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ON THE RELIABILITY OF FIBLD MEASUREMENTS OF 
TEMPERATURE AND SALINITY IN THE OCEAN 1 

BY 

WARREN S. WOOSTER AND BRUCE A. TAFT 

Scripps Institution of Oceanography, University of California 
La Jolla, California 

ABSTRACT 

In order to evaluate the reliability of recent field measurements of temperature 
and salinity we have followed the behavior of certain pairs of reversing thermometers 
through many reversals and have examined the distribution of closely spaced mea-
surements of temperature and salinity at intermediate depths. The errors of measure-
ment are comparable to those of the classical expeditions and are small with respect 
to sampling and other errors in the upper layers of the ocean. The effect of measure-
ment errors on computed values of specific volume anomaly, of geopotential anomaly, 
and of geostrophic current speed was examined. 

INTRODUCTION 

Subsurface measurements of temperature and salinity are usually 
used by oceanographers to describe the distributions of these proper-
ties, to characterize water masses, and to derive the field of mass 
in the sea. From the field of mass, by means of hydrostatic compu-
tations and the geostrophic equation, it is possible to compute a 
measure of the field of velocity. The accuracy with which the field 
of velocity is known depends among other things on the accuracy 
of the measurements of temperature and salinity employed. 

It is often assumed by oceanographers that all temperature 
measurements with reversing thermometers are accurate to within 
0.01 ° and that salinity measurements have errors not greater than 
0.02 °loo (for example, see Sverdrup, et al. , 1942: 349, 54). Such 
estimates of error are based in part on laboratory studies of precision 
and accuracy, but generally they are derived from studies made in 
connection with the major expeditions of the late 1920s (such as 
METEOR, SNELLIUS and CARNEGIE). 

1 This paper represents results of research supported by the Office of Naval 
Research and by the U .S. Bureau of Commercial Fisheries. Contribution from 
Scripps Institution of Oceanography, New Series. 
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Now that the collection and processing of large quantities of 
oceanographic data have become well established routines, it is 
possible that different quality standards may pertain. To what 
extent has accuracy been sacrificed to obtain detailed coverage in 
space and time 1 To answer this we have attempted a realistic 
evaluation of the reliability of some recent field measurements of 
temperature and salinity. 

TEMPERATURE 

It is common practice in oceanography to measure subsurface 
temperature by means of protected reversing thermometers; often 
two such thermometers are used at a given depth. After application 
of an index correction and a correction for expansion of the mercury 
column as the thermometer warms up, the resulting corrected 
temperatures are averaged to obtain the accepted in situ tempera-
ture. Such replicate measurements have been used to estimate errors 
in temperature measurements, for example by Bohnecke (1932) for 
METEOR observations and by Hamaker (1941) for those of SNEL-
LIDS. The latter paper includes a summary of Bohnecke's study 
along with a useful general discussion of the sources and treatment 
of errors. 

Both Bohnecke and Hamaker computed standard deviations of 
differences between paired thermometers on the assumption that 
all came from a single population. In our study it was possible to 
follow various pairs of thermometers through many reversals so 
that the data from each given pair represents a single population. 
With this approach it is possible to separate the variance into its 
random and systematic components. 

The temperature measurements analysed in this paper were made 
for the most part with thermometers of American and German 
manufacture which had been calibrated at the Scripps Institution 
within two years of the time of use. Pairs of thermometers were 
chosen from the records of two long Scripps expeditions (DOWN-
WIND in 1957-58 and SHELLBACK in 1952) and of two shorter oper-
ations of the Marine Life Research program (Cruises 5704S and 
5704H, both in 1957). The only criterion for choosing a pair of 
thermometers was that a large number of reversals be available 
(from 31 to 103 reversals were available for the pairs used). For each 
pair the difference between the corrected readings of the left and 
right thermometer (d,) was calculated for the i th reversal: 
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TABLE I. EsTlllATES OF TEMPERATURE MEASUREMENT ERRORS FROM ANALYSIS 

