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DIURNAL FLUCTUATIONS IN BATHYTHERMOGRAMS 1, 2 

BY PHILIP RUDNICK AND JOHN D. COCHRANE 

Scripps Institution of Oceanography 
Universi ty of California 

ABSTRACT 

Series of bathythermograms extending over 12- to 90-day periods from two deep-
sea stations in the northeastern Pacific fail to show more than indefinite or minor 
fluctuations of tidal period, in contrast with marked internal tides which have been 
observed in the Atlantic. FluctuatioDB of surface temperature were found to be 
about half random and half due to diurnal solar heating. 

·fIDAL PERIODICITY 

The ocean stations maintained by the U. S. Coast Guard in the 
eastern Pacific have made it possible to obtain bathythermograms at 
frequent intervals over long periods of time. Three sets of such data, 
extending to a depth of 450 ft. (137 m), well below the thermocline in 
each case, have been investigated for fluctuations of tidal period. 
Table I and Fig. 1 describe the data. Spectra were obtained by 
computation of both periodograms (6) and correlograms (1), the latter 
with the help of the Marine Physical Laboratory correlator (7). 
Th,e frequencies examined range from · 0.3 cycles/day to the upper 
limit set by the spacing of the data, either 3 or 12 cycles/day. 

In only one of the three cases (Series I) was a statistically significant 
result found. At 76 m depth, 14% of the total temperature variance 
(mean squared deviation, a rough measure of the "energy" of fluctua-
tion) represented an approximately diurnal periodicity, the rest being 
distributed in a continuous spectrum, as shown in Fig. 2. Further 
numerical results are given in Table II. The other series, II and III, 
also gave some indications of diurnal or semidiurnal periods, but these 
were so small as to be of doubtful statistical significance. 

TABLE I. DESCRIPTION 01' D.a.T.a. 

Serles designation 
No. of bathythennograms 
Interval between readings, In hours 
Total interval, In days 
Dates 

Position of stations 

I 
390 

1 
16 

19 June to 
6 July 1949 

ao• N, 14o•w 

II 
89 
4 

12 
12 August to 

26 August 1948 
·ao•·N, 140• w 

III 
228 

4-4-UI 
91 

1 July to 
80 Sept. 1949 

49° N, 148° W 

1 This work represents one of the results of research carried out under contract 
with the Bureau of Ships, Navy Department. 

1 Contribution No. 551 from the Scripps Institution of Oceanography. 
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Figure 1. Mean bathythermogra.ms. 
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In view of the absence of a semidiurnal component in Series I, it 
should be noted that these observations were taken within two degrees 
of an amphidromic point located by Harris (5) for the semidiurnal 
surface tide. 

TABLE II. REBULTB OF ANALYBIB OF SERIES I 

Depth, m 
Total root-mean-square temperature fluctuation, In °C 
Amplitude of component with 24.5 hour period, In °C 
Corresponding presumable amplitude of vertical clisplacement, 

In m, using mean gradient from Fig. 1 
Probability that random fluctuation of continuous spectrum 

(Fig. 2) would give an amplitude as great as that above, for 
one out of 18 periods Investigated 

Correlation coefficient with temperature at surface 
Correlation coefficient between temperatures at depths of 76 and 

107 m 

76 
0 .26 
0 .12 

5 . 4 

0.003 
0 .09 

0 .48 

107 
0 . 22 
0.067 

4 . 7 

0 . 3 
0 . 19 

The diurnal component in Series I has been more closely examined 
for evidence of connection with tides. It was far from constant in 
magnitude during the 16 days of observations, being most prominent 
during the final four days, which included a neap-tide epoch. Mini-
mum temperature (and minimum thermocline depth) in this period 
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Figure 2. Spectrum for Series I. 
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occurred three hours later than the upward maximum of the local 
tide-generating force; the corresponding lag for the diurnal high-water 
on the surface is five hours in this area. During the remaining 12 
days, which included a spring-tide epoch, the component was also 
traceable with about the same phase, but it was below the level of good 
statistical significance. Thus, the phase of the internal oscillation 
corresponds well with that of the surface tide, but the amplitude 
variation during the fortnight does not. It would seem that the con-
nection with tides is at most a loose one. 

