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ABSTRACT

The present study documents Korean climate variability in relation to various
climate factors for improving operational long-range forecast. Since the dynamical
model has some limitations in predicting mid-latitude climate accurately, the
statistical analysis on the Korean climate will complement the weakness of the
climate prediction based on the dynamical model. In particular, statistical analysis
based on observational data facilitates more physically reliable interpretation of
the dynamical model results. Based on this background, the present study
investigates the statistical relationship of Korean climate with various climate factors,
such as El Nifio-Southern Oscillation (ENSO), snow cover extent (SCE), or large—scale
atmospheric circulations. Analyses are conducted on four specific subjects: 1)
monthly climate variability over Korea during different phases of ENSO evolution:
2) the effect of Eurasian snow cover variability in relation to warming trends and
Arctic Oscillation; 3) distinct mechanism of Korean surface temperature variability
during early and late summer; and 4) three types of warming over Korea based

on the atmospheric circulation pattern.

The first subject documents monthly temperature and precipitation anomalies
over Korea during different evolution phases of ENSO. The evolution process of
ENSO can be classified into two groups based on whether El Nifio turns into La
Nifia in the subsequent year. The first group involves the transition process from
El Nifio to La Nifia, while the second group shows prolonged El Nifio or neutral
conditions after the mature phase of El Nifio. Since the mid-latitude atmospheric

responses, as well as the equatorial heating anomalies for the two groups of ENSO,



differ from each other, the ENSO-related temperature and precipitation anomalies
over Korea are investigated separatedly for the two ENSO evolution groups. In
particular, this study focuses on the entire monthly evolution of the temperature

and precipitation over Korea during the different phases of ENSO.

The second subject is the two distinct modes of snow cover variability over Eurasia
and their impacts on the Korean climate. The first mode of Eurasian SCE represents
a seasonally asymmetric trend between spring and fall. The spring SCE shows
a decreasing trend, while the fall SCE, particularly in October, exhibits a clear
increasing trend. This seasonally asymmetric trend of SCE is closely linked to Arctic
sea ice decline accompanied by warming in the northern Eurasia. On the other
hand, the second mode of Eurasian SCE is closely related to Arctic Oscillation
(AO), which is a dominant mode of Northern Hemisphere atmospheric variability.
Detailed descriptions of the two distinct modes of Eurasian SCE and their impacts

on Korean temperature and precipitation are presented.

The third subject is the distinct mechanism of Korean surface air temperature
(SAT) variability during early and late summer. Korean SAT exhibits a distinguished
sub—seasonal variation, showing remarkable differences between early summer
(June) and late summer (July and August). The SAT variability during early summer
is significantly influenced by the global warming signal, while the contribution of
the global warming signal is insignificant during late summer. The residual variability
of the early summer, which is an independent component of the global warming
trend, is closely related to the atmospheric circulation over East Asia. However,
this structure does not originat from remote oceanic SST forcing. During the late
summer, the Korean SAT is dominantly regulated by the atmospheric variability
induced by the Pacific SST forcing.

The fourth subject is the classification of the warming event over Korea based



on the atmospheric circulation pattern. The three types of atmospheric circulation
patterns in relation to warming over Korea are identified as the wave type, Pacific
Japan (PJ) type, and North Pacific (NP) type. The intensity and duration of warming
over Korea are investigated for the three types of warming along with the large—scale
atmospheric and oceanic circulation patterns. These analyses will provide the

statistical basis for improving long-range forecast over Korea.
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1. M2

