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Interannual Variability and Long-term Trend of Coastal
Sea Surface Temperature in Korea

Hong Sik Min" and Cheol-Ho Kim

Marine Environment Research Department, KORDI
Ansan P.O. Box 29, Seoul 425-600, Korea

Abstract : Interannual variation and long-term trends of coastal sea surface temperature (SST) in Korea
were investigated by analyzing 27 coastal SST time series from 1969 to 2004. Long-term linear increasing
trend was remarkable with the rate over 0.02°C/year at almost all the stations. The slope of long-term linear
trend was larger at the stations along the eastern coast than in the western and southern regions. It was also
noticeable that there was a common tendency of interannual variability with the period of 3-5 years at most
of the stations. SST was lower in the 1970's and early 1980's while it was higher in the 1990's and early
2000's after the increase in the late 1980's. The pattern of the interannual variability of SST was similar to
that of air temperature. Increasing trend of minimum SST in winter was obvious at most stations and it was
larger along the eastern coast, while the linear trend of maximum SST in summer was less definite.
Therefore, the decreasing tendency of annual amplitude was mainly due to the increasing tendency of SST
in winter.

Key words : sea surface temperature, long-term trend, interannual variability, annual amplitude, linear
increasing trend
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Table 1. Coastal observing stations shown in Fig. 1.

Station Station

pumber Station pumber Station
1 Sokcho 15 Dangsado
2 Jumunjin 16 Jeju
3 Jukbyeon 17 Jukdo
4 Pohang 18 Soheuksando
S Janggigap 19 Hongdo
6 Gampo 20 Mokpo
7 Ulgi 21 Maldo
8 Busan 22 Gunsan
9 Gadeokdo 23 Eocheongdo
10 Seoimal 24 Budo
11 Yeosu 25 Seonmido
12 Sorido 26 Incheon
13 Geomundo 27 Socheongdo
14 Udo
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Fig. 1. Location of 27 coastal observing stations where
daily sea surface temperatures (SST) were observed
consecutively during 1969~2004.
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Fig. 2.

T F M AMJ T A S OND
The first EOF mode for SST that explains 94%
of total variance; eigen vector (a), time coeffi-
cients vs. calendar date (b) and linear trend of
time coefficients at each calendar date (c). Red
solid, blue solid and dashed lines represent the
linear trends with confidence levels higher than
0.9, 0.8 and less than 0.8, respectively.
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Fig. 3. Linear trends of minimum SST (a), maximum
SST (b) and amplitude of annual variation (c) at
each station. Amplitude of annual variation was
defined with difference between maximum SST
and minimum SST.

EE20 A duEZo g Aol dHEEe A
W3l FAE S AL 33 B3l AsleE
o] 0.8°131 B HA(E7], ¥&, LS, AF, F5)&
AL BE APl Z7FstA thFig. 3a). £ F7}
£9] 0.11°ClyearZ 714 o thE-E FHoA 0.02~
0.05°Clyear®] 37158 Btk A EF5FLo| i
3ol 09 ol de] & NFFFoR g FUH F
AE Hole 23 9] HI FFF4L9] AL A
o] Aol 0.8 ol P2 vl XEY, X%, 2,
2AE) B3P 2 F AZeEo] 09 o e F
H¥o|ch(Fig. 3b). A F o] W FHE 123H F
gigre] AN Fallol A Yo AFE L B
F4e9] $7He] Fadshes Feirh Bold, Fslitke] A



Interannual Variability and Long-term Trend of Coastal SST 419

FAEIE Aol ARTEE 32 F7RE S M|
3 2o AeFEE A3 F7RE vPd A3
YT

EE24 0 QUEELe UAz #ZAdte APy 3
A BE2o F7hgel 7H BUW &9 Fagol
0.1°Clyear® 7F¢ Zlom Fsllo] $1x] diF-E AN
0.8 oVde] AFFEE Zhe A FAE FRETHFig.
3c). &9t FEAE AT thFE AN BFF29
ANEL ] 7hA FAE 0.03~0.06°Clycariith. HA EF
&9 A FA7F F33] vE] A FFF2e] e
FAE FRA g ERo2RE AUEEe] Aoy
o] ALH BF 59 45YUe & 7 ok o= AE
st 2A vehbe dA7E st A 2 o
AFHIPCC 2001). &8 ¥, 28, 713N e A%
3 A FF5L9 F7PL FEAT 48F A3 23
Fox A Zrksle AAEE] e thE Fell B
3 FREEA sttt

E3580] ANE
EE5e MEANA 7bg A Bole AATHE A
A% 3 B3ee] AGUEAE 2A] A5 S1E

38

SSTA
Linear Trend

36} * -
35 . 001
° * 002
® 003

L 4

g * . @ 004
@ oos
- @ oo

1 L i
125 126 127 128 129 130 131

Fig. 4. Linear trends of sea surface temperature anomaly
(SSTA) at each station.
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Fig. 5. Eigen vector (a) and time coefficients (b) of the
first EOF mode for SSTA. Thick solid line and
dashed line represent 1-year running mean and
linear trend.




420 Min, H. S. and Kim, C.-H.

oA 714 ot 0.1 olstelH, dale}h Fsfioll A&
B AN 0.15~0.201cHFig. Sa). A17HAIT] AF
AL 0.15/year® IFHEQ] ZAVE ZFEHE
0.015~0.045°C/year2] 7o) slgachFig. 5b). =&
AF T2 F7H&°] Fig. 4 e A% S7hHeR
A vdes 5 Az zolE AQsE AAA] F7 A
go) =7V B ¥} Fig. 42 AW A 71 A v
23 7z A3}

A7) 19 )% HgolA oF 3~5a F7]¢] A
SAo] Holn WF o] A7|2 Ko} g ©& EFTL
Axle] W3t 4GS ¢+ Utk 19 olFHAEE
1981725} 198630 7H§ W 7hE Holn, 1998173l
7HE B e Bk 1988 ool BE A)7)(1975
a7, 1978~1979'4, 1982:3)E Alj3hd o 0 °J3l=
2o ubm 1988 o] Fofl= BRE A]7](1993' 97, 1995~
199613, 2002~20033)E Aej3hd onc} Ak 1980
F1H(1986~19883)2] Aol w9 F3ahe, 19900

T

o

7

-

R

0,
2

37

36

35

34

i )
125 126 127 128 129 130 131

ll'l;ll
i

i

lgllglllllllI{IIIIlllljlll.ll-llllllgll.llll

970 1975 1980 1985 1990 1995 2000 2005
Fig. 6. Same as Fig. 5, but for the second EOF mode.
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Fig. 7. 1-year running means of time coefficients of the
second EOF mode for SSTA (green), the differ-
ences of SSTA between Sokcho and Ulgi (Sokcho
minus Ulgi, blue) and between Hongdo and
Dangsado (Hongdo minus Dangsado, red).
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Fig. 8. Same as Fig. 5, but for air temperature anomaly.
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Fig. 9. Comparison between the first EOF modes of SSTA
(solid) and air temperature anomaly (dashed).
Both time coefficients are low-pass filtered to
retain periods longer than 2 years.
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Fig. 10. Same as Fig. 8, but for the second EOF mode.
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Fig. 11. Temporal variations of the Pacific Decadal
Oscillation index (PDO), the Aleutian Low
(AL), the Siberian High (SH) and time coeffi-
cients of the first EOF mode for SSTA aver-
aged during winter (December to February).
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