OF PA.Ill.ED THERMOMETER REVERSALS 

Thernwmeter cl sip X 104 B6 X 10' a! X 104 

n 
Pair (o 0) (0 0') (0 02) (o o•i 

DOWNWIND 

l 0.009 2.2 l.9 0.3 35 
2 0.003 l.9 l.8 0.1 44 
3 0.013 2.5 l.7 0.8 43 
4 0.017 3.6 2.2 l.4 41 
5 0.014 2.2 l.2 0.9 42 
6 0.029 4.8 0.4 4.3 43 
7 0.013 2.8 l.9 0.9 43 
8 0.022 2.9 0.5 2.4 54 

ll 0.006 0.9 0.7 0.2 80 
14 0.014 l.5 0.6 0.9 79 
15 0.022 3.5 I.I 2.4 31 
16 0.002 0.6 0.6 0.0 54 
17 0.002 0.5 0.4 0.0 75 
18 0.019 2.6 0.8 l.8 59 

5704 S 
36 0.005 l.4 l.3 0.1 34 
35 0.005 4.7 4.6 0.1 56 
13 0.001 2.8 2.9 0.0 60 
17 0.008 l.9 l.6 0.3 60 
47 0.021 2.6 0.5 2.1 53 

5704 H 

3 0.003 2.4 2.4 0.0 68 
19 0.015 2.0 0.9 I.I 61 
4 0.005 3.3 3.2 0.1 59 

12 0.007 0.8 0.5 0.3 67 
7 0.018 3.1 l.4 l.6 69 

SHE=BACK 

29 0.008 3.0 2.7 0.3 93 
35 0.008 3.0 2.7 0.3 92 
96 0.014 l.9 0.9 0.9 103 
94 0.012 l.5 0.9 0.7 102 
79 0.023 4.8 2.1 2.8 103 

101 0.017 l.9 0.4 l.5 101 
26 0.009 2.5 2.2 0.4 56 
89 0.008 0.7 0.5 0.3 99 

Over-all Average 0.012 2.4 l.5 0.9 

d is mean difference, sip the estimate of within-pair variance, a8 the estimate 
of variance of random error, s! the estimate of variance of systematic error, and 
n the number of reversals used. 
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d, = (tL-tR), . . 

Averages of differences (d) for n reversals of the various pairs are 
listed in Table I. 

If there were no systematic difference between the thermometers 
of a pair, then the average of differences would be zero. However, 
in most cases (85 °lo) the mean difference is significantly different 
from zero at the 5 ° / 0 level of significance, the grand mean difference 
being 0.012° with a range from 0.001 to 0.030°. The source of this 
systematic difference between thermometers presumably lies in their 
calibration or in a shift in zero point. On the average this relative 
systematic error will underestimate the true systematic error (since 
the true temperature is unknown). The data suggest that differences 
between paired thermometers are commonly as great as 0.01 ° and 
that the average systematic error of a single thermometer is at 
least 0.005°. 

The variance of the two corrected readings from a pair of ther-
mometers averaged over a large number of reversals provides a 
good estimate of the within-pair variance, a!:11, through use of the 
equation2 

II 

2 ""dll Swp = L.., C. 
1 

2n 

This variance is equal to the sum of a systematic component, 
a;, and of a random component, a~. The relative contributions of 
these two components can be determined since the random compo-
nent can be estimated3 • The readings of the two thermometers of 
a pair are independent, and the variance of the difference in cor-
rected readings, d,, is 

Then the average random component of variance of a given ther-
mometer is 

aa, can be estimated by 

2 The equation for the weighted average of a set of variances, each of which is 

calculated from two observations. _ 
a The systematic component can also be estimated directly, since a: - d'/2. 
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Total within-pair variance and variances of the random and 
systematic components are listed for 32 pairs of thermometers 
(Table I). In terms of standard deviation, the over-all estimates of 
total, random and systematic errors of single thermometer readings 
average 0.016°, 0.012° and 0.010° respectively. 