1. M2

et A7 H= AFS]-AAA &2 e 7HA] IJ]\
A Agol] gt o, A WA, A # oA
7} 7Fssit. SEuEte] A7dEe A 713 7] J-‘é]oﬂ A $8¥skal Ql=dl, =24
1M A 371 Ao £7T & ATHC7IAEGFHE, 713% 2015). 178
4 A9 BF FE 7N 7|23 AeE ]—0}—‘31] ol W EE 3t 4
24 71 AJAEGEAAE(Global Seasonal Forecast System version 5;
GloSea5) ¥ %ﬂﬂ%—cﬂ 7150E 2d A& AmE SHYoE BAsto] BAtETH
7MY AFY] B ;o] &3 vZ ERE 371 Rt 7|70l dis) dE 7|2
L e ;unoﬂ tisto] ettt 370d A9 11 Ay v R 7|19dS
249 d& ZJRE vieog AYAE | o] wj APEC Climate Center(APCC)olA A3
AFEl= Multi-Model Ensemble(MME) & 23 94| 9 A5=2 Z8Hc} 514
b 71%d& 2do] EAAQl 34|, & AAZA(boundary condition)ol9] WA
2 7 AE ARE 293 B Bd ] 28 3 o= Qlste] 53] -yt
7t 23 S AGollA= 59 HE/dolyt Hugto] =4 gthe.g., Kang et
al. 2004). wetA] HBE 2 F7|dE BAS Heiie 7|5dE 2] o 2
et A A TS AmoA UEhve SAXRl B4 SEEoR 18T Favt
AHAnderson et al. 1999).

2 oM fEuEr @ A7 Fee Fol 719E 5+ AT fEy
gt 7150 dF= VA= ot 713840 His el ARt #He 3
Aot gibHom fEUEt 7|50 I vAE VIF24EE Ed HE
ke /ZFUWKEL Nifio/La Nifia) A, Sd AHIBLY sied 2= 2 H7gs 4%,
webAlor tiEe] = S AH, =2 s AJH Sol Al FERl 7% 52 H8
Y 71HM = oSt 84ES AARICR FASIAL Utk By o2%t 71Fe
ag0] vt ¥ 72 A HEda Aes]| ouet s 7RI Sle
ER I EEER HHAYUEe] Fotel Hiside A7 AAER]D 24 A3t
SABHA Fom A 24 7IRE oE ik fiet A A ELL uhEof A ¢k
ot ojgfet Ha4S BigeR & AFolAE offie E2 Yl 7HA &4 FAE A%
SFAT.
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o]z tHe.g., Alexander et al, 2002; Larkin and Harrison, 2005).
AR H2 Ay A5-E04 ENSO7F -sorifofr A< 713 §is/gol wx= dFel o
AASIREY], A5 EH Wang et al.(2008)014+= AUk 4|E A7)0 EAJE]
B ofgd 17| I E Qlsf FotAot oF E=o] AstE = HAYESS AlAl
Shith E3F AUt et ASEol= oM oF A9 7Ro] A= = =
HltKWang et al., 2000). L2y o]&3F sobAlo} A HQ| URHAR] AP ¢
guetel 22 A2 29| 7% MsAdle F8EHA g A B T3
ENSO A= w9 ohE 7% ¥H& YUl 397 Boh wahs Hoh gt
ENSO9| 94 A dF= AR faliA= 78 ENSO Arle] thd/dE olalisto
of gttt ENSO9] thkde 34 Zx(amplitude), 37t F+X(spatial pattern), _L
217 23} IY(temporal evolution) & 1T ‘;th ], olol| ot FA=E ¥4
A 2T AR gE2EA Yeidth A 9, duke] 31t 2o w12
9] F4lo] g FHIB Il Aot THBY AUk}, SHEY Aot 5
‘:ﬂﬁé"ok AUz FF 5 As=dl, olo] wE Fuet 7|99 ¥4 o] A=
A vebdths A% A+ A7 AAEAHKug et al., 2010). 12 AA @
A 71F diSolA F85HA WtEl= ENSOS Xt g 8 vt 7|Fo)e] JF
o disiA= X}/\ﬂ& APAT7E A gk wEbA, & AFRolA= ENSO2
235}t ol g Syt 7123 A s 5400 diste] 45k olE Hsh
7k ENSO A& X3t o webs F I1Fo= /6=, A HWH dE2
Ay A o] th3sfo] BUuz Hol== g}t s Hol=
I, F A 252 Y T olF tEdlo SEAdE Ee ASKAH e‘%l %EH
7F UEiue AHIES =3kt A vid 159 A4k AHElE, S

