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ABSTRACT

The salt concentration of seawater is a significantly sensitive factor in the seawater reverse
osmosis desalination plant that applies different pressures in freshwater production, depend-
ing on the salinity of the seawater. For the efficient operation of the plant, it needs to be
grounded on investigations and analyses of seawater salt concentration and water tempera-
ture distribution and change. The conventional research methods, however, have temporal
and spatial limitations. This research uses the latest satellite data to analyze the flows and
the seasonal temperature distributions of ocean currents that affect mostly the changes in the
seawater salt concentration in the neighboring waters of the seawater desalination plant that
is being built in Gijang-gun, Busan, South Korea. The results of this research showed that the
ocean current in the neighboring waters of Gijang-gun, Busan had a relatively slow velocity
(average: 0.05m/s) but formed very comprehensive flow shapes as the warm and cold cur-
rents met and that the degree of the salinity change was significant because the temperatures
of the sea surface differed considerably in summer unlike in the other seasons.

Keywords: Ocean current; Geostrophic current; Ocean temperature; Sea surface topography;
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1. Introduction

The movement of seawater forms many different
shapes due to various factors such as the tides,

seasons, and winds. Prolonged continuous and
directed movement of ocean water for is called an
ocean current. Ocean currents are mainly formed by
such factors as the wind, ocean temperatures, salt
concentrations (density), the sea surface inclination,
and air pressure. Researches on ocean currents and*Corresponding author.
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temperature have had crucial roles in producing data
that are useful for marine fish resources, marine-cur-
rent power generation, and global climate change.
Ocean currents, along with seawater temperature and
salinity that are closely related, are significant factors
affecting the desalination process. In particular, in the
seawater reverse osmosis (SWRO) desalination that
uses the difference in the salt concentration, the salt
concentration and ocean current in the neighboring
waters of the plant must be investigated and
analyzed. The Eulerian and Lagrangian methods are
the main methods of measuring ocean currents [1].

These two methods have the demerits, however, of
measurement inaccuracy due to the impossibility of
accurate measurement based on weather conditions or
timing, or the possibility of temporarily measuring
currents other than the original current because both
methods repeat the measurements at the same
position for a long time.

Moreover, direct measurement of the seawater salt
concentration has various temporal and spatial
restrictions and limitations.

Due to the close relationship between the water
temperature and salinity, the seawater salt concentra-
tion increases as the water temperature rises in
regions over the latitude of 20˚. Therefore, the salt
concentration can be indirectly calculated by measur-
ing the water temperature distribution and the
amount of change in the salinity (Table 1).

To date, about 6,900 man-made satellites have been
launched into space [2]. Among them, some 800 satel-
lites are used for remote sensing, that is, as earth
resource observatories, geophysical observatories, etc.
[3]. Fig. 1 shows the geophysical observatory series
satellites offer advantages in observing a wider area
periodically, regardless of the weather conditions.

This research uses the various data that were
obtained from the geophysical observatory series sat-
ellites to provide basic data for the construction of a
SWRO desalination plant in Gijang-gun, Busan on
South Korea’s southern coast (Fig. 2) and analyzes the
average annual speeds and directions of the ocean
currents and the seawater temperature distributions
there at by season.

2. Calculation of ocean current

2.1. Geostrophic current

The most important global causes of ocean cur-
rents are wind and the sea surface inclination. Wind
affects mainly the flow of surface water, because its
influence reaches up to 100m below the sea level. The
sea surface inclination generated by the gravitation
and the density differences of water has the greatest
influence on the actual flow of long-term and periodic
ocean currents. Therefore, the speed and direction of
ocean currents can be determined by calculating the
frictional force produced by the gravitational sea sur-
face inclination and the earth rotation on ocean water.
Such current is called as the geostrophic current.

The geostrophic equation can be induced from the
motion equation by assuming from (dudt ¼ dv

dt ¼ dw
dt ¼ 0)

that the geostrophic current does not accelerate, by
balancing the Coriolis force and the inclination of the
horizontal pressure force. That is, the geostrophic cur-
rent equation can be given as follows under the
assumption that the horizontal directional velocity is
much greater than the vertical directional (w<<u, v)

Table 1
Coefficients of the MCSST equation for the NOAA-18
satellite [19]

a b c d

0.934004 0.0724457 0.748044 �253.308

Fig. 1. Flowchart for ocean current and temperature
calculation.

J.-M. Cho et al. / Desalination and Water Treatment 51 (2013) 6310–6316 6311



and that the frictional force generated by the earth’s
rotation is trivial, and that the gravitation is the only
external force [4,5].

@p

@x
¼ qfv ;

@p

@y
¼ �qfu;

@p

@z
¼ �qg ð1Þ

wherein, f= 2X sinU (f: coriolis parameter, X: angular
speed of the earth’s rotation (7.29� 10�5 rad/s), U:
latitude).