Errors in reversing thermometer temperature measurements may 
also be estimated by using data from special hydrographic casts 
with closely spaced Nansen bottles. Such casts have frequently 
been made to intermediate depths in order to check the pressure 
calibrations of unprotected thermometers. In certain cases the slope 
of the temperature-depth curve is sufficiently constant that a 
regression line may be fitted to the data. Residuals from this line may 
then be interpreted as the sum of random and systematic errors on 
the assumption that in the particular situation the relation is truly 
linear. Strictly speaking, this assumption is never completely valid, 
and this method presumably overestimates the error (since the 
residuals contain a component due to the nonlinear trend). In the 
statistical model, errors in relative depth are considered small in 
relation to the temperature errors. 

Of the large number of special casts taken during the last ten 
years at the Scripps Institution of Oceanography, only a few were 
found to be suitably linear for analysis. On these casts, thermometer 
separation ranged from 2 to 25 m; in the summary of results (Table 
II) the casts with 25 m spacing are listed separately from those with 
separations of 2 to 10 m since there appeared to be a significant 
difference between the two groups4• The square root of the weighted 
average of estimates for closely spaced thermometers is 0.020° (with 
a range of 0.012° to 0.030°) whereas that for casts with 25 m spar 
ing is 0.027°. The former value is considered a more valid estimate 
since, in the case of the widely spaced thermometers, the casts cover 
such a vertical distance that the assumption of linearity is less 
justifiable. 

In summary these studies lead to the following conclusions. The 
standard deviation of random error of a single thermometer is 
0.012°. This random error is superposed on a systematic error, the 
standard deviation of which is 0.010°. The upper limit of combined 
errors of a single thermometer is estimated by a standard deviation 

4 Note that each thermometer reading has been considered independent, although 
there were usually two thermometers at each depth. 



1958) Wooster and Taft: Fiel,d Measurements of Temperature 557 

TABLE II. ESTIMATES OF TEMPERATURE MEASUREMENT ERRORS FROM ANALYSIS 
OF CLOSELY SPACED OBSERVATIONS 

CruiBe 
Depth Range Spacing Bzp 

(m) (m) (o C) n 

5404 F 502-520 2 0.013 19 
H-36 893-933 5 0.014 11 
C-35 884-910 3 0.019 16 
B-33 (a) 921-945 2 0.014 22 
B-33 (b) 956--976 2 0.016 23 
B-35 943-963 2 0.018 19 
Y-32 1240--1264 3 0.014 17 
B-20 921-945 2 0.027 18 
B-19 953-1008 5 0.013 16 
C-19 (a) 985--1035 5 0.020 18 
C-19 (b) 989---1039 5 0.018 18 
5404F 503-521 2 0.012 19 
Q-4 479---528 5 0.021 18 
5807 S 405--478 10 0.029 15 
5807B 425--521 9 0.018 22 
5807 0 424-573 10 0.030 31 

C-21 (a) 815--935 25 0.017 12 
C-21 (b) 765--951 25 0.027 18 
H-25 785--981 25 0.022 17 
C-25 781-1001 25 0.029 16 
B-25 780--1003 25 0.019 18 
C-27 818--995 25 0.014 13 
C-24 (a) 655--879 25 0.038 18 
C-24 (b) 668--887 25 0.031 19 
H-24 640--852 25 0.023 14 
H-24 758--1004 25 0.019 21 
H-23 670--998 25 0.032 23 
H-23 779---926 25 0.019 14 
B-23 752-975 25 0.023 18 
C-23 (a) 646--981 25 0.028 28 
C-23 (b) 693-1011 25 0.035 28 
C-22 762-1004 25 0.026 21 
C-22 676--898 25 0.027 19 
B-22 703-1022 25 0.021 26 

BzT is standard error of regression, and n the number of observations used. 

of 0.020° (from the analysis of closely spaced thermometers) and 
the lower limit by 0.016° (from the analysis of within-pair variance). 

