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El Nifio-Southern Oscillation, Indian Ocean Dipole Mode, a Relationship
between the Two Phenomena, and Their Impact on the Climate
over the Korean Peninsula
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Abstract: This paper investigated the relationship between El Nifio-Southern Oscillation (ENSO) and Indian Ocean Dipole
(I0D) mode events and the impacts of these two phenomena on the climate, temperature and precipitation, of the Korean
Peninsula. Data gathered from 1954 to 2004 were ued for analysis, which included NINO 3 index, IOD index, and
monthly mean precipitation and temperature at eleven locations in Korea. Statistical results showed that the 10D and
ENSO were significantly correlated in Spring and Fall. It was clearly shown that the distribution of the sea surface
temperature in the Indian Ocean has seen the Southern and Northern Oscillation in El Nifio year, and Eastern and
Western in IOD year. On the other hand, in El Nifio year, the mean temperature of the Korea Peninsula was lower than
normal in Summer and higher in Winter and its precipitation was more than normal in both Summer and Winter.
However, significant correlation was not found in 10D year. In addition, the global atmospheric circulations during the
major 10D years are less influential, unlike those of El Nifio events.

Keywords: El Nifio and Southern Oscillation (ENSO), Indian Ocean Dipole (IOD) mode, mean temperature and
precipitation of the Korean Peninsula
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F05(Southern  Oscillation, SOYE AEHA|o}
]

TE A7 22l (seesaw) GO FA &

Holle e & gkl W 29 4
Ao}, o)} e JHAAE s HilE
A4S0 Index, SONE LAE#H Yol T (Darwin)
o FelHge] ElolE](Tahit) Alele] 7192 A9
b 9AH wiRoz B ) SO Wig d+te 2l
w9 454 2& dFed 719S T2 Jrk(Walker,
1924).

SO+ A% FElEYY sl 2%(sea surface
temperature, SST) WE =, dysehiur A4t 74
3 AABAE Holx itk dAle ixlEd 4y
= 2 PyUade 7Y @49 24 oi7] 3 8
% Zo| Zdolgta ZHAL 9o Ay mdiRl
F(Fl Nifio and Southern Oscillation, ENSO)°|2h=
£ol2 ZQA AM-E AcHBjerkness, 1969). ENSO
£ 93 g o7 A8AIZE (coupled system)
oz AneiFe] slFHEE MEY o) iyt
He A A7E hFEEold trldisgie] WEo)
2hal 3l W Bdog v Hn, SoiRt
otk opel A A FEe] J)FAILHY g
g F= Aol

ENSO7} #¥igiet Aoleisd kel szl A3l
289l whad, HZ UA" A=Y 5AH(Indian
Ocean Dipole, I0D) &2 F2 A=Y FHE
T A9 MG AFA2"o|t(Behera et al,
1999; lizuka et al., 2000; Saji et al, 1999; Webster
et al, 1999; Yamagata et al., 2002). IOD 342 <&
t AMQIESHG0°E-70°E,  10°S-10°N)  59l=oF
(90°E-110°E, 10°S-4x) Alo]e] SST HUAZE o€
o}f xY sied Lxo didt A¥A Augs
(Empirical Orthogonal Function, EOF) #4{ll &3}
A, AlIESE ENSO(FEZls 2, of Fig. 3) &
T2A AAEEY oF 30%E, AH2EEE 10DEA
AE BT of Fig 4) BEg 9 12%E 4430
(Saji et al., 1999).

