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Abstract

Based on the hydrographic data for 19 years (1968—1984) at 65 stations in the West Sea
of Korea, we investigate the relationships between the sea surface temperature (SST) in
winter and the bottom water temperature (BWT) in summer. The spatially-averaged
anomalies of BWT are highly correlated with those of SST during the preceding winter.
However, due to advection of heat by ocean currents, the spatial pattem of BWT anomaly
in summer does not closely resemble that of SST anomaly in the preceding winter.
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INTRODUCTION

The West Sea of Korea (the Yellow Sea)
is a semi-enclosed shallow sea with depths
less than 100m (Uda, 1966). During winter,
the surface mixed layer extends down to the
bottom and the water temperature is uni-
form throughout the whole water column.
During summer, on the other hand, the
West Sea water has a two-layer structure
due to strong stratification associated with
buoyancy flux across the sea surface. A
typical thickness of surface mixed layer in
summer is only about 20 m (Lie, 1984).

The waters that occupy the bottom layer
in the central part of the Yellow Sea from
spring to fall is called the Yellow Sea
Bottom Cold Water (YSBCW). Since the
YSBCW is formed and modified during the
preceding winter, one expects that the bot-
tom water temperature (BWT) in summer
should be closely related with the sea sur-
face temperature (SST) of the preceding
winter. Yang et o/ (1984) showed that an
abnormally cold YSBCW in summer of 1981
was associated with extensive cooling of the
sea surface during the preceding winter.

A prediction of summer-time BWT has a

* Contribution No.199 of Institute of Marine Sciences, National Fisheries University of Pusan, Korea.

228



Seawater temperatures in the West Sea. 229

practical application for an efficient man-
agement of fisheries. In the northern part of
the North Sea, the winter-time SST is
maintained in the lower layer in summer.
Since the BWT determines the maturing
process of herrings living in the lower layer,
the beginning of the spawning migration in
summer depends on the SST of the preced-
ing winter. Thus, as early as in late win-
ter, the duration of the summer herring
season in the northern North Sea can be
predicted on the basis of such relations
(Dietrich ef al, 1982).

In this paper, by means of statistical and
time series analysis, we investigate the
relationship between the summer—time BWT
and the winter-time SST in the southeastern
West Sea of Korea. Based on such rela-
tions, we seek a possibility for a prediction
of summer-time BWT in the West Sea.
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Fig. 1. Hydrographic stations of the Fisheries

Research and Development Agency.

DATA AND METHOD

Our study is based on the SST in Febru-
ary and the BWT in August for 17 years
(1968 ~1984) at 65 stations in the West Sea
of Korea. The temperature data we used
are taken from the Annual Report of
Oceanographic Observations published annu-
ally by the Fisheries Research and Develop-
ment Agency (1968~ 1984) . The locations of
65 stations are shown in Fig.1. The bathy-
metry of our study area is shown in Fig.
2.

A typical pattern of temperature change
in the West Sea is shown in Fig. 3. The
change of water temperature for one year
from February 1977 at the Station 310—07
shows the followings. In February, the
whole water column has a uniform tempera-

35°

34

33

125° 126° 127°
Fig. 2. Bathymetry of the West Sea of Korea.
Contour interval is 10 m.
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Fig. 3. Isopleths of water temperature at the Sta-
tion 310-07 for one year from February 1977.

ture of 6C. From spring to fall, a strong
stratification is formed. In August, the SST
is 26°C and the BWT is less than 10C. An
annual march of SST is characterized with
a temperature change up to 20°C . the SST
is 6°C in February and 26°C in August. The
BWT, on the other hand, undergoes only a
slight change during a year cycle. The
BWT is 6C in February and §C in August,
and the annual range of BWT is only 2°C.

We study the relationships between the
SST in winter and the BWT in the follow-
ing summer as follows. The normals of
SST and BWT are obtained by an arithme-
tic averaging of the temperature data of the
same calendar months for 17 years at each
station. The anomalies of SST and BWT
are obtained by substracting the normal
from the observed actual temperature. The
degree of fluctuations of the anomalies are
estimated by computing root-mean-square
(rms) amplitudes of anomalies of the same
calendar months for 17 years at each sta-
tion. The frequency distribution of anom-
alies are computed by counting the numbers
of temperature data lying within each inter-
val of 0.5°C units.
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Various cross correlations between the
winter-time SST anomalies and the summer
~time BWT anomalies are defined as fol-
lows. Let x; and v; be the SST anomaly in
Feburary and the BWT anomaly in August,
respectively, at thei-th station of the/-the
year. The spatially-averaged anomalies of
SST, X;, and of BWT, Y, of thej-th year
are computed by

