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Executive Summary

Due to climate change caused by global warming, extreme climate events are occurring
more frequently and more intensely around the world. For coping with the climate change,
the importance of climate prediction information is increasing. Therefore, the APEC Climate
Center (APCC) has been working on improving long-term climate forecasts that the public
can feel directly, with a focus on monitoring, analyzing, and predicting extreme climate
events, as part of a six-phase (2022-2024) APCC climate information service and research
development project that has been performed over a three-year period and aimed to
contribute to enhancing the reliability of observation-based climate predictions. In the first
year (2022) of the six-phase project, we analyzed climate factors that have recently gained
increased importance, such as the South Asian High system during the summer and the North
Atlantic Oscillation (NAO) in the spring. It was found that when the NAO is in a positive
phase, South Korea experiences higher temperatures in connection with the sea surface
temperature anomalies in the central Pacific. Conversely, in the negative phase, the Barents
Sea ice conditions are linked to colder temperatures. Furthermore, the expansion mode of the
South Asian monsoon system in the summer corresponds with low-pressure systems over the
Korean Peninsula, which is associated with lower temperatures and positive precipitation
anomalies. The north-south mode of the South Asian High system is linked to higher
temperatures in South Korea. Additionally, we analyzed the possible change in flood risks and
typhoon for the Korean Peninsula due to future climate change, concluding that extreme
rainfall intensity will increase, and stronger typhoons impacting the Korean Peninsula will
become more frequent due to global warming. Moreover, improvements were made to the
Climate Analysis System (CAS), including the development of an automatic monitoring and
forecasting system for prediction discussions, as well as the display of climate predictor and
composite fields for climate analysis.

In the second year (2023) of the 6-phase project, the goal was to develop techniques
for optimally utilizing various monitoring and analysis information to support seasonal
forecasts. To achieve this, we first proposed ways to improve the usefulness and predictive
skills of key predictors during the summer. Specifically, it was found that by monitoring the
South Asian Monsoon Index in June when the European Z500 index in March is positive, and
monitoring snow conditions in Central Asia in April and sea surface temperature (SST)
anomalies in the Gulf of Mexico in June when the index shows negative values, can help
improve the accuracy of temperature forecasts for the Korean Peninsula in July. Similarly, by
monitoring the South Asian Monsoon Index in June when the positive phase of the tropical
SST tri-pole index in April is observed, and tracking the negative tropical SST tri-pole
conditions in Maywhen in the negative phase, it was shown that we can improve the



reliability of July temperature forecasts. We also analyzed to improve the utilization of the
North Pacific Oscillation (NPO) atmospheric variability mode, which affects winter
temperatures in South Korea. It was found that the high-pressure anomalies over the Korean
Peninsula related to the NPO in December continue through January, influencing the January
temperatures. Notably, the skills of temperature forecasts increased when the NPO was
combined with ENSO (El Nifio-Southern Oscillation) predictor. Additionally, as in the first year,
the project carried out scientific analyses of climatic issues under future climate change, such
as renewable energy generation potential and extreme droughts. Under high-carbon scenarios,
the solar energy generation potential showed significant decreases during spring and winter
and also wind energy potential decreased significantly during spring and autumn. The future
changes in drought indices for South Korea indicated that drought conditions would worsen in
the spring and autumn, especially in the autumn and under high-carbon scenarios, compared
to the spring and low-carbon scenarios. Finally, improvements to the CAS were made,
enhancing user convenience, as well as expanding composite analysis. These enhancements
increased the speed and efficiency of monitoring and analysis tasks.

In the third year (2024) of the project, it is aimed to further advance the optimal
utilization techniques for monitoring and analysis information to better cope with extreme
climate events. In the study on developing new predictors for Atlantic and mid-latitude wave
propagation, predictors for January temperatures in Korea were identified and their dynamic
processes analyzed. All potential predictors were closely linked to NAO-like patterns in
December, with the most reliable being the average geopotential height anomalies at 500 hPa
over Europe and the Baikal region. When both anomalies were below average, a negative
NAO pattern developed over the North Atlantic, inducing upper-level negative anomalies over
Europe and the Baikal region through wave propagation. Simultaneously, Siberia experienced
negative MSLP anomalies, lower surface temperatures, and increased snowfall. These
conditions led to the development of the Siberian high, causing below-normal temperatures
from the Baikal region to Korea in early January. An analysis of early and late January
temperatures revealed that these periods are influenced by distinct climate factors. The
predictors related to mid-latitude wave propagation identified in this study primarily affect
early January temperatures. Considering the correlation between early January temperatures
and the overall January average temperatures, these predictors are particularly effective
when forecasting below-normal January conditions. To apply these 1-month lead predictors in
operational forecasting, a method combining reanalysis data with sub-seasonal prediction
model outputs is proposed. This approach is expected to enhance the practical applicability of
the identified predictors in forecasting operations.

A significant lead-lag relationship is found between the western Indian Ocean (WIO) SST
anomalies in December and precipitation anomalies over South Korea in January. The
December WIO SST anomalies are responsible for positive precipitation anomalies over South
Korea that peak in January, exhibiting a 1-month leading role. The December WIO SST



anomalies effectively drive the precipitation anomalies in the tropical eastern Indian Ocean,
which do persist and strengthen into January. Then, the upper-level anticyclonic anomalies
located in the Arabian Sea as a result of Gill-type response favor the enhancement of the
Rossby wave train that propagate poleward from this region into East Asia. The resultant
anticyclonic anomalies in East Asia tend to modulate the precipitation anomalies over South
Korea in January. Therefore, the December WIO SST index as a precursor may help us to
better understand and predict the precipitation variability over South Korea in January with
1-month lag.

