 10.5 10.2 10.5 10 .8 11.1 9.8 8.3 
20 8.8 .7.7* 7.5* 7.7 8.3 9.6 9.1 9.4 10.0 10.8 9.7 8.2 
30 8.8 7.8* 7.4* 7.3 8.0 8.8 8.3 8.5 9.0 10.3 9.3 8.1 
40 8.9 7.9* 7.4* 7.1 7.8 8.1 7.6 7.8 8.2 9.4 8.6 7.9 
45 8.9 7.9* 7.4* 7.0 7.7 7.8 7.2 7.6 7.9 8.9 8.4 7.8 

1957 
0 7.1 6.6 7.9 9.3 11.1 11.3 11.8 13 .1 13 .1 13.1 11.3 10.3 
5 7.1 6.6 7.8 9.3 10.7 10.9 11.4 12.7 12.7 13.0 11.5 10 .3 

10 7.2 6.6 7.7 9.0 10.2 10.4 10.8 12.2 12.2 12.9 11.5 10.4 
20 7.2 6.8 7.7 8.6 9.3 9.6 9.9 11.3 11.1 12.4 11.3 10 ,3 
30 7.3 6.9 7.5 8.2 8.8 9.1 9.3 10.3 10 .1 11.6 11.0 10 .3 
40 7.4 7.1 7.4 7.9 8.5 8.6 8.7 9.6 9.2 10.6 10.8 10.0 
45 7.4 7.1 7.5 7.8 8.4 8.4 8.4 9.2 8.7 10.3 10.3 10.0 

1958 
0 9.6 10.4 9.5 10.0 10.8 12.9 12.4 12.8 12.4 11.2 10.5 9.7 
5 9.6 10.4 9.4 9.9 10.4 12.3 11.8 12.2 12.2 11.1 10.5 9.7 

10 9.7 10.4 9.4 9.8 10 .1 11.6 11.2 11.5 11.9 11.1 10.6 9.8 
20 9.7 10.3 9.3 9.6 9.6 10.6 10.3 10 .4 11. 1 10.6 10.6 9.8 
30 9.7 10.2 9.3 9.5 9.1 9.9 9.4 9.1 10.3 9.8 10.4 9.8 
40 9.7 10 .1 9.4 9.5 8.7 9.2 8.6 8.2 9.1 9.2 9.8 9.7 
45 9.7 10.2 9.4 9.5 8.6 9.0 8.4 7.9* 8.6 8.8* 9.6 9.8 

* estimated temperature 
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Table 2. cont'd. 

Depth(m) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1959 
0 8.7 8.4 8.2 9.4 10.8 12.4 11.9 11.8 12.1 11.2 8.9 9.0 
5 8.7 8.4 8.2 9.3 10 .6 12.0 11.5 11.4 12.0 11.1 8.9 9.0 

10 8.7 8.4 8.2 9.1 10.2 11.5 10.9 10.8 11.8 11.0 8.9 9.1 
20 8.8 8.5 8.2 8.9 9.7 10.5 10.0 9.7 11.0 10.4 8.8 9.1 
30 9.0 8.6 8.2 8.8 9.3 9.6 9.3 8.7 10.1 9.6 8.5 9.1 
40 9.0 8.8 8.2 8.7 9.0 8.8 8.5 7.9 9.2 9.0 8.4 8.8 
45 9.0 8.9 8.3 8.7 8.9 8.6 8.2 7.5 8.6 8.6 8.2 8.7 

1960 
0 8.1 8.5 8.2 10.0 11.3 11.0 11.6 11.9 10.8 11.1 10.7 9.4 
5 8.2 8.5 8.2 10.0 11.1* 10.6* 11.1 11.5 10.5 11.1 10.7 9.5 

