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ABSTRACT S

Seasonal mean salinity and temperature values and their

variability from the mean were determined for twelve ocean weather

stations in the North Atlantic and North Pacific Oceans. High

variabilities in near—surface layers above 200 m can be explained

by wind-induced mechanical mixing and upwelling and temporal vari-

ations in radiational heating and cooling from the atn~ sphere as

well as advection. At depths below 200 m the close proximity of

strong or n~ derate fronts and internal waves are reasonable ex-

planations of high variabilities in temperature and salinity .

Tabular listings and mean temperature—salinity ( 1’-S) diagrams for

each WS are presented by season in the appendices following the

text . •
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INTRODUCTION

The ocean weather stations occupied for extended periods of
S 

tine by vessels of various nations equipped for rout ine oceanograph ic

observations provide the naval environmentalist with an excellent

• source of information about oceanographic variability at certain

locations in the world’s ocean . Because the observations are usually

time—series , that is , taken at regular intervals over extended periods

of time, their value as aids to oceanograph ic forecasting is considerable.

The data from these observations compiled during the construction of a

Northern Hemisphere data file, provide a brief introduction to the

oceanographic conditions at ocean weather stations in the North

Atlantic and North Pacific Oceans .

The use of stationary ships in the open ocean to acquire routine

meteorological data was initiated nearly two decades prior to World War II.

However, it was not until August 1956 that Canadian oceanographers initiated

Nansen casts at Ocean Weather Station COWS) PAPA (50°N , l45°W). Before then

routine oceanographic measurements taken at ocean weather stations were

limited to sea surface temperatures and thermal profiles taken with sh ip—

• board mechanical bathythermographs. The Nansen casts at OWS PAPA were taken

to both shallow (400 m) and intermediate (2000 in) depths weekly, and, at

least three times during a cruise, to near the bottom. (Husby , 1967)

Temperature, salinity, and dissolved oxygen observations were made at each

station with silicate observations made at intermediate stations.

In 1962 oceanography was added to the statutory responsibilities of

the U. S. Coast Guard with the result that Nansen casts were begun at OWS

BRAVO, CHARLIE, DELTA, and ECHO in the North Atlantic and at (MS NOVEMBER

and VICTOR in the North Pacific. Names and locations of the ocean weather

stations are shown in Table I.

- . • . —~~ 
~~~~~~~~~~~~~~~ • •
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Observations at these stations have been taken intermittently since

1964 with approximately the same methods , instruments, and proce~ 11reS .

being employed at each station. The basic program consisted of daily

Nansen casts to 1509 in plus two casts to near the bottom on each cruise.

Sea water samples were analyzed at sea with an induction salinometer, and

in situ temperatures and thermometric depths were determined with pairs

of protected and unprotected reversing thexitcmeters. Sea water samples

from both the surface and deepest bottles from each cast were forwarded to

the Coast Guard Oceanographic Unit in Washington , D. C., and analyzed for

quality control of salinity measurements. Coast Guard vessels occupying

ocean weather stations were required to remain within a ten—mile square

centered about the station insofar as the exigencies of navigation , weather,

and mission would permit. Similar procedures were followed at s~ x addit-

ional stations maintained by other nations.

L 

The observations taken at the Ocean Weather Stations are especially

useful to long-term climatological studies of sea surface temperatures,

sonic layer depths, sound channels, and surface ducts. When incorporated

into acoustic ~~dels such as Fast Asymptotic Coherent Transmission ~~del

(FACT) and Shipboard Helicopter Acoustic Range Prediction System (SHARPS) ,

these data are particularly useful in determining variability of acoustic

• parameters (propagation loss , convergence zones) at given points. As

such the data are particularly useful to naval planners in their planning

and execution of ASW operations.

~~~~~ -
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PROCEDURE

Ocean station data consisting of both Nansen casts and salinity-

temperature—depth (STD) drops from each of twelve ocean weather stations

(OWS) were accessed from the NA”JOCEANO UNIVAC—llOB ocean station data

file. Only those casts extending to a depth of 200 in or greater were

considered. The data, grouped by season, were collected from within a

two—degree rectangle centered about each station. For example . in the

investigation of (MS VICTOR (34°0O’N, l64°0O’E) all data in the rectangle

bounded by 33°—35°N, l63°—165°E were examined.