In a study that suggested how tropical Pacific convection activities in autumn can be
used to predict the south Korean temperatures in winter, new predictors were discovered to
predict temperatures in the middle and late of winter when predictors are insufficient, and
furthermore, a method was proposed to increase the predictive skill and utilization of the
discovered predictors. First, from the SVD analysis that was performed on the precipitation
anomalies in the tropical Pacific Ocean in autumn and the winter temperature anomalies in
Korea, a TSPM (Tropical South Pacific Mode) in autumn were defined as a predictor for the
prediction of temperature in winter. A dynamical process and schematic diagram of the effect
of TSPM in autumn on temperature in mid to late winter over South Korea were presented
through performing a series of composite analysis. In addition, the analysis of the relationship
with the October MJO showed that the utilization of TSPM predictors could be increased, and
the anomalous sea surface temperatures in the central Pacific Ocean in October could be
used to increase predictive skills in forecasting warmer-than-normal temperatures in winter.
Moreover, in order to analyze the impact of convective activity in the tropical Pacific Ocean
on winter precipitation in South Korea, the K-means cluster analysis was performed and
atmospheric circulation characteristics were analyzed based on the events included in each
cluster. In other words, one of the two clusters of positive and negative precipitation events
is characterized by strong convective activity in the tropical northwest Pacific Ocean, which
affects the lower-level atmospheric circulation pattern around the Korean Peninsula,
influencing south Korean precipitation changes, and the other is characterized by the
weakening of the intensity of the tropical Pacific convective activity in autumn as winter
approaches, and the influence of mid-latitude wave propagation is more predominant.

In the study of the projection of the extreme climate events under future global
warming, we analyzes the future changes in winter temperature drops on the Korean
Peninsula using high-resolution climate change scenario data for East Asia. Sudden Daily
Temperature Drop (SDTD) events are a major extreme weather phenomenon in Korea's
winter climate, reflecting the sensitivity to climate change and providing important information
for understanding climate variability. Using reanalysis data, SDTD event days were selected,
and the frequency of occurrences and composite patterns of climate variables for each
winter month over the historical period were compared. Based on the observational period
analysis, a frequency analysis of SDTD events for the same period was conducted using 3
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models in CORDEX-EA historical experiment. The results showed that SDTD events were
most frequent in December and least frequent in February. In future climate projections
under both SSP126 and SSP585 scenarios, the frequency of these events decreases in
December and January, while the frequency in February increases. Through the analysis of
the composite patterns of climate variables, changes in the East Asian winter monsoon index
and Siberian high-pressure index, and correlations with winter temperatures in Korea, this
study deepens the understanding of climate change and provides crucial baseline data for
predicting future changes in extreme weather events such as SDTD events.

Finally, due to the increasing frequency of extreme weather events worldwide, the need
for rapid climate monitoring systems has grown significantly. Continuous monitoring of
intensifying extreme weather phenomena across the globe has become essential to minimize
property damage and loss of life. This has underscored the importance of collecting
up-to-date observational data and establishing a systematic climate monitoring framework. To
ensure stable operation and improvement of these systems, observational data provided by
NCEP and the Meteorological Administration have been validated, and previously inconvenient
climate monitoring and analysis services have been enhanced. The climate monitoring service
now offers the latest information on various climate variables, while the climate analysis
service synthesizes data, provides time-series analysis results, and standardizes data collection
systems for rapid response to abnormal weather events. To facilitate the swift delivery of
monitoring results, features such as automated generation of predictive indicators, information
provision systems, and time-series-based synthetic information tools have been developed. For
monthly forecasting discussions, the system automatically calculates relevant climate factors
and provides guidance on their utilization, significantly improving operational efficiency.



AF2dstel o3 7153 wjZo AFE A o)A 7IFr B A, o s 24
skl 9o, olgt Ze V|FHE} S fEA FART V% dF JHe Fadol ¥ F
7bata k. ZelBE APCCE AlFEAUE 7IFdES At 69A(2022-2024') ofef 7]+
AR Aul2 g AF N ARGlA o]V E A, B EH dEFE FARE FHlo] AT &
A o 71F A7) dE Aujx e Ve ExE 3d 59 AT A AR Az
(2022 )N A HT Q=7 27138 7% QAE[dE3 JolAel 7]A, B3 NAOWNorth
Atlantic Oscillation)]& #2413t th NAOZE 9] H4Y o FEHRY dod 25 #Hal, 59
A4 o vl = Sy A3 wel uEts 1R 3 Ao YEES BYN, 45H ¢
ofrjo} ZIQtAle]l SRR EE FHIE A7|YAE sFo] UERY A2 ko] FeHatet #Y
o] Qla1, golAol Z|StAe] i REe fEuvet 13 #do] S EAuh =3 v
Z|FHsle M2 34 PR k= I HET AWS A4Sk, AFds) i 5%
Ao AEE AAI, Nz JEFS vX s Ze HFol SUHE Aol &

