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THE FIELD USE OF A SALINITY-TEMPERATURE-
DEPTH RECORDER 1 

BY 

WILLIAM L. FORD 
Woods Hole Oceanographic Institution 

INTRODUCTION 

A salinity-temperature-depth recorder that provides a continu-
ous record of the salinity and temperature of sea water has been 
described by Jacobson.2 The present paper is a discussion of the use 
of this instrument in the field and of its application to a variety of 
hydrographic problems.3 

The instrument consists of a measuring unit connected to a com-
puting and recording assembly by an appropriate length of multiple-
lead cable. The measuring unit, shown in Fig. 1, responds to the 
temperature and conductivity of the sea water and to the pressure 
(depth) at which these variables are being measured. In the com-
puting and recording assembly, shown in Fig. 2, the salinity is auto-
matically computed from the conductivity and temperature signals 
and is recorded together with the temperature and the depth on a 
moving chart. The instrument operates on a 110-volt 60-cycle cur-
rent. The salinity is determined over the range 20 to 40 %0 , gen-
erally with an error not exceeding ±0.25 °/00, and the temperatures 
from 28° to 90° F. are recorded with a limit of error of about ±0.2° F. 

Several instruments have been built. The first was an experimen-

1 Contribution No. 459 from the Woods Hole Oceanographic Institution. This 
paper is based in part on research conducted under contract with the Bureau of 
Ships, Navy Department, which has given its permission for publication. The 
instrument was developed by the Bristol Company under subcontract with the 
Woods Hole Oceanographic Institution. 

2 Jacobson, A. W. An instrument for recording continuously the salinity, tem-
perature, and depth of sea water. Trans. (mon.) Amer. Inst. elect. Engrs., Vol. 67: 
714-722, August 1948. 

• The author wishes to acknowledge the contributions of the many persons who 
have been associated with this work, particularly Allyn C. Vine, who initiated its 
development, A. W. Jacobson and John L. Russell, both of the Bristol Compaµy, 
who designed and built the instrument, and A. C. Redfield, who has supervised the 
work since its inception. John Holmes and Otis Hunt have been responsible for 
shipboard installation and maintenance and Carlyle Hayes has assisted in much of 
the field work. 

(84) 
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Figure 1 (top). Measuring unit mounted on outboard support. A, conductivity cell; B, 
resistance thermometer; C, depth element; D, cable. Figure 2 (middle). Recording unit, 
showing computer and str ip chart at left, amplifi er assembly at right. The dial in side of 
computer indicates conductance. F igure 3 (bottom). Record made while crossing northern 
boundary of Gulf Stream, April 24, 1947. Position at time 0750, 39°26' N, 69°55' W; at time 
0930, 39°16' N, 69°52' W . Measuring element at 3.5 feet depth. Salinity scale 28-40 ° /oo. 
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tal assembly which did not include a depth recording mechanism. 
Later models record depth and embody certain other improvements. 
Three of the instruments have each had several hundred hours of 
operation at sea. 

For reasons of brevity and in view of the limited number of the 
models of the instrument, details on installation, testing and calibra-
tion are omitted. Such information may be obtained from either 
the Woods Hole Oceanographic Institution or the author. 

APPLICATIONS 

Field use of the instrument falls into two categories: (1) the de-
termination of the horizontal distribution of salinity and temperature 
near the surface by continuous measurement from a moving vessel 
and (2) investigations of the vertical distribution of these variables 
during which the vessel must be hove to. In either case the instru-
ment has proved useful, since it gives a continuous record of the 
variables and because the observer is immediately informed of existing 
conditions, thus permitting the survey program to be adapted to best 
advantage at the time. 

For surface studies three methods have been employed: (1) a con-
tinuous record is made during a voyage which reveals critical condi-
tions along the course; (2) the ship is sailed on a grid to give adequate 
coverage to an area; and (3) a particular band of isohalines is followed 
by a zigzag course which repeatedly crosses them. To obtain such 
records of salinity and temperature the measuring unit is usually 
mounted on a support extending from the deck of the vessel into the 
water. 