Seasonal mean salinities and temperatures at standard depths were

tabulated together with the number of observations and their standard

deviations. All observations occurring in January , February, or March

were considered to be winter observations, and those occurring in the

second, third , and fourth quarters were deemed to be spring, summer, or

autumn observations, respectively . The data were treated in this manner

because meteorologi cal and oceanographic heating and cooling lag the

astronomical seasons . The mean seasonal observations were also plotted

on a temperature-salinity (T-S) diagram using a XY NETICS plotter. No

attempts were made to adjust questionable data through deletion or

sn~othing.
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RESULTS

Results of the computations are shown in Appendices A through L

with each appendix covering a single OWS*. OWS INDIA, located between

Iceland and the British Isles, is totally lacking in winter data. OWS

0 
NOVEMBER, situated between California and Hawaii, was excluded from the

study because data from that station were not found in the ocean station

data file. OWS ALFSA~ BRAVO, CHARLIE, KILO, and INDIA all located away

from the strong and noderate fronts of the North Atlantic, show less

variation of temperature and salinity from surface to bottom than OWS

DELTA, ECHO, HOTEL , JULIETJ~, and MIKE. Low evaporation and high precipi-

tation in these high latitudes together with strong wind mixing and the

absence of a strong or moderate front cause relatively homogeneous oceano-

graphic conditions both in space and in time .

The water at OWS ALFA, located in the Irm.inger Sea between Greenland -
0 and Iceland, is probably formed by mixing of fa~rly saline (35.35°/00) and

warm (9.5°C) Northeast Atlantic Water and cold (4.0°C) moderately saline~ 
S

(34..9°/00) Irntinger Sea Water (Fairbridge , 1966). Convective overturning

and strong wind mixing in winter combine to maintain standard deviations

• of temperature of less than 0.50°C. The higher temperatures during the

0 sumner nonths are indicative of surface heating. The increased temperatures

in the upper 200 m with little or no salinity change repress convective

overturning thus eliminating surface ducts during the warmer ucnths. The

• combined effects of autumnal overturning and winter cooling act to suppress

the formation of a sonic layer depth at this station during the colder

nonths.

• 0~5~

*All data in the appendices and text are in metric  uni ts  with depths in 
0

0 meters, temperatures in degrees Celsius, salinitie3 in parts per thousand,
and sound speeds in meters per second.
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At (MS BRAVO in the Labrador Sea between Greenland and Labrador

temperatures in the upper 100 in are consistently colder than those at

OWS ALFA. General features of the therxnohaline structure at OWS BRAVO

are given by Shuhy (1969). These temperatures show a pronounced annual

march with a maximum surface temperature of approximately 9.5°C occurring

in late August or early September. Although the maximum temperature

gradient was found to be in the upper 100 in, effects of summer warming

were found as deep as 450 in. The combined effects of sea surface tempera-

ture maximum and surface salinity minimum (34.28°/00) during the sunater

nonths tend to inh ibit convective overturning at this station.

Shuhy (1969) suggests that the presence of a permanent halocline

between 200 in and 400 in acts as a barrier to convective overturning for the

better part of the year in spite of winter cooling and wind mixing. However,

studies of oxygen content of the bottom and deep waters found in this

vicinity are indicative of strong convective overturning (Fairbridge , 1966).

High static stability in the upper layers at this station leads to high

warmer oceanic surface temperatures and destruction of surface ducts for

sound propagation in the warm sumner months. The increase of temperature

with depth at this station can be explained by cold, relatively fresh

arctic water overriding warmer, more saline oceanic water.

(MS CHARLIE, located near the southern end of the Reykjanes Ridge,

shows a pronounced annual march of sea surface temperature together with

a permanent halocline between 200 and 400 in. The permanent halocline

tends to inhibit the temperature variability below 200 in and convective

overturning at and below this depth. The high salinities (34.92~/oo — 34.98°/00)

and temperatures between 3.0° and 3.8°C at and below 1000 m are characteristic

of the North Atlantic Deep Water found over the entire North American Basin

• 5.
— - 
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Husby (1968). Between 200 in and 1000 in a typical North Atlantic inter-

mediate water is found with temperatures ranging from a 3.5°C to 6.0°C

and salinities ranging from 34.90°/00 to 34.93°/00 (Husby, ibid).