ol

e
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1. M2

Aolel= Afolle 1 ol 7 Sy AEi7E ASF 02 Y= 4] Sl
o|9} o] Y9 A dyk® HolHde SEAREY SYY AHZ A&EH=
EAE B2 A A+S0] AASHHHOba and Ueda, 2009; Ohba et al., 2010;
Okumura and Deser, 2010; Dommenget et al., 2013). 2k, A WA 159 7
% Ay T (Yearl), Y Holdf(Year2), 123 2k A&8f(Yeard)=
A=, F A4 159 AF Ay FIdf(Yearl), 181 S8 E= dUk
A&l (Year2)= =0 2 23t 8 Sequet 7|23 9] 40 st
A E3E, A IS AR Wig 5A £43 9 APCC MMEQ] 159
ENSO 3} ¥ H 0] g eyt 715 E40] tigt dl& 5 B7H %
Skt
A FAIRD oL = EY9] B8 AR it - 1o 9F= HIA
HE=Xo]| J3krS u|XtBarnett et al., 1988, 1989). A& SH, A3
AolX= FEHAIoL = BT E o <9 #el/d(Hhan and Shukla, 1970),
£ Aee] A (Cohen et al., 2012), I3l FOoFAo} ofF ELvko] HHA]
(Liu and Yanai 2002) & Hge 715848 FefAor & Hl WHEAHY H4S
AASEA. FE FERE A 243t AS7F YERaL of2fjt 2ust Ao siHe]
HHe] 2goz A EF] SAHANM & A5l Uehdthe.g. Serreze and
Francis 2000). °]2{3t 238t Fge] wet falzs ferlo Y = B9 Ha
5= 2AIE YePdtHDery and Brown 2007; Hassol 2004; Ye and Ellioson
2003). SHA9E o|et Al Al-37HA o R mle 553 EAS Hol=d|, o
Aol W2 10¥€9] FEHAo & B9 238 sojue= FAIE Ellda it
(Bulygina et al., 2011, 2009; Cohen et al., 2012; Ghatak et al. 2010). A4+ &
H3} AJgollAl ol=et = 99 Sk ATARQl Al ofius= EACE o]t
A= olsfistr] AsiM= Al &40l Lasitt. I, FEAor = HY #EAdT
7P BHsH BE] e t7] ¥s Bi= B AS(Arctic Oscillation; AO)
o|tiAllen and Zender 2011; Bamzai 2003; Cohen et al., 2007; Saito and
Cohen, 2003). & €%, Cohen et al.2007)2 7FZ2 FEA oY &= EY9 &
7he A 340 AE B9l Fl UEs AEE AC HHIE 29 e E f=st
ol& FOoMot A 7|2 s A= U= 22 AABHRT. weEhA

J_l %E o =2 1 -
2 AN E RO = Hel die Al 242 S8 2det Aot dE
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W59 AS g A e 2= WEddt U
o} weEbA B doflde SEjvet 6¥ 712 WS 2ust Alset ARd AETt
71 ZHresidual) HwE0 = o] ZHZe] Ao diste] BAsk, 7
ST #HE divtE <8 Ao tiste] EAsiqitt.

o A B FAE Sl G H6Y ~8Y) 1 A BF W 1 54 24
otk Seluet of2d T BYL gAR SRt 4B WP «BOIUS
o Wrslo] 9 v et olefdt WY1 £Be t /T HHET B
so] J4E 5 it g W FE el 4E Pejol A slele 1% +
3 g AejEer Ae] o WEol fEE 1/IMY £8, Jeln 48d 2
B 1% AAL) A3 % B4 Y YRR 70T WY £ BR
T 4 9ok # ATOIAE 9] Al A ] &8 fEg vigos S 18
A BHIRT T 40l thstel EAjstc,

o] HIHE 919 o] A B4 FAll thet A et 3 A g7IolEel]
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2, O+ Xtz § UH
21 ¥ Xz

