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Abstract: We study the annual variation of salinity at the sea surface and at 30m depth in the
neighbouring seas of Korea by the harmonic method. The analysis is based on the monthly salin-
ity data at 182 stations collected regularly by the Fisheries Research and Development Agency
during 15 years (1961~1975). The annual mean salinity in the West Sea is lower than that in
the East Sea. In the South and East Seas, the amplitude of annual salinity variation decreases
and the phase delays with the downstream distance of the Tsushima Current. The salinity at 30m
has a higher mean, a smaller amplitude and a delayed phase than the corresponding ones at the
surface. The annual variations of salinity in the South and East Seas are caused mainly by the

annual variations of the local precipitation and that of the fresh water discharge from the Yangtze

River.
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INTRODUCTION

The annual variation of salinity depends
primarily on the evaporation and precipitation
in an open sea and on the ice formation and
melting at high latitueds (Defant, 1960; Neu-
mann, 1972; Dietrich et al, 1980). The annual
variation of saiinity in the neighbouring seas
of Korea, however, depends mainly on the
seasonal variations of precipitation and river
runoffs.

In this paper we study the annual variation

of salinity at the sea surface and at 30m depth
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in the neighbouring seas of Korea by the har-
monic method. QOur analysis is based on month-
ly salinity data which had been routinely col-
lected by the Fisheries Research and Develop-
ment Agency (FRDA) during the period of 1961
to 1975 at 182 stations (FRDA, 1979). The
oceanographic stations of the FRDA and the
numbers of month with available mean salinity
data at each station are shown in Fig. 1 of
Kang and Jin (1984). Although a similar study
was already made by Hong (1967), our work
is useful because the number of stations in-
cluded in our analysis is more than three times
of 56 statoins used by Hong (1967). Further-

more, our analysis gives a comparison between
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Fig. 1. Annual mean salinity at the sea surface and at 30m.

the salinity variations at the sea surface and at
30m. We also discuss the physical processes
responsible for the observed salinity variations.

METHOD OF ANALYSIS
The data used are the monthly normals of
salinity averaged over 15 years (1961~1975) at
182 stations (FRDA, 1979).
salinity as a harmonic function S(£) given by

We represent the

S (&) =8+ 8,cos (@t —gy) -+ Sacos (st — o),

n
where S is the mean salinity, S, and S, the
amplitudes of the annual and semi-annual vari-
ations, respectively, o, and w, the angular fre-
quencies, ¢, and ¢, the phases, and ¢ the time
from Janvary 1. We considered the annual and
semi-annual components only, because the higher
harmonics are not persistent and their ampli-
tudes are negligibly small. The 5 unknowns, S,
S1, Sz, ¢, and ¢, are determined by minimizing

the squared error function E given by

E=% S -Sw®ie (2

where the summation is applid only to the
months with available salinity data, S(¢). Since
the months with available data are unevenly

spaced in time, the mean salinity S cannot be

determined by means of an arithmatic averaging
of the available data. The harmonic fitting me-
thod we used, however, yields the mean salinity
even for unevenly spaced data. The details of
the harmonic method we used are described by
Kang and Jin (1984).

MEAN, AMPLITUDE, AND PHASE

The annual mean salinities at the sea surface
and at 30m are shown in Fig. 1. The mean
salinities at the sea surface are 31.5 to 32.7%.
in the West Sea (the Yellow Sea), 32.7%. to
33. 6% in the South Sea, and 33.7% to 33.9
%o in the East Sea(the Japan Sea). The mean
salinity in the West Sea is about 1 to 2%
lower than that in the East Sea. The mean
salinities at 30m are 0.2 to 0, 5% higher than
those at the sea surface. The mean salinity in
the East Sea is almost uniform whereas that in
the West Sea shows a strong spatial variability.

Fig. 2 shows the annual amplitudes of sal-
inity at the sea surface and at 30m, respec-
tively. The annual amplitudes of surface sal-
inity are 1.0 to 1.9%. in the South Sea, 0.7
to 1.3%, in the East Sea, and less then 0.5%
in the West Sea. The amplitudes at 30m
depth are reduced to 50 to 60% of those at
the sea surface. The amplitudes in the South
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Fig. 3. Phases of annual salinity variation at the sea surface and at 30m referred to January 1.
The phase of 60° means that the maximum salinity occurs on March 1.