M
X, = > xu/Ms

i=1

Y, =2 y,/M, (1)

where M is the total number of stations (M
= 65). The cross correlation coefficient, R,
between the spatially averaged anomalies is
computed by
N N N
R=§X, Y, /( ;Xﬁ ?Yf) e (2)

where N is the total number of years(N-=
17). The local cross correlation coefficient,
r{1) , between the winter-time SST anom-
alies and the summer-time BWT anomalies
at i-th station is computed by

F6 = e 1557 9,070 ()

The resemblance between the spatial
patterns of the winter-time SST anomalies
and the summer-time BWT anomalies of
the j—th year is estimated by a “map corre-
lation”™ coefficient, #ms(j), computed by

. M M M
'rmap(]) = gxuyu/(zxuzzyuz) V2o (4)

We display the time series of spatially
averaged SST and BWT and determine a
linear regression curve between them by the
least squares method. We display the fluctu-
ations of map correlation coefficients for
the years from 1968 to 1984. We map spa-
tial distributions of the local cross correla-
tion coefficients between the winter-time
SST anomaly and summer-time BWT
anomaly at each station during 1968 to
1984.
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MEAN FIFLD AND ANOMALIES

The distributions of mean water temper-
atures in the adjacent seas of Korea, includ-
ing our area of study, can be found in a
recent oceanographic charts published by
the Fisheries Research and Development
Agency (1986). In this paper, we briefly
describe the mean field of SST in February
and of BWT in August for the years 1968 to
1984 in the West Sea of Korea.

In February, the surface mixed layer
reaches down to the bottom, and the differ-
ences between the SST and BWT are less
than (.5°C at almost all stations (58 stations
among 65 stations). The average difference
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Fig. 4. Distribution of the average difference
between SST and BWT in August of 1968 to 1984.

between SST and BWT in February is only
0.1°C, and the standard deviation of differ-
ence is (0.28°C . That is, the water tempera-
tures in the West Sea of Korea in winter
are vertically homogeneous throughout the
whole water column.

In August, on the other hand, the ocean
has a two-layer structure, and the BWT is
much cooler than the SST. Fig. 4 shows
the distributions of the difference between
SST and BWT in August. In the coastal
region within 50 miles from the coast, the
difference is less than 10°C mainly due to
the shallowness of the ocean and the tide-
associated mixing of waters. In the off-
shore regions at distances greater than 50
miles from the coast, the differences
between SST and BWT are greater than
10°C .

The rms amplitudes of SST anomalies in
February and of BWT anomalies in August
during 1968 to 1984 are shown in Fig. 5.
The rms amplitudes of SST anomalies in
February are 1 to 2°C, and those of BWT
anomalies in August are 1 to 4°C. Fluctua-
tions of the SST anomalies in February are
large in the southern part and small in the
northern part. Fluctuations of BWT anom-
alies, on the other hand, are large in the
northern part and small in the southern
part.

Frequency distributions of SST anom-
alies in February and those of BWT anom-
alies in August for 17 years monthly data at
65 stations are shown in Fig. 6. This figure
shows that the fluctuations of BWT anom-
alies in August are more widely scattered
than those of SST anomalies in February.

RELATIONS BETWEEN WINTER
AND SUMMER-TIME ANOM-
ALIES

a. Spatially-Averaged Anomalies
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Fig. 5. The rms amplitudes ("C) of SST anomalies in Februaries and BWT anomalies in Augusts for 17

yvears, 1968 —1984.

The spatially-averaged anomalies of
SST in winter and those of BWT in summer
are obtained by an arithmetic average of
anomalies at 65 stations. The time series of
spatially-averaged SST anomalies in Febru-
ary and of BWT anomaly in August during
1968 to 1984 are shown in Fig. 7. This
figure shows that the spatially-averaged
BWT anomalies in summer are highly cor-
related with the spatially-averaged SST
anomalies of the preceding winter. The
cross—correlation coefficient between them,
computed by (2), is 0.84.

Fig. 7 shows that the SST in February
of 1977 was abnormally cold and the BWT
in August of the same year was also abnor-
mally cold. In 1979, both the SST in winter
and the BWT in summer were abnormally
warm. Exceptionally low correlation
between SST and BWT was found in 1974.
The SST in February of 1974 was only
0.5°C higher than the normal vear, but the
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Fig. 6. Frequency distribution of SST anomalies in
February and BWT anomalies in August from 1968 to
1984.
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Fig. 7. Time series of spatially-averaged SST
anomalies in February and BWT anomalies in August
during 1968 to 1984 in the West Sea of Korea.

