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Temporal and spatial fluctuation characteristics of sea surface temperature in

Yeosu Bay, Korea

Hyo-Sang CHoo*

Professor, Department of Ocean Integrated Science, Chonnam National University, Yeosu 59626, Korea

Temporal and spatial fluctuations of surface water temperature in Yeosu Bay for the period from 2010 to 2011 were studied

using the data from temperature monitoring buoys deployed at 32 stations in the south coast of Korea. Temperatures in

the northern part of the bay are higher in summer and lower in winter than in the southern part of the bay. The lowest

and highest temperature of the annual mean are found at the eastern coast of POSCO and at the west of Dae Island, respectively.

Cold water masses appear at estuarine area when the discharge of Sumjin river is affluent. Amplitude of temperature fluctuation

whose period is less than semi-diurnal is largest at Hadong coast and around Dae Island. Spectral analysis of surface water

temperature shows a significant peak at a periodic fluctuation of 0.5 to 24 days and about 15-day period of predominant

fluctuation is most frequent in Yeosu Bay. From the cross-correlation analysis of temperature fluctuations, Yeosu Bay can

be classified into six areas; the south area affected by South Sea of Korea, the mixed area in the center of the bay, the

estuarine area affected by river discharge at the north of the bay, the hot waste water area near Hadong coast, the area

around Dae Island and the area near Noryang Channel affected by the water in Jinju Bay, respectively.

Keywords: Yeosu Bay, Surface water temperature, Time-series analysis, Sumjin River discharge, Temporal and spatial

fluctuation
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Fig. 1. Bottom topographical map of the Yeosu Bay in Korea.
Contours represent depth in meters.
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Fig. 2. Locations of temperature monitoring, tide observation and
automatic weather observation system (AWS) stations in the
research area around Yeosu Bay.
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Fig. 3. Surface water temperature time series for stations 1~19 (left, north-south line) and stations 20~32 (right, around the Daedo line)

from November 2010 to October 2011.
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Table 1. Statistics for low passed surface water temperature from St.1 to St.32 and air temperature in AWS stations of Yeosu, Yeochon

and Geumnam from November 2010 to October 2011

St. Min. Max. Ann. S.D. St. Min. Max. Ann. S.D.
() (t) Mean (C) (©) () () Mean (C) ()

1 6.3 25.1 159 5.79 19 1.8 27.0 15.3 7.44
2 5.7 25.9 15.8 6.20 20 5.0 25.7 15.8 6.53
3 5.1 25.4 15.7 6.28 21 5.2 26.2 16.2 6.51
4 4.6 25.5 15.6 6.41 22 5.1 26.3 16.4 6.56
5 4.4 25.5 15.7 6.48 23 49 27.1 16.6 6.58
6 43 25.7 15.7 6.59 24 4.6 27.3 16.9 6.90
7 4.6 25.5 15.7 6.48 25 8.2 27.8 19.3 5.55
8* 8.6* 26.1* - - 26 4.8 26.6 16.3 6.51
9* 8.6* 26.1* - - 27 4.6 26.4 16.1 6.63
10* 8.5% 26.4* - - 28 4.7 26.7 16.1 6.61
11* 8.3*% 26.9% - - 29 4.6 26.0 15.9 6.65
12 5.0 25.5 15.8 6.43 30 4.8 26.9 16.3 6.57
13 4.7 25.6 15.8 6.43 31* 5.3% 26.3* - -
14 4.8 25.6 15.9 6.46 32 4.1 26.4 15.8 6.73
15 3.8 25.6 153 6.60 Total 4.7 26.1 16.0 6.53
16 3.6 254 15.3 6.64 YS AWS -7.2 29.2 13.8 8.99
17 33 253 15.2 6.73 YC AWS -7.9 29.9 14.6 9.24
18 3.0 26.0 15.2 7.07 GN AWS -8.0 29.9 13.8 9.38

* Lack of data due to missing.
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Fig. 4. Low-passed surface water temperature change in the

north-south line (stations 1 to 7 and 12 to 19) from November
2010 to August 2011.
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Fig. 5. Annual variations and their harmonic components of sea water temperatures at stations 1, 12, 18 and 32 and air temperatures
at AWS stations in Yeosu, Yeochon and Gumnam from November 2010 to October 2011 (Dotted lines are observed. Solid lines are
computed with harmonic components for sea water and air temperature, respectively).
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Table 2. Annual and semi-annual harmonic constants of surface water temperatures at St.1~32 and air temperatures at Yeosu, Yeochon

and Gumnam AWS station

Annual Semi-ann. Annual Semi-ann.