023D A 1370Y A A4 LS % e AAEA An
E2 WA o8A FL AZUAA] B L AZH AH FAE A
stk %, 4ol 39 48 Z500 Axkel AP 699 PolAol Be A5E, 1m0

$ 49 FTFolAlotel] e T3 6¢€ A ZTEe] SST(Sea Surface Temperature)S
] B

)
i
o -
1

QA7] oFel el B 6] WotAor B AFE, &0 A Fpol

2} o= =549 &
o] & SST A=FA7F fAE = AS A 79 712 dF AFIRE =Y F e o=z
vebgth =3 NPONorth Pacific Oscillation) 7] W% 2= ALHd ¢gvet 7

1

<= "AE gy FEEeke B4ski=t, 124 NPO @4 k= a7)9f WX

A fAH 19 Selue el G FE Aow BAHAT 53 ENSO dZixe @
A AET A AZAel FhE & Uee BT =R IREE oo FAH v 7]
Fo] we =FuA B Hetd Ar AEelA AMAEA) e Ao dhF FekH
24 FASAT B BH GARe nee Adeleds BT AL fo8 e
£ BT, 29T T 2R AABL nos AuTes] B §98 4aE Y
oo ER U Ao hE e A% vl WsE BASEY, 2Y L 4eE R
of ABH 1, 53 BHRT /H2H, AB2RTY TEE AV edA stEe] o A st
Aoz AYsgnh. mpAvos T 2 22 Axde ASA WY T FHF A
o) S9 CASS Aplz AL APste] A B BA PRe] AR TEHL ZAZ
o

B A U BEE o ANF BeS AT BARA JB H2 B8 1wl



o 1=
fr 2
&
2
D~
|
—o
AL
T
i)
—
e
N,
rfo
2
AN
filo
o
e
iv)
oY
o
>
=Y
ey
AN
rO
by
i
2
o
gﬂ
=
.
2
£
o
o

o
off
2
H

. Ll
b

o 4o =

r o
>
ul
}—A
o
>
(L
9

o) Aseke] WEAD BAR SUuete] AW AFAA MY Gty ANE B
AuE AN AP A7 FASAG EAe) AL o) SR A

Uit $euete] 129 71est 4% d34e] wAW 19t wol, $uete 19 /%2
dZshE 2 olewol gtk I 8] AR a2 Aol tF BaHel F7sm 9
1, 53 4n) A= WA GFol & LA UA 2o A ATV} Wasih & ATl
A AAE 129 AAEG AFRLE AFE & & A5 Selvete] 19 24 F7bel

7Hed dY BB G dRgeses Al 715 A5 28T F e WEe AAE I
NAE dEFAA7E 53 Ad F/F0 712 A5 S8 HER dSFAAE E2sgen,
O yop7bA dtad o Sdatke] A543 FEAS wole UtkE AN |
o Efg el A A wAkel Aed et 712 ate] thste] SVD 248 Fdste], Aed
712 d&Fe A7 7HeE TSPM A SQAAE Aostdion, 48 &42 FlA 7= TSPM
of Aed T 2ol vA= A ey B R EE A AT ok 104
MJO<te] BA &4 < = o
- AFoNA dSAE =] Al 108 T HBY s =
Ao a9, Ad 4
B MR B2 F