10DS] 719l Ulsire a3t =97t zl8 Fo
o} A WA= ENSO% A|HdHe.g, Klein et al,
1999; Lau and Nath, 2000) ©& AU xAto] Hx
2 9gd 7 3ol Hol A=gY Fso] U

ehdthe 7o)t 7 WA 942 ENSOSE =9
Aol =g ol EAlsk= internal mode(F E=
2= JACEA F2 Saji et al(1999)9) Webster et
al(1999) 5ol 3t SAFo|tt. 015 F 497H] A
Z(1271€x41d) NINO 3 A99] SST HA[¢} 10D
A4 ALole] AFAEMAT F 7 AFAfole] A
F7t BAAHOE A EIt glojA, olg2 A=Y W
of EAldhe W o] 10D Aujgitty A
Hok Saji et al(1999)7F 671¢] %2l 10D 3l(1961,
1967, 1972, 1982, 1994, 1997)2 AA)skA). 28,
IODE ENSQe| FulEEe oz I Feiget
oA ENSO7F 2T w FAd A=A 10D7}
AGTE A7AHE JTHAllan et al, 2001). ©]
S Saji et al(1999)°] Aolg o] 10D A3 =
X zzt 1972, 1982, 1997dL 7sE Ak &,
196134 &), 1967@HLE &), 1994(Fst Ay
R Yol I0D7t SEEE & 29, 1972,
1982, 1994, 1997-5 A H3Iqict. &gk 2 7k F7
4 Ao oJshH(Allan et al., 2001; Baquero-
Bemnal et al, 2002), & 40709 AES(AE X40)
7S94, 109, 11¥€)7H] NINO 3 SST Hxjef
IOD AF= Alol9] AT = SAHLR fFoF &
o AuAzrt Jeldth, a8y 7heE e Aols o
2 Add= 2=} gick ols} Zo] 10D 7]€el

gk =o7b Ewet o= FAAHAE AXNY
A= 10D thet &3 - A3 wjAYSe] Al
Sadd] WA g7l wiEolth(Allan et al,
2001). M8, Xie et al.2002)= ¥= A9} 29 7
HE BAslo] o} KH(subsurface)?] 20k WFo]

g
o
fi

%(South Indian Ocean) 3l5H 2LZHE] F
He ke A wEh sRY, o]
ok Wizo] dux i Aol deAlY o
el th(Xie et al., 2002).
10D 7]%del tigh 79} tlio] TuE e A+
Ae I0D7F A AT 7150 oH Jgks FE=vtolt),
10D %A] ENSO #4A8 2 A7 7|58l o
&g FE Aoz A drh 2 7K A A7
AFE Q&b ool 10D solle AT AT
A, o5 EW, FolzgFlMe AT A=
retolie 7HE 5 AR 9 Frk(Saji et
al., 1999). Q19| o3 E<(Ashok et al, 2003a),
Folrlo} 713 (Guan et al, 2003)01% Ho] Y&
Aoz AFAT} Saji and Yamagata(2003)s A=W

T - fo
jr;#grgﬂ
c
r&hri"(gﬁ%
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ALz LRI, OlTO WA D, & BiMe By, J2ID ST 7|50f chst Het 37

of 2143 F7lelXE 10D #Esk] 2712 HEo]
3, 3 HAT ARG ME] AXF 7l
Ae B3R o] f(anomalous) ZLtH-, 5&ol| 9
A5k 7 AeLtolt F HAe B)ae

o4 GEH o2 olNo} B4 S(rough) Y
ot HduT e B 24gel Uehith 9,

A= Agdes oA e 4, H& oMo,

Bo), g, 283 golzeslMs 10Ds} R
A HefFed olf AGdMe ¥l 10D e
2e4$ AYo] FAsH,

I, 10De] 98 =S T FFoAlole
%o that G ol d7v) B 9t o
2] o] =9 BHe ¥ /HE, A ¥Ae duks
s} 10D7} A= ojd AR zLo}LH‘—- Rolq, T
WAe F @l 27 fedeld 7159 FE 9
T FUY B PES AESlel bl BYgkE
Zoltt, 28ole & o] ARgHE AR} 3o

A3, 223 4ol AR tiste] Aejsiairt.