Two alternative interpretations have been suggested. Since the 
observations were made at 30° latitude, where the period of motion in 
an inertial circle is diurnal, one might suppose that the rather abrupt 
appearance of distinguishable diurnal oscillations in the final four 
days of Series I was the result of some impulsive meteorological dis-
turbance whose aftermath could easily involve intertial motion. 
However, the pertinent weather maps show nothing to support this 
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possibility. Another suggestion is that vertical convection might 
communicate the influence of diurnal solar heating from the surface to 
thermocline depth. This seems possible, since the indicated energy 
of internal wave motion is of the same order as the potential energy 
which might be developed over a 10-day period by diurnal increase in 
salinity or by lowering of temperature at the surface. 

The most striking aspect of the results is the inconspicuousness of 
whatever diurnal or semidiurnal periods may exist, in marked contrast 
with some previous observations. For example, mere inspection of 
the temperature fluctuation curves of the METEOR anchor station 385 
of 1938 (8) at 17° N and 46° W convinces one of prominent semidiurnal 
oscillations at thermocline depth (80-120 m). Of course, the present 
data are seriously limited in respect to depth and by the lack of 
salinity measurements, so that an internal tide at greater depths 
could have escaped observations. However, deep casts made in the 
same areas (e. g., CARNEGIE stations 125 at 52° N and 151 ° W in July 
1929 and 146 at 32° N and 141 °Win October 1929 (4]) show maximum 
density gradients at depths of the order of 100 m, which is therefore 
the region which will generally show the most prominent internal 
motions. Hence, it does not seem probable that the present data, 
even though limited to 137 m depth, would completely fail to reveal 
conditions, if they exist, similar to those found by the METEOR (8, 2) 
and the ATLANTIS (9, 10) in the Atlantic Ocean. 

Defant has expressed the view that internal tides are as widespread 
as the surface tides (3). Their generation at ocean boundaries seems 
a very probable process; in contrast, the presence of internal tides in 
the deep ocean is difficult to understand dynamically. If one narrows 
the discussion accordingly by considering only deep-sea stations well 
removed from ocean borders (thus excluding, for example, the SNEL-
Lrus observations in the East Indies) and those occupied for at least 
two days (for the sake of more conclusive statistics), it then appears 
that the number of observed cases in this category is not large.· Our 
present result suggests t!:iat some limitations exist on the place and 
manner of occurrence of internal tidal oscillations, which, if established, 
may in turn contain clues as to their dynamic origin. 

SURFACE TEMPERATURES 

Unusually good agreement was found between the surface tempera-
ture readings from the Series I bathythermograms and the correspond-
ing bucket temperatures. Therefore these have been given some 
further statistical study. It is assumed that correlation between the 
two sets of readings arises from true fluctuations of sea-surface tern-
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perature and is limited by independent errors in the two methods of 
observations. This permits separate numerical evaluation of the 
true RMS (root-mean-square) fluctuations and of the RMS error in 
each type of observation. 

Part of the variance of true temperatures arises from a diurnally 
periodic component with maximum occurring three hours past local 
noon; this is presumably due to solar heating. The remaining vari-
ance is considered a real random fluctuation, separated from instru-
mental errors. Table III contains the numerical results. 

TABLE III. STATISTICS OF SURFACE TEMPERATURE AND OBSERVATIONAL 

ERRORS FOR SERIES I 

RMS fluctuation, °C Proportion of 
total Dariance 

Bathythermogram errors 
Bucket temperature errors 
True surface temperature 

total 
random component 
diurnal component (amplitude 0.11 °0) 

Correlation coefficient between bucket and bathythermo-
gram readings 

0.06 
0.10 

0.12 
0 .09 
0.08 

0.68 

100% 
59% 
41% 
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thermograph Division and of the Marine Physical Laboratory. 
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