2 Ao E 71-00A Alsshe 719 E40] 7Fset vt 4570 B
o] 19799FH 201597k 7|23t A4 ARE ARSIt € ARt 5¢Y ¥
(pentad) At=E ARESICH, 32+ Uil S S5to] 0.1°x0.1°= AA3} 5f
o} 457] #= A- 9] AARE JEE Fig. 2.10] YeERHA Euet 7159k A A
T 2] B AR s ARSRE A A A4 A= National
Centers for Environmental Prediction/Department of Energy(NCEP/DOE)
reanlaysis 2(Kanamitsu et al., 2002)°]t}. o] A=RoAE A9 1%, dfH 7|,
Hhe, g<(heat flux) 59 t7] AR5E ARSI AeAtae T2 94 #S
725 7|22 3t Global Precipitation Climatology Project(GPCP)(Huffman et
al., 2009) A=E ol&st3lem di+H 2k AE+= Extended Reconstruction
sea surface temperature(SST) version 3(ERSST. v3)(Smith et al., 2008)& A&
sttt 59 HiHpentad) SST A&E Optimum Interpolation SST(OISST)

(Reynolds et al., 2002)& Ar&stArt. 3HH, & ¥ A== National Oceanic

)
4w

ol
0 F

and Atmospheric Administration (NOAA)O|A Al5ok= snow chart climate data
record (Robinson et al., 2012)& AR&st3on, E= dHIXlE+= Furopean
Centre for Medium-range Weather Forecasts (Dee et al., 2011)°4] A|l55h=
ERA-interim &4 A=5E ARSI
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Figure 2.1 Distribution of the 45 stations used in the present study

APCC MMEY] ¢l& 452 H7I5H7] 9ot 672 Coupled Global Circulation
Model(CGCM)®] Zoigt MMES] Histe] &A5it o] Kol JE = Table 1]
sttt 678 ZE9] 384 hindcast 7172 1983WRE 2010909, & A+l
Ae 1712 APAZe] st hindcast Akzo] thoto] EASIRATE ESE simple
composite method(SCM)E A-83t MME Z3tof| tfsto] EA513ct.

Table 1 Brief description of model configuration used in this study
Institute . Ensemble

(model name) Resolution member Reference
APCC (APCC-CCSM3) T85L.26 10 Jeong et al. (2008)
BoM (POAMA) T47L17 33 Cottrill et al. (2013)
MSC (CANCMB) T63L31 10 _

Merryfield et al. (2013)

MSC (CANCM4) T63L31 10
NASA (GMAO) 288x181L72 9 Ham et al. (2012)

NCEP (NCEP-CFSv2) T62L64 20 Saha et al. (2006)
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2 A= BFe SAAR 4
A A A FARl ENSO9] Z13E 7o
Ak d] WA A FAIQD fEuet &4
(composite analysis)& Z-&stct. o] W A F994 ASL Student's
t-testE HI'YOE FoYStict HH, Syt ol FE 9
e gHEZQl FAAE 49 Empirical Orthogonal Function(EOF)2F 39 &
(regression analysis)& 283t FEHAoF A & HY M2 4571 9
siA 715 WEge 714 B dEE 7MEske Cyclostaionary EOF(CSEOF)
(Kim and North, 1997) 42 Z-&5I3itt. CSEOF £4Z f2HAloF & H A=
o] &-8sh4, loading vector®} 1°f| A+36H= principal component(PC)Z o]
A=), o] ol A3} & nested period WollA loading vector’} HEsH= EAS
Epdict. o] AolA= nested periodE 127HE=E H-8sto] 1€958EH 12¥€9714] 5
Alot &= 99 WHEAo] shte] g YAl T AIRF HEAo] PC AIAIES S5l
YERUA Hrt
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3. ENSO2| Zlst 2Pg0f| ME oLt €E 7=t 4+ EY