For vertical measurements two methods have been used. In 
shallow, sheltered waters with sharp gradients, the measuring unit is 
lowered stepwise on a measured cable and provision is made for 
flushing of the conductivity cell by a pump. In deeper water the 
depth recording mechanism is employed and the measuring unit is 
lowered continuously. This is conveniently done by the use of a 
gypsy-head winch. Examples of these methods are discussed below. 

1. The Recording of Critical Changes of Salinity and Temperature 
During a Voyage. During a voyage which may be conducted for 
other purposes, information on surface conditions is conveniently 
obtained by operating the instrument continuously, thus providing 
records of critical changes in surface salinity and temperature. Such 
data have demonstrated, for example, that the boundaries of water 
masses are frequently remarkably sharp. Fig. 3 is a record made 
while crossing the northern edge of the Gulf Stream. In this case 
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the chart was moving at such a speed that one division corresponds 
to 2,700 yards traversed by the ship. Thus it may be seen that the 
transition from slope water to Gulf Stream water took place in about 
500 yards, during which salinity increased by 1.6 ° / 00 and the tem-
perature by 9° F. 

2. The Determination of Surface Distribution of Salinity and Tem-
perature by Operating on a Grid. Studies of the distribution of surface 
salinity and temperature in an area are made by travelling back and 
forth on a grid with the instrument giving a continuous record of the 
salinity and temperature. Two examples of this technique follow: 

The surface distribution of salinity in Mount Hope Bay, obtained 
during the ebb tide, is shown in Fig. 4. The course taken by the 
vessel is indicated by the fine straight lines. In two hours a rec-
tangular area measuring roughly 1½ x 2½ miles, or 6¾ square miles, 
was covered. 

The surface salinity distribution in an area off New York as it was 
found on 24 April 1948 is shown in Fig. 5. In this survey an area of 
700 square miles was covered in 24 hours even though interrupted by 
other hydrographic operations. 

3. The Determination of Surface Distribution of'Salinity by Following 
I sohalines. Another method for examining the surface distribution 
of salinity is to trace a band of isohalines by a zigzag course. This 
method was used successfully in a study of the distribution of Merri-
mack River effluent in Ipswich Bay. The results, illustrated in Fig. 
6, were obtained in a period of three hours. 

The procedure followed in this study will be discussed in some 
detail, since the technique is generally applicable. Fig. 6A is a work-
ing plot (somewhat simplified) of the vessel's course and of the salini-
ties as taken from the record. The plot was kept up-to-date during 
the course of the survey so that the developing pattern was known. 
It will be seen that the outer circuit appeared not to be closed. This 
was due to errors in dead-reckoning navigation which had to be relied 
upon for a part of the circuit. When corrections based on fixes and 
fathometer data subsequently available were applied, the finished 
pattern shown in Fig. 6B was constructed. 

A portion of the actual trace, taken during this study, is given in 
Fig. 7, since it illustrates the type of record obtained in surface 
studies. It includes all of the inner circuit shown in Fig. 6. In 
order that the data on the trace may be translated into their geograph-
ical frame of reference, the record is marked with the time at which 
the vessel passes a known position or changes course or speed. It is 
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also valuable to note on the record such events as the lowering of a 
bathythermograph or of the crossing of rifts in the water. 

4. Vertical Measurements of Salinity and Temperature. The usual 
procedure of obtaining vertical measurements of salinity and tem-
perature is to lower the measuring unit supported by its own cable 
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Figure 4. Distribution of salinity in surface waters of Mount Hope Bay. The light solid 
line shows course of vessel. Measuring element at 2.0 feet depth. November 10, 1944. 
Time 0750 to 0950. 

