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Abstract : This study examined the change in sea surface temperature (SST) around the Korean peninsula
since industrialization at year 1880, and its possible causes using observation based data from the Hadley
Center, the Goddard Institute of Space Studies, and National Climate Data Center. Since year 1880, There
have been multi-decadal fluctuations with a gradual reduction from 1880 to around 1940, and from 1950-
1980. There has then been a marked increase from 1940-1950, and from 1980 to the present. The ocean
surface warming is larger during the boreal winter than summer, and greater in the south. The multi-decadal
SST fluctuations around the Korean Peninsula are largely consistent with the negative phase of the Pacific
Decadal Oscillation (PDO), which fluctuates with periods of about 20-50 years. Secondly, the El Nifio-
Southern Oscillation (ENSO), whose long period component moves along with the PDO, appears to
influence the SST near the Korean Peninsula, especially in recent decades. Overall, the SST around the
Korean Peninsula has warmed since year 1880 by about 1°C, which is about twice the global-mean ocean
surface warming. This long-term warming is aligned with an increase in greenhouse gas concentration, as
well as local factors such as the PDO.

Key words : ocean climate change, sea surface temperature, Hadley Center, Goddard Institute of Space
Studies, Pacific Decadal Oscillation
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TH(Yeh et al. 2010).

QoA A ule} 7o) e o) SRS tjA =
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Goddard Institute for Space Studies(GISS) —Zg]3L

-J. et al.
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Hadley Center % 42 AFE(HadISST; Rayner et al.
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2010)= http://data.giss.nasa.gov/gistemp/oll A, #}EA|9FS
E NCDC Extended Reconstruction Sea Surface
Temperature version3(ERSST; Smith et al. 2008)=
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Fig. 1. The (°C/period) seasonal mean SST anomaly
(Hadley Center SST) near Korean Peninsula
during 1880-2009 (left column), and 1980-2009
(right column). The shading indicates a region
statistically significant above the 95% confidence
level. Blue boxes in h) indicate the area over
western  (122.5-126.5E  34.5-38.5N), southern
(125.5-129.5E  31.5-34.5N), and eastern (128.5-
132.5E 35.5-39.5N) and South China Sea (121.5-
125.5E 28.5-33.5N), respectively
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Fig. 2. Same as Fig. 1 but for Goddard Institute for
Space Studies (GISS) sea surface temperature
(SST) dataset
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Fig. 3. Same as Fig. 1 but for Extended Reconstructed
sea surface temperature (ERSST) dataset
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Fig. 4. A time series of the seasonal mean sea surface
temperature (SST) anomaly averaged over the
ocean near the Korean Peninsula (122.5-132.5E,
31.5-39.5N) for a) spring, b) summer, ¢) autumn,
and d) winter. The black, blue and red lines
indicate Hadley Center surface temperature
(SST), Goddard Institute for Space Studies
(GISS) SST and Extended Reconstructed (ER)
SST, respectively. The black and red thick lines
are 5 year running mean for Hadley Center SST
and ERSST, respectively

198043 7]}2]
o] A=
}

77HA] %Aﬂf‘a

T 748}

At A71E

= 51 A0le] 4455 Gl e A1 e
€ 4EE Btk 198093 E 1998
7 Roltpt o) F AR7A] Fre]
&2 Holal AUh(Fig. 4a). A H o=

Fhe 3 oL A 200

A A 200 o 4C RS AES T

[e3}
AL X

52| i 1 2 Wsle 5383 = vE 7
< HolEd, BAdE 19403574 tiA = ehgl =2
g Bl vl oS3 ol= 18800 &= R dE A9
= 19503714 &ekel S Rolal SJth(Fig. 4b).
olF 19807k = A& F2 e Holal, 2000
T = FAS AdsS Boltprt o] & dA7IA] = & 3f
Zrol ehal e, 19509 % o] 52 of 54 shike
TH 2 Wl e B3 ﬁfﬂ:ﬂr frAFeE dejolrt.

AlZbel e 53 e T 2 WHEl 32 HA
—1°ColA ) 1.5°CE o} ¢ 25°c4 W3l Z S 1ol
=, &322 |3lE3dC)l Hlsl AEH o Wt
A JEPES & 5 Aok

THEE £ & W3t A 19408 % o]Foll= &
A3} v 53k A S HolA| T 1940 o] WA= o2
7S 1At 1880 = 2 Az 0] st
o] % 1940 7HA = S g 2 WSt TS HolA &
=t} 1950374 F243 & %7}— Holthr} 1980d
e ek 2 4 deRded), ole 53] &
oA 19807 ©] & A7t 85 TS g AL
2 Azt o] % 20008 7HA] = F20] S 7F8FAL 2000
o) AAMA] el Ao & AT fAkgE
edolc}h, A kA 7] Bt shbe o] 7R e i
T Z2o _15°CoA A +1.5°CE &3 o =14
Lot}
ALHE s o] 2 wstel igh A4 Q1 Hs)
FS B, 18801 Holl YAH o2 0] el

HES

-

<]

63:

'O
66.__.