Because of OWS DELTA’s location near the edge of the North Atlantic

Drift, the oceanographic conditions at this station are expected to be

considerably more complex than those at ALFSA~ BRAVO , or CHARLIE. The best

way to describe the complex oceanographic conditions in this area is in

terms of their standard deviations from their mean values. High standard

deviations of up to 2.0°C for temperature and 0.50°/00 for salinity at the

400 or 500 in-level indicate. the close p~~ ximity of -a cold,’relatively fresh 
S

water mass to a warm, saline water mass. The boundary between these water

masses forms a frontal zone containing the easterly - flowing North Atlantic

Drift which forms the eastward extension of the Gulf Stream system. The

occurrence of such large standard deviations over a comparatively small geo—

graphical area shows shifts in the position of this system with time. The

frontal zone with its downward slope of isotherms to the south caused sharp

horizontal as well as vertical changes in the sound velocity profile.

(MS ECHO’s location near the northeastern limit of the Sargasso Sea

explains the warm, saline water in the upper 200 in and the strong, deep

(200—800 in) therirocline found at this station. Seasonal variation of temp-

erature is confined to the upper 200 or 300 m with the maximum layer depth

occurring during the winter months. High standard deviations of temperature

L 

at this station may be explained by periodic meanderings of Gulf Stream water

through this area (Ro sebrook, 1971). The two principal water masses observed

present at depths from 200 to 800 in and a mixture of Mediterranean Water and

~~ in the upper 1500 in at this station are the North Atlantic Central Water 
S

North Atlantic Deep Water called Upper North Atlantic Deep Water found at

intermediate depths between 800 and 1500 in (Rosebrook, 1971). The large ‘ S

L standard deviations of temperatures well below the mixed layer at this station

4 - 6. 
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may be caused by vertical motion of the main therniocline induced by

internal waves or wind—driven upwelling.

The extremely large variations of salinity and temperature at

OWS HOTEL are explained by its location near the northern edge of the

Gulf Stream. Strong wind mixing, especially in the colder winter and

spring months , and large—scale meanders of the Gulf Stream combine to

produce standard deviations in temperature as high as 5.7 °C and those

in salinity as high as 1.l°/00. During the winter months the temperature

at 400 in has a standard deviation of 4.20°C and a mean value of 9.31°C.

Because this depth is well below the mixed layer, the high standard

deviation is a strong indication of horizontal meandering of the Gulf

Stream. Such large temporal variations in oceanographic conditions over

a comparatively small geographical area are important to naval planners

because they lead to strong horizontal and vertical gradients of sound

velocity.

OWS INDIA, located about 250 miles south of Iceland, shows snnewhat

more saline, warmer water than OWS ALFA located further west. This

— warmer, more saline water is associated with the northern branch of the

North Atlantic Current which continues across the Wyville Thomson

Ridge inl o the Norwegian Sea (Sverdrup, 1942). Some of this water also

turns to the north and west and flows south of Iceland in a westerly direction.

The mean sound velocity minimum found at 100 in indicates the formation

of a soun d channel near this depth.

OWS JULIETT and KILO are both located in the eastward extension

of the North Atlantic Current. The former is located in the northern

branch of this current, and is characterized by standard deviations of

temperature exceeding 1.0°C. Such large standard deviations at depths

ranging f rom 400 to 1000 in are indicative of a frontal zone forming a

L 7.i_ _i
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dynami c boundary between c~1d, fresh water to the north and warm , saline

North Atlantic Central water to the south. (MS KILO is located in the

southern and eastern branch of the North Atlantic Current, a region

notably lacking in distinct currents (Sverdrup , 1942j. This lack of

oceanographic variability is reflected in fairly low standard deviations

of temperature and salinity below 100 in.

OWS MI KE, located in the Norwegian Sea , is characterized by anomalously

warm, saline water for such a high latitude. Salinities and suhsurface

temperatures in the Norwegian Sea range from 35.3°/00 and 8°C north of

Scotland to 35.0°/0O and 4°C to the northwest of the Spitsbergen Islands

(Sverdrup , 1942). The large standard deviations of temperature of over

1°C at depths from 100 to 500 in ma~j’ be the result of traveling eddies

flanking the left-hand side of the Norwegian Current (Sverdrup, 1942).