Eq. (1) can be given as follows by expressing the
vector components u and v of the X- and Y-axes [6].

u ¼ � 1

fp

@p

@y
; v ¼ 1

fp

@p

@x
ð2Þ

wherein, p ¼ p0 þ
R 1
�h gðUzÞqðzÞdz (p0: atmospheric

pressure at z= 0, f: sea surface height).

2.2. Sea surface height

The sea surface height (SSH) refers to the height
from the reference ellipsoid to the sea surface. It can be
determined through prolonged repeated observation
using the satellite altimetry. The SSH is affected most
by the geoid. The difference between the geoidal height
(N) and the SSH is called the sea surface topography
(SST) and can be given by the following expression [7].

SSH ¼ N þ SST ð3Þ

The flow of an ocean current is generated by the SST
that is composed of a permanent element (hsst) and a
variable element, and the mean sea surface height
(MSSH) is determined as follows [8].

MSSH ¼ N þ hsst ð4Þ

The MSSH can be determined by processing the huge
volume of satellite altimetry data that were collected
for a long time. It includes models such as MSS95A,
OSUMSS95A, CSR_MSS98, and GSFC_2000, according
to the type of satellite used, the modeling method, the
development institution, and the year of measurement
[9–11].

In this research, the SST was calculated using
MSS_CNES_CLS2011 among the most recently devel-
oped MSSH models. Developed by CNES (Centre
National d’EtudesSpatiales), France, it has been using
satellite observation data such as Topex/Poseidon and
ERS-1/2 for about 15 years and provides the MSSH
grid data at two-minute intervals for the areas
between latitudes 80˚S and 84˚N [12,13] as shown in
Fig. 3.

2.3. Geoid

The geoidal height (N) is the value determined by
the gravity function, from which the global geoid
model can be calculated using the global earth gravity
model (EGM). The global EGM is calculated by
combining the gravity data observed from land,
oceans, and space. Some 100 global EGMs have been
developed since 1966. The EGM that was jointly

Fig. 2. Location of the desalination plant in Gijang-gun,
South Korea.

Fig. 3. Mean sea surface height (MSSH) around the
desalination plant in Gijang-gun.
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developed by the National Aeronautics and Space
Administration, the National Imagery and Mapping
Agency, and Ohio State University, USA is the most
popular global EGM, and EGM 2008 was publicly
released very recently [12,14].

EGM2008 is a completed model up to the spherical
harmonic degree and order 2,159, and contains extra
coefficients that extend to degree 2,190 and order
2,159. To minimize the aliasing effects during the
spherical harmonic analysis, the prediction of area-
mean gravity anomalies has been band-limited to
degree 2,160 [15], and EGM2008 provides the grid
data at the minimum 1-min intervals for the areas
between latitudes 90˚S and 90˚N.

EGM 2008 consists of the spherical harmonic
coefficients Cnm and Snm, and its geoidal height (N)
can be given by the following expression [16].

NGM ¼ GM

Rc

X1

n¼2

Xlmax

m¼0

ðlmax � 1Þ½Cnm cosmkþ Snm

� sinmk�PnmðsinUÞ ð5Þ

wherein,

GM: the geocentric gravitational constant
c: the normal gravity on the surface of the reference
ellipsoid
r, k, U: the geocentric spherical polar coordinates of
the computation point

Pnm: the fully normalized associated Legendre
functions for degree n and order m

Cnm; Snm: the fully normalized spherical harmonic
coefficients that have been reduced by the even zonal
harmonics of the reference ellipsoid.

This research calculated the geoidal height from
the maximum degree 20 to coincide with the accuracy
of mean sea surface and that of the geoidal height
[17]. Geoid model is shown in Fig. 4.

2.4. Sea surface topography

The geoid is defined as the equipotential surface of
the gravitational field that coincides with the undis-
turbed ocean. The ocean is considered a state of equi-
librium, being subject only to the force of gravity, and
free from variations with time [4]. The deviation of
the stationary SSH from the geoidal height (N) is
called the SST, which can be given by the following
expression [4]:

SST ¼ SSH�N ð6Þ

wherein the SST (Sea Surface Topography) can be
calculated by substituting the SSH obtained from the
MSS_CNES_CLS2011 model and N from the EGM2008
model are shown in Fig. 5.

Fig. 4. Geoid model around the desalination plant in
Gijang-gun.

Fig. 5. Sea Surface Topography around the desalination
plant in Gijang-gun.
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3. Caculation of Sea Surface Temperature

3.1. NOAA Satellites

Since the first satellite has been launched in 1978,
the NOAA satellites totalled 19 as of 2009, and the
number 15 to 19 satellites are in operation as of 2012.
The NOAA satellites boast of visible, near-infrared
and infrared sensors for observing the earth’s environ-
ment and climate changes. The infrared sensor is
developed to observe solar radiation energy. There-
fore, it can be used for measuring the sea surface
temperature. It is scope of observation reaches
3,000 km� 5,000 km and the resolution of AVHRR
sensor approximates 1 km2 [18].