These estimates of error in temperature measurements are com-
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parable to those made by other authors. In Hamaker's (1941) sum-
mary of METEOR and SNELLIUS observations, standard errors of a 
single observation range from 0.008 to 0.012° depending on the 
type of thermometer used (compared to our value of 0.016°). The 
estimated standard deviation of systematic error for SNELLIUS 
observations is 0.007° (compared to our value of 0.010°). From table I 
of Thomsen's (1937) discussion of DANA observations, we have 
computed the standard deviation of combined errors to be 0.015° 
(compared to our value of 0.016°). Sverdrup's (1944) discussion of 
CARNEGIE data does not contain estimates in a form comparable 
with ours, except that his grand mean difference between paired 
thermometers seems to be essentially the same as ours (about 0.012°). 

All of the above estimates refer to errors of a single thermometer 
reading. When a temperature measurement is obtained by averaging 
the corrected readings of two thermometers, the standard deviation 
is reduced by the factor 1 JV2. Our results show that the 95 °lo 
confidence limits of random errors for a two-thermometer average 
are ±0.017°. 

SALINITY 

Duplicate chlorinity titrations conventionally run on sea water 
samples are not sufficiently independent to be used in an analysis 
of errors. Laboratory tests of precision, where a skilled operator 
carries out carefully replicated analyses, will presumably lead to a 
smaller estimate of error than is valid for more heterogeneous field 
data. It is possible to obtain some idea of the magnitude of errors 
in such data if we refer to the same special hydrographic casts with 
closely spaced Nansen bottles used above in the analysis of temper-
ature errors; however, compared to the temperature data there 
were fewer casts with reliable salinity values, and, since only one 
salinity resulting from a duplicate titration is assigned to each 
sampling depth, only half as many observations were available 
from each cast. As before, casts were selected on which salinity 
appeared to change with depth in linear fashion, and residuals from 
the regression line were computed. The results are summarized in 
Table III. 

The estimates of standard deviation for the various casts range 
from 0.005 to 0.032 °/00, and the square root of the weighted average 
of the estimated variances is 0.018 °/00• On the assumption that 
deviations are normally distributed, the 95 °lo probability limits are 
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estimated by ± 0.036 °/00• This error estimate is considered an upper 
limit, since the deviations presumably include a component due to 
the nonlinearity of the salinity-depth relationship. 

There are few estimates of error in the literature with which our 
results can be compared. Based on statistical analysis of results 

TABLE III. ESTIMATES OF SALINITY MEASUREMENTS ERRORS FROM ANALYSIS OJ' 

CLOSELY SPACED OBSERVATIONS 

Gruille 
Depth Range Spacing 8 zS 

(m) (m) (°loo) 
n 

5810H 529-679 10 0.012 17 
5811 P 483---612 10 0.022 14 
5807 0 416--573 10 0.005 16 
5807 S 406--551 8 0.029 17 
5810 P 449-597 10 0.017 16 
5807 B 469-538 9 0.014 9 
B.20 921-985 5 0.021 15 
B-33 (a) 956-976 2 0.032 15 
B-33 (b) 921-945 2 0.030 10 
H-36 888--933 5 0.016 11 
C-35 881-910 3 0.014 15 
C-19 956--1035 5 0.017 15 
H-35 946-973 3 0.010 15 
B-35 943---963 2 0.023 11 
5810 S 342-568 10 0.017 23 

Bzs is standard error of regression, and n the number of observations used. 

obtained by skilled operators in a shore based laboratory, Strick-
land (1958) has reported 95 °lo confidence limits as ± 0.017 °loo, 
implying a standard deviation of 0.0085 °loo• Hardon's (1941) sum-
mary of SNELLIUS and METEOR observations has assumed that 
duplicate analyses of single samples are completely independent; 
thus his estimates, expressed as standard deviation in salinity units, 
namely 0.008 °loo for SNELLIUS and 0.021 °loo for METEOR, are 
presumably low. 