10 8.2 8.5 8.2 9.8 10.7* 10.0* 10.5 10.9 10.2 11.0 10.7 9.5 
20 8.3 8.5 8.2 9.5 10.2* 9.1* 9.5 9.8 9.6 10.6 10.6 9.6 
30 8.4 8.6 8.2 9.0 9.6* 8.4* 8.6 8.6 9.0 9.8 10.2 9.8 
40 8.5 8.7 8.3 8.7 9.2* 7.8* 7.9 8.2 8.1 9.1 9.4 9.9 
45 8.5 8.7 8.4 8.6 9.1* 7.6* 7.6* 7.9* 7.8* 8.7* 9.1* 10.0* 

1961 
0 9.1 9.1 9.4 9.4 11.0 12.1 
5 9.1 9.2 9.4 9.3 10 .8 11.8 

10 9.0 9.1 9.2 9.1 10.5 11.3 
20 9.1 9.1 9.2 9.0 9.8 10.4 
30 9.2 9.1 9.1 8.9 9.2 9.6 
40 9.3 9.2* 9.2 8.9 8.7 9.0 
45 9.4* 9.3* 9.3* 8.9* 8.5 8.6 

1955-1960 
0 8.4 8.2 8.0 9.3 10.5 11.6 11.8 12.1 11.8 11.4 10.0 9.0 
5 8.4 8.2 8.0 9.2 10.3 11.1 i1.2 11.6 11.6 11.3 10.0 9.0 

10 8.4 8.2 8.0 8.9 9.8 10.6 10.6 11.0 11.2 11.2 10 .0 9.1 
20 8.5 8.2 8.0 8.6 9.2 9.7 9.7 10.0 10.4 10.8 10.0 9.1 
30 8.6 8.3 8.0 8.4 8.8 9.0 8.9 8.9 9.5 10.1 9.7 9.1 
40 8.6 8.4 8.0 8.2 8.5 8.4 8.2 8.2 8.6 9.3 9.3 9.0 
45 8.6 8.4 8.0 8.1 8.4 8.2 7.9 7.9 8.2 8.9 9.0 9.0 

* estimated temperature 
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Table 3. Temperature differences (C) between successive monthly mean temperatures 
at several depths, Swiftsure Bank lightship, 1955-1960 ; negative sign 

indicates cooling, positive sign indicates warming. 

Depth(m) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1955 
0 -1.5 -0.5 -0.8 +1.3 +1.1 +0.9 +1.1 to.O -0.3 +0.2 -1.9 -1.4 
5 -0.6 -0.8 +1.2 +1.1 +0.6 +1.1 to.O -0.1 -0.2 -1.7 -1.4 

10 -0.5 -0.8 +0.9 +1.0 +0.5 +1.0 -0.2 +0.2 to.O -1.5 -1.2 
20 -0.6 -0.7 +0.6 +0.7 +0.3 +0.8 -0.3 +0.2 +0.5 -1.0 -1.2 
30 -0.5 -0.7 +0.3 +0.5 +0.1 +0.6 -0.3 +0.2 +0.8 -0.7 -1.0 
40 -0.6 -0.6 +0.1 +0.3 +0.1 +0.3 -0.4 +0.2 +0.5 +0.3 -1.0 
45 -0.5 -0.7 +0.1 +0.2 +0.1 +0.2 -0.4 +0.2 +0.4 +0.3* -0.9* 

1956 
0 +1.1 -0.9 to.O +1.2 +1.1 +1.8 ±O.O +0.1 -0.2 -0.4 -1.3 -1.6 
5 +1.2 -1.0* iO .0* +1.0* +1.1 +1.5 -0.3 +0.3 -0.1 -0.1 -1.3 -1.6 

10 +1.1 -1.1* -0.1* +0.6* +1.0 +1.4 -0.3 +0.3 +0.3 +0.3 -1.3 -1.5 
20 +1.2 -1.1* -0.2* +0.2* +0.6 +1.3 -0.5 +0.3 +0.6 +0.8 -1.1 -1.5 
30 +1.2 -1.0* -0.4* -0.1* +0.7 +0.8 -0.5 +0.2 +0.5 +1.3 -1.0 -1.2 
40 +1.3 -1.0* -0.5* -0.3* +0.7 +0.3 -0.5 +0.2 +0.4 +1.2 -0.8 -0.7 
45 +1.4* -1.0* -0.5* -0.4* +0.7 +0.1 -0.6 +0.4 +0.3 +1.0 -0.5 -0.6 