St. Amplitude Phase Amplitude Phase St. Amplitude Phase Amplitude Phase

() (°) () (°) () °) () °)
1 8.3 284.9 0.6 285.5 19 10.3 271.7 1.4 315.1
2 8.7 283.3 0.6 298.7 20 9.1 281.6 1.1 320.8
3 8.8 282.7 0.9 311.7 21 9.1 281.2 1.2 324.0
4 9.0 282.3 1.0 315.8 22 9.1 281.0 1.2 3233
5 9.0 281.7 1.1 318.8 23 9.3 280.9 1.2 311.1
6 9.2 281.3 1.1 318.3 24 9.8 278.9 1.0 318.5
7 9.1 281.7 1.2 316.4 25 7.6 280.6 1.4 350.3
8* - - - - 26 9.3 281.2 1.3 352.5
9* - - - - 27 9.2 279.4 1.2 325.1
10* - - - - 28 9.2 279.2 1.2 325.5
11* - - - - 29 9.5 280.4 1.2 315.5
12 9.0 281.9 1.0 319.1 30 9.1 279.4 1.1 3233
13 9.2 280.6 1.1 315.6 31* - - - -
14 9.2 280.7 1.2 316.9 32 9.4 279.2 1.2 323.5
15 9.4 279.2 1.3 314.0 Total 9.2 280.1 1.2 319.3
16 9.5 278.2 1.4 316.1 YS AWS 12.2 266.9 1.5 292.8
17 9.5 276.0 1.4 323.4 YC AWS 12.4 263.6 1.3 303.2
18 9.8 274.5 1.5 321.2 GN AWS 12.7 263.4 1.3 288.1

* Lack of data due to missing.
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Fig. 6. Annual variations of harmonic component for sea water
temperature at st. 1, 12, 18 and 32 from November 2010 to
October 2011, respectively.
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Table 3. Percentage of amplitudes for period constants greater than one day, one day, half and less than half a day for all amplitudes
of 60 period constants calculated in harmonic analysis of surface water temperatures from St.1 to St.32

>1 1 12 <172 >1 1 12 L12
St. day/all day/all day/all day/all St. day/all day/all day/all day/all
const. const. const. const. const. const. const. const.
1 75.8 7.7 6.7 9.9 17 75.4 8.0 9.1 7.5
2 55.5 154 10.8 18.3 18 66.5 10.2 9.7 13.6
3 65.2 10.1 104 14.3 19 70.7 9.6 7.2 12.5
4 71.6 9.9 7.9 10.5 20 71.6 10.1 8.1 10.2
5 73.4 9.0 6.6 11.0 21 50.3 11.2 21.8 16.7
6 68.0 10.5 9.7 11.8 22 47.7 9.7 229 19.7
7 74.5 9.0 7.8 8.7 23 59.5 9.3 15.7 15.5
8* - - - - 24 61.6 9.1 16.5 12.8
9* - - - - 25 35.1 10.2 28.1 26.6
10* - - - - 26 68.4 8.7 10.4 12.5
11* - - - - 27 68.1 9.1 114 11.4
12 63.2 12.2 10.7 13.9 28 56.8 9.6 17.7 159
13 70.3 10.7 8.4 10.6 29 79.6 9.6 5.2 5.6
14 65.6 10.1 11.2 13.1 30 54.2 14.9 15.5 15.5
15 74.1 9.2 7.5 9.1 31* 81.2 8.8 3.4 6.6
16 77.3 8.7 49 9.2 32 73.2 10.2 8.9 7.6

* Lack of data due to missing.
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Fig. 7. Seawater temperature (solid line) and calculated tide (dotted line) by four components (M2+S2+K1+01) at St.18 (a) January
to March, (b) April to June, (c) July to September and (d) October to December respectively.

18
16

16} St32
141 5t32

14

St18

Temp (Deg.C)

Temp (Deg C)
=
Q@
]
= o
4
]

Fig. 8. Time series of surface water temperatures from which tidal and seasonal components are removed at station 2, 12, 18 and
32 and wind vectors at Yeosu AWS station (a) in January~February and (b) in August, 2011.