An estimate more analagous to ours comes from comparison of 
shipboard analyses of 18 SNELLIUS samples with later replicate 
analyses by T. G. Thompson using the Volhard method (Hardon, 
1941). Since the Volhard method is known to be more accurate 
than the usual Mohr titration, it is not unreasonable to assume that 
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Thompson's values represent the true salinity; in salinity units, 
his results were on the average 0.009 °/00 low, with a standard 
deviation of 0.023 °loo• 

SAMPLING AND OTHER ERRORS 

The estimates of error discussed above refer only to measurements 
at given depths in the sea. The depths themselves, which are derived 
from measurements with reversing thermometers, may be in error. 
Hamaker (1941) has estimated a standard error of depth determin-
ation of 4 mat all depths. A more recent study, by Whitney {1957), 
suggests that below 1000 m an accuracy of about 0.5 °lo can be 
expected; at lesser depths the percentage error may be greater. 

It is possible to use our estimate of error in temperature measure-
ment to calculate the associated error in thermometric depth deter-
mination. Thermometric depth, D , is computed from the equation 

D= IOL1t 
Qem' 

where L1 t is the difference between temperature indicated by the 
unprotected thermometer and the true in situ temperature, Q is 
the pressure coefficient of the unprotected thermometer in °C/kg/cm2, 

and em is the mean density of the water column above the level of 
reversal in gm/cm3 • The variance of D equals 

where vi and v1e represent the relative variances of Q and LI t 
respectively. 

If Q is known exactly, it can be shown that random eq,ors in 
thermometric depth resulting from errors in temperature measure-
ment alone (using two protected thermometers and one unprotected 
thermometer at a depth) is ± 4 m (two standard deviations) regard-
less of depth. If, as Whitney (1957) suggests, the pressure factor, Q, 
is accurate within ± 0.0001 °C/kg/cm2 (we assume that this is one 
standard deviation), random errors in depth determination increase 
slightly with depth, being about ± 7 m at 3000 m. If Q is a function 
of temperature or pressure rather than of a constant, the use of a 
constant value will introduce a systematic error. 
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In the upper 100 m or so, where vertical gradients are greatest, 
determination of depth may be somewhat more accurate, since it 
is based on wire angle and wire length rather than on unprotected 
thermometer measurements. In the thermocline, where the vertical 
temperature gradient may be as great as 0.5 ° /m, a one meter depth 
error causes a 0.5° temperature error; the same depth error in a 
strong halocline (2 °/00 in 50 m) causes a salinity error of 0.04 °/00• 

At a depth of several thousand meters, where the vertical tempera-
ture gradient is about 0.002 °/m, a 5 m depth error leads to a tem-
perature error of only 0.01 ° ; at such depths salinity gradients are 
so small that depth errors have a negligible effect on salinity measure-
ment. 

Interpolation errors are introduced whenever values are assigned 
to depths other than those of measurement. These errors are dif-
ficult to estimate, because they depend not only on the relation be-
tween the vertical spacing of observations and the shape of the 
depth distribution or characteristic curve of the property in question 
but also on the interpolation method employed. Such methods range 
from objective linear, logarithmic or parabolic interpolations to sub-
jective analyses of characteristic curves based on data from neigh-
boring stations. Without knowing the true vertical distribution of 
a property, i. e., the function which interpolation is being used to 
approximate, it is hard to evaluate errors thus introduced. It is 
unlikely, however, that the interpolation errors are smaller than 
those of the original measurements. 

The interpolation error can be considered a sampling error in 
space. Sampling "errors" in time occur when a measurement is 
assumed to represent conditions over a period of time longer than 
that required for the measurement. The magnitude of error depends 
both on the time interval assumed and on the rate of change of the 
property in question. Such errors must vary considerably from place 
to place; an estimate of their magnitude can be obtained from time 
series data such as those from anchor stations. 

Seiwell (1939), in an analysis of an eight-day anchor station in t he 
western Sargasso Sea, found that the rate of change of temperature 
at various standard depths was greatest at those depths where the 
maximum vertical temperature gradient occurred. In the summer 
thermocline (at 100 m) an average daily range of 0.9° was observed; 
in the lower part of the permanent thermocline (at 1000 m) the 
average daily range was 1.2°. Hamaker (1941), in an examination 
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of data from four anchor stations in the East Indian Archipelago, 
has reported standard deviations " due to internal waves" of 1.15° 
at 100 m (in the thermocline), decreasing to 0.12° at 800 m ; similar 
calculations by Hamaker, using data from nine METEOR anchor 
stations, showed a standard deviation of 1.2° at 25 m, decreasing 
to 0.01 ° at 1200 m. 