-
v

R &}

Aol Vehr| = s 1940974 A& 4o £2
o] sPsls AT A 195084714 AR S7HE
HolaL, 1980d74] ekel 37 3Tkt 20009 7HA] =
AF=E }_ 733FS Ho|3l o|& A7k &eksl & st
< BT AEE & st A & e 5L
T2 e AR s o] FOIXAINE R S-S
F43] dojvb= AP A FY v (Saw Touth) B E <]

T2 W3t EHL B} o] A7 ME 2 A
—2.5°ColA A +2°C AE2 At A7) 5ot o2 Ald
o Hjal 71 ZA Yehbesd), dE E9] 1940387+
F & -2°C o8] ¥h& 28 Koy} o] Fdlel 0.5°C
olde] & Aol e 21d B9k 2.5°C AEe] 7
W3S Ko o] ThE Al Hls) 22 WE Zo| v
T A YEPEES & 5 Ak 1880 o] % gk
o] 2 W3} ﬁﬂoﬂ*ﬂ RE A F5FHoE YeyE
EAL 19403% o] F 195037374 =& A5o] Yeht
321980744 &17Fstal 2000374 Assict T sk
st FAolth 1940 = o A7 &= A Q| weh &



286 Kim, S.-J. et al.

a) HadISST 1880-2009

1.5 1
14

-0.5 | global west south east nearKP e.china

Trend(*C/period)
o

15 -

¢) HadISST 1940-1980

1.5 -

0.5

-0.5 -

Trend(C/period)
o

| global west south east nearKP e.china
a5

o J

Trend(*C/period)

b) HadISST 1880-1940

Trend(*C/period)

d) HadISST 1980-2009

-0.5 | slobal west south east nearKP e.china

I MAM [ JJA [0 SON I DJF

Fig. 5. A comparison of regional SST anomalies (Hadley Center SST) for a) 1880-2009, b) 1880-1940, c) 1940-1980,

and d) 1980-2009

of e FHE 4l 9o R FESATt(Fig. 1h). &
27 12255004 126.557F4], B9 3455004 &
= 57 128.5%~132.5%, H9] 35.55~
3955, FEle B4 125.5%~129.5%, 9] 31.55~34.5
T, 283 F5Ee 54 121.55~125.5%, 59 285
©~33.5%9] slgo s ¥t Fig. 55 HadISSTE
B dojxl s, 7|7hE, elal AEE R Sbe
I AA T et 2 Wl A aosA HAFA 9
t}. 18801104 2009714 ZA| 717k 5 BE 3
A 2dsr e, 7P & 2dste ASE el
oNA(eF 1.7°C/1301) UFERFAL o 5H 9] & Aol 7}t
2 ZA Yehdt, £3) ke F8e] 8 el XA
T Fat 42 W3k AgkeF 0.5°C/130: )0l Blsh oF 3uhA
T mEA Fo] FTkRE ASE Jehdth
717PEE Yo £ WEl AgE BAsE A,
1880914 1940Q7A)= H&S ALsla e Alde)
BE selA 2 skl UEen, 53] AL
o] el 60Kd7F oF 1.7°C 743, FelolA®
607k oF 1.5°Ce] & d7Fe] ASHUL F HAR
2 FL e B RE ool vehtod, kS
e & Wiyt A9 Qe Ao Yehdt oS3
£ gallol A 60:d7F 9 0.6°C B F-20] A5dle Ao
2 Uepdt) 194030004 19803 S ALH L0]

&
offt

e} Gl A 40d7F oF 0.5°C B A5k Zo=
Uehuet Wl 53 -2 FalolA oF 0.5°C A
sehe ZAoE Yepdt) o] 717k Bk AA G Bt &
&2 2 st gle Z0= vepdr) o9 -2 Hal 74
o] FZHEZAM A& ulel gro] 198014 2009
7 mpA ek 30 Fok Sk FHe] e Wipo] s
A vepted, ALE FelolA] 2°C =2 7 =
etk Ao Yt

e Fe] A S0 £ WEe] AujHoR
FEE FE= A2 PDOE £ F SUth PDOE H9]
20=0lX HH7MA] 23 0] AR AT AA

= o

1
g o e g 37 XS Holw, HHYY] 52
o] A= 15-25d 712 ZA= 50-70d 712 W3t
£ o= d#A UdriMantua 1997). & o #S F7]9
FL T S FE= 9010F ENSOE & & J&
g, ENSOE A&z oz 2dor 7d9 F7]|2 7IA 2
Tole Ao® 4EA Jom ENSO9 A7 MEk
714R1 P W YIS 71A Ao AR,

¥Z & wFe 94 PDO, ENSO2| $4do] o
sheA] AL Yot A Ha £ HE ATE
H LB SL(Fig. 6), 371 72 HEH ol AFE9

o [E
Y

v 4

i o



SST Trend Near the Korean Peninsula for the Past 130 Years 287

normalized values

=2 (NN = O = N W
L

2000

T1900 1920 1940 1960 1980

normalized values

NN = O = N W

900 1920 1940 1960 1980

normalized values

A(AN—‘O—“N(A
1

1900 1920 1940 1960 1980 2000

nlormlalized values
=N = O = NN W

1900 1920 1940 1960 1980 2000

Fig. 6. A comparison between a time series of averaged
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PDO index is represented by a multiplied minus
sign for clarity
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Fig. 10. Radiative forcing (w/m?) of sunspot activity,
greenhouse gases (GHG), and stratosphere
aerosol by volcanic eruption
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