330 | The Korean Society of Fisheries and Ocean Technology



Temp.(Deg.C) Temp.(Deg.C)
o =

Vol. Trans.(m3/s)
(x 100)
8

2010

St. 18

|
|
- ! |
! |
r Sumijin River Br. : :
| | p—
C h N et R 171 )

Nov Dec Jan Feb Mar
2011

Apr  May Jun

Jul

Aug Sep Oct

Fig. 9. Time series of surface water temperature with tidal and
seasonal components removed at station 2, 12, 32 and 18 and river
discharge of Sumjin at Hadong-2 (Sumjin River Bridge) from
November 2010 to October 2011.
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shtafj ool EETE A TS wetely] flsl HAA
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8] X7 sPdREEA AAIEARRS Fig. 9ol AR
c}. Fig. 9of shd-fafat 9 St.2, 12, 18, 32 A7 2] ]
24 TV AA QR T AR SR
> P A7|E AQsHH A oF 40 m?/s O] Btk
7L, 59 129, 69 262, 7Y 102, 89 104 Ao
77} 2|t 804, 1,148, 3,835, 3,400 m?/s O] TS Toraok%
715skRAe) olefeh e sigAl7] S-2lukel EEa

oﬂ W eSS 7 l =3t EHF <>~1lc>1dl(2011Lq % ~12

-84 9} 2011 gj 7% 102 T.ua;qﬂou 5 %@OJ

o Qlg Aok, shagao] F7kat A7) AxA o
ol 1X%k St180] HHAe-2 43| sl 5, 6
uc sl 27, 89 ol o ol sh4s,
shfaol 7S HE4ee o a7 Welrit,
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Apole) 4%&5_0 %‘6(-}011 2 Rolt ek
sewsel ezl
2 2R % s} 2TE BEeew) o

Table 4. Frequency of occurrence of major fluctuation periods (unit: days) in 30day high-passed surface water temperature from St.1 to St.32

10.7 140 159 23.6 10.7 140 159 23.6
St. 0.5 1.0 ~ ~ ~ 183 215 ~ St. 0.5 1.0 ~ ~ ~ 183 215 ~
13.0 152 169 243 13.0 152 169 243
1 1 1 1 18 1 1 1
2 1 2 19 1 2
3 1 2 20 1 1 1
4 1 2 21 1 1 1
5 1 2 22 1 1 1
6 1 2 23 1 2
7 2 1 24 1 2
8 1 1 1 25 2 1
9 1 1 1 26 2 1
10 1 1 1 27 2 1
11 1 1 1 28 2 1
12 1 1 1 29 2 1
13 1 1 1 30 1 2
14 1 1 1 31 1 2
15 1 1 1 32 1 1 1
16 1 1 1
17 1 1 1 Tot. 11 12 8 29 20 1 4 11
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Table 5. Frequency of occurrence of major fluctuation periods (unit: days) in 30day high-passed sea level pressure, air temperature,
wind speed and wind direction at auto weather system stations of Yeosu, Yeochon and Gumnam

Period 0.5 1.0 6.3~8.5 10.7~13.0 14.0 15.9 17.4~18.3 20.3 21.5~22.8
Sea L. Pr. 1 1 1
Air Temp 1 3 1 3 1
Wind Spd 1 3 2
Wind Dir 1 3 2

7)ok 7]e, upEto] MES nlolsly| ol H2ie )
718 4850] 7] 2487 Table 49} 50 L}

_/IC__

ojt}. oli= ZF7} et ofelvt 5 HES Aest
719 25 FEAtl e ST BiE sl
SRS 2 Aupg ghohE) 14~1522 7] St15~329]
B G EZ~ols oA SdRETF 441, 159~16.9Y
705z St2~139] | E~F oA Hol ZAglich
ShA, Table 50 AJA|E a7 ¢t} 7]2-90] g o
14.0, 1599 7|7} =dsf|, th7]ol gt JaFe #£35
23} AT ARG skl S-S AlARETE

S,
]
1= POSCO~T:EAZ BlEAQK(SL15~17, 21~25)0]A]
eh st}

Table 52] 7] 23} F4o] St vAFT| = S
of ot Wz Z=Aw| ], ulela] v]2A] Aol 7],
uhgke] Aol o WrFy] e B o
Hhel, Ad7] 9] sfHr|R), 71, 54, T3] F5)
HE-2 Table 40 =20 7)ol Eaglc)

St2, 12, 18, 322] 4223} 1 9] e 7he] Al
AS mfelslz] £J8] Table 60 SH5E7] 4

(a3, 0~1.0)8F PR W AIA A Aaks o
Epdict. sl AR U] s ke wal AdER
A= 23.8 AXPHE 7104 7P EHEgiaL, theol
12.5, 24.4, 12.3 A|7Fo|git}. wleba] Table 6] -
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Table 6. Coherences and time lags for the predominant fluctuation of 23.8 hours between 40hour high-passed water temperatures of

the remainder stations and at station 2, 12, 18 and 32

St St.2 St.12 St.18 St.32
coherence time lag coherence time lag coherence time lag coherence time lag