1957 
0 -1.2 -0.5 +1.3 +1.4 +1.8 +0.2 +0.5 +1.3 iO.O to.O -1.8 -1.0 
5 -1.2 -0.5 +1.2 +1.5 +1.4 +0.2 +0.5 +1.3 ±o.o +0.3 -1.5 -1.2 

10 -1.1 -0.6 +1.1 +1.3 +1.2 +0.2 +0.4 +1.4 iO.O +0.7 -1.4 -1.1 
20 -1.0 -0.4 +0.9 +0.9 +0.7 +0.3 +0.3 +1.4 -0.2 +1.3 -1.1 -1.0 
30 -0.8 -0.4 +0.6 +0.7 +0.6 +0.3 +0.2 +1.0 -0.2 +1.5 -0.6 -0.7 
40 -0.5 -0.3 +0.3 +0.5 +0.6 +0.1 +0.1 +0.9 -0.4 +1.4 -0.2 -0.8 
45 -0.4 -0.3 +0.4 +0.3 +0.6 iO.O iO.O +0.8 -0.5 +1.6 iO.O -0.3 

1958 
0 -0.7 +0.8 -0.9 +0.5 +0.8 +2.1 -0.5 +0.4 -0.4 -1.2 -0.7 -0.8 
5 -0.7 +0.8 -1.0 +0.5 +0.5 +1.9 -0.5 +0.4 ±o.o -1.1 -0.6 -0.8 

10 -0.7 +0.7 -1.0 +0.4 +0.3 +1.5 -0.4 +0.3 +0.4 -0.8 -0.5 -0.8 
20 -0.6 +0.6 -1.0 +0.3 ±O.O +1.0 -0.3 +0.1 +0.7 -0.5 iO.O -0.8 
30 -0.6 +0.5 -0.9 +0.2 -0.4 +0.8 -0.5 -0.3 +1.2 -0.5 +0.6 -0.6 
40 -0.3 +0.4 -0.7 +0.1 -0.8 +0.5 -0.6 -0.4 +0.9 +0.1 +0.6 -0.1 
45 -0.3 +0.5 -0.8 +0.1 -0.9 +0.4 -0.6 -0.5* +0.7* +0.2 +0.8 +0.2 

* estimated temperature data used. 
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Table 3. cont'd. 

Depth(m) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1959 
0 -1.0 -0.3 -0.2 +1.2 +1.4 +1.6 -0.5 -0.1 +0.3 -0.9 -2.3 +0.1 
5 -1.0 -0.3 -0.2 +1.1 +1.3 +1.4 -0.5 -0.1 +0.6 -0.9 -2.2 +0.1 

10 -1.1 -0.3 -0.2 +0.9 +1.1 +1.3 -0.6 -0.1 +1.0 -0.8 -2.1 +0.2 
20 -1.0 -0.3 -0.3 +0.7 +0.8 +0.8 -0.5 -0.3 +1.3 -0.6 -1.6 +0.3 
30 -0.8 -0.4 -0.4 +0.6 +0.5 +0.3 -0.3 -0.6 +1.4 -0.5 -1.1 +0.6 
40 -0.7 -0.2 -0.6 +0.5 +0.3 -0.2 -0.3 -0.6 +1.3 -0.2 -0.6 +0.4 
45 -0.8 -0.1 -0.6 +0.4 +0.2 -0.3 -0.4 -0.7 +1.1 10.0 -0.4 +0.5 

1960 
0 -0.9 +0.4 -0.3 +1.8 +1.3* -0.3 +0.6 +0.3 -1.1 +0.3 -0.4 -1.3 
5 -0.8 +0.3 -0.3 +1.8 +1.1* -0.5* +0.5* +0.4 -1.0 +0.6 -0.4 -1.2 