Inset-Vertical section along A-A showing distribution of salinity in depth during ebb 
tide. November 13, 1945. 
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Figure 5. Distribution of salinity in surface waters off New York, April 24-25, 1948. 
Course of vessel shown by light line; isohalines by dark lines. 
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Figure 6. A. Working plot of distribution of isohalines at mouth of Merrimack River. 
The light line represents vessel's course by dead reckoning; the heavy lines show observed 
distribution of isohalines, the zigzag line shows position of foam at convergence of estuarine 
waters with the coastal water. September 7, 1946; time 1023 to 1345. High water was at 
0934. Measuring element at 3 feet. 

B . Reconstruction of distribution of salinity at mouth of Merrimack River after correcting 
for errors in dead reckoning. September 7, 1946. 

while the vessel is hove to. If lowered at a rate of two to three feet 
per second, adequate flushing of the conductivity cell is ordinarily 
obtained. An example of the chart record that is obtained is given 
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Figure 7. Record made during study of djstribution of lsohalines at mouth of Merrimack 
River, shown in Fig. 6. September 7, 1946; time 1200 to 1345. 

in Fig. 8. On this occasion the lowering was completed in four 
minutes. 

The jagged character of the depth trace is the result of the stepwise 
action of the depth-measuring mechanism, the unevenness of lowering 
by hand and of the roll of the vessel. The use of a gypsy-head winch 
improves the character of the depth trace. 

Jogs appear in the salinity trace when abrupt temperature changes 
are encountered. One of these is identified at point A in Fig. 8 and 
corresponds to the temperature change at point B. Jogs originate 
in the fact that the automatic computation of salinity from tempera-
ture and conductivity assumes simultaneous measurement of these 
two variables, whereas in practice there is a tendency for the measure-
ment of temperature to lag at points of abrupt change, hence intro-
ducing an error in salinity. 

In Fig. 8 the arcs traversed by the three pens of the recorder are 
indicated as A, Band C. To read the record a transparent template, 
ruled with these arcs, is used. 

To illustrate the accuracy that may be expected from the trace 
during a vertical lowering, the temperature and salinity from the 
record referred to above have been plotted as a function of depth in 
Fig. 9. Both the downward and upward traces are plotted to show the 
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combined effects of thermal lag in the resistance thermometer, "flush-
ing" lag in the conductivity cell and sensitivity of the depth element. 
The latter has an error of about four feet. The combined effects, in this 
lowering, introduced an uncertainty of six to seven feet in the depth 
of the maximum gradient. The salinities, obtained by analysis of the 

Figure 8. Record made during study of distribution of salinity and t emperature with 
depth, off New York. Depth scale marked 100/200 equals 50 feet. Salinity scale 28--40 °/oo 
in use. 

Nansen bottle water sample using the Knudsen method, and the 
temperatures, as obtained from the reversing thermometers, have also 
been plotted in Fig. 9. The agreement with the recorded data is 
indicative of what can be expected of the instrument in routine 
operation. 

In the course of determining the distribution of salinity off New 
York, lowerings were made on a grid work of stations (see Fig. 5) to 
establish its vertical distribution. A section from this grid is shown 
in Fig. 10 to illustrate the application of the instrument to the deter-
mination of salinity profiles. Of course temperature profiles, which 
are not shown, are also obtainable from the record. 

In sheltered estuarine waters the vertical gradients of salinity and 
temperature are often very sharp and close to the surface, thus re-
quiring accurate measurement of depth and a special procedure for 
avoiding the lag encountered when the measuring unit passes through 
the gradient. Since the depth recording mechanism provided with 
the instrument is not sufficiently accurate, depth is determined by 
measuring the amount of cable out. Lag is avoided by lowering the 
measuring unit stepwise, stopping at each depth long enough for 
equilibrium to be attained. Under these circumstances provision 
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Figure 9 . Plot of vertical distribution of salinity and temperature reconstructed from 
record shown in Fig. 8. The curves are drawn through points measured during lowering 
(dots) and raising (circles) of the measuring element after correcting for systematic errors 
of +o.5 °/oo in salinity and - 0.2° F . in temperature. Crosses represent determinations 
made simultaneously by standard hydrographlcal procedures. The curve showing a, was 
obtained from the smoothed curves of temperature and salinity. 