1 0.75 0.35 0.53 0.19 0.67 0.42 0.54 -0.45
2 - - 0.57 0.54 0.57 0.54 0.68 -0.27
3 0.91 0.15 0.71 0.53 0.71 0.51 0.77 0.08
4 0.79 -0.03 0.78 0.27 0.80 0.27 0.73 0.01
5 0.84 0.26 0.74 0.61 0.74 0.58 0.79 0.27
6 0.78 -0.38 0.91 0.30 0.82 0.47 0.84 -0.15
7 0.60 -0.44 0.97 -0.13 0.92 0.25 0.83 -0.45
8 0.73 -1.78 0.79 -0.45 0.90 -0.68 0.77 -1.97
9 0.73 -1.78 0.79 -0.45 0.90 -0.68 0.77 -1.97
10 0.77 0.51 0.59 1.65 0.72 0.89 0.67 0.43
11 0.90 0.39 0.76 1.78 0.80 1.05 0.81 0.52
12 0.57 -0.54 - - 0.89 0.40 0.80 -0.29
13 0.43 -0.62 0.84 -0.51 0.82 -0.19 0.73 -0.48
14 0.48 -0.24 0.80 -0.27 0.82 -0.09 0.72 -0.30
15 0.52 -0.17 0.74 -0.29 0.86 0.03 0.70 -0.65
16 0.59 -0.07 0.70 -0.27 0.86 0.09 0.75 -0.58
17 0.59 -0.22 0.77 -0.33 0.90 0.13 0.80 -0.67
18 0.57 -0.54 0.89 -0.40 - - 0.73 -0.79
19 0.49 -0.48 0.80 -0.67 0.95 -0.11 0.70 -1.00
20 0.62 0.50 0.92 0.91 0.86 1.14 0.78 0.64
21 0.37 -0.37 0.76 0.16 0.72 0.32 0.53 0.40
22 0.44 -0.41 0.71 -0.09 0.72 0.02 0.55 -0.02
23 0.36 -0.91 0.53 -1.47 0.57 -1.58 0.54 -0.93
24 0.21 0.25 0.57 -0.33 0.56 0.00 0.55 0.22
25 0.05 -2.52 0.36 -1.21 0.21 -0.61 0.33 -0.18
26 0.49 0.46 0.82 0.61 0.78 1.31 0.79 0.30
27 0.51 -0.35 0.64 -0.87 0.54 -0.33 0.90 -0.82
28 0.59 0.29 0.74 0.10 0.76 0.73 0.95 -0.23
29 0.38 -1.40 0.64 -0.09 0.47 0.57 0.68 -0.90
30 0.47 -0.62 0.94 -0.26 0.90 0.19 0.73 -0.53
31 0.60 -0.43 0.94 0.81 0.86 0.79 0.79 -0.23
32 0.68 0.27 0.80 0.29 0.73 0.79 - -

HQI(St.1~19), ThEEAZ(St.21~24), T = 5Z(St.26~29,
32), thE=e2(St.20, 29, 31) 07 RFEch = Hielel
AAEN g HHPE o= 04 olstR Aert
W, gl GHE Afolollie A&, 55, U 43

Zy78o- A2 ARFE7E Yk E5F St.259)F St.30->

A

)
=

HEo %L%%}EH o el %.P%(St.1~4), -
3}

21 6}%(5t10~11 15~19)§ !
A = 13‘]1/]( 3=l gk Y& oI\:l(St 3~4)=
(St.5~6) E= POSCO~’d #7}a}-(St.16~19)
o|AFo] AFEE Hof UEalo] ul wpoful o]k
2] 29 HE Zlo= A F oz AMA

Uhehe.