BWT in August of 1974 was 2.0°C higher
than the normal year.

Fig. 8 shows the scatter diagram
between the spatially-averaged SST anom-
alies in February and the BWT anomalies in
August for 17 years (1968~1984). A linear
regression curve determined by the least
squares fit between them is

BWT=105 SST—0.07. {5)

This linear regression suggests that an
increase of BWT in summer by 1°C is as-
sociated with an increase of SST by about
1°C in the preceding winter.

b. Map Correlation

Resemblance between the spatial pat-
terns of the winter-time SST anomalies and
the summer-time BWT anomalies is esti-
mated by computing map correlation coeffi-
cient given by (4) . Fig. 9 shows the vear-to
—year fluctuations of the map correlation
coefficients between the spatial patterns of
SST anomaly in February and of BWT
anomaly in the following August. The map
correlation coefficients are between
-0.08(in 1969) and (0.74(in 1977), and it
differs greatly from year to year. The
average value of map correlation for 17

233
02 . q
C L,
A
.o ’,I .
1 - ’/
o . e
3 . 7
< e
£ e
>0 s SAC
£ -
o s
C
<L /
_] - /,
s ,~—BWT=1.0555T-0.07
m ¢ e
. R=0.84
_2 e
et 1 Ji
-2 -1 0 1°C 2

SST Anomaly in Feb
Fig. 8. Scatter diagram between spatially-aver-
aged SST anomaly in February and BWT anomaly in
August during 1968 to 1984. The linear regression
curve is shown by a dashed line.

years is only (.23, and this figure shows
that the spatial pattern of summer-time
BWT anomalies is quite different from that
of winter-time SST anomalies.

¢. Local Cross Correlation

In order to study the dependency of sum-
mer-time BWT anomaly on the winter—time
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Fig. 9. Year-to-year fluctuations of the map corre-
lation coefficients between the spatially-averaged
patterns of SST anomalies in February and BWT
anomalies in August during 1968 to 1984. Average
value over 17 years is (.23.
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SST anomaly of the preceding winter at the
same station, we computed local cross—cor-
relation coefficient between the SST anom-
alies in Febuary and the BWT anomalies in
August for 17 years at each station by (3).
The distribution of the local cross correla-
tion coefficients is shown in Fig. 10. The
local cross correlation at individual station
differ from station to station. The local
cross correlation coefficients at 65 stations
have a mean of 0.35 and a standard devia-
tion of 0.23. The local cross correlation
coefficients between the winter-time SST
and the summer-time BWT anomalies at
individual station are much lower than that
between the spatially-averaged winter-time
SST anomalies and summer-time BWT
anomalies.
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Fig. 10. Distribution of local correlation coeffi-
cients between SST anomalies in February and BWT
anomalies in August during 1968 to 1984.

DISCUSSION AND CONCLUSIONS

In this paper, through analysis of hydro-
graphic data for 17 years at 65 stations in the
West Sea of Korea, we showed that the
spatially—averaged BWT anomalies in sum-
mer are highly correlated with the spatially
-averaged SST anomalies of the preceding
winter. A linear regression curve between
them, (5), shows that an increase of SST in
February by 1°C. is associated with an
increase of BWT in the following August by
1'C Hence, the spatially-averaged BW'T
anomaly in summer can be predicted from the
observation of SST during the preceding
winter. The BWT in summer is related with
the SST of the preceding winter, because the
waters that occupy the bottom layer in sum-
mer had been vertically mixed and were in
contact with the atmosphere during the pre-
ceding winter when the surface mixed layer
extended down to the bottom.

However, due to advection of heat by
ocean currents, the water formed in the
winter does not remain at the same
location until the next summer. The migra-
tion of water body by ocean currents is one
of the possible mechanisms that can explain
the reason why the local cross correlations
between the winter-time SST anomalies and
the summer-time BWT anomalies at indi-
vidual station are quite low. The local cross
correlation coefficient between winter-time
SST and summer-time BWT anomalies
averaged over 65 stations is only (.35,
whereas the cross correlation between the
gpatially-averaged winter-time SST and
summer—time BWT anomalies is as high as
0.84.

A resemblance between spatial patterns
of the winter-time SST and the summer-
time BWT anomalies is estimated by map
correlation coefficients. The map correla-
tion is low (average value is (.23 only),
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and it varied significantly from vyear to
year. As mentioned above, the smallness of
the map correlation can be explained by the
fact the the water body migrates with ocean
currents. Year-to-year fluctuations of map
correlation coefficient can be explained by
considering the fact that the advection pat-
tern of heat by ocean currents may differ
from year to year.
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