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Figure 1. National Institute of Fisheries Science serial oceanographic
observation data station map. The data acquisition rate after the quality
control is shown by the first colormap. The dashed lines indicate the sea
regions that are divided for this study and the solid lines indicate
representative lines for each region. Bathymetry around the Korean Peninsula
is shown by the second colormap (GEBCO02020). Red and blue arrows

represents mean major current structures (KHOA). .......ccooveiiiiiiiinnee 3

Figure 2. (a) is the Local Range Test for 10 m temperature collected at station
10608 in April. Mean and standard deviation (s) are calculated with the data
obtained in the same station, depth, and month, and the data is removed if the
data is over £2s. This test is performed 5 times. The green and red color in
the dots represent pass and fail respectively and the red dashed line is the +2s
line. (b) is the Density Inversion Test for the profile collected at station 10207
in 1995 August. The density profile is calculated with the temperature and
salinity profiles. When density inversion occurs, the data that has the biggest
difference between the original density profile and smoothed density profile
1s removed. Blue dotted lines are the original data and orange dotted line is
the smoothed density profile. The red cross indicates failed data due to density

ST A< 43 () o VAR 6

Figure 3. (a) is the temperature data collected at station 10208 (blue dot) and
10-day temperature climatology of the data (black dot). The 10-day
climatology is calculated with the all data applying weight based on the time.
(b) is the temperature anomaly time series with original data (blue dot) and

linearly interpolated data (red triangle). .......c.ccoeviiiiiiiiiiiiii 7

Figure 4. Seasonally averaged loading vectors and PC time series of the first

CSEOF mode of OHC500. The dashed line in the PC time series is the linear
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trend. The first CSEOF mode explains about 32% of OHCS500 total variance.

Figure 5. Regressed loading vectors of temperature for the first CSEOF mode.
Each column represents the season and each row represents the depth. Each

row has a different R-squared value and a different color range............... 12

Figure 6. Regressed loading vectors of salinity for the first CSEOF mode.
Each column represents the season and each row represents the depth. Each

row has a different R-squared value and a different color range............... 13

Figure 7. Regressed loading vectors of temperature for the first CSEOF mode.
Each column represents the season and each row represents the representative

line in each region shown in Figure 1. .......ccccoiiiiiiiiiiiiiecen 15

Figure 8. Regressed loading vectors of salinity for the first CSEOF mode.
Each column represents the season and each row represents the representative

line in each region shown in Figure 1. ..o, 16

Figure 9. Regressed loading vectors of temperature (a, c, e, g) and salinity (b,
d, f, h) for the first CSEOF mode. The loading vectors are regionally averaged.

The colored symbols represent the S€asON. ........cocveviiieeriiieiiiee e 19

Figure 10. (a) is the annual mean regressed loading vectors of temperature
and salinity for the first CSEOF mode, and (b) is the temperature and the
salinity differences between early-year (1995-2008) and late-year (2009-
2021). The difterences are calculated by subtracting the early-year structures

from the late-year StruCtures. .........ccocvvieiiiiiiie e 21

Figure 11. Regressed loading vectors of sea surface height(color) and

geostrophic current(vector) for the first CSEOF mode. The loading vectors

v Ml ==



are seasonally averaged and R-squared value for the sea surface height is 0.74.

Figure 12. (a) is the fall season(SON) mean 10 m wind pattern and (b) is the
fall season mean regressed loading vector of 10 m wind for the first CSEOF
mode. R-squared values for U and V components of 10 m wind are 0.44 and

0.63 TESPECHIVELY. 1.vveuriiiiiiiieii et 26

Figure 13. Schematic of the interconnected relationship between fall season
air and sea variables which cause high warming rate in ES region, especially
in depth around 150 m and high freshening rate in upper 30 m ECS region.
Black, cyan, and red arrows represent the geostrophic current trend, the
ekman transport trend, and the major warm current. The color represents the

fall season salinity obtained by SMAP. ..........ccccooviiiiiiiiiiiicen 28
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Figure 1. National Institute of Fisheries Science serial oceanographic observation
data station map. The data acquisition rate after the quality control is shown by the
first colormap. The dashed lines indicate the sea regions that are divided for this
study and the solid lines indicate representative lines for each region. Bathymetry
around the Korean Peninsula is shown by the second colormap (GEBC02020).