me & o

]
9,
Mo © o
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Table 7. Annual average cross-correlation coefficient between high-pass filtered surface water temperatures from station 1 to station 32

st 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
1]10 07 06 05 04 04 03 04 04 03 03 02 03 02 04 04 04 04 04 03 00 00 01 00-01 02 01 02 02 03 03 0.2
2 10 06 06 05 04 03 03 03 02 03 03 03 02 04 04 05 04 05 03 00 00 01 00 00 02 02 03 03 03 04 02
3 10 08 06 05 04 04 04 02 02 03 04 03 04 05 05 05 05 03 01 01 01 01 00 01 01 02 03 03 03 02
4 10 06 05 04 04 04 02 03 04 04 03 04 05 04 05 05 04 01 01 01 01 00 01 01 02 03 03 04 02
5 10 07 05 05 05 03 03 04 04 04 04 04 04 04 05 04 02 02 01 01 01 00 01 02 03 03 04 02
6 10 06 05 05 03 03 05 05 04 04 03 03 04 04 03 03 03 01 01 01-01 00 00 02 04 03 02
7 10 06 06 04 03 07 05 04 03 03 03 04 04 03 03 03 01 02 02-01-01 00 01 04 03 01
8 10 08 04 04 05 05 05 05 05 05 05 04 03 04 04 03 03 02-01 00 00 02 04 03 02
9 10 04 04 05 05 05 05 05 05 05 04 03 04 04 03 03 02-01 00 00 02 04 03 02
10 10 06 03 04 04 04 05 05 04 04 02 02 02 02 02 01 00 01 01 02 04 02 03
11 10 03 03 03 04 05 05 04 04 02 01 01 00 01 01 02 02 02 04 04 03 03
12 10 06 04 03 03 03 03 03 03 03 03 01 02 01-01-01-01 01 04 03 01
13 10 07 04 03 03 04 04 04 03 03 01 02 01 00-01 00 01 04 03 01
14 10 04 03 03 03 03 03 04 04 02 01 01 00-01 00 02 03 03 01
15 10 07 07 06 06 02 01 01 01 01 00 01 01 01 03 04 02 02
16 10 0.7 06 07 03 00 00 02 00 00 01 02 03 04 04 03 03
17 10 07 06 02 00 00 01 00 00 02 02 03 03 03 03 03
18 10 07 03 02 01 02 01 01 02 02 03 04 04 04 03
19 10 03 01 01 01 01 00 02 02 03 04 04 04 03
20 10 04 03 02 02 00 01 01 02 03 03 05 0.2
21 10 08 04 04 02-02-02-02-01 02 01 00
22 10 05 04 03-03-02-02-01 02 01 00
23 10 05 02-01 01-01 01 01 01 0.2
24 10 04 -02 00-02 00 02 00 01
25 10-01 01 00 01 00 01 03
26 10 05 05 03 01 03 03
27 10 07 05 01 03 06
28 10 05 01 03 05
29 10 03 05 05
30 10 04 02
31 10 04
32 1.0
o E % ol Qe FuFo], HE2 s Haim WS gk
o]alul Y EE4e0] HEO () ot FEFol ptazof 2Rgelal 9SS W, of= S
AT} Bl 24 (Z22)o] o8t Ao R s 2= Q) o] 3= o] IF 2 3E= AN (Table 1) 245 Sof 2Q1% ]
vz Aol o8t Mol 7|l w2 AdHE ¢ Hat=2-2 POSCO 553l ¢lo] 71 B, ke
(Han, 1975)%} @ 7)<k, vk, 3142292 (Lee, 1994 ore} thieA&o] 7 wakem, sjel Hi~F et
Kim et al, 2008) o] <Jgko] xgw]o] glony, o5  wdER~tiEs®o] 11 Fikeolqlnt Hi71dege] s
A dj=e] ot WS Baf feuste] o] Bl POSCO 552 o2 4lat shila -4, 2
A Sk G AW A 18 A, el AW A AE] Ans e b
212 YeERdchFig. 3). Lulla=e]Ql St24, 255 Aejsl  (Park et al, 2012; Kim et al., 2008). HeA% o}&-1Rt
o 2] #(1.870)e} 2 i142(27.8C) A7) B o2 Al 2RET % AR 2u4=2] 2, 7Hd
(St.19)o) A &3], 5 s|ojo] AlEZaaE Adws POl FoIA Hat0] obAal(Park, 2007) 422
o3} AukPark, 2007)2} SAFBFITHTable 1), 4= FE=HAR= 89 F 71 2lck(Table 1), Fi~Fd+H
= s T S T
o Bl B Yol A Hzo g Zuaw M3} o1l A eF R~ w52 il QR EAE ES
ZAE v R Yol dE R, E4(1~29)9 54 ZFeol whet 4-20] @Xé% Zog FAEt
(7~89) of st W= 7k 422 A= 2A|(3~4Y)e} 34| SHA 2 alat AR el 5o Hd
(9~109)E A e wo] Frreldo] whgsicl AR QIS s AR el «lsfofl ek Wt
(Fig. 6). o}5=3luke] o]@jal e EXo o] o 0]t & Zlo] dntA ol 7, 84 HE A]7|o
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