Bull. Korean Fish. Soc. 18(4). 374~380, 1985 HoKkEE 18(4), 374~380, 1985

On Annual Variations of Sea Water and Air Tempera-
tures, and Sea-Air Temperature Separation in the
East Sea (Japan Sea)

Yong Q. Kang

Department of Oceanography, National Fisheries University of Pusan,
Nam-gu, Pusan 608, Korea
(Received March 15, 1985)

The annual variations of sea surface temperature (SST), air temperature (AT), and sea-air temperature
separation (SST-AT) in the East Sea (Japan Sea) are studied by harmonic analysis of the monthly data
in 2by 2 degree rectangles. In the Tsushima Current region of the Japan Sea, the annual means of SST
and AT are high due to warm water advection by the current, and the annual amplitudes of SST and
AT are small because the annual variations of heat advection by the current and of the incoming solar
radiation are almost out of phase each other. In summer the SST and the AT in the Japan Sea are
almost the same, but in winter the SST is 6~10°C higher than the AT. The physical processes respon-

sible for the observed SST-AT in the Japan Sea and their consequences in the sea-air

actions are discussed in this paper.

1. Introduction

The annual variations of sea surface temperature
(SST), air temperature (AT) and sea-air temperat—
ure separation (SST-AT) are important in underst-
anding the air-sea thermal interactions, including
the heat transfers across the sea surface by sensi-
ble and latent heat fluxes. The SST-AT also plays
an imgport role in the stability of the atmospheric
lower layer and in the modification of air mass
flowing over the the see (e.g., Park and Joung,
1984).

The monthly maps of SST and/or AT in the Japan
Sea were published by Maizuru Mar. Obs. (1972),
Robinson (1976), and Gorshkov (1976). It should
be noted that the AT is generally less persistent
than the SST. At the North Atlantic weather stat-
ions, for example, the variance of At is a few
times larger than the variance of SST for daily

samples (Krauss and Morrison, 1966). A systematic

thermal inter-

measurement of AT over an open ocean is a very
difficult task, and the estimates of monthly AT
differ significantly depending- on the investigator
and the method employed. In thit paper I repretent
the spatio-temporal distribution of SST, AT, and
SST-AT by means of harmonic repretentation of
the monthly data, and then discuss the physical

processes involved.
2. Data and Analysis

The data set used in this paper is the monthly
normals of SST and AT over 12 years (1958~1969)
in 2 by 2 degree rectangles in the Japan Sea(Fig.1)
reported by the Maizuru Mar. Obs. (1972).

The monthly normals of SST, AT, and SST-AT
are fitted by harmonic function 7'(#):

T()=To+T1 cos(wt—e,) + T3 cos(2wt—¢s),
where T, is the annual mean, « the annual angular

speed, ¢ the time from January 1, T, and T, are
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Fig. 1. Grid schemes in the Japan Sea (2 by 2
degree rectangles), and subdivison of the
subareas: NW(northwest) and SE (southeast).

the annual and semi-annual amplitudes, respectively,
and ¢; and ¢, are the annual and semi-annual pha-
ses. Harmonic constants (T, T1, T2 ¢1, and ¢2)
are determined by the least squares method discus—

sed by Kang and Jin (1984).

3. Results

For the sake of an easy reference, I divide the
Japan Sea into the nortwestern part (subarea NW)
and the southeastern part (subarea SE), as shown
in Fig. 1. The distributions of annual mean, annual
amplitude, and annual phase of SST in the Japan
The annual mean of
SST in the NW (8~16°C) is lower than that in
the SE (13~19°C). The isotherms are tilted
from the zonals,

Sea are shown in Fig.2.

and the mean SST in the eastern
part is a few degrees higher than the mean SST
in the western part at the same latitudes, The
annual amplitudes of SST in the NW (8~9°C) is
larger than that in the SE (6.5~8.5°C). The
annual phase of SST in the NW (230~234°) leads
the annual phase in the SE (234~238°). The maxi-
mum SST in the Japan Sea occurs in the late
August. The semi-annual amplitude of SST is less
than 2°C, and phase varies irregulary (not shown
in figure).

The distributions of annual mean, annual amp-

litude, and annual phase of AT are shown in
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Fig. 2. Distributions of annual mean (°C), annual
amplitude (°C), and annual phase(in deg-
rees to January 1) of SST.

Fig. 3. Isotherms of mean AT are tilted from
the zonals, and the mean AT in the eastern part
is a few degrees higher than that in the western

part at the same latitudes. The annual ampli-
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Fig. 3. Distributions of annual mean (°C), annual
amplitude (°C), and annual phase (in deg-
rees referred to January 1) of AT.

tude of AT in the NW (10~12°C) is larger than
that in the SE (9~11°C). The annual phase of 214
~220° in Fig. 3 indicates that the maxium AT in
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Fig. 4. Distribution of the ratio between the am-
plitudet of AT and SST.
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Fig. 5. Difference between the annual phases of
SST and AT (in degrees).

the Japan Sea occurs in early August. The annual
phase of AT has a tendency to be delayed as the
distance from the land increases. The amplitudes of
semi-annual variation of AT is less than 2°C (not
shown in figure).

The annual amplitude of AT in the Japan Sea
is 1.3 to 1.5 times larger that than of SST(Fig.4).
The phase difference between the SST and the AT
in the Japan Seais 14~20°, and this indicates that
the annual variation of SST lags that of AT by two
or three weeks (Fig. 5)
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Fig. 6. Distributions of annual mean (°C), annual
amplitude (°C), and annual phase (in de-
grees referred to January 1) of SST-AT.