Red and blue arrows represent mean major current structures (KHOA).
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10608 10m Apr Temperature Local Range Third Test
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Figure 2. (a) is the Local Range Test for 10 m temperature collected at station
10608 in April. Mean and standard deviation (s) are calculated with the data
obtained in the same station, depth, and month, and the data is removed if the data
is over £2s. This test is performed 5 times. The green and red color in the dots
represent pass and fail respectively and the red dashed line is the £2s line. (b) is the
Density Inversion Test for the profile collected at station 10207 in 1995 August.
The density profile is calculated with the temperature and salinity profiles. When
density inversion occurs, the data that has the biggest difference between the
original density profile and smoothed density profile is removed. Blue dotted lines

are the original data and orange dotted line is the smoothed density profile. The red
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cross indicates failed data due to density inversion.
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Figure 3. (a) is the temperature data collected at station 10208 (blue dot) and 10-
day temperature climatology of the data (black dot). The 10-day climatology is
calculated with the all data applying weight based on the time. The weight follows
normal distribution. (b) is the temperature anomaly time series with original data

(blue dot) and linearly interpolated data (red triangle).
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Figure 4. Seasonally averaged loading vectors and PC time series of the first
CSEOF mode of OHC500. The dashed line in the PC time series is the linear trend.
The first CSEOF mode explains about 32% of OHCS500 total variance.
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Figure 5. Regressed loading vectors of temperature for the first CSEOF mode.
Each column represents the season and each row represents the depth. Each row
has a different R-squared value and a different color range.
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Figure 6. Regressed loading vectors of salinity for the first CSEOF mode. Each
column represents the season and each row represents the depth. Each row has a
different R-squared value and a different color range
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Figure 7. Regressed loading vectors of temperature for the first CSEOF mode. Each column represents the season and each
row represents the representative line in each region shown in Figure 1.
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B5s gdysts 727 YeEhded 53 A4S 50 m RE 9
ol Aeti 126 m  FA FZole FE Fdol AsH

Vet (Figure 9.b). 23 995 CSLVs EF 4414 U 4 125
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e (Figure 9.d).

SS #edol 4 CSLVs 7 Zzad Fx e Fild uE
MErT Alde] W wiFoe] vwz AA yebBth(Figure 9.e). &3
o5 el o Y AeAl dehta ALHe oFstA dEebdth AR
CSLVs A Z=uel FZ= 27 Wz g3 ojgded =9
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Figure 9. Regressed loading vectors of temperature (a, c, e, g) and salinity (b, d, f,
h) for the first CSEOF mode. The loading vectors are regionally averaged. The
colored symbols represent the season.
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Figure 11. Regressed loading vectors of sea surface height(color) and geostrophic current(vector) for the first CSEOF mode. The loading
vectors are seasonally averaged and R-squared value for the sea surface height is 0.74.
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red arrows represent the geostrophic current trend, the ekman transport trend, and
the major warm current. The color represents the fall season salinity obtained by
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Abstract
Long—term (1995—2021) Variations of

Physical Properties of Seawater in the

Seas around the Korean Peninsula

Day Hong Kim
School of Earth and Environmental Sciences

The Graduate School

Seoul National University

The physical properties of seawater around the Korean Peninsula
fluctuate significantly in space and time, and understanding them is
important for climate, ecology, and fisheries, but despite relevant
research, our understanding of the interconnected variability
between regions has been limited to localized regions. In particular,
how the physical properties of seawater around the Korean Peninsula
are linked to ocean heat content (OHC) variability in the upper 500
m of the East Sea is not well understood. In this study, we examined
the non—seasonal variability components of the upper 500 m water
temperature and salinity data from the National Institute of Fisheries
Science, collected four to six times per year in the seas around the
Korean Peninsula over the past 27 years, by analyzing the
Cyclostaionary Empirical Orthogonal Function (CSEOF) mode with a

one—year nested period. The target variable was selected as the
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upper 500 m OHC of the East Sea, and the results of temperature and
salinity were regressed on the target variable Principal Component
Time Series (PCT) to investigate the linked fluctuation patterns. The
first—mode PCT, which explains about 32% of the upper 500 m OHC
in the East Sea, showed an increasing long—term trend over the
period. The associated spatial distribution of temperature showed a
pronounced seasonal warming trend at all depths, and the spatial
distribution of salinity showed either an increasing or decreasing
salinity trend depending on the region and depth. The high warming
and salinification trend near 150 m off the east coast, especially
strong in autumn, and the decreasing salinity trend in the upper 30 m
southwest of Jeju Island were associated with a strong sea—level rise
trend centered on Ulleung Island and a corresponding strengthening
of the clockwise circulation structure in the East Sea and Ekman
transport by winds in the East Sea and the East China Sea. This study
identifies spatial patterns in the physical properties of seawater and
suggests the origin of these spatial patterns, which are linked to one
of the fastest changing regions of the world's oceans, the waters near

the Korean Peninsula.

Keywords : Global warming, Ocean heat content, Sea temperature,

Sea salinity, Long—term variation
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