o= T M

a ne Ae S st
K-means &% #4¢ Fastgor, 2t TR T oMESE Mo Urled 54

- vii -



ool A

o

x|

A‘]Eﬂ_\l

=

[e=]
Eﬂ]]ﬂ

A

-

ot

o

o
o4 oo B
= <0 UL,HOL.
o wo]w?}%ay
LT s5 s
X }Aﬁ]eﬁeotim_i ST
B OHT&IEL]U% omL_ETIJWOLL
52 a;ryg 10720
wrgaum_ o %mo_/iwrim“_ T o ®
i :_oﬂ T w_ammmauawo_eﬂu%v zﬁmﬁx]ﬁﬂnna
of LWL@HTEAﬁXLmﬂo&Fwﬂ Wi_u_ﬁlmﬂ7i.et1r
= Mm,.uo}af7m o ﬂyzo_jfﬁ T
N o E.__LHHV,_H]A__L% ]_a‘_}ﬂGMH@ﬁL X
H _,Tlﬂo_1raa7z1@|ﬂ1r __oT_z__' Au_lm__oﬂujl :LWL
~o ol,_o,_ ol _#op.__,_]ﬂ n ﬂh7A = = =
7 ﬂﬁ@%%émRQﬂly %w¢4qmﬂm7%
9 Al 7o.§ﬂ%__ﬂ,_ o az_ooﬂ%e_e — X0 mmo ,A_u_&o jvlr_z_lﬂﬂ
50 Mo = oLolyh‘UF %E_dﬂ 7,A_5E H_I‘|O]X
i) s me_eéw174ﬂﬁo@ L,@EOIMA7%O_EW
= % mo@7io€%oﬁeAE#o§ %Wﬁr@@%%ﬂr%ﬁ
ﬂi @UMm%ﬁWowM%umeﬂW dwéiﬂio,ﬂuzﬁw
wao_a mmo%:_.__o,_mlrnw_.u,wbimoﬂ,_ ﬂu.?%“%@ﬂoﬂi
T B e g o T 2 iy 15ﬂuo_fi
wur ﬁon_%zom_%mu_xlﬂﬂ%uo L_Lmﬂmugdar:uqo@
o . j.mﬂzlﬂ}] imﬂr B i]ézﬁmﬂ }ﬂhm]_m
P N = & 3 %ap& _xﬁqmo ﬂaExxox.
N T N oS g T = ok = LH_E B W o+
< L}mﬂk7o_ao¢ﬂ1 or%é ﬂ%i% _nanutﬁ_aae
J)) ok o mum_ foh o iy oK = s N NN ™ o 1@ 5%
y lﬁ_ahlﬂﬁléﬂx .__,_%EA X° er.ﬁru%@_ oKW
=T 7lﬂ§4}q€o€ﬂ,m S T lloﬂﬂm
o Edlj.o LH];o Aq X X ] MMz_o&lﬂL =
- p &R an_a T o & %_ﬁz. X ne g ™ ¢ Na: o
b ﬂ%ozog}mﬂ__of;aﬂ T i qulL %E_EJlﬂOM
ﬂ;s ]oﬁlﬂo;o»] ‘mﬂ_u__/lu_x_ﬂo,l;_l FMV._oLﬂﬂuu 1y|A_om {
® T & Eomor7%£El% #Mm}urjofﬁmﬁAﬁT
oo ﬂ%ﬂ@@@ﬂﬂ o e o Huﬂmlﬂacn,%m
X o s o ia_gﬂﬂE =N ® 3 ﬂi% W
B ?hﬂ?%] mﬂgmo%# T _ - %E@#ﬁbma
= ﬂx%ﬂg_ygﬁﬁghﬂ% _amilﬂﬁobe%%
P B ol ﬂ&uoﬂ W X T @H%w dr%_s Y
B u:wﬂ@mmﬂra._ﬂau o) ufm]aﬂo U w %ﬁﬂb.ﬂ
m.oE mUer_vﬂ_Wq_ouPlNawxlﬂovau E._Wl_nx_uuqmﬁ%%ﬂﬂrxﬁvwﬁ
T % lﬂ}wﬂowA@%%@}% o_OMmM%MM\Lﬁ%_E
) ﬂﬂ% it Eﬂnﬂuaaoﬂﬂr Wﬁﬂjmoau.aﬂuural_ax@
F i %%E_u_onkb__fﬂz;o T 5 Mﬂao}ﬂLﬂ%
= Nlo ok oﬁaﬂ]mﬂ_rm&lﬂl_ma“]] z_ﬂﬂ Jl;o ALdl,
ﬂ@@ mmol%ﬂs Wﬁ EO&MW%MQ%LW
SRR cmzmolffﬂge m_owﬂnﬂumu:#%ki
_qor,l ,d7ﬂ1E ST R EEP__oo_
,m.]iz BE X _ i [l o
_u_,_dﬂzTyte_E_z,_ ﬂ_rymoEoWﬂ7ﬂA|nn1xrAlo
Do M%Voﬂdr.:%ﬁg_ﬂ
JE,AODL@ML _z_ﬁﬂuoi
P LulElréaﬂ
70‘_C;¢m_a !
Nn_AuLJI_JZlileo
Am;ﬁa
Elrﬁo
o o

- viii -



EXECULIVE SUIMITNIATY  seeeeesssssssssssssnssssssssssnssssssssssssssssssssssssssssssnsssssssssssssssssssssssssssssssses wedi
TEEL QOF ittt b b Vi
TEZ] orssesusesesssessorsessssseessesssestussensssiesssesssesssssessousssussansssiossestuestsessnissusasusssisarstorsIarsIaRstares wedX
TEORPE] eeeererereseesssnsssssssssssussssssssssssisss sttt sttt s s s asasasans Xiii
TIT RFFI] seosssesssesssosessorssorssonsesesssessusssunssorossrossrossosssssonsssnsssisossssorsssrssansssessseossessuessares XVi
S LT LTI OIS o]
2. A 2 =9 w FEATY ST LFE; 1Y 7] HBE e 5
B < B RS
= o) B -6
221 2T 7] T2 A 2B ZFE  cveerrressesenssssssssssssissssssssssssssssssssens -6
A R R = T g
2.2.3 ZET R T] HPHE corsessuossnsesssssnsorssosnsessssonssonssonsosssssssssossonssssosssosssssasesssosnsssssossssss -6
2.3, AT} sessesssssessersserssorsesssssosssossorssosossrossessuosssessusosssosssosssessosusssusasnsssusssesssrsasusassssses ]
2.3.1. 7]Z A ZOUA} ZZ v s 7
2.3.2. ATF GZOIAF H A eerrserrssersserssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssss .8
2.3.3. Y7 AL ATl ccnncnmenmsmsnmsssmmsissssisssssissssissssisssesssstisssississssossusases .18
234, 2R AZ W TG HFH s 30
D4, SLOF  comsserssersserssarsssesssessusssessssrosssosssssssssussorsssusosssssesssesssnsssrosseossrssasessiossessessuesos 33
3. ALH o=0a AA W AetgH BAL B 7]E A - BA R APA s 35
R = e | 7 35
G2, FFEL ssssssssrsscesserssonsssesssosssassusssssossssssossessussorsssrsosssssessansssisssresseosarsionssssosussssessusasesss 36
321, ZIT|AFTEZA 2B ZFE cerverersserssersssrsssesssessssssssssssesssssssssassssssssssesssassssssssssssssssssssssssssssasssassssssssess 36
3.2.2. AJBELA] ZFE ceervseersserssersssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssaseses 36
3.2.1. Linear Baroclinic Model (ILBM) sssssssssssssesessssesessssesessssesessssssesssssassssssassssssassssssassassssssssssnsssssssssasesssns 36
3.3, T crreererennntniniiis bbb e 37

