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Abstract : The long-term variability of sea surface temperature in the East China Sea was reviewed based
mainly on published literatures. Though the quantitative results are not the same, it is generally shown that
sea surface temperature is increasing especially in recent years with the rate of increase about 0.03°C/year.
Other meaningful results presented in the literatures is that the difference of water properties between layers
upper and lower than the thermocline in summer shows an increasing trend both in temperature and salinity,
suggesting that the stratification has been intensified. As a mechanism by which to evaluate the wintertime
warming trend in the region, the weakening of wind strength, which is related to the variation of sea level
pressure and atmospheric circulation in the western North Pacific and northern Asian continent, is suggested

in the most of related studies.
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Table 1. Summary of results shown in reviewed references (YS: Yellow Sea, ECS: East China Sea, SS: South Sea, SST:
sea surface temperature, SSS: sea surface salinity)

Reference Data Period Area Result (—: increase, +: decrease)

Kang (2000) NFRDI coastal ~ 1936-1995 SS Coastal area SST variation rate in past 60 yrs: +0.004~0.015°C/yr
data SST variation rate in past 30 yrs: —0.003~+0.032°C/yr

Min and Kim (2006)° NFRDI coastal ~ 1969-2004 SS Coastal area SST variation rate (SS): > +0.02°C/yr
data Variation rate of annual SST range: —0.05~ —0.03°C/yr

Hahn (1994) Read from chart, 1881-1990 Korean seas Northward movement of 10°C(February) and 25°C
NFRDI data (August) isotherms

Jeong et al. (2003)" NFRDI data 1968-2002 North ECS SST variation rate: +0.027°C/yr

SSS variation rate: —0.006 psu/yr
Variation rate of salinity on 100m depth:

+0.003 psu/yr
Seong etal. (2010)°  NFRDI data 1968-2008 North ECS SST: +1.27°C(variation rate: +0.031°C/yr)
Variation rate of temperature on 100 m depth:
+0.008°C/yr
The Ministry of Land, WODOI 1961-2000 North ECS SST variation rate: > +0.01°C/yr
Transport and Maritime
Affairs (2010)"

Park et al. (2011) KODC/NFRDI  1967-2008 West of Jeju-do Bottom cold water variability
Min et al. (2010)" NOAA/AVHRR  1985-2009 Northeast Asian SST variation rate :+0.063°C/yr (former period),

seas —0.056°C/yr (latter period)

Son et al. (2012)" NOAA/AVHRR, 1985-2010 ECS Annual and monthly mean SST: +0.2~1.0°C
JPL composite Northward movement of SST isotherm

Yeh and Kim (2010)  Reanalysisdata ~ 1950-2008 YS, ECS Winter SST since mid 1970s: +1.5°C
(HadISST)

Kim etal. (2011)" Reanalysis data  1880-2009 ECS Winter SST: +1.5°C (3 times of global mean)
(HadISST etc)

Kim et al. (2012)" Reanalysis data ~ 1950-2010 East & south ECS ~ Winter SST variation rate: +0.027~0.028°C/yr
(HadISST)

Park et al. (2012) Reanalysis data  1970-2005 North Pacific SST variation rate (ECS): +0.03~0.05°C/yr
(ERSST)

Tang et al. (2009) MSD/ChineseAS 1957-1996 Mid ECS SST variation (first and second half period): +0.46°C

Ning et al. (2011) China SOA 1975-1995 32°N SST, Bottom T: +0.71, +1.1°C

(variation rate: +0.053°C/yr)
SSS, Bottom S: -0.21, +0.13 psu

*These references are written in Korean language in a bibliography
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Fig. 1. Isothermal lines changes for (a) 10°C in February

and (b) 25°C in August (A: 1881-1910, B: 1911-

1925, C: 1926-1940, D:1961-1975, E: 1976-1990).
(Hahn 1994)
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Fig. 2. The variation rate of SST in the period of 1961-2000. The line interval is 0.005°C/year (The Ministry of Land,

Transport and Maritime Affairs 2010)
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Fig. 3. Distributions of an isothermal line of 20.3°C SST. (a) shows isothermal lines every 4 or 5 years and (b)~(f)
present isothermal lines for 5 consecutive years from 1985 (Son et al. 2012)
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Fig. 4. The time series of SST averaged over the region
25-40°N, 118-127°E during winter for the period
1950-2008. Red line indicates the 9-year running
mean time series and the units is °C (The Ministry
of Land, Transport and Maritime Affairs 2010)