10 -0.9 +0.3 -0.3 +1.6 +0.9* -0.7* +0.5* +0.4 -0.7 +0.8 -0.3 -1.2 
20 -0.8 +0.2 -0.3 +1.3 +0.7* -1.1* +0.4 +0.3 -0.2 +1.0 iO.O -1.0 
30 -0.7 +0.2 -0.4 +0.8 +0.6* - 1. 2* +0. 2* iO. 0 +0.4 +0.8 +0.4 -0.4 
40 -0.3 +0.2 -0.4 +0.4 +0.5* -1.4* +0.1* +0.3 -0.1 +1.0 +0.3 +0.5 
45 -0.2 +0.2 -0.3 +0.2 +0.5* -1. 5* iO.O +0.3* -0.1 +0.9 +0.4 +0.9 

1961 

0 -0.3 10.0 +0.3 iO.O +1.6 +1.1 
5 -0.4 +0.1 +0.2 -0.1 +1.5 +1.0 

10 -0.5 +0.1 +0.1 -0.1 +1.4 +0.8 
20 -0.5 10.0 +0 .1 -0.1 +0.8 +0.6 
30 -0.6 -0.1 iO.O -0.2 +0.3 +0.4 
40 -0.6 -0.1* iO.O* -0.3 -0.2 +0.3 
45 -0.6* -0.1* ±O.O* -0.4 -0.4* +0.1 

* estimated temperature data used. 
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Table 4. Monthly mean salinities ~) at the surface, observed at the Swiftsure Bank 
lightship during 1954-1961; the 19~5-1960 average salinity; and the maximum 

and minimum monthly mean salinities. 

Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1954 31.08 31.40 29.68 31.32 31.19 

1955 30.48 30.80 31.94 30.47 31.6~ 31.87 31. 77 31.16 31.77 31. 37 31.22 30.32 

1956 29.66 30.78 30.23 30-.18 31.67 29.19 31.34 31.61 32.10 31.43 31.32 30.83 

1957 31.14 31.52 29.93 29.96 31.11 31.88 32.09 32.07 32.05 31.75 31.55 31.28 

1958 30.97 30.21 29.86 30.85 31.44 31. 28 31.42 31.94 31.93 31.95 31.09 31.15 

1959 30.62 30.46 30.78 30.11 30.68 30.64 31.42 31.59 31.46 31.15 31.95 29.79 

1960 31.48 30.46 31.41 29.56 29.10 30.40 31.35 31.73 32.01 31.45 31.47 31.00 

1961 31.09 29.74 38.70 30.50 29.82 30.55 

1955-1960 30.72 30.71 30.69 30.19 30.94 30.88 31.56 31.68 31.89 31.52 31.43 30.73 

Maximum 31.48 31.52 31.94 30.50 31.67 31.88 32.09 32.07 32.10 31.95 31.95 31.28 

Minimum 29.66 29.74 28.70 29.56 29.10 29.19 31.08 31.16 29.68 31.15 31.09 29.79 
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Table 5. Monthly mean seawater temperatures (C) at the surface and at several 
depths, observed at the Umatilla Reef lightship during 1955-1960, and 

the 1956-1960 average surface temperature. 

Depth(m) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1955 
0 13.1 12.7 
5 12.0 11.2 

10 10.8 9.8 
20 8.8 8.4 
30 8.1 7.6 
40 7.7 7.3 

1956 
0 8.8 11.4 12.8 12.9 12.7 12.4 10.6 8.7 
5 11.8 11.6 

10 10.0 9.9 
20 8.6 8.0 
30 8.0 7.6 
40 7.7 7.5 

1957 
0 7.4 7.0 8.4 9.7 11.8 12.6 12.9 14.3 14.8 14.3 12.4 10.6 
5 12.3 13.9 14.4 

10 11.3 12.9 13.0 
20 9.9 10.9 11.1 
30 8.9 10.2 10.3 
40 8.2 9.2 9.2 

1958 
0 9.7 10.2 10.2 11.2 11.6 13.3 13.6 14.0 14.1 12.2 10 .9 10.2 
5 12.3 12.7 

10 11.1 11.0 
20 10 .0 9.3 
30 9.1 8.4 
40 8.4 8.1 

1959 
0 9.1 8.8 8.9 9.4 11.4 13.7 12.8 12.8 13.7 
5 12.1 

10 11.1 
20 9.9 
30 9.0 
40 8.2 

1960 
0 7.9 8.2 8.3 10 .0 

1956-1960 
0 8.6 8.6 9.0 9.8 11.6 13.1 13.1 13.3 13.7 13.3 11.3 9.8 
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Table 6. Monthly mean surface salinities ~), observed at the Umatilla Reef light-
ship during 1955-1960; the 1956-1960 average salinity; and the maximum 

and minimum salinities. 

Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1955 31.51 31.38 

1956 31.05 31.97 27.30 31.83 32.18 32.40 30.66 28.64 

1957 30.26 30.80 28.27 29.30 30.30 31. 76 32.09 31.25 31.98 31.22 31.19 29.65 

1958 28.51 28.27 28.67 30.49 31.43 31.44 32.01 32.21 31.90 31. 74 29.78 29.76 

1959 29.06 29.31 29.83 30.64 30.06 29.25 31.74 31.97 30.89 

1960 30.54 29.59 30.27 27.63 

1956-1960 29.59 29.49 29.26 29.82 30.94 29.94 31.92 31.90 31.79 31.48 30.54 29.35 

Maximum 30.54 30.80 30.27 31.05 31. 97 31.76 32.09 32.21 32.40 31. 74 31.19 29.76 

Minimum 28.51 28.27 28.27 27.63 30.06 27.30 31.51 31.25 30.89 31.22 29.78 28.64 
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Fig. 3. The U.S. Coast Guard lightship "Umatilla" (WAL 513). U.S.C.G. photo 
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Fig. 14. Semi-daily bathythermograms observed at the Swiftsure Bank lightship 
during July 5 to 10, 1959. 
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Fig. 15. Bathythermograms observed in each month of the year 1959 at the 
Swiftsure Bank lightship. 
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Fig. 19. Daily sea surface temperatures and salinities observed at the Swiftsure Bank lightship in 1954. 
(Smoothed by 7-day running average.) 
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SWIFTSURE BANK 
JANUARY FEBRUARY IIARCH APRIL IIAY JUNE JULY AUGUST SEPTEIIBER OCTOBER NOYEIIIIR 

30 

25 

JANUARY IIARCH APRIL JULY SEPTEIIBER OCTOBER NOYEIIBER DECEIIBER 

Fig. 20. Daily sea surface temperatures and salinities observed at the Swiftsure Bank lightship in 1955. 
(Smoothed by 7-day running average.) 
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Fig. 21. Daily sea surface temperatures and salinities observed at the Swiftsure Bank lightship in 1956. 
(Smoothed by 7-day running average.) 
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Fig. 22. Daily sea surface temperatures and salinities observed at the Swiftsure Bank lightship in 1957. 
(Smoothed by 7-day running average.) 
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SWIFTSURE BANI< 
JANUART FlIRUART IIARCH APRIL IIAT JUNE JULT AUGUST SEPTEIlIER OCTOIER NOYEIlIER DECRIER 
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Fig. 23. Daily sea surface temperatures and salinities observed at the Swiftsure Bank lightship in 1958. 
(Smoothed by 7-day running average.) 
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Fig. 24. Daily sea surface temperatures and salinities observed at the Swiftsure Bank lightship in 1959. 
(Smoothed by 7-day running average.) 
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Fig. 25. Daily sea surface temperatures and salinities observed at the Swiftsure Bank lightship in 1960. 
(Smoothed by 7-day running average.) 
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Fig. 26. Daily sea surface temperatures and salinities observed at th~ Swiftsure Bank lightship in 1961. 
(Smoothed by 7-day running average.) 
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Fig. 27. Monthly mean seawater temperatures (C) at 0, 
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Bank lightship, Neah Bay, and Race Rocks. 
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Fig. 30. (A) Monthly mean air temperatures at Tatoosh Island; (B) Monthly mean seawater 
temperatures (C) at 0 and 40 m at the Swiftsure Bank lightship, and at the surface 

at the Umatilla Reef lightship and Neah Bay, Wash., for the years 1956-1961. 
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Fig. 31. (A) Monthly mean precipitation amounts at Tatoosh Island; (B) Monthly mean discharge 
volumes of the Hoh River and the Columbia River at the mouth; (C) Monthly mean 
surface salinities ~) at the Swiftsure Bank lightship, the Umatilla Reef lightship, 

and Neah Bay, Wash., for the years 1956-1961. 
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Fig. 32. 