3 7 Arbela Ae e FREe] A
Feuet 71FA A" e dyst 10D 84 § %‘
ZRE JE= AT FAl F - 1% FF
etk dE 9, FAY ZE(North Atlantlc
Oscillation, NAO; Walker and Bliss, 1932), £=%
F(Arctic Oscillation, AO; Thompson and Wallace,
1998) Hv HHbE SFEE(Northen  Annular
Mode, NAM; Limpasuvan and Hartmann, 1999)°]t}.
o R ¥uT ALY AEsIYe AYH A
34 (Empirical Orthogonal Function, EOF)] A #l
A FARTE BV ALH 7]$9-9f WS B
AE Aoz U UtH(Watanabe and Nitta, 1999;
Cha, 2005).
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T

=
B AeA AR SEde B 71, ASE A
v AT REPHA, 1919 B=AE Z 19543

oF A A BEE o

;G( %’ A—]%’ o]z A= B= B

2 Qe 1 BEA
g, X3, o+
23}, Fhe] ERgke ARgsle] ]ﬁ sl
Tlaw, wden was waer see
National Centers for Environmental Prediction/National
Center for Atmospheric Research(NCEP/NCAR, Kalnay

et al,, 1996) AEA AEE ARSI

o 2% 7HA] 9 (monitoring area)?] A=
d& 71 (Japan Meteorological Agency, JMA)S]
ARE AMEHOH, 9 o)X (http://www.data.kishou.
go,jp/climate/diag/index.html)ol| 4] AAEE 73T}
B A7 ASE SST ZA79e 37 Aoz,
NINO WEST(EQ.-14°N, 130°-150°E), NINO 4(4°N-
4°S, 160°E-160°W), 22]3 NINO 3(4°N-4°S, 150°-
90°W)oltt.

A, Yol AFF=ol, Saji et al(1999)= 10D
255 Gl A2l L:_ (50°-70°E, 10°S-10°N)Z+ &ty
WEOIE%H90°-110°E, 10°S-EQ.) A9e] SST A=
2o & 03%101]*1% o] ZoJg wa} 195435
B 200457k B5 71 (UK Met Office)®] GISST
(Parker et al., 1995)3 AR&3le] ThA] ]46}251\:}

duk 39 10D dle] SSTS ti7ldisd BEs
vl - BA18E7] Hsted 4 F-4(composite analysis)
< 3 Yk = Cha2005)9] 10719 Yk
8)(1957, 1963, 1965, 1969, 1972, 1982, 1987, 1991,
1993, 1997), &2 10D 3| Saji et al(1999)7t
AXE 6702 %] 10D 3l(1961, 1967, 1972, 1982,
1994, 19975 A=t FHEEY] fod9ES
H7¥] 98k rtests A&t

RE A9 717+ 195478 20043 (5197H7HA)
2 393, AHanomalyys 722 717k €9 133k
& AAst ALFSIAT

Z

ENSOS} 10De| AlsHEM

ENSO X|=2} |0D X|5=2f AzRH 24 Fig. 1
o 10749 Ay sk 6709 Fel 10D 39| NINO
3 AGellx} et SST Hap AlAIGolt). Agz<
AU u@ﬂ W7 AlFtele] Agded &
Zs] A, ALH Hu=m TSt o|Fs) &l
HE712 HolErh 10D 39| SST BARE 94 &
of WA, oAFq W, Agel Hx é?ﬂoﬂ 2=
a3 o 3 2o sk AAEE BoE
Fig. 1914 & ¢ e 249, dYU=s} 10D aﬂ_*&f
gAY 57) A A fAlRE AAD
o FAle 2 wHre] Wb, 10D %EH EHJé
Gl g Avkel] FutEo] AmFollA et
Uhe AN9AQ SST deadsa & 4 o &
10D 39} SST #HA7} AdYie sfo} wlwsl B, ‘?j}
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Fig. 1. Time evolution of composite SST anomalies during
El Nifio (solid line with circle) and 10D (solid line with
cross) events over the NINO 3 area.
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2] FARAE ¢7] ot 22iA, ENSOS}H 10D
ofo] FEigt AedAgS EMs] sle, 1954%
E] 200437kA] 51d7F NINO 3 X19¢] SST #xjeh
IOD Z|79] gz FAdE 9 AISBATE A
ATk, A Adbolle Ashok et al(2003)9]
U ARSI, TE 5 BF 519X 12¥ =612
NZ, FBAF7E £02701H 95% o FoleEe
zH| "},