T #A FEE 7T T e ARAREE AL
= Aolth. &)= 7)1 7| E st AR A
EE At o ol& &8st A7|7ke] wst At
$3 =20}, Yeh and Kim (2010) FEs|%5- (2010)°]
A A WE-g Fiste] F= 7143 Hadley AlE]S]
HadISST AF52 1950~2008 717} w<te] daf 2 55
=89 ALA(12,1,29) XFFL HsE B8l )]
T3 dEste d14 9t EOF #4492 5 15
T2 1970 FHF o]% 2008 A7FA] °F 1.5°C A==
A &AQ s 4TS eI US-S& BAFAk(Fig.
4). =3k 71 5 (2011)S HadISST, 7=+ GISS SST 2 1]
= 27| $2AFAE ERSSTS] 1880~2009'3 2] 13013 7+
= 9 ARHAEERY vt FHE G a2 ¥
s} Age AEIATE o 717 B SEvE Selle] &
T2 OF 1°C ol3e] 718 EAAL ALH el &
2L Yeh and Kim (2011)] ZAzke} L As5e] <F
1.5°C S7t= AAF B2 S7HET oF 38 wEA
2937 J8 9 AR vedth A 5 (2012)
1950~2010%d ¢S] HadISST AHEE o]&3lo] F53
oF Faf Pt slde] AoAo] Ak Flo ik 3
T2 HEAHE 7HEES ASERE FEE £4¢
I FFTE TS TS AS 2 e o
B3k i HAPE s oA 0.024°C/3, 0.028°C/3, B4
T8 E AT sldellA 0.021°C/H, 0.027°C/AL=2
UERESS 2Isiich

ol oy

oft i mdt ofy

3% 9 42 AR ¥Y

S BRSO3 B4 RS B3 AR 4
Setet B slofo] FaEol $5F A st 7
e gusislols A7k vk Tt 9 g
£ 5EF 4140 2o sl A7 =R A9 g

AL, S Ao WHE =ES i F3oje uhg
o] I JRoZ uyyH =FEy R s

T} Tang et al. (2009)2 = SA=9] #5 A5 49
Aol Blsl] Bt W dldl 57 122-128%, 591 28-
325 HElOlA 1957~19961 717F Bt BE AEZHE

1976d2] HFH} oF 0.46°C 713 A7 A5
o} 53], YA F29] detde 0.53°CE F7) Zo| &
Al WA FaET 2 Z0 2 Yt $Rb71e]
23 A Eo A e ] dREe] B4
Ad =gt A, Ning et al. (2011)S 29¢ 2%, 57
122-12759] 1975~1995 717+e] AASAEE 43
o] F 717k Atololl 5 9 AT o] 47t 0.71°C &
1.1°C Z7V8H9aL A57H-2 22 0.034°C/Ad 2 0.053°C/
Ho g AZA F7PFE & Z 02 AT of2
P2 21 Atolell FZA = 0.21 psu THAagh Z3E<1
WA ASoAM = 0.13 psu 718 Aoz YeRt uky
¢l W3} 7 3ko] A T (2003)°] Aet AAehH o FH
Fe=ele] AT syt YRRl S AlALElET

¢

7141 2 wiste] 7]zl thsk Ao 7S B
g S A= sdvre] | wale} uf

& 98 W3} T Aol AP ES #
ASAAY 7FeAS AAG A7 BRI A
2006; %3 5 2010; Park et al. 2011), AEAAE S A3
A= EAHEGS T3S FgelM g g Hslel &
& 7)o 7FAFE Atele] AHAFE FAAOZ 3
213+ 797} B9kth(Yeh and Kim 2011; A % 2011; Park
et al. 2012).

T UFES Ao 2 UIEE dleelr] wE
of viga 22 t7|27H 99 Wste] 93 °
2 G4A A= whgsith gt A3E
a tEedelre] A7) 2 wste] 712e szt
719] 71 $A 5k A4 7= =85S STk Yeh and
Kim (20102 1970t $5F o] ALH sHF29] A
£AQl 45e fFdte 7hess 7152 SEH s
(North Pacific Oscillation) e 2] s]H 7| HBIE A|A]
s th ol BE|H oA AlAE b 7]ego] 78l
o Wt AL BFo] A1 (FF=H3N el 19803
o TS 71de® AF oF 20 71742 71% 1000 hPa
= o vpo] oF 1 m/s ZAdH Ao 2 A|A) b F
S 7] Atele] Aawsto] ThA S Ko
A B om3t}. Park et al. (2011)2 AF= AFs]Y