_iX_



<37

A7

60

~X
A

63

e 9h

xr
pid

of MAE 3G

WREE St AL /%

VI = 1 -

OO]:

mo

B
il
el

65

5]

=0

H

4.2. A7}

65

ny
N
N

ae

66

66

L0 S E—

66

259 v ALH 7l A I

o

67

431 H{FEs = F=

70

g

~

;Owl

;OO
Jo

o}

=9 $aije} 7]

iy
Ho

o

2

4.33. AE€HE 7]

4.3.2.

79

o}

85

wE

85

441 TF BA e

-88

442, +E 7+

93

4.5 [.°F
5. vl 7]

95

g

95

ﬂ;ﬂ@.mwmwwmw

5.1.

96

96

5.2.1. ANEAD ZFE coseeensesvscnsens

96

A LFE] Q. wevseseesnsacsnsnnnsunnsncnsusaesasaesnsanns

5
T

5.2.2. oA} BT AA] 7]

-96

5.2.3. 71 39 AEY HA -

97

)
g2

F AR R =)

3

s
o}

7.

5.3. 7]

97

531 A& AzAA YEtUE 712 F4 A WE

100

o}

53.2. B¥E A7zt 7]

104

-~108



112

i

—_—

0
Gl

3}

)

F AL W

54.1. FoMAoL A& Z&

o
<)

bt
o}J

7.

5.4. 7]

112

o]
=

115

AlHE] o} a17]

ol
=

5.4.2. FotAo}F AE £

119

i

543. A

121

123

123

od:rLHH 7(:)]
6.2. At52}

6.1.

123

0

N AeW AAAT AT D AEH LAY

Al A Ee

1

N

;oT

6.3. 7]

124

WY Abgd e 7l S -

w125

0% BUEY Zu 57 AZ

1

3
pul

1e] dejA Aol 28, <, 7129 o

3

6.3.1.

125

=T =] 5=3 7 VA (A <1 | [T A AP PR P

N
ﬂﬁ

127

X}_‘EJ_ /‘]'%X}‘ Hég:ﬂ}_?g 7].%- ;(-]]50'— [T T TT YT TT TSP P PP RN

129

131

@-/\1 H] 2~ xj‘ %

%5

Al
all

6.3.5. JEHES &

132

=
o
<]

-—

A
22

0

Jou

132

b AH] 2 1 o]

4%

1

g2

9 e

=
=

134

] AAIG BA AR A F ceeererernsresesnssesnneenns

135

—(T)'— tesecesertesertestesttesrtestesacescrsescasesseserses

g |

137

138

A
puL
wK
or
of

143

References coseccsssccessscecssscccssscesses

147

-

147

20244 1¢ 7|38 A ®HA

160

20243 24 7|

166

20249 5€¢ 7]

175

20241 74 7]

188

20249 9€ 7]

- Xi



195

2024 10€ 71384 By

o 7]

<205

3L cesecccess
[€)

B AH] 2 A

3

qEx

- Xii -



|

3

Table 2.1. Predictability of the January ASOS temperature based on the EU index, with the
January ASOS temperature divided by 0.43 sigma, and the EU index divided into intervals of

0.1 sigma from 0.3 to 0.7 sigma for VerifiCation. «ssssssssssesseeseseesessessescsnacacne 30

Table 2.2. The same as in Table 2.1 but for Baikal index. ceeessceesseeecessececscneccen 31

Table 2.3. The same as in Table 2.1 but for the case considering both the EU and Baikal
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Table 3.1. Correlation coefficients of WIO, EIO, IOD, NIO SST indices and temperature,
precipitation anomalies over South Korea from September to February, respectively. The
values of ( ) represent the partial correlation coefficients after removing the NDJ Nino3.4
SST index. The symbols of *(**) denote the 95%(99%) confidence level based on the student
TLEGE, +ereersesssssaesaessesseessessnesaesassseessesnssseessessesseessssssaseessessseseessesassssessessassassnsaseesaesnessans 38

Table 3.2. Lead-lag correlation coefficients of WIO SST index and temperature, precipitation
indices over South Korea from September to February, respectively. The values of ()
represent the partial correlation coefficients after removing the NDJ Nino3.4 SST index. The
symbols of *(**) denote the 95%(99%) confidence level based on the student t-test. seeeeseseeeess 39

Table 3.3. Lead-lag correlation coefficients of EIO SST index and temperature, precipitation
indices over South Korea from September to February, respectively. The values of ( )
represent the partial correlation coefficients after removing the NDJ Nino3.4 SST index. The
symbols of *(**) denote the 95%(99%) confidence level based on the student t-test. seeeeseeeeeess 39

Table 3.4. Lead-lag correlation coefficients of IOD SST index and temperature, precipitation
indices over South Korea from September to February, respectively. The values of ()
represent the partial correlation coefficients after removing the NDJ Nino3.4 SST index. The
symbols of *(**) denote the 95%(99%) confidence level based on the student t-test. eeeeeeeeeeee 40

