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Abstract

Towmopa’s method for calculating the correlation coefficients R(#)
has been applied to temperature analysis in the atmosphere and
oceans. The results show that the temperature fluctuations are caused
by turbulence m=4/3, diurnal variation m=2, and some factor related
to temperature durability m=1, being represented R(#) ~1— (¢/To)™.
The maximum passage time of turbulence was T,=30 hr.

Following Inouk and IMmar’s result (1955), the 4/3 power law of the Eulerian
correlation function of the temperature fluctuation due to the turbulence is to be
applied for the regions of #/T,<0.1 and of 1—R(¢/T,) <0.1. Here the author pre-
sents the results of computation of the auto- and cross-correlation by Tomopa’s
method (1954) for various time scale in the atmosphere and oceans, assumlng the
sample distribution to be normal.

As the correlation functions are reduced to a formula such as 1~R(t/T(,)~ (t/To) m
the results of computation of R(#) for various time scales and at various
locations are shown in the following figures and table.

From the results, the 4/3 power law will be supported by some of them, pro-
vided 7,<30 hr. Namely there was not such a large turbulon that its passage
time exceeded 30 hours. This large turbulon may be caused by a passage of
trough and ridge in a westerly flow. In this case, curve No. 5, September 4th~
5th, the tropical storm “ Jane” passed 420 miles off the fixed point (39°N, 153°E),
but it did not cause this turbulence. For the horizontal length of the storm 4,=7°
and its mean velocity U=8°/24 hr are estimated from the weather map, so its pas-
sage time is 7,=21hr. By theoretical consideration, T,/T,=2 (INoUE, 1957). So
T,=T,/2=10.5hr. Thus the above value 7,=30 hr may be caused by the larger
turbulence which may be concerned with the general circulation, as T,=192 hr.

And as the averaging time .7 for measurement would be long, such as the
order of an hour, a day or a month, the value of m might become nm—->1. The
auto-correlation function of the air temperature as ,7=1day is empirically reduced

to the relation R(z) =e~"/70 (TAxAHASHI, 1951). The above relation is obtained from
the former equation as follows :
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R(z) =1—(¢[rp)™
— (Tl7g) m, 0< (T/?o) m]
=e7%, as m=1, 0<(cfz,) <1

Inoue and Imar’s theoretical result is

m=1" for 0.1<#/T,<0.5,
m=2(3 for 0.5<tTy< 1.

From the calculated results it seems to us that the temperature fluctuations
of a large time scale discussed here, whose m=1, were not caused by the tur-
bulence, but that they may be caused by some factor related to their durability
or long periodicity. - B

Next when the averaging time 7 under analysis would be extended too long
as compared to 7, or .7, the influence of seasonal variation would come in, even
the diurnal periodic fluctuation will be analysed when there is no measurable tur-
bulence. For example, the correlation function such as 1—R(#/T,) = {t/(T/4)}5713~2
may be given by the periodic temperature variations whose period is 7, namely
m=2 means that this correlation function may be caused by diurnal variation and
may be represented by a parabolic formula near #=0.

About these results at the fixed point, larger turbulons were seen in summer
than in the other seasons when the value of m seems to take m=1 or m=2.
And cross-correlations between the air and the water temperature are R=0.3 as

4/3andR 0.7 as m=1 or m=2."
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Fig. 1. Relation between 1—R(f) and time from auto-correlation of air and sea tem-

peratures, and cross-correlation between them. The number attached to the line

shows the curve number in Table 1.
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Table 1. Auto- and cross-correlation coefficient in the atmosphere and oceans.
Curve| paterial| Date | Location | Depth | T T, |a=R)~@m=| Mean
no. * * temp.°C
1 |water Aug. 10, off Osioro, 17.5m |0. 5 min |50 min (t/3min)3'8/3 15.5
1939 Hokkaido E . 4.2/3
2 |water ” ” 15m ” 60 min (¢/3.3min) " 17.0
3 |water  |Sep. 16~18,| 35°27.5'N | 12.5m |10mm |5¢hr (t/1.8hr)*/3 22.8
© 1952 : 139°44. 3/'N Sl . .
4 ‘|water  |Aug.13~14, “Michael :|-300m | 1hr = |24hr (t/2.8hr) % /3 5.2
1910 - Sars ” 1
' Station 115 Co :
5 lair Sep. 1~8, | 39°00N om | thr - |192hr - |(/30hr)% /3 23.6
. . 11950, 153°00'N 4.1/3
6 |water ” ” ” ” ” (¢/7.0hr)™" 24.4
7 lair-water r ” ” ” ” (¢/4. 4hr) 0.2
: R=0.35, t=0 _
8 |air Oct. 1~8, ” ” /{ ” (t/94hr)3'q/3 174
1950 5 2)3
. . » ” £ 20.7
9" |water ” ” ” ” :
10 " lair-water ” ” ”- . 4 .RZO. 75, t=0
11 |air Aug.-Sep.- ” ” 1 day [90 days’ (t/170hr)2' 1/3 23.1
Oct., 1950 3.6/3
12 |water ” ” ” ” 7 - |(t/270hr)"" 24.4
13 |air-water ” ” o ” ” (1f/220hr)0'1
R=0.37, t=0
1940 ~ Izuhara ” 1 month|l6 years
14 |water 940~55 : nt] years }(t/2500hr)2‘8/3
» |water 1941 ~53 Aikawa ” ” 13 years
3
15 lair Mar. 10~17,] 39°00'N u thr {192hr (t/40hr) /3 4.0
1950 153°00'E
16 |water ” ” ” ” ” (l‘/7hr)5‘7/3 7.6
. 0.29
17 [|alr-water ” ” ” ” ” t
R=0.73, t=0
. 6/3
18 |air May 10~17, ” ” ” ” (¢/17hr) 14.6
1950 .
19 |water ” ” ” ” ” (t/lShr)4'8/'5 14.8
0.
20 |air-water ” ” ” ” ” t 1
R=0.60, t=0
2.9/3
21 |air July 10~17, ” ” ” ” (¢/18hr) / 22.9
1950
22 |water ” ” ” ” ” (l/llhr)4' 5/3 22.5
0.13
23 lair-water ” ” ” ” ” t
R=0.5, =0
24 lair Sep. 15~22, ” ” ” ” (t/thr)4' 5/3 23.8
: 1950 5 5
25 iwater ” ” ” ” ” (t/8.3hr) -8/ 24.9
0.3
26 |air-water ” ” ” » ” (t/6hr)
R=0.38, =0
4.5/3
27 lair Nov. 28~ ” ” ” ” (t/22hr) / 14.0
Dec. 5, 1950 5.1/3
28 |water » o ” ” ” (t/24hr)"" 14.9
29 |air-water ” ” ” ” ” e
R=0.9, t=0
«T: averaging time for measurement, T,: avaraging time under analysis.
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