OWS PAPA , located in the Aleutian (Subarctic) Current, is characterized -

by salinities in the upper 100 in well under 33.0°/00. The cool temperatures

and low salinities at this location are probably the result of high

precipitation and cooling combined with the effects of mixing of Kuroshio

and Oyashio water in the western Pacific (Sverdrup, 1942Y and are

characteristic of the Subarctic Water so prominent in the northeastern

Pacific. The low standard deviation of temperature and salinity below

200 in attest to the low oceanographic variability in this area. The shallow

limiting depths between 2000 and 2500 in together with a bottom depth in

excess of 4000 in during the stuniner months at this station indicate good

convergence zones for sound propagation .

The data at (MS VICTOR, located near the southeastern limit of the

Kuroshio Extension, reflect the generally lower temperatures and salinities

of the North Pacific as compared to the North Atlantic Ocean. The maximum

I .
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mean salini ty is less than 34.75 °/O0, and the maximum mean temperature

is only 24.9l cb. On the other hand, OWS HOTEL , located near the northern

edge of the Gulf Stream, shows a maximum mean temperature at 26.14°C at

the surface and a maximum mean salinity 34.900/00 at 100 in during summer.

Standard deviations of temperature at OWS VICTOR are slightly in excess of

2.0 °C between 200 in and 400 in and are most likely the result of meanders

of this well—defined western boundary current. Such meanders are likely

to produce strong horizontal as well as vertical sound velocity gradients.

The salinity minimum between 34.05°/CO and 34.07°/00 is located at 600 in

at the bottom of the main thermocline. This water represents the most

northern extension of the North Pacific Intermediate water that flows

north along the coast of Japan before reversing as part of the gyro on

the right hand side of the Kuroshio (Husby, 1967). This influx of cold ,

comparatively f resh water at 600 in may produce temporary sound velocity

minima at this depth forming sound channels above the mean deep sound •
channel located at about 900 in.

•1
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TABLE I

OWS POSITION NATION

ALFA 62° 00’ N, 33° 00’ W U. K. ,  France ,
Netherlands

BRAVO 56° 30’ N , 51° 00 ’ W U. S. A.

CHARLIE 52° 45’ N, 35° 30’ W U. S. A .

DELTA 44° 00’ N , 41° 00’ W U. S. A.

ECHO 35° 00’ N, 48° 00’ W U. S. A.

HOTEL 38° 00’ N , 71° 00’ W U. S. A.

INDIA 60° 00’ N , 19° 30’ W U. K . ,  France,
Netherlands

JULIETT 53° 18’ N , 19° 18’ W U. K. ,  France ,
Netherlands

KILO 45° 00’ N, 160 00’ W U. K., France,
Netherlands

MIKE 66° 00 ’ N , 02° 00’ E No rway

NOVEMBER 30° 00’ N , 140° 00’ W U. S. A.

PAPA 50° 00’ N, 145° 00’ W Canada

VICTOR 34° 00’ N , 164° 00’ E U. S. A.
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APPENDICES

A OCEAN WEATHER STATION ALFA - (62°OO’N,33°O~.’w)

B OCEAN WEATHE R STATION BRAVO - (56°3O’N,5l°OO ’W)

C OCEAN WEATHER STATION CHARLIE - (52°45’N,35°30’w)

D OCEAN WEATHER STATION DELTA - (44°0O’N,41°0O’W)

E OCEAN WEAThER STATION ECHO - (35°0O’N,48°OO’W)

F OCEAN WEATHER STATION HOTEL - (38 °OO ’N ,71°OO ’W)

G OCEAN WEATHER STATION INDIA — (60°OO’N,l9°30’W)

H OCEAN WEATHER STATION JULIETT - (53°l8’N,19°18’W)

S I OCEAN WEATHER STATION KILO — (45 °0O’N ,16°OO ’W)

J OCEAN WEATHER STATION MIKE - (66 °OO ’N ,02 °OO’E )

K OCEAN WEATHER STATION PAPA - (50°OO’N,145°O0’W)

L. OCEAN WEATHER STATION VICTOR — (.34°0O’N ,l64°0O’E)
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