Table 3.5. Lead-lag correlation coefficients of NIO SST index and temperature, precipitation
indices over South Korea from September to February, respectively. The values of ()
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Figure 2.1. Regression coefficients of October-to-January 2m temperature anomalies onto the
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Figure 6.7. Seasonal and predictive factor dynamics derived from research outcomes have
been applied to the climate analysis system, enabling their use in monthly climate analysis
meetings. 131

Figure 6.8. A service has been provided to create composite fields for related variables based
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on time-series analysis results for user-selected variables and regions. 133

Figure 6.9. A time-series analysis service is provided based on user-selected variables,

months, and regions, focusing on tercile analysis. 134

Figure 6.10. Composite fields for above and below categories are provided for all variables

based on time-series analysis results. 136
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and Deser, 2010; Jianping and Wang, 2003; Kim et al., 2021, Park and Ahn, 2016; Takaya and
Nakamura, 2005 Thompson and Wallace, 1998). &3] ©o]2]dt F9= 7|4Ae] WAL AA
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2.2. A58} HHY

2.2.1. 23 7|14 #= AN2H A8

<

o] AFME Evel 7IAAHNA AT £33 7] #= Al ~H(Automated Synoptic
Observing System, ASOS)e|] #ZAA F 6271 AHAFE #Ae)S Bost] eviet e
2 L PG 712 e AEsin oluf AHES AR o] ZIRER 1979 B 202313 74A] o T

2

222 AEH A=

500 hPa ¥ 300 hPa A|931=(Z500, Z300)2} 300 hPa &A1 vF£2(U300), 300 hPa &
v (V300), 31 71HMSLP), 2m 1% 7] &(T2M)& £43l7] 9l A= European Centre for
Medium-Range Weather Forecasts (ECMWF)2] reanalysis version 5 (ERA5; Hersbash et al.,
202008 ARgSIAT. AMESE AR o] 7]7Ee 19799 R-E 2023W@71AelH, ZbzZb v Srol Ui st
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1}, wave-activity flux (WAF) Al4F doll= 3 3IHEE 1° 2 QA A & AFE3S T

sl &%+ Extended Reconstructed Sea Surface Temperature version 5 (ERSSTv5;
Huang et al, 2017) A5 & Ar&stglor, AMES 259 7|3k 19793 FE 20233 7kA o] 4L,
74 ddEs 2° °oltfy. ¥H9Y%Y AE+ National Oceanic and Atmospheric Administration
(NOAA)2] Northern Hemisphere Snow Cover Extent (SCE)E A&3l9oH, sd As= EHF
T FYollA FH HH3 88x889 AALH HEE A AT

2.2.3 A5A g WY
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ks 1d o 2 BI]sATHEE Eol 20230 R 3
20239 1293 20243 1€99). 4 Al SCE A5 FE Hid o=z AF

F2o WEE 3 FHF A5 AFEHE G dldets D e F Hogko] X3
S5 AR

»

i



2.3. 2%

231 71E€ A43AA” AF

@A APCColA -8yt 1€ 7125 d=387] #18] AFgsta e A8 d=AA 5 ol
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80° N, 70° E ~ 120° E)e] 10€ 7500 HxHTaymyr)7} T} Taymyr olZ21zps} 109 RE o] =
& 19712 47 T2M Hzpeke]l 3 AASZE Figure 2.10] YeP AT o)u] H-&A8 oFo] A
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Figure 2.1. Regression coefficients of October-to-January 2m temperature anomalies onto the
Taymyr index for the periods (a) 1979-2022 and (b) 1993-2022. The dots denote regions
significant at the 95% confidence level based on the Student’ s t-test.
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Figure 2.2. 20-year moving correlation coefficients between January ASOS
temperature and indices. The pink dashed line represents the NAO_CPC index, and
the blue dashed line represents the Taymyr index.
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(a) Regr. (ASOS(Jan), MSLP), 1993~2022 (b) Regr. (ASOSUan), Z500), 1993~2022
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Figure 2.3. Regression coefficients of December-to-January (a) mean sea level pressure,
(b) geopotential height at 500 hPa, (c) sea surface temperature, and (d) snow cover
extent anomalies onto the January ASOS temperature. The blue lines, green box, red
box, purple boxes, and pink box indicate the NAO_2003, EU, Baikal, AtlTri, and EU_SCE
index regions, respectively. The dots denote regions significant at the 95% confidence
level based on the Student’ s t-test.
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Taymyr(*-1)| NAO_CPC | NAO_2003 EU Baikal AfTri  |EU_SCE(*-1)| K.Temp.
)

Year | oa) (Dec (Deo) Dec) Dec) (Dec) (Dec) Jan+1Y)

1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Corr. 0.12 0.36 0.42 ).4¢ 4 ‘ 0.39 0.31

Figure 2.4. Table of values for seven indices and January ASOS temperature from
1993 to 2022. Red indicates above normal values, gray indicates near normal
values, and blue indicates below normal values. The bottom row shows the
correlation coefficients between each index and January ASOS temperature during
the period. Yellow (orange) shading denotes significance at the 95% (99%)
confidence level.
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Year