Ao} 10D, F dde ARl e 9ul 9l
T 235 A ZAhaY A=h. aed, A
AqME B4 Al fost Ayt JebdthFig.
2(a)). BHolE &9 AgAAst F3isirt, el
o502 Ado| P T Solrf el A
HAR A= TR Fe dEEATE A,
E3] 10¥, 1€ Huigtol Yeidd. &, dy=d
ol Huld o, 10D FA=E Huz 2T JHeA
o] At} ol¢} o], 7R AN F HAF Aol 4o
BRI EAGTRE HI= Allan et al.(2001),
Ashok et al.(2003), Saji et al.(1999), Xie et al.
(20020 = LAg). T3 B3, 490l o
29 ARAAZ} Aot 2y BE g9 AadA
o tisixe ol&7A] 9183 Tk ArAI} §lof
A o] A7t g A AIRIA, opd 23 (P
= Al F @ Alelo] Blx|e] HHE oA
UFo] EAllsk=A] ool didire ofE3olt} 1
A B =R Z&EHoR o] HE| fisle] F|
Folth,
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Fig. 2. (a) Simultaneous correlation coefficient between the
monthly NINO 3 SST anomaly and the IOD index. The
abscissa represents the simultaneous correlation between two
time series in months. The solid line denotes significant at
95% level. (b) As in Fig. 2(a), except for simultaneous
correlation coefficient between the NINO 3 SST anomaly
and KMA temperature (dashed line) and rainfall (solid line)
anomaly. (c) As in Fig. 2(a), except for simultaneous
correlation coefficient between the IOD index and KMA
temperature anomaly (dashed line) and rainfall (solid line)
anomaly.
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LA, Al wet ABASTE E 717ke] EA8
Jtk du=et G453 Jlede 59 A4AS AsE
713 G o] FElEH B F, dys
3 AgHdle Wat AFo], A= dF Aol
o} o]} 22 Azl Ukt 9] 712 A
et A FAHY ArEAAES FUsitE
2] 1998; LA 9], 1999). . UH(Research

and Development Bureau, 2000)3% Z=F(Chinese
National Climate Center, 1999)ME dUk 3] o
Fdoe Wi}, AL dsolzhe A 23}
Atk 95% o] FolaFolr AUk & oSt
ALEE BT Oy S BoEt(Fig 2] 4
A). ole 71E9] AZQEEH 9, 1997; XA 9,
1999; AE2} <], 2000)2] d7+2He} FAlS

AUk 3 HFH FoMrloke] Waltheel ALH ¢
SRS 78l gk 984 Aol 74z Cha(2005)9}
Wang et al(2000)°] 2J3}] AAIESUTE. Cha(2005%=
AUk 3] J5E FoRoe] WaltheE 2 Al7dl
FEfrlot ol EAlshe A719d HA7E 2 99lol
2} ATkt Fig 5b). 39, 4y 3 AL
FolAol HETRE Wang et al(2000)7F AAE
Pacific-East Asia(PEA) ¥4 A sdoz Hys 4
itk PEAE Ayl & =il AL
s 2A o EAse o) (anomalous) 3K 7|94
T F HEYH FoPotE ddske dA e
th. PEAE EU9] 24U5a&sH 3718 BoMlel &2
2 55 dyk s ALY wEEst Aol H7|
& 23E AFIL o9 e TAH - GH AT
£ 28 29, dURdANe 54 Add $evel
71e3 Zrae] 9L F= AL ¢+ Ak

2, 10D SEvEr Hw#7led 735l
oj" HgS Z71? Fig. 2(c)e 10D A5¢ 22yt
713 e Aole] 9 FAEAIGolY, 71
EA AFFEA) 25, AU A3 Fig 2(b)e
Hws) £ o, JAEAE W gAH0E fos)
2] gt w3k FEEAE s 54 A7E HelA
wet) o] AFEEE J0ODE ENSO ek $au}
gk 7123} Zrdgole FAER A3 Hgk
o] FElslA] AV AL 7oz #NT 4 gl