3.1 ENSO it Fgof| tigt ==

£ AFolAE Nifio 3.4 Z9(170°W-120°W, 5°S-5°N ¥ He si4H 2%
HZP7F +0.5°C o] BFE Iy =, -0.5°C o5kl BL-E =y AHl=
183 -0.5°ColA +0.5°C AolE T AHIE sttt ol n=9] dY 7
9l National Oceanic and Atmospheric Administration®] 7|53} YA|sk= Zlo]c}.
olF B =® WA FHI AHONA Ykt ESH] A& SiE Ay T
Si= AAstltt. 1979ERE 20159714 & 379 5 1071 si7F Ay HEsiz A

e o] F o dfoll Ud AHiE dold sie & 671 si(1982, 1994,
1997, 2004, 2006, 2009)°12, th& ol $9 et AU A7t A&== sie
47 3f(1986, 1991, 2002, 2014)°lct. &3], Sk A= HolH 2] A9 dA=
olgfgt Uk et thadll 7] fAH= EXo] yehdth &, 10709 Iy &
2 e R o U oo mEt 9o F2 F OFCE e 4 Slth

T+ 1159 Nifio 3.4 A|4=9] & g} IS Fig. 3.101 Uitk A §14 1
52 2945 99 wigo], + ¥4 152 23E oil ide] uErdielth JAes
YeRH Aol 2t Akl 73l 3Hgolal, w2 AAos Yehd Zo] o|529] o A
oty A WA 1152 A% Yk W FJE Yearl O &, FHYLf Ho| S|E Year2=,
J2]3 Uy 24 S Yeard & BASIYH 3HH, £ WA 189 4¢ Ay
gt S E YearlO 2, 29 38 = dYk A& 5 Year2® HAISIYT 1
oA &l & 4= lxel A ¥ 1579 dykrt diAE + WA &0 &3 dY
RO A7) A g F=rF IA yehdt &, A HA 159 Yearl 1299 3
T Nifio 3.4 A9 g2 1.6°C Q1 ¥hd, &= 9A J52 49 1.1°Ce diAlz ot
Fro dYkrt F WA IF0 £E] Uk o] d¥te dubFo® Aot
AYkoA Fzo] Hol7t FHsHA Uetdties A3 A+ Axet AR
(Ohba and Ueda, 2009; Okumura and Deser, 2010).

g[j

@

A WA 2FNH, AUt Yearl®l 12970 A7)z wasta g@Hoe o
S8(Year2) olSEEH ik At Uehbs] AR Year2d] 4



3. ENSO9| Ziat 0] M2 2t g8 72t 24 54

1995, 1998, 2005, 2007 ool 1988o] F7t=2 ZEFHHTE ol= 1987d0] Ay
o7} ofd &= Yearlols EAEA] EoHAITE 1988W2 Yol A Lk
29] Ho|7} Yt sfolBg ZFAIFH. Year29] 77 9] EAS &A% A
200592 AlQlgt 671 (1984, 1989, 1996, 1999, 2008, 2011)= E5F 1 the df
(Year3)7HA] 2y Aei7F A&4 0= Yepdth. Year 39 2y XIst i8S A
Hi, & og80e iy Zert oAtz oA 7R - AL Eol| 1 B=7t 43
Aok B3t 7P A= AR Al Y] Ay AR, & 1982/83, 1997/98, @Al
2009/10 ¥y o]Foll= g AEi7t 29 ol AEHCE UEyitt 0|9}k o],
A AR T1EA Yeh= ENSO9 sty Ay k-2 Hojof glo] BItA
‘d(asymmetry) &, AUkoA YRS HMol7t 1 wit| Ho] Bt} § UsiA
Uehts 542 EQItHOhba and Ueda, 2009; Ohba et al., 2010; Okumura and
Deser, 2010; Dommenget et al., 2013).