We have examined data from two eight-day anchor stations 
(70.90 and 70.130) which were taken in October 1950 in the region 
of the California Current. Reid (1956), in a study of these data, 
found no sign of any periodic phenomena with periods up to 27 
hours, although on an anchor station farther inshore he found 
evidence of internal waves of semidiurnal period. (The presence of 
prominent periodicities makes statistical treatment difficult be-
cause measurements taken at constant time intervals cannot then 
be considered independent. Of course, even the absence of obvious 
periodicity does not guarantee that the data are not autocorrelated). 

At both stations, oscillations with apparent periods longer than 
27 hours were often present in the upper few hundred meters. These 
long oscillations can be considered trends; the "random" deviation 
from the trend, as estimated by the variate-difference method 
(Kendall, 1948: 387), is an indication of error introduced by 
assuming that a given measurement represents some period up to a 
day. Deviations from an eight-day mean, on the other hand, are 
indicative of error introduced by assuming that a given measurement 
represents a period of up to a week. At or below the depth where 
these two deviations are the same, no trend is apparent. 

Standard deviations of temperature and salinity at selected depths 
at these two stations, with and without trend, are summarized in 
Table IV. Note that measurement, interpolation and depth errors 
are included in these deviations and that below 300 m the estimates 
are less reliable than those above 300 m, since only a fourth as 
many observations were available. Near the surface, where the 
largest vertical gradients occur, large changes (l-2° in temperature, 
0.1 °/00 in salinity) take place. At greater depths the daily and 
weekly deviations are much smaller, although they can be greater 
than those of measurement alone even at 500 and 1000 m. These 
results are not substantially different from those of Hamaker's 
analysis in the East Indian Archipelago mentioned earlier. In regions 
with small vertical gradients or less pronounced vertical oscillations 
one would expect small changes with time. 
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DYNAMIC CALCULATIONS 

For a general description of distributions of temperature, salinity 
or density, the various errors discussed above are of little significance. 
Only at great depths is it likely that measurement errors will be 
critical for descriptive purposes. However, when temperature and 
salinity distributions are used for computing density parameters 
and horizontal pressure gradients, then measurement, sampling, and 
other errors can be important. The effect of sal'lpling errors due to 
vertical oscillations, discussed by Seiwell (1939), Reid (1956) and 
others, will not be treated further here. 

We have examined the effect of measurement and depth errors on 
the calculation of geopotential anomaly and geostrophic current 
speeds. Geopotential anomaly, LID, is determined from an approx-
imation of the integral 

LID= \~dp~ 2 (6Llp)i, 
Jo i 

TABLE IV. EXAMPLES OF TIME SAMPLING ERRORS FROM ANALYSIS OF TWO EIGHT• 
DAY ANCHOR STATIONS 

Depth 87" Bp> as-1 .. as-1 .. 
(m) w/trend w/o trend w/trend w/o trend 

Station 70.130 
30 0.13 0.08 0.08 0.06 

50 1.17 1.12 0.12 0.10 

75 0.67 0.57 0.10 0.08 

150 0.34 0.21 0.09 0.08 

300 0.13 0.11 0.03 

500 0.16 0.05 

1000 0.04 0.09 

Station 70.90 
30 2.18 1.61 0.07 0.04 

50 0.79 0.57 0.14 0.09 

75 0.23 0.16 0.14 0.09 

150 0.07 0.04 

300 0.05 0.02 

500 0.11 0.02 

1000 0.05 0.02 

8 is estimate of standard deviation from eight-day mean (w/trend) or with trend 
removed (w/o trend). Down to 300 m, 60-64 observations were available for each 

station; below 300 m, 14-16 observations were used. 