L 3Het IOD sHel SST BT E4
AUk 9t 10D 2] SSTS w7 |ticd B S
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Fig. 3. A composite map of El Nifio events. Evolution of
composite SST anomalies from (a) March to May [MAM
)], (b) June to August [JJA (0)], (c) September to
November [SON (0)], (d) December to following February
[DIF (0)], (e) March to May more than a year after the
onset [MAM (+1)], and (f) June to August more than a year
after the onset [JJA (+1)], respectively.

ALz} IOD 32| sfP Hxl 2XE: Fig 3&
dUk &, Fig. 4= 10D 3¢ x| SST A}
AR JepRlT 53, 4, 59)-86, 7,
8E)-7HE(9, 10, 1Y¥)-AL(12, 1, 29)2 S 3
(3, 4, 59)-2L T &l A8, 7, 8E)lth Ay
¢} 10D F 84 B5 B3[Figs. 323 4] 24
sto] 7F&-ALE [Figs. 3(c) 4(c)] Atoldl]l A%
£ HAZ dYx dFig 3)F 10D dl(Fig. 4)¢)
2 Aolde = 29k = gtk 2 A W
Ae AU 3 SST | B2/t 3E1% ez
= 2o Fof SST WAk AE=elA 59 20° i)

nags
Xt



3057 30E 60E QOE 120€ 1506

Fig. 4. As in Fig. 3, except for positive IOD years.

EsA Jehe v 10D e s
(Maritime continent) 52 59 SST HA7}, olg}
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© B4AF Fep) SR,

AL |=2 10D se| CH7| chdt 53 Fig 5=
dux BE FETE MAMO)E EA] 2
U ASH7RA] DAFDE BA] £ o) A
2 JeRd 200 hPa A HHAE Two|t} s1d FoF
(1954%€ 2004d) AS 10719] AUl thsto]
SAEAS slath S W] FEE AFE
AFs7] H8ld testS AAFIL, 95% AT =
Zte FYe Y02 HASY. FuE A4
NCEP/NCAR AA 25 F AR 2%(17
Hate] ReHdd 15, /e, B4 - 8 A
vhE, BlE 5 F9 7)PdEge] sk ALk

T e

3
rlo

3

N’
=2

Hr o ¢

onl 1 ARs FoA HA 237t P FES
200 hPa A e.Meld ¥ Hx} E¥XE Fig 5o vet
Wtk gt se) disiM e 5dd FHRMIL §)
FHEEE AEgted, dy Al BAA

Ql FTHEEE ephdthzy Aeh.
dUs A B (Fig 52y FUls Az} e
Ho|Z] G=rth. ole Bl =t @AEly] Az dy

X7} ofAE AT FEY tiy|dedie) dRE F
A g Aoz F4T ¢ Sirk. a2y 9FHo)
W BN A gE 2 /K 293 EAS0| o
st S90% Aol ehdohFig sb). = A WA

4L g AWE0S30°N)S BT e %
AeHElE I% Hzlolth, o] FFERIK) B A
& #EXE F2(Branstator, 1990; Kang and Lau,
1994; von Storch, 1999) 2|3t th7|tie=gk} thr)-
Y AgRd Az FE A 12 =olt}),

Watanabe et al.(2002)°] ©] 4 R=Z Tropical
Axisymmetric Mode(TAM)e|2} B3I, 715419
SSTE A& %717k AGCM 4% ZA3}e] EOF %
Ao AIZEZ Yepth o3& TAMS SST ¥F
o BAglel Ul dFel &} EAlske Reolth
28y TAMS AY=dide) FHEE 71 (heating)
o oste] Hrh A f¥(triggering) BTk Fuhe)
FARE F, dus A S Aol F e F
719 HA T2 [HWNS EdbE)E HeSe 9wt
T 474 BN & 7K U o] B3R FRe
7h&(Fig. Scpell oS 2gsl] AL (Fig. 5dyol =9
7P desta, dys 3 o2 B3 (Fig Se)
7] A el SRR, G5 $AE] A
2HAtHFig. 56).