Sea are maximal along a smooth curve con-
necting the Cheju and Tsushima Islands, and
they decrease near the coast. The amplitudes
in the East Sea decrease with the distance
from Tsushima Island. Note that the decrease
in amplitude with distance from Cheju to Tsu-
shima Islands is small, but that in the East
Sea is large.

The annual phases of salinity, referred to
January 1, at the sea surface and at 30m are
shown in Fig. 3. The phase angle of 60° in
the figure represents that the salinity is max-
imum on March 1 and minimum on Sep-
tember 1. The phases in the West Sea, where
the amplitudes are less than 0.5%, at the sea

lZé’E 13O

surface and less than 0.2%, at 30m, are not
shown in Fig. 3. In the South Sea, the phase
at the off-shore leads that near the coast. In
the East Sea, the phase generally lags behind
with the distance from Tsushima Island. The
time lag in the annual salinity variation
between Tsushima and Ullung Islands is one
month at the sea surface and two months
at 30m depth. The annual salinity-variation at
30m lags behind that at the surface by 10 to
30 days.

The results for the semi-annual salinity var-
iation are neglected in this paper because the
amplitude is small (less than 0.5%, at the sur-
face and less than 0.2%, at 30m) and the phase
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distribution does not show any systematic pat-

tern.

DISCUSSION

The annal mean salinity in the neighbouring
seas of Kcrea (Fig.1) is considerably lower than
that of 34.5% in the Kuroshio region (Robin-
son, 1976). The annual evaporation in the Japan
Sea, assaciated with the evaporative cooling of
72 Keal cm2yr7Y, is 1.2 m/yr (Maizuru Ma-
rine Observatory, 1972). Since the annual pre-
cipitation is about the same as the annual eva-
poration, the local exchange of fresh water
across the sea surface gives only a negligible
effect on the annual mean salinity. The low
salinity in the neighbouring seas of Korea is
mainly due to fresh water discharge from rivers.

The influence of the fresh water discharge
on the salinity of seawater can be estimated as
follows. If a water mass with volume transport
of V; and salinity of S, is mixed with another
water mass with corresponding values of V,

and S., then the salinity of mixed one becomes

S= (V.8 +V,8) /(Vi+ Vo). 3)

If the fresh water discharge of 34x10° m?%s
from the Yangtze River (Dietrich et al, 1980,
p. 197) were mixed with the seawater with
salinity of 34%, and volume transport of 1x10°
m?/s, the salinity would be decreased by 1. 1%..
The low salnity in the Tsushima Current region
is ultimately resulted due to fresh water dis-
charge from the Yangtze River. In the Yellow
Sea (the West Sea) the salinity is low due to
fresh water discharges of the Huangho and
many rivers along the western coast of Korea.
Although the fresh water discharges of the
Huangho and other rivers into the Yellow Sea
are much smaller than that of the Yangtze, the
mean salinity in the Yellow Sea is lower than
that in the Tsushima Current region. This

suggests that the residence or recycling time

of seawater in the Yellow Sea is much longer
than that in the Tsushima Current region.
The annual variations of the local flux of
fresh water across the sea surface associated
with precipitation and evaporation, that of the
fresh water discharge from rivers, and also that
of the horizontal salinity advection are respon-
sible for the annual variation of salinity. In the
regions considered, the local flux of fresh water
across the .sea surface decreases the salinity in
summer during which the precipit ation is large
and the evaporation is small (Kang, 1983). The
situations are reversed in winter. The amplitude
of salinity variation associated with local flux
of fresh water across the sea Surface is expected
to be much smaller than that associated with
the river runoffs. This can be inferred from the
fact that the amplitude in the West Sea is
much smaller than that in the South and East
Seas (Fig. 2). The large amplitudes in the
South and East Seas are resulted mainly due to
an annual variation of river runoffs, especially
that of the Yangtze River. The salinity advec-
tion depends not only on the fresh water dis-
charge but also on the annual variation of cur-
rents in the regions considered (Kang, 1984).
The variation of salinity associated with the

