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Date Time z Kjco \ ] K [ < \ Ct Cs
(hem) | (cm) {*C) _ llcal/em®5.°C)| (g/cm?) | (cal/g) t (%) | {calg)
Feb. 21 11.05 3 10.1 X104 —3.7 1.41x 103 0.88 1.6 2.0 1.63
13.15 5 7.9 —3.1 1.35 0.86 2.0 2.0 2.11
21.40 7| (4 —24 | 136 086 | (3.4 19 | 3.07
22 06.15 9 (3.1) —2.2 1.35 0.90 (4.8) 2.2 4.04
06.15 11 (1.7) —2.1 1.30 0.93 (8.2) 2.8 5.44
Feb. 22 \ 18.10 ) 3 8.6 —3.4 1.41 ] 0.88 ] 1.9 2.0 1.84
Feb. 24 11.20 3 8.6 —3.3 1.41 0.88 1.9 2.0 1.92
14.48 5 5.8 —2.7 1.35 0.86 2.7 2.0 2.62
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Summary

A practical formula of the specific heat of sea ice and a method for measurement
of the specific heat of sea ice in situ are presented in this paper.
The specific heat of sea ice C, at the temperature ¢ is represented by Malmgren as

Cy = Cim,-+Cbm,,—-Xg~d—6;n(f—, (5)

where, C; is the specific heat of pure ice, m, is the mass of pure ice, C, is the specific
heat of brine, m, is the mass of brine, and 4, is equal to A4,+(C.—C;) ¢, in which 4, is
the latent heat of pure ice at 0°C and C, is the specific heat of water. Considering
that the mass of brine is always very small in comparison with the mass of pure ice,
Malmgern obtained his final equation which is given by putting m;=0 and m;=1 in
equation (5). Schwerdtfeger also calculated the specific heat of sea ice using his equation
which is composed of all terms of equation (5) but 4, is replaced by A, Therefore,
Malmgren’s values are smaller and Schwerdtfeger’s values are larger than the values
obtained from equation (5).

The present auther transformed equation (5) into a mnrve simple formula (24) as
follows :

Equation (5) is rewritten as

ms dr

Co= Comdo a7
Ms # dr M 2
+(Cu=Co e (1=L G0) 4+ (C=Com— (Co=C 22, 15)

where, #1; is the mass of salts in one gram of sea ice, ¥ is the fractional salt content
of brine, i.e. 7=my/m. in which m, is the mass of pure water in the brine.
According to Lyman & Fleming and Assur, the relation between the fractional salt

content of brine 7 and its freezing temperature ¢ is expressed as
0 =—ar, (18)
in the temperature range of 0>¢/>—82°C. The coefficient « is given by Lyman & Flem-

ing as 52.41, and by Assur as 54.11.
From the linear relation of (18), equation (15”) becomes

U

C, = Citady 2 4+ (Cy—Co) ms + a(Co—Cy)

o g 19)

Using the following values: C;=0.49, 1,=797, a=54.11, C,=10, C,=09, and m,=
0.001-S, we get

C, = 0.49+4.313 %— + 0.0004 S+40.005 % . (20)
Because the third and fourth terms in the right-side of (20) are negligibly small in com-
parison with the second term in the temperature range of 0>#>—82°C, we get the
following simple equation for the specific heat of sea ice as the function of the salinity

S and the temperature ¢,
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C, = 0.49+4.313 ~gz— . (21)
Using the relation
S (%) = 1.80655 CL (%), (23)

recommended by the “Joint Panel on the Equation of State of Sea Water” which was
organized by Unesco in 1962, we obtain the practical formula of C, depending on the
chlorinity CI and # as

Cl

C, = 0.49+7.79 R

(24)

In Fig. 1, the specific heat calculated from (24) is shown as the function of the chlorinity
and the temperature.

In the previous paper II in this series, a method for determining the K/co-value of
the non-homogeneous ice sheet of sea ice from the observed temperautre profiles was
reported. The specific heat of sea ice ¢ should be, therefore, determined from the K/co-
value and the observed values of K and #.

Measurements of the temperature profiles, the density @, the thermal conductivity K,
and the chlorinity CI were carried out in February, 1965, on the young sea ice at Mon-
betsu Harbour, on the Okhotsk Sea coast of Hokkaido. The K/co-value is determined
from the temperature profiles. The specific heat of sea ice ¢ is calculated from the
K/co-value and the observed values of K and #. These results are shown in Fig. 2
and Table 1.

In the table, C, is the value of specific heat of sea ice calculated by equation (24)
using the observed values of CI and #. It is seen from the table that two specific heats
¢ and C, obtained by different methods are in fairly good agreement. This good agree-
ment proves that the method for determining K/cp-value is useful and the specific heat

of sea ice can be measured in situ.