3.2. Image processing

The most popular method used in measuring the
sea surface temperature from the satellites is known
as the multi-channel sea surface temperature (MCSST)
[19].The method uses the number 4 and 5 bands in 11
and 12 lm wavelengths and also calculates the sea
surface temperature according to the following
equation [18].

SSTemp ¼ aT4 þ bðT4 � T5Þ þ cðT4 � T5Þðsec hz � 1Þ
þ d ð7Þ

wherein,

hz: the satellite zenith angle and
T4 and T5: the brightness temperature of the number.
4 and 5 AVHRR bands (˚C).

Each coefficient in the above equation differs
depending on the types of NOAA satellites. This study
quoted the coefficients proposed by NOAA’s National
Environmental Satellite, Data, and Information Service
(NESDIS). Currently, the official coefficients proposed
by NEDIS include up to NOAA 18 satellite. Therefore,
the study used the data collected from NOAA 18 as
the target data. If clouds covered during the satellite
observation, the clouds block the radiation energy
emitting from the sea surface and interrupt measuring
of the sea surface temperature. Therefore, this study
calculated the sea surface temperature by combining
the images of the regions for a month period and
minimizing the regions blocked by clouds.

4. Results

The latitudinal- and longitudinal-direction velocity
of geostrophic currents can be calculated by substituting

the SST model calculated from the aforementioned
MSSH and the geoidal height models to Eq. (2). The
results calculating the flow of geostrophic current in the
neighboring waters of Gijang-gun, Busan where the
SWRO desalination plant is under construction by using
the data obtained from the satellites showed the average
velocity of the ocean current at 0.05m/s, with the maxi-
mum at 0.2m/s and theminimum at 0.01m/s.

The direction of the ocean current appeared mixed
because the influence of both North Korea Cold
Current from the north and East Korea Warm Current
from the south were significant. At Tsushima Island,
Japan situated at the borderline in the south of
Gijang-gun, South Korea, the two currents collide and
move gradually up to the north along the western
coast of Japan. Fig. 6 shows the distribution of ocean
current.

On the other hand, the SST distribution and
changes in the neighboring waters of the Gijang-gun
SWRO desalination plant were analyzed using the
images collected from the NOAA satellite in January,
April, August, and December 2011, respectively, and
the results presented the average temperature distri-
bution of 13–26˚C and relatively small variations in
the water temperature throughout the year, except in
summer.

This seems to have beendue to the more significant
effects of the East Korea Warm Current from the
south than of the North Korea Cold Current from the
north. Overall, the SST near Gijang-gun appeared to
have remained high and evenly distributed through-

Fig. 6. Ocean current distribution around the desalination
plant in Gijang-gun.
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out the year. Therefore, the changes in the seawater
salt concentration near Gijang-gun are considered
minimal throughout the year unless significant inflows
or outflows of salt content occur by sea current or
seasonal effects during summer as shown in Fig. 7.

5. Conclusions

The performance of membrane process in SWRO
desalination plant is highly affected by the water tem-
perature and the salinity. Therefore, the investigations
and analyses of the water temperature and salinity in
this study can provide useful information for
effectively operating the system of the SWRO desali-
nation plant. In this study, the average ocean current
and seasonal distribution of the ocean temperatures

throughout the year in the neighboring waters of
Gijang-gun, Busan, South Korea, where the SWRO
desalination plant is being built, were analyzed using
the latest satellite data.

The results of this research showed that the ocean
current velocity was relatively slow in the neighboring
waters of Gijang-gun, Busan at an average velocity of
0.05m/s and was distributed at a maximum of 0.2m/
s to a minimum of 0.01m/s. Moreover, the ocean cur-
rent direction was presented as comprehensively
mixed due to the effects of the cold current from the
north and the warm current from the south.

The seasonal water temperature was distributed
between 13 and 26˚C on the average, which shows a
significantly large difference in summer, unlike in the
other seasons; but the difference in the regional water

Fig. 7. Sea surface temperature distribution near the desalination plant in Gijang-gun by season (2011).
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temperature distribution was insignificant. In general,
there are some correlations between water tempera-
ture and salinity. Since the performance of SWRO is
dependent significantly on salinity of seawater, it is
meaningful to obtain the water temperature data.

Therefore, the difference in the seasonal water tem-
perature is deemed to generate significant salinity
changes particularly in summer, and the characteristics
of the flows of the warm and cold currents are also
expected to cause significant salinity changes by season.
Under these circumstances, it would be necessary to
establish and apply different methods and conditions
for the effective operation of the SWRO desalination
plant by season, corresponding to the seawater temper-
atures and salt concentrations.
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