advection and diffusion follows the equation

a8 38 _ . 98

where z is the downstream distance, U the
mean current, K the eddy diffusivity, and y the
coordinate orthogonal to x. The boundary con-
dition of a linear increase in salinity from y=
—b to y=b on which is superimposed a periodic
annual disturbance at z=0 with a maximum
amplitude at y=0 and vanishing at y=c=b can

be written as

S=A-+By+C cos Y cos(wyt) at z=0,
26
€Y

where A, B and C are constants. This boundary
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condition crudely approximates the situation for
the annual variation of salinity, associated with
the annual variation of fresh water discharge
from the Yangtze River, at the upstream of
the Tsushima Current. The solution of (4) and
(5) is (Defant, 1961, p. 156)

S=A+By+C eXP(—%Z,%> cos(-%%)

cos [wl( -LU)] 6

This solution shows that the amplitude decrea-
ses exponentially with z and the phase delays
linealy with = by wz/U.

Although the simple analytic solution (6)
does not necessarily agree exactly with reality,
it gives insights on the salinity variations in
the regions considered. A rather rapid decrease
of the amplitude in the East Sea from Tsushi-
ma to Ullung Island shown in Fig. 2 is resul-
ted due to lateral diffusion of salinity and a
widening of the width of the Tsushima Current.
The phase of salinity variation delays with the
downstream distance (Fig. 3). The fact that the
delay of phase with downstream distance in the
South Sea is smaller than that in the East Sea
suggests that the current speed in the South Sea
is faster than that in the East Sea. A particul-
arly early occurrence of salinity variation in the
Korea Strais is due to the local influence of fresh
water discharge by the Nakdong River. A more
pronounced phase delay at 30m than at the sea
surface is resulted because the current speed

at 30m is slower than that at the surface.

CONCLUSIONS
In this paper we presented the mean and
annual variation of salinity in the seas neigh-
bouring to Korea and discussed the associated
physical processes. The mean salinity in the
seas adjacent to Korea is lower than that in
the open sea mainly due to fresh water dis-

charge from rivers and the horizontal advections

of low salinity water. The local flux of fresh
water across the sea surface, associated with
precipitation and evaporation, gives a significant
influence on the annual variation of salinity,
but its effect on the annual mean salinity is
negligible. The mean salinity at the sca surface
is 0.2 to 0.5% lower than that at 30m. Al-
though the fresh water discharge into the Yellow
Sea by the Huangho, the Han River, etc. is
much smaller than that into the East China Sea
by the Yangtze River, the mean salinity in the
Yellow Sea is very low because the recycling
time of seawater is relatively long in ths Yellow
Sea. The amplitude of annual salinity vari-
ation is largest in the South Sea, and it de-
creases gradually with the downstream distance
of the Tsushima Current in the East Sea.

The amplitudes at the sea surface are 1. 8%,
near Cheju Island, 1.4% near Tsushima and
0.8%, near Ullung Island. The amplitudes at
30m are only about one kalf of those at the sea
surface. In the West Sea the amplitudes at the
sea surface and at 30m are less than (. 5% and
0. 2%, respectively. In the South and East Seas
the phase of annual salinity variztion shows a
systematic delay with the downstream distance
of the Tsushima Current. The delay in phase
with distance in the East Sea is more rapid
than in the South Sea because the current speed
in the East Sea is slower than in the South
Sea. The phase at 30m is delayed behind that
at the sea surface, and the degree of delay
increases with the downstream distance of the
Tsushima Current in the East Sea. This sug-
gests that the advection of low salinity at the
sea surface is more rapid than that at 3Qm,
because the current speed at the surface is faster
than that at 30m. The annual variations of
salinity in the neighbouring seas of Korea are
caused mainly due to annual variations in the
local fresh water flux across the sea surface and
those in the fresh water discharge from the
Yangtze River.
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