The distributions of annual mean, annual ampli-
tude, and annual phase of SST-AT are shown in
Fig. 6. The annual mean of SST-AT in the SE (3~
4°C) is larger than that in the NW (2~3°C). The
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Fig. 7. Distributions of SST-AT (°C) in January
and July.

annual amplitude of SST-AT in the Japan Sea is
3.5~5°C. The annual phase of SST-AT (—8 to 4°)
indicates that the SST-AT is maximal in late De-
cember or in early January. In summer, SST is
almost the same as the AT, but in winter, the
SST is 6~10°C higher than the AT (Fig. 7). The
amplitude and phase of semi-annual components of
SST-AT are 0.5~2°C and 10~50°,
(not shown in figure).

respectively

4. Discussion

The observed annual variations of SST, AT, and
SST-AT in the Japan Sea can by physically under-
stood as follows. The annnal variation of SST
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depends on the annual variatious of incoming solar
radiation, back radiation, heat storage rate in the
atmosphere and in the ocean, and heat advections
by ocean currents and winds. The warm water
advection in the SE by the Tsushima Current in-
creases the mean SST, and therefore the mean SST
in the eastern part of the Japan Sea is higher than
that in the western pars at the same latitudes (Fig.
2). The distribution of mean AT is similar to the
distribution of mean SST (Fig. 3).

The annual amplitude of SST in the SE is smaller
than that in NW (Fig. 2). Kang (1985) showed
that the annual phase of heat advection by the Tsu-
shima Current is almost opposite to that of the
incoming solar rdaiation, and therefore the warm
water advection by the current decrases the annual
amplitud of SST in the Japan Sea. Due to the ther-
mal interactions between the ocean and the atmos-
phere,
also smaller than that in the NW (Fig. 3).

the annual amplitude of AT in the SE is

The annual amplitude of 9~12°C over the Japan
the annual
of AT of 12~19°C over the Peninsula
1984a). This feature can be

Sea (Fig. 3) is much smaller than
amplitude
of Korea (Kang,
understood from the fact that the annual range of
SST is much smaller than the annual range of
ground surface temperature. The contrast between
the annual ranges of ground surface temperature

arises from the fact that the seasonal storage of
heat in the upper layer of the ocean is many times
larger than that in upper layer of the ground (Kang,
1984b).

Along the eastern coast of Korea, the annual
phase of SST is about 240° (Kang and Jin, 1984),
and that of AT is about 210° (Kang, 1984a). This
implies

that the phase difference between the

annual variations of SST and AT are about 30°
along the eastern coast of Korea. In the central
part of the Japan Sea, the phase difference is less
than 2¢0°(Fig. 5). This agree with the theoretical
investigation by Kang (1984a) that the the phase
difference between SST and AT decreases with the
distance from the coast.

In the Japan Sea, the mean SST is higher than

the mean AT by 2 to 4°C, and the mean SST-AT
in the SE is larger than the mean SST-AT in the
NW (Fig. 6). Kang (1984c) showed that that differ~
ence between mean SST and mean AT in the
Japan Sea is almost proportional to the heat advec-
tion by Tsushima Current. Due to the surplus of heat
advection by Tsushima Current in the SE, the mean
SST-AT in the SE is larger than that in the NW.
The heat advection into the Japan Sea by the
Tsushima Current is larger in winter than in summer
(Kang, 1985). On the other hand,
air-mass blowing over the Japan Sea in winter is
the SST-AT in winter in
the Japan Sea reaches up to 10°C

the Siberian
very cold. Therefore,
in winter. In
summar, the AT of the summer monsoon blowing
from the Pacific is basically the same as the SST,
and the SST-AT
order (Fig. 7).
It is worthwhile to note that the mean SST-AT
of 2~4°C in the Japan Sea is

in the Japan Sea is only 1°C

larger than in any
North
Atlantic and central North Pacific, the annual mean
SST-AT is generally less than 1°C, and mean SST-

other parts of the oceans. In the central

AT over 2°C is found only in the Gulf Stream and
Kuroshio regions (Cayan, 1980).

Note that the SST is higher than the AT in winter,
whereas the ground surface temperature is higher
than the AT in summer in Korea. The contrasting
temporal chracteristics between the temperature
differences across the sea surface and across the
ground surface arises due to the fact that the sea-
sonal storage of heat in the ocean is much larger
than that in the ground (Kang, 1983).

The heat flux into the atmosphere from the sur-
face of Japan Sea in wintre is larger than the heat
received by the incoming solar radiation. In January,
the heat supply into the atmospher by the sensible and
latent fluxes are 100 and 140 W/m2, respectively,
and they are larger than the solar radiation of 60
W /m? reaching the sea surface in the same month
(Maizuru Mar. Obs., 1972). The heat supply into
the atmosphere from the sea surface of the Japan
Sea in winter is expected to play a significant in-

fluence on the climates of Japan and of the eastern
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part of Korea.

5. Conclusions
In this paper, the annual variations of SST,
AT, and SST-AT in the Japan Sea are represented
in terms of annual means, annual amplitudes,
and annual phases., Due to the heat advection by
the Tsushima Current, the mean SST and the
mean AT in the eastern part of the sea (Japanese
side) are higher than those in the western part
(Korean side). The annual amplitudes of SST
and AT in the Tsushima Current region are smaller
than those in the northwestern part of the sea,
because the annual variations of the heat advection
by currents and the incoming radiation are almost
out of phase each other. Due to the moderating
effect of the sea to the AT variation, the annual
arange of AT over the Japan Sea is smaller than
that over the ground of Korea.

The SST-AT in the Japan Sea in summer is only
about 1°C, but that of up to 10°C in winter is
very large compared to the SST-AT in any other
parts of the oceans in the globe. Due to warm
water advection, the mean SST-AT in the Tsushima
Currcnt region is larger than the mean SST-AT in

the northwestern part of the Japan Saa.
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