564 Journal of Marine Research 

and the variance of geopotential anomaly is 

a1 D = L (,1 Pt)2 a3t · 
t 

[l 7 

The variance of specific volume anomaly at a given depth, aJt, con-
sists of two principal terms 

i . 2 2 ( 
0 cJ)2 

aot= ae +az a"; ' 

where a; is the variance of measurement errors and a: (ob/oz) 2 the 
variance of depth errors. As an approximation, the terms are 
additive, since the first is primarily salinity dependent, the second 
primarily temperature dependent. 

From our analysis of temperature and salinity measurement 
errors, the value of the first term can be computed, since the standard 
deviation of specific volume anomaly due to such errors (assumed 
here to be 0.01 ° in temperature and 0.015 °/00 in salinity) is approx-
imately 1.5 cl/T (centiliters per metric ton, or 10-5 cm3/g)5• This is 
dominated by salinity measurement errors, the effect of temperature 
measurement errors being an order of magnitude smaller. Below the 
surface layer the second term is much smaller than the first; even 
with an extremely large vertical gradient at depth (for example, 
0.24 cl/T/m at 700-800 m for ATLANTIS St. 5203), it is an order of 
magnitude smaller. Near the surface, although ob/oz may be large, 
the layer for which this is true is relatively thin (i .e., ,1 p is small) 
and the depth error is small, so that a1 D can be approximated by 

a1v=½a; L (L1p,)2. 
t 

Since measurement errors do not vary significantly with depth, the 
variance of geopotential anomaly is quite sensitive to the number of 
pressure intervals used in the integration. For example, between 
the surface and 1000 db, l,; (L1 p,)2 for one layer 1000 m thick is 103 

times greater than that for a thousand layers 1 m thick. If one uses 
the so-called " standard" depth intervals (Sverdrup, et al. , 1942: 357), 
the standard error in geopotential anomaly (0 over 1000 db) is 
0.004 dyn m. The standard error of the difference in geopotential 
anomaly (0 over 1000 db) between two stations is 0.0056 dyn m. 

6 This computation assumes the validity of the temperature-chlorinity-density 
relationship used in oceanographic tables (LaFond, 1951). 
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Thus one can say that the measurement error of this difference is 
± 0.0ll dyn m (two standard deviations); for a pair of stations at 
30° oflatitude separated by 100 km, the resulting error in geostrophic 
current speed is ± 1.5 cm/sec. 

SUMMARY 

By observing various pairs of thermometers through many rever-
sals and by examining the scatter of data on temperature-depth 
curves where observation points were closely spaced, we have ob-
tained estimates of the measurement errors in temperature data 
obtained in the field. These estimates, expressed as standard devia-
tions for averages of two thermometer readings, are as follows: 

total error 0.014° upper limit , from temperature-depth 
curves 

0.011 ° l 
random error 0.009° from paired thermometer analysis 
systematic error 0.007° 

An upper limit of measurement error in salinity data from the field, 
obtained from an analysis of salinity-depth curves, is 0.018 °loo 
(standard deviation). Both temperature and salinity measurement 
errors as thus estimated are not significantly different from com-
parable estimates by previous investigators. 

In the upper layers of the ocean other errors may be significantly 
greater than those of measurement. This is particularly true in the 
upper few hundred meters where vertical gradients of temperature 
and salinity are usually large. Here sampling errors due to vertical 
oscillations and errors resulting from uncertainty in depth deter-
mination may be as large as 1 to 2° and 0.1 °loo• At greater depths, 
where vertical gradients are small, such errors are comparable to 
measurement errors. 

The effect of salinity measurement errors on the determination of 
specific volume anomaly is much greater than that of temperature 
errors and amounts to a standard deviation of about 1.5 cl/T. The 
resulting standard deviation of geopotential anomaly (0 over l000db) 
for a station on which standard depth intervals are used is 0.004 dyn 
m. The measurement error of the difference between two such sta-
tions is ± 0.0ll dyn m (two standard deviations), and at 30° latitude 
and 100 km separation, the corresponding error in geostrophic cur-
rent speed is ± 1.5 cm/sec. 
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