Taymyr(*-1)| NAO_CPC | NAO_2003 EU Baikal AHTri  |EU_SCE(*-1)| K.Temp.
)

(Oct) (Dec] (Dec) (Dec) (Dec) (Dec) (Dec) (Jan,+1Y)

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Cor. [ o7 046 054 048 0.5 - e

Figure 2.5. The same as in Figure 2.4 but for the period from 2003 to 2022.
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Figure 2.6. The same as in Figure 2.2 but with the purple, yellow, pink, blue, and mint
dashed lines representing NAO_2003, EU, Baikal, AtlTri, and EU_SCE, respectively.
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Solel HAASE Ve Zolth. Figure 2.89) Lpehd vhe} o] NAO_2003%} EU, Baikal o
zolzte] B9 BojA AoA o H3) NAO like HEo] okshll 4P e wylovl, el
g 2ol el 7500 W7t Uehgth olw] fEluer R2el fol@ Gl X 2 o
£ 2% ¢ 4 vk WE AdTrish EUSCE olZ<14e] 39 RiAS A9 fFehrlol oig
1M gHos we SAAS ge REom, MPs BIME D Y dSAReE
wit) $59] 8)AAS ghol Urehgte.

ol FFo FAAST Exo A AAl Ao T2M w9 I ARY dxs 2,
A3l S/ dEUAe] Ay BFoA vt FHoA fod IAAST s JEA
(Figure 2.9). 3A|%F Figure 2.8¢] A#¢} 7ol NAO_20033 EU, Baikal oZ<¢12+e] 799
FTHAGH vtolZs FZolA Fol3t IAAST S BAaL, AtTrie} EU_SCE & 5<1A+¢]
FolE La=33e S g =9 FAAAST #el g A= YETh o] A AtlTri
o} EU_SCE dl&<1Ake] 79 NAO like #El-& F3Fo] ofstm ik O E AlF AJg74A o] I3

o] AFS & T AUtk

ol 2 L oft

ol AFolME dA HA 57 FHA AFAAe] dSAFY EA4ES st EUS
Baikal oS8 Fa3 gFAA=2 A sAH.
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Regr (Indices vs Z500), 1993~2022

NAO_2003 2500 (Dec)

Figure 2.7. Regression coefficients between geopotential height at 500 hPa
anomalies in December and each of the five indices. The dots denote regions
significant at the 95% confidence level based on the Student’ s t-test.
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Regr (Indices vs Z500), 1993~2022

NAO_2003

b
Z500 (Jan)

120W

Figure 2.8. The same as in Figure 2.7 but for geopotential height at 500 hPa
anomalies in January.
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Regr (Indices vs T2M), 1993~2022

T2M (Jan)

NAO_2003

g
E
=
=
~
=

T2M (Jan)

T2M (Jan)

T2M (Jan)

(*-1)

EU_SCE

Figure 2.9. The same as in Figure 2.7 but for 2m temperature anomalies in

January.
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Figure 2.10. Scatter plot for the EU and Baikal indices. Blue, gray, and red
dots indicate below-normal, near-normal, and above-normal January ASOS
temperatures, respectively. The numbers above the dots represent the last
two digits of the year in December used for index calculations.
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Corr. Baik;i)_v 7500 Baikl:;L;ZSOO Baik;;l_lZSOO
BE, 250 0.57 0.42 0.07
EU_Z500 0.17 0.68 0.50
EU_Z500 0.23 0.29 0.45

Figure 2.11. Correlation coefficients between the EU and
Baikal indices for each month from November to January.
Yellow (orange) shading denotes significance at the 95%
(99%) confidence level.
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e
(a) Dec

Composite EU(-)_Baikal(-) & 300hPa Wave Activity Flux _ _ __1993-2022(12

Stream function anomalies %°(10° m*/s)
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(b) Jan
Composite EU(-) Balkal( ) & 300hPa Wave Activity Flux 1993-2022(01.
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Figure 2.12. Composites of wave activity flux (vector) calculated from geopotential height
at 300 hPa anomalies (shading) for years when both the EU and Baikal indices were
below normal. (a) December, (b) January.
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(a) Dec
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Figure 2.13. The same as in Figure 2.12 but for years when the EU index was below
normal and the Baikal index was near or above normal.
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Figure 2.14. The same as in Figure 2.12 but for years when the EU index was near or
above normal and the Baikal index was below normal.
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Figure 2.15. Composites of (a) geopotential height at 500 hPa, (b) mean sea level
pressure, and (c) 2m temperature anomalies for years when the Baikal index was below
normal. The analysis period is divided into 15-16 day intervals: DecHl from December 1
to 15, DecH2 from December 16 to 31, JanHI1 from January 1 to 15, and JanHZ2 from
January 16 to 31. The dots denote regions significant at the 95% confidence level based
on the Student’ s t-test.
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() Z500, at Baikal(+) (b) MSLP, at Baikal(+ (c) T2M, at Baikal(+)
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Figure 2.16. The same as in Figure 2.15 but for Baikal index was above normal.