.JUNK 

Daily seawater temperatures at 0, 5, 10, 20, 
June 20 to September 15, 1955. 

JULY Dec ....... 

30, and 40 m observed at the Umatilla Reef lightship, 
(Smoothed by 7-day running averages.) 
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33. Daily seawater temperatures at 0, 5, 
June 20 to September 

(Smoothed 
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10, 20, 30, and 40 m observed at the Umatilla Reef lightship, 
15, 1956, and at ° m for remainder of year. 
by 7-day running average.) 
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I"IUIRUARY' MARCH A~IUL .JUN. .JULY AUGUn •• PT.M •• R OCTO •• " D.ca ...... 

Daily seawater temperatures at 0, 5, 10, 20, 30, and 40 m observed at the Umatilla Reef lightship, 
June 20 to September 30, 1957, and at ° m for remainder of year. 

(Smoothed by 7-day running average.) 
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Fig. 35. Daily seawater temperatures at 0, 5, 10, 20, 30, and 40 m observed at the Umatilla Reef lightship, 
June 20 to September 15, 1958, and at ° m for remainder of year. 

(Smoothed by 7-day running average.) 
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Fig. 36. Bathythermograms observed at the Umatilla Reef lightship during 
July 1 to 7, 1959. 
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Fig. 37. Bathythermograms observed at the Umatilla Reef lightship during 
July, August, September of 1955, 1956, 1957, and 1958. 
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UMATILLA REEF 
JANUARY FlIRUARY IIARCH APRIL IIAT JUNE JULY AuauST SEn!IIIIR OCTOIER NOVEIiBER 

JANUARY ,.nUART APRIL OCTOBIR DICIIiBII 

Fig. 38. Daily sea surface temperatures and salinities observed at the Umatilla Reef lightship during 
July 1 to September 15, 1955. (Smoothed by 7-day running average.) 
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UMATILLA REEF 
FEBRUARY IIARCH APRIL IIAY JUNE JULY AUGUST SEnEIiBIR OCTOIIER NOVEIIIIIR 

JANUARY APRIL IIAY JUNI JULY /lU.UST SEnEIIIIER OCTOBER NOYEIIIIIR DICIIIIIIR 

Fig. 39. Daily sea surface temperatures and salinities observed at the Umatilla Reef lightship during 
March 15 to December 31, 1956. (Smoothed by 7-day running average.) 
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UMATILLA REEF 
JANUARY FIIRUARY MARCH APRIL IIAY JUNE JULY AUQUST SEPTEIIBER OCTOBER NOVEIIBER DECEIIB,. 

JANUARY FlnUARY IIARCH APRIL IIAY JUNE JULY NOVEIlBER DECEIIBER 

Fig. 40. Daily sea surface temperatures and salinities observed at the Umatilla Reef lightship in 1957. 
(Smoothed by 7-day running average.) 
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Fig. 41. Daily sea surface temperatures and salinities observed at the Umatilla Reef lightship in 1958. 
(Smoothed by 7-day running average o ) 
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Fig. 42. Daily sea surface temperatures and salinities observed at the Umatilla Reef lightship in 1959 
until September 30. (Smoothed by 7-day running average.) 
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UMATILLA REEF 
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Fig. 43. Daily sea surface temperatures and salinities observed at the Umatilla Reef lightship during 
January 1 to May 10, 1960. (Smoothed by 7-day running average.) 
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Fig. 44. (A) 1956-1960 average monthly mean sea surface 
temperatures (C); and (B) 1956-1960 average monthly 
mean surface salinities (%,) at the Umatilla Reef 
lightship. Vertical lines indicate range of 

individual monthly means. 