2 F A 54 0 Uehde 29 A
Hed 1% #xjelrh, Bddle oM izt
A2 FEg B Bolx] gt} s 29
A% Haks F4H-(Eastern Hemisphere)ol], & &4t
7] fEtlol &R @bty 9% gl vt
st} o] WAl JEe Hxo digte] A F=
E 2 flon, gATxe Bubigo] dulpEd)
Hgte] 818, 2 olfre frEtAlol tige] Akl
T4 dFade] £ Wies vHEn. I=HA}
oA Yehbs A7Ist 3l 712, vl 59 gE
7P M T BUsAl ety A=,

Cha(2005)= fr2tAlol tigel A3t 29 Ix
HAE Furasian Teleconnection(ET) S&o)2}y g
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Fig. 5. A Composite El Nifio events maps of 200 hPa geopotential height anomalies from (a) March to May [MAM (0)], (b)
June to August [JJA (0)], (c) September to November {SON (0)}, (d) December to following February [DIF (0)}, (¢) March to
May more than a year after the onset [MAM (+1)], and (f) June to August more than a year after the onset [JJA (+1)],
respectively. Contour interval is 10 m. Zero contours are suppressed. Shaded areas indicate statistical significance at the 95 %
level. Labels Hy and Ly indicate anticyclone and cyclone, respectively in the Northern Hemisphere, while Hy and Lg indicate

anticyclone and cyclone, respectively in the Southern Hemisphere.

&, ETVF Ay BAE] o5& FolrlololA A
g4, FAH Ao A dFHAT Yate] 4l
olghe 7S 93tk ETe 2%5< A7t AlolofA]
=40 HUE dyx I 3 Ee B4 3 o
A Wal A tate g% s At
Aok ET 24 7ol gk 8k A%e Cha
(2005)0014 & <= )

7 (Fig. 5ol ET7F ofsliAle whA, Sk A
719to] whdaly] A|&sPHEA Pacific-North American
(PNA) &l FAHETE ALl =AM (Fig. Sdele
- g Fele] PNAZE JERdTh ey BEdE
(Fig. Se)ell= Frolgh Haks Zold 4 gt} TH|2
& AME Fre TAMS dYs @ tiEo] 7}
A jH, - B Szl YIS g 3= ¥
A= 7Rl R L(Fig. Sc) AL dddE 93] A
22(Fig. 5d). thal 7FSEFE PNA e} fAke
o] EHAE AWk (Westem Hemisphere)
Z, Bu] Aol veptr] AlFsir Ag3E PNA

o
T

Helo] FAAt 3, Fig Sex Iy WA oS
o B3 1% HALE, FATdE oug Az
BT Holx ¢xuh AHTolE TAMe| Al melth
o]} T AMdE HIE AYTt o] A7l AEE]
7l SR 2 93 BE7A A&EE Yulsia
ogEo] EHAol dume FFo] HFE AFHG
(Fig. 5f). AUz off WA 5ol F3o] T8l
atar, WA o AR AEEHY.

Fig. 6= Fig. 59 FYa%, o H(He] 10D
s BARE [MAMO)E FA) 2 ohesl o
EE7A NAFDE EA] AEERE 200 hPa A 9.5
Bl ol 0D FAdEAe Ak o FAEAN
of vlak] A Ade] thald 95% A
Halke okl AEE Aol Faith. BE(Fig
6all= Holxelgle] &9 I=WA 2] g <
o] A=A QA o] WA} A& o E(Fig. 6b)
o] g ¢lo)t}. 71 (Fig. 6c)ellE 0-140°E(Q1 =)
Aol Axg Faom Lo IEHA} thH A

= A
s Z=
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Bl ALH(Fig edele A= FHEY
T 7he) 27198 AXt FREA molA g,
3 A HFig. 5d) k= 2l PNA €3t
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