e



Variability of Sea Surface Temperature in the East China Sea 177

o] AZWFEAIAST YT I 2 ks T2 A
A 719 el 7= W7k A7l ALEH Al
o} 719t 73}, ARAFA 714, B A X5 (Pacific
Decadal Oscillation; PDO) % =315 (Arctic Oscillation;
AO) “JE3ERE olg} o5 S5t S7F 2 F2A
2 FFFL] Ao Aol IS AT T3,
AL FdFTE Folod A EEGe] A7t S5
e Foted sl WH7A] dEE & e Flojgks 7t
g AASATE o] A= et FEEl S-S dlY
X F71A 2 WSt sl YE = ti7]9] WSt o
B WS AL Aot A, A 5 (2011)9] 4
M= FFHaE 2T v FHside] Y ¥
sP7F SEjE e sl WEAd Aol lom 1970
SR7EA = PDO 9 o] Auf Aol 2] M3}
= A5 7FE] FEAL dR Astelr o] AL
AL AA BT o] PDOSH ENSO 59 &l 9ol A 9]
WA A9 =3 wstel 22 g Wi =9
(feedback) 2H&-0] vl FHa| o] 2 WSl J3F
S F= AL ousia YA, Fdste] Gt 73S
A7) el -7 Festg 59 o5hA 4
| Zasite e AHsAT Z2 Park et al. (2012)
EAEE G 2 72 4% 4 NCEP-NCAR A

Apge] 7Ikgk stz E8& W 55 AO,
PDO, A el S el](Western Pacific mode), B3
(Southern Oscillation) & TFFeH 3l 2 tf7]19] 7|54
o} Bl BA3ke] 1970~1989'3 717kl Alulg]olar]%t
o] ofstof| ofgk Aot G GFAA 7]9F Ato] €]
7194 E WstZ Fopro ALAEZ o] okl o] sl
20] 53R, 1990~2005F 717k s H 4L HEl=
P wske) ofge djddte] Fa8% Sk 3l
A A BT 53], AW glota 7] 9F A (ekshu &
A719e] SR o)) We wihd sk of
Uzt ol sfjdesAle] Fejo] HstE Ftele]
o] & WRITE vt TGS EFete AEE
& FAZ sz o FFE 712 A ol=
7|2 HE 9] FFo] vt TR 2 Hsle] o
¢lo] Fth= Yeh and Kim (2010), 4 % (2010) 2 Park
et al. (2011)e] 33} AX|sk= dlAdelt). gHA, Park et
al. (2012)°] AAIEF 1990~2005d 717k2] & e ete] =
8 B FAHOE dAAI o] oAl A &
o} v} Ax Qe A7k Fasith

712 RE ] FE=sl slgel st A
2 Ao-FH % szt 9A8EE Tas Wl
Park and Oh (2000), Chang et al. (2002) ¥ &3} o
(2009y= Yot FFFSE 233 Fevhet FHE S
o] ZFFeate] B A5 473E vl Utk Park and

O

Me rlo

o
i o

2 dlo

KN
=
=

=

ol
i

I el

-
=

Oh (2000)= 1951~19961 7]7+] COADS EZ4-& 7}
E2REH TFd BF352 o’ (anomaly)?] 5~611
7] AdRish= salgtelx ] mistel dadol Ear
Iyt A dAgol A< Al 53], &3
o (2009)= A&E Y A7l FelE 2343 55
=3l oA ALFe] fslE FFTS ¥

Ho|Z Wk Sy ets 33 SolAlol 71 $HEA Q] ds

ofgre FAskTh

T BEeee] A WA wst A 4
= @33 =EL 2000 Sof W E7] ARSI
20009 FHF o] % FUItTE H7kA] i F1le
A E AHE2 AAIE A59] 717ke] 7154 7] Wst
AFS B de SRS &AL YR sl &
Z SRt Qo R st TEel AAE U=
slah=t] 3HAI7E AT I B0 ALgE x5 o] 35
W EA 2A4) 194 35 e AR A5 F)

A& 7)o] FEtEo] Aol A Eof gk HAE 9l
Atk HES FAENA AAE AHE9] dolde i1y
stod FEA e dukEolEt & & e A9E 29k}
H o
> 2 1970 FHF o] Ttk A
Bt T/ A 493 A9 717k wet o2
Ak Hit oF 0.03°C/Ad AEE JebgTh 998 7
sto] Bt Fa=sl AME Tt e] 2 St

- EFIe B35 319 A AdHoRE A
Fol SAsheRe Zlo] el F8] L e
74l glk

SR BE AR BA BEFE LA 30
A Walele Bgshs Zgol Uersit

-8 E35L Z/PE AZSE Wshur) A B3
QEe 7 AT WA AZARL Z71 Aol
o HF B AF $e3t G Aot BE F7H)
© o= Wakslel 4345 gl 9ee ol
el