ARG 2L AJeio] tiet 79k Hiales go] olFoif o, A5 dyk
JHiell Hiet dd7s AHiEeR & ojRof|A] ditt. HEAer A A&
Ay Al 1990 zxtol| Yehd Aler 7P #HZe] Ayl 2015/16 24
kb sl 201485 ot AUk A7 A&EH o R YEd AFE S 5 A
o 22 AEAR Ay AHE2 & AFolM F ¥4 IFor EREHIL
ofg AE=(1986-1987, 1991-1992, 2002-2003, 2014-2015)°1ct. & WA 159
Year39| 73 S AEs)(1988), SHM(1993), T2 Ay TE3H(2004) &
540 EAZ YA 7] 2ol Yearl® Year2 ¥h& 1E5IQich IHofA
gl o= o] + WA I £ Ay ARE2 dAzE S H=e s

UehRT 218k 3ol ol 7F AR B 2 trehde

o

. O
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GROUP1—Nino3.4

; 1982~1984(3yr
4T 1988~1989(2yr) A
—1994~1996(3yr) : Ny
1997~1999(3yr) : Mo 57N
— :2004~2005(2yr) : v
24 2006~2008(3yr) : ¥ e

2009~2011(3yr) & e s

e
JAN APR JUL OCT JAN APR JUL OCT JAN APR JUL _OCT
| Year1 | Year2 | Year3 |

GROUP2—Nino3.4

1986~1987(2yr)
—1991~1992$2yr :

—— 200242003
-2 201442015
——AVG :
JAN APR JUL OCT JAN APR JUL OCT
| Year1 | Year2

2yr)
2yr)- -

Figure 3.1 Evolution of the Nifio 3.4 index for the composite of the first (upper panel) and second
(bottom panel) group (black solid line) along with the index for individual years (colored dotted line)
that comprise the composites.
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Figure 3.2 Composite map of sea surface temperature (SST; shading) and 850-hPa geopotential
height (contour) anomalies averaged over 5°S-5°N for the a) first and b) second group.
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Figure 3.3  Same map as in Figure 3.2 but for the precipitation (shading) and zonal wind (contour)
anomalies
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Figure 3.4  Longitude-time cross section of SST and 850-hPa geopotential height averaged over
5°S-5°N for individual ENSO developing year.
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Monthly Correlation Coefficient (1979—-2015)
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Figure 3.5 Correlation coefficient between the monthly Nifio 3.4 index and a)Korean temperature
and b)precipitation anomalies averaged over 45-station. The statistically significant values at 80%
confidence level are denoted as the dark bars and those at 90% confidence level are indicated by
the overlaid diagonal lines
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Figure 3.6 Composite anomalies for the monthly a) air temperature and b) precipitation over
Korea during the three evolution years of the first group. Statistically significant composite anomalies
at 80% confidence level are indicated by dark color shading, while those at 90% confidence level
are indicated by the overlaid diagonal lines
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Figure 3.7  Composite map of SST, precipitation, geopotential height, and wind anomalies at
850-hPa along with the air temperature and precipitation over Korea for November of Year2 and
Year3 of first group. The statistically significant at 95% level is indicated by gray lines
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Figure 3.8  Same figure as in Fig. 3.6 but for the second group
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Figure 3.9  Same figure as in Fig. 3.7 but for the Year1 of a) first group and b) second group
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Figure 3.10  Same figure as in Fig. 3.1 but for the MME predicted SST anomalies at 1-month lead
time during the period of 1983 ~2010
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Figure 3.11  Same figure as in Fig. 3.6 but for the MME predicted 2m air temperature and
precipitation averaged over 125°E-130°E and 34°N-38°N
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Figure 4.1  a) The loading vector and b) the corresponding PC time series for the first CSEQF
mode of Eurasian snow cover extent(SCE) anomalies. The red and blue contours in a) depict the
location of 10 and 90% SCE in the seasonal cycle. The blue line in b) indicates linear trend of the

