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Abstract

In this study, the seasonal variations of water temperature and salinity were investigated in the coastal waters around
Ulsan New Port using quarterly observations at 11 stations from 2020 to 2023. Meteorological and river discharge data
showed that precipitation-driven freshwater inflow strongly influenced salinity variations. Low temperature and high
salinity occurred in winter due to decreased air temperature and reduced river inflow, whereas high temperature and low
salinity were observed in summer with increased rainfall and river discharge. An anomalous low-temperature ((16°C) and
high-salinity ()33.4 psu) water mass appeared in the bottom layer during summer 2021, which was attributed to coastal
upwelling that restricted the intrusion of East Korea Warm Current (EKWC) surface water. TS diagram analysis showed
that the water masses were mainly composed of EKWC surface and middle waters, with the latter dominating during the
upwelling period. Strong stratification and low-salinity layers near the coast in summer reflected the influence of
freshwater input. These results suggest that the hydrographic conditions in the coastal waters of Ulsan New Port are
controlled by the combined effects of freshwater inflow, the EKWC, and coastal upwelling.
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al., 2014; Baek et al., 2014; Sun et al., 2015).
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al., 2003; Kim et al., 2010 ]eon et al., 2013;
Kim et al., 2017). ©] H
o gre uslEl g
a1 @ B I 6354311, A
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Aolct, wetA 2 QoML L4HIF F sjelo]
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(Fig. 1).
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Fig. 1. Study site at Ulsan bay in the south eastern coast of Korea. Observations of water temperature and salinity are
conducted at 11 stations. The contour lines represent the average water depth during the period of 4-year

(2020~2023).

Table 1. Characteristics of water masses based on the distribution of temperature and salinity in the southern East Sea.
EKWC-SW and EKWC-MW denote the surface and mid-layer waters of the East Korea Warm Current,

respectively

Water mass Temperature (C) Salinity (psu) Density (ot)

EKWC-SW > 20 {33.80 (23.85

EKWC-MW 12-17 34.20-34.60 24.9-26.28
A = Fig. 200 Hefligiet. 7122 SA01A sHA of A& el sl sk fEE AL, 712l
B 45 SIS, sHAlClA FA = 245 Zast Fohs T4719 sHle B2 At @A sk
+ AdWEol T3k vie 2hm o] $452 1€ frgol Wttt At vhee] BAl= HAA o= vt
99ell 4 m/s o= Al At vhgto] veh ol A2 A7)0l Aol Bt Axdes A
A, EAICE SHARD 6~8E T A1 10~12E0f 2Fstal °] 2020 7€l °F 703 mm=E 7 @eko, ofdj
o A A Jol= AT sHAIQ] 6~8d it FTE5Z 2.6 m/s= ottt 59|, HIF 5 ¥RlE 9
AR 10900 A o= gt sk g2 A YO| FEL2 AN, A Ao r
o] HEdt fASH 6~897 109l A Webtth
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Fig. 2. Monthly variations in air temperature (upper), wind speed (upper-middle), and precipitation (lower-middle),

discharge (lower) from 2020 to 2023.
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Table 2. Annual mean water temperature and salinity in surface and bottom layers by season, averaged across all stations

v Winter Spring Summer Fall
ear Surface Bottom Surface Bottom Surface Bottom Surface Bottom
Temp.| Sal. |Temp.| Sal. |Temp.| Sal. |Temp.| Sal. |Temp.| Sal. |Temp.| Sal. |Temp.| Sal. |Temp.| Sal
2020 | 13.3 | 33.55| 13.5 | 33.79 | 17.9 | 33.58 | 15.2 | 34.06 | 22.2 |31.54 | 19.3 | 32.57 | 15.5 | 33.34 | 153 | 33.64
2021 | 14.0 | 33.87 | 13.4 | 34.40 | 154 |33.48 | 14.1 | 33.88 | 19.0 | 32.36 | 12.9 | 33.83 | 15.1 | 33.53 | 15.0 | 33.72
2022 | 11.5 | 33.94 | 11.5 | 34.04 | 14.6 | 33.83 | 14.1 | 34.07 | 22.6 | 32.07 | 18.6 | 33.04 | 18.7 | 33.48 | 18.6 | 33.68
2023 | 113 | 33.73 | 11.5 | 33.96 | 18.8 |32.95| 154 |33.82 | 26.0 | 31.10 | 25.0 | 32.21 | 14.4 | 33.30 | 14.7 | 33.65
Mean | 12.5 | 33.77 | 12.5 | 34.05 | 16.7 | 33.46 | 14.7 |33.96 | 22.5 | 31.77 | 19.0 | 32.91 | 15.9 | 33.41 | 15.9 | 33.67
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Fig. 3. Mean seasonal (left) and interannual (right) variations of temperature (upper) and salinity (lower) in the surface

and bottom layers during 2020~2023.
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Fig. 4. Mean sea surface temperature (SST) image derived from NOAA satellite data (left) for 10-20 July 2021, and daily
SST images (right) on 12~14 and 20 July 2021, provided by NIFS.
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and 10 (e-h, right) from 2020 to 2023.
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Fig. 7. Interannual seasonal variations of temperature and salinity on the TS diagram with isopycnals, characterized by the the
East Korea Warm Current surface water (EKWC-SW, --), and middle water (EKWC-MW, ).
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Fig. 9. Horizontal distribution of salinity (psu) in the surface (upper) and bottom (lower) layers for the mean seasonal from

2020 to 2023.
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