- ate] 718l ojste] iR aE 719 Wl
2 7] =0 Walel mhE BF oksiel JFS AN
Sk A2 Bl AUEGORRE YL 5 &



178 Lee, J. H. and Kim, C.-H.

dsh Arde] 9 75l ANERoY A
= olsh BAW sFpe] e YL 1}
204 etk
5T 5 B4 Wsh AL FHHE v 5T
s A sjoge] B uthe $5Fa) A shejont Fa
g WA I Yoo $A 240 vigHsit. o] 9|
slol Fuj BEAE By ohlet ¥ % FF #F 4
BE BT olgshs WerE grstlol @ Roltt. 53,
FEFoN7E A g oz Solwe) 925t {79 joyel
7 2ol AR 249 o] F2

o
K [o

7GR EAS Tk g i @
2} Atole] &9 9 (feedback) 2H& HAjo] @ THT) H2
Park and Jang (2012)°] RAATE sl dAFHE
o 5= 2w W Ay F 71§AFe #E
4 s AAE A sl ot g, =6l Y
U e BEE 8 A1) shuel tisksl el
o] #5244 AIAIE AR (R 5 2011)9F FEEo] AAIE
A& (Fukudome et al. 2010) 52| 4] Axp= A 34
sl Zlo] a7

3ol 7154 wish= v 70 ATk, 1001d)e] S
A o O B g2 719 Wshe Al2dst A
of FHkE 7] WsiHTE Wsle] Fo] A & A
-5 (B8 Frad 2l s)o] §A e = ofof gt what
A S S A wistel At Hg/l A3 22 e st
of gt A-eAA ol Zadt /MAFEE AYakslaat
sl Z9olle A4 WA AEE 2] oS A
7k Basitt og 59 1020 § Ee aE o &
2 AIZF Y9l WskE aEe Aol S50d $E He
2 Bt A A o)Al B Fa5l] wioltt it 5%
ol o] WS}t 712ke] FACA A F719] ti7] oY
AEZF 5) ¥stE 2 2HsIAARE 7| FH st e
Sl HEolu S5 tiFelA A7Igke] wd ¥
st e 5 BRI @A 71 wske] AdE 3

=

o
fu
1o
it
4

hines
2
of
ook
filo
N
N
2
!
o
P
=
g

g

=4
]

)
S
B

E3, sl SARRE B fel 59 sl

el B2 &2 mA] wEel s 24 st
Al Sdel e 1914 A gl 27k Gl
A i Eoj Aok gt H 2 FEEolla 7 9 A
b =3 Aol vehd
A 715 Rste] o3 FFL = AR o]5 9] WA
il 2 FAEAY T At

Fo

<]

oo 4 Bol olat Jgol NPk} gt A
A F5 ek, Wep st A3g A A
GRS BA 2o FF MR A9F BABE
So] slgell PGPS T theAAH Pl
Seshe 2l A e deolth
S 2 Vg B Ao W Bug AR A7a
3 2] ANE W8 s Sajolel W
Asfe FAH o2 ARAEA Aol B FEo| B},
IPCC B34 FolME 948 dE gL AR 208
=] 4K thge] 57 wEe] A4 B4 AN =
FE ol #2 A8s
wo g g sl B4 Wsl A BEEEEY, ¥4 3
4 24 2 A% BEs} P

tlo of,
o

M

o = o2

X
>,\1

o FEAFY 2% ATNEAAS V158
7 wrehae) sipgEAe) VA 9% % 15H ) A%
_g_

SELE

S E T (2010) 715 skl e FEll(EE=E 59
e 9 A W AT S ST, BSPM
55670-2202-1, 300 p

ARZ, A, Al e (2011) A 1303 7F ke
239 ®%F 42 W3l 3 Ocean and Polar Res
33(3):281-290. doi:10.4217/OPR.2011.33.3.281

AER, 134, A5, §33], 45 (2012) IPCC 7159
3l Ayl 2(AIB) W AeAo] b (Todarodes
pacificus)®] ¥HE <=, Ocean and Polar Res 34(2):253-
264. doi:10.4217/OPR.2012.34.2.253

AT (2002) A7 2Fsle} I s oo e
sk In: g8l a3 EAISHEA AR 73R, g
2, 2002 59 9-11, pp 1-20

W3 Add, 55 (2010) NOAA/AVHRR AHge €] 3
SEOPAOlE| S HFF20] AT AL Sl S E
EA188] =54 14(12):2818-2826

R, AAE (2006) = A9 S0 AT A
71¥3}. Ocean and Polar Res 28(4):415-423

932, wAE, Holel, whdqt, AAw, AES (2011)
2006~2010% 717+ S0t gidlald AFwols] B2 3
4 &749] ¥5. Ocean and Polar Res 33(3):325-336