PC time series
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and sea ice concentration (SIC, contour) anomalies corresponding to the first CSEOF mode of SCE
anomaly. Contours interval of anomalous SIC is 3%. b) Same as in a) but for the 3-month averages
of SCE anomaly
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Figure 4.4 a) Regression map of vertically integrated (from surface to 300-hPa) moisture
transport (specific humidity multiplied by zonal and meridional winds; vector) and vertical moisture
flux (convergence and divergence; shading) anomalies in September and October corresponding to
the first CSEOF mode of SCE. Positive (negative) flux denotes moisture divergence (convergence).
b) Regression map of the precipitation anomaly in September and October for the first CSEOF mode
of SCE
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Figure 45  a~c) Regression map of 2-m air temperature (shading) and 850-hPa geopotential
height (contour) during November to January. d ~f) Regression may of the precipitation (shading)
and 850~-hPa geopotential height (contour) during June to August
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indicates =12 month moving averaged monthly AO index. The PC time series and the AO index are
normalized.
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August. The time series of the 45-station averaged surface air temperature anomalies in: d) June,
e)July, and f)August. The superimposed red line indicates the linear trend of the time series. It should
be noted that the vertical scales are different for June and July/August
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Figure 5.2  a) The spatial pattern and the b) corresponding principal component (PC) time series
of the leading EOF of the air temperature at 1000-hPa during June. ¢) The global air temperature
anomaly at 1000-hPa during June
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Figure 5.3 a) Residual time series of the Korean temperature (black bar) and the Korean
temperature time series in June (blue line). b) Air temperature anomaly at 1000-hPa and c) the SST
regressed onto the residual time series in June. The thick contours in Fig. 5.3b present the two
centers of dipole structure
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Figure 5.4  Gepotential height anomalies at 850-hPa regressed onto the residual time series
during June. The dots indicate the region where the anomalies are significant at a 95% confidence
level. The thick contours present the two low- and high— pressure anomaly, which affect the Korean
SAT variation
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Figure 5.5  a) The net radiation flux and b) turbulent heat flux anomalies regressed onto the
residual time series. The advection of mean temperature by anomalous zonal and meridional wind
is presented in ¢) and e), respectively and the advection of anomalous temperature by mean zonal
and meridional wind is presented in d) and f), respectively. The contour lines denote the regressed
850-hPa air temperature anomaly and vectors denote 850-hPa wind anomaly onto residual variability
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Figure 5.6  The a) first, b) second, and ¢) third mode of the EOF spatial and temporal patterns
for the July-August averaged air temperature anomaly at 1000-hPa. The Korean temperature time
series (blue line) is most highly correlated with the third EOF mode. The thick contours in Fig. 7c
present the two centers dipole structure
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Figure 5.7 The a) SST and b) geopotential height at 850-hPa regressed onto the EOF PC3 for
July-August. The dots indicate the region where the anomalies are significant at a 95% confidence
level.
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Figure 5.8  The same figure as in Fig. 5.6 but for the regression onto the EOF3 PC of late summer
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Figure 6.1  Time series of the Korean temperature from pentad 31(5/31 ~ 6/4) to pentad 49(8/29
~9/2) during the period of 1979 to 2014. The red squares indicate above 1 standard deviation of
each time series.
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Figure 6.2  The area for defining a)wave index, b)PJ index, and c)NP index. The definition of each
index is described in the text
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Figure 6.3

Composite anomalies of 500-hPa geopotential height for three types of warming. The

dots indicate the region where the anomalies are significant at a 95% confidence level
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Figure 6.4  (left panel) The occurrence frequency(%) of three type of warming during pentad 31 ~
49 (5/31 ~8/29). (right panel) The occurrence frequency(%) of three type of warming during 1979 ~ 2014.
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Figure 6.5  Composite anomalies of Korean surface temperature for three types of warming. The
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type(blue ling), and NP type(red line).
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