94 

-Q) 

G> 80 -
~100 

:I: 
I- 120 

a.. 140 w 
Cl 160 

180 

2 

Journal of Marine Research [VIII, 1 

Figure 10. Vertical ilistribution of salinity along section A-A shown on Fig. 5 obtained 
by combining continuous observations of surface salinity and measurements made by lower-
ing the measuring unit at the positions shown by light vertical lines. 

must be made for flushing the conductivity cell. A small electric 
pump attached to the cell and powered through a cable from the 
vessel has proved satisfactory for this purpose. An example of re-
sults obtained by this procedure is given in the inset of Fig. 4. 

Calibration. A constant check on the calibration must be mam-
tained since it may vary with time. Therefore, water samples are 
taken at intervals during a survey and their salinity determined by 
the Knudsen method. The temperature is also checked with a suit-
able thermometer. 

There are two types of error in the recording of both salinity and 
temperature, the systematic and inherent. Typical values of these 
errors, as determined during field operations, are given in Table I 
together with a definition of the terms. The systematic error is a 
function of the proper adjustment of the pen arm, various resistors 
in the circuit and the variable capacitors. Ideally, these may be ad-
justed to reduce the systematic error to zero, but in practice this is 
not feasible. The inherent error is the real uncertainty in the in-
strument's ability to measure the variable in question. It is a func-
tion of the temperature, salinity and design of the instrument. 
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TABLE 1.-EXAMPLES OF SYSTEMATIC AND INHERENT ERRORS (IN °/00) 

Cruise So s a k 
AsTERIAS 30.88 31.22 +0.34 + .21 

7 Sept., 1946 30.91 31.20 + .29 + .16 
31.06 31.10 + .04 - .09 

Temperature 31.13 31 .35 + .22 +.09 
53-55° F. 31.22 31.45 + .23 + .10 

31.16 31.27 + .13 .00 
Recorder No. 0 31 .00 30.95 -.05 - .18 

31.02 31.25 + .23 +.10 
31.08 31.23 + .15 + .02 
30.51 30.85 +.34 +.21 
30.95 30.80 - .15 - .27 
31.17 31.10 - .07 - .20 
31.14 31.25 + .11 - .02 
30.98 31.00 -.02 - .15 
30.90 31.00 +.10 - .03 
30.86 31.05 +.19 +.06 

ii.= +0.13 k=O 
Standard deviation = ±0. 13 
Spread = +0.21 to -0.27 

Cruise Temp. So s 
BALANUS B 9 47.0° F 32.68 32.20 

56.7 34.45 33.97 
19-23 May, 1947 69.3 36.00 35.55 

75.5 36.07 35.75 
Woods Hole to 77.0 36.18 35.65 
Gulf Stream and 63.5 35.62 35.05 

return 54.5 33.55 33.08 
50.0 32.92 32.25 

Recorder No. 2 51.0 32.29 31.90 
54.0 31.85 31.40 

Standard deviation = ±0. 10 
Spread= +0.16to -0.19 

Note: So = salinity by chemical analysis. 
S = salinity by recorder. 
a =S-So. 
ii. = systematic error. 
k = a - ii. = inherent error. 

a k 

-0.48 0 .00 

- .48 .00 
- .45 + .03 
- .32 + .16 
- .53 - .05 
-.57 - .09 
-.47 + .01 
- .67 - .19 
-.39 +.09 
-.45 +.03 

a = -0.48 k = o.o 
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SUMMARY 

Applications and operating characteristics of the salinity-tempera-
ture-depth recorder are demonstrated by illustrations taken from 
studies made on the effluent of the Merrimack River in Ipswich Bay, 
on the Taunton River-Mount Hope Bay estuary, on the waters off 
New York Harbor and on the Gulf Stream. 