71", FAE, 1A, X1, XD, olAD (2010) T
A3 Fo] AlFZH A7HE 54, s G s
3)2] 16(4):353-360

&g, ol 3], HF 9, A, AF S, H-E 59, A

1o (R

a



Variability of Sea Surface Temperature in the East China Sea 179

T, B 5F, Ishizaka J (2010) S50l A Aol A
FAE 10d 5] 3 YA 771 @] AlFTHA
W}, St A3 26(4):421-437

£, 579, =AE, TS, AAE (2012) Halot FF
a4 PR FHE ETT2 9@ S22 A7)
W3} Ocean and Polar Res 33(3):281-290. doi:10.4217/
OPR.2012.34.2.201

#718], 9742 (2009) A= T2 F F3 2] A9} FolA
of & EF % 4 A+ Ocean and Polar Res
31(1):51-61

", 2AE, F7E, olAE, AF=, olH3], 3
(2010) 2008 HAEH 55 TF=sldlA U= 5207}
Alg#) 8. Ocean and Polar Res 32(4):351-359. doi:
10.4217/0PR.2010.32.4.351

B3s, GAF, B, s, 471, LR, F=
5 (2003) SHE= 3] 2 9 HEo] 7w}
FRE LA 9(2):59-64

Chang YS, An HS, Jeon DC, Nam JC, Seo JW (2002) The
El Nino signals contained in precipitation at the East
China Sea. Clim Res 23:31-38

Fukudome K, Yoon JH, Ostrovskii A, Takikawa T, Han IS
(2010) Seasonal volume transport variation in the
Tsushima Warm Current through the Tsushima Straits
from 10 years of ADCP observations. J Oceanogr
66(4):539-551

Hahn SD (1994) SST warming of Korea coastal waters
during 1881-1990. KODC Newsletter 24:29-38

Intergovernmental Panel on Climate Change (IPCC) (2007)
Climate Change 2007: The Physical Science Basis.
Cambridge University Press, New York, 996 p

Kang YQ (2000) Warming trend of coastal waters of Korea
during recent 60 years (1936-1995). J Fish Sci Tech 3(3-
4):173-179

Milliman JD, Meade RH (1983) World-wide delivery river
sediment to the oceans. J Geol 91(1):1-21

Ning X, Lin C, Su J, Liu C, Hao Q, Le F (2011) Long-term
changes of dissolved oxygen, hypoxia, and the responses
of the ecosystems in the East China Sea from 1975 to

1995. J Oceanogr 67(1):59-75. doi:10.1007/s10872-011-
0006-7

Park S, Chu PC, Lee JH (2011) Interannual-to-interdecadal
variability of the Yellow Sea Cold Water Mass in 1967-
2008: Characteristics and seasonal forcings. J Mar Sys
87(3-4):177-193. doi:10.1016/j.jmarsys.2011.03.012

Park T, Jang CJ (2012) Seasonal variation of freshwater
budget in the Yellow and East China Seas simulated
from an Ocean General Circulation Model. Ocean Sci J
47(1):51-59

Park WS, Oh IS (2000) Interannual and interdecadal variations
of sea surface temperature in the East Asian Marginal
Seas. Prog Oceanogr 47(2-4):191-204

Park YH, Yoon JH, Youn YH, Vivier F (2012) Recent
warming in the western North Pacific in relation to rapid
changes in the atmospheric circulation of the Siberian
High and Aleutian Low systems. J Climate 25(10):3476-
3493. http://dx.doi.org/10.1175/2011JCLI4142.s]

Tang X, Wang F, Chen Y, Li M (2009) Warming trend in
northern East China Sea in recent four decades. Chin J
Oceanol Limn 27(2):185-191

Yoon WD, Yang JY, Shim MB, Kang HK (2008) Physical
processes influencing the occurrence of the giant jellyfish
Nemopilema nomurai (Scyphozoa: Rhizostomeae) around
Jeju Island. Korea J Plankton Res 30(3):251-260

Yamamoto M (2012) Mesoscale structures of two types of
cold-air outbreaks over the East China Sea and the effect
of coastal sea surface temperature. Meteorol Atmos Phys
115:89-112. doi:10.1007/s00703-011-0176-2

Yeh SW, Kim CH (2010) Recent warming in the Yellow/
East China Sea during winter and the associated atmospheric
circulation. Cont Shelf Res 30(13):1428-1434. doi:10.1016/
j-csr.2010.05.002

Received Apr. 2, 2013
Revised Jun. 10, 2013
Accepted Jun. 17, 2013