Figure 2.162 <Fo] Baikal oS1x7F BT 1370d = i S-S HEld ZolH,
el Axw 199597 1999, 2003, 20059, 2006, 2007+, 20114, 20133, 2014,
20151, 20163, 2017'd, 2021\d o]t 120 <Fe] Baikal <&+ gto]l Yelud+= 749 Baikal
o SAAE Gojet A mp A2 DecHl# DecH2 713t =5 nlolzk RolA {23k <f9
HAAEe EAARE NAO -2 Fo8hA] o2 oFgh ¢Fo] NAOY sjde HAtkFigure 2.16
(@). JanH1 7|ol= felyets SAo= oFF ol Z500 Hxtgto]l vebstth. MSLP H4d4-&
B 2yt FHoE #Fo3 @S Holx &sken, TaM HA FAZANAE &4 73t
Syt FHAA Tl ol YEhA StthFigure 2.16 (a), (D).

Figure 2.172 124 Baikal A S1Aket w2 WAk Abolo] d® A &Y Zdoltt. 12
FHA HolZE FE T3 syt Ager o FFAAE EHilow, o Ad
o= FAHAT. &, vlolZs Fo 9 Z500 HA= FHH FHoFAOF Ao B&

Q3 Fol e, ofE T 12€3 1d Aol A FHopAo} A He] Ax 7

o A — me

H

3719 BD3 ARG #Bdo] om, go| /7 Auelel NG} elue AGo A%
7o) sgse Adow nath 2L AT Aol 1293 190 £ F/1E B 19
Hlof Yehts HELsIgte] waw A% e $4e AT ok v, 12

= 2 7le

_24_



Regr (Baikal_Z500 [Dec], SCE), 1993~2022

SCE (Nov)

Figure 2.17. Regression coefficients of November-to-January snow cover extent
anomalies onto the December Baikal index. The purple box indicates the Baikal
index region.
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Figure 2.18. The same as in Figure 2.10 but for the scatter plot between JanH1
(from January 1 to 15) and JanH2 (from January 16 to 3D).

Qroll Al BN o] WEm, 1299 oS4 A5 19 ARG FIF A
b dee BAT AT AP dSA4E 19 AA BV LB FHBA} £A Ve v
QOB Y UL BAF] sl 19 AW} FHe brold JEEE Lpehy

(Figure 2.18). Y-52 1€ ZRH1¥Y~15¢, JanHD®] $-glvet 712 FolH, X
(169~319, JanH2)] $elubet 71 BFgkolth Ae $euet 19 718
BERT e Jlee v, B vssd 84, Bdnd wow Heson NG

Zhzke] A 9lo] BAF AL AFARC1E 7129 2 27 ol

JanH1#% JanH2 713b& vro] ¢2juet B¢ 7122 FalRgks A 1 9 ZddA
7} -0.022 A= ol ¥
Tdo] gle vE 713AAe =

o] BEET e Aee 8W e, I35 THe A ClA JanHl 7]Zko]
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= 10 ARew, 1 AMg F 5% JanH1 7]7ko
B 19 7]Lo] HdRT $omA JanH2 7]13He)
| AR =omWA JanH2 7|7 9 7] &0 =&

B B9 ZoT ART F YTFDAFE 067). o ATNH BT e NAO like 78z
ZolAobz el sEATte] Gl 19 AANRe] e s eolul o7 FBWAE HolE of

o3t 1€ 7|2 dSAA] HAPHS FU7IE A5 fl8 14 7|20 BdRY &
AL Fo AR Uro] FAAA BAS s thFigure 2.19). 1€ 7)Lo] HdRT &
sl 19973 1998, 1999+, 20014, 20053, 20061, 20134, 2014, 20181, 2019d<o|H
Figure 2.19 (@9 12€3} 1€9] Z500 HA F44S 22 et o] A% 149 Al 12
4 A oNA = ASAAE AEE F e FTF F9olv F5 FHIVF YERUA &ge A

& o 5 slek

19 71eo] Hdro v e 19969E 7 20009, 2002, 20099, 20101, 20114, 2012
d, 2017 o] Figure 2.19 (D)ol 12€3 1€9] 7500 HAt F44-& debfiddet o A% #4
I owpolZE FellM & AAFe] 95% FEAA fFAAT AR dEhgon], A Ad
EU¢t Baikal =Q1Ake] gt vz dAshs A& & 5 Ak 223 2ddE 299
o) |z g2 A JEREAR FoldtAl s 2 o' Roln, o] NAOZF vtE 14 7]
o e Ad FAAE AREEEY] of3 & o2 KAl
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(a) Composite [Z500(Dec and Jan) | Warm Jan (10 years)]

Composite (Jan_AN | 10years)
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(b) Composite [Z500(Dec and Jan) i Cold Jan (8 years)]

Composite (Jan_BN [ 8years)

selected years : 1996, 2000, 2002, 2009, 2010, 2011, 2012, 2017

Figure 2.19. Composites of geopotential height at 500 hPa anomalies for December and
January in years when the January ASOS temperature was (a) above normal and (b)
below normal. The dots denote regions significant at the 95% confidence level based on
the Student’ s t-test.
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(a) Composite (NAO(+)) (b) Composite (NAO(-))

Composite (NAO [Li2003_1.5_Pos], 54days) Composite (NAO [Li2003_1.5_Neg], 74days)

Figure 2.20. Composites of 2m temperature anomalies for the days when the daily
NAO_2003 index in December was (a) greater than 1.5¢ and (b) less than -1.5¢, along
with the 5-day lagged anomalies up to 25 days.

NAOS| A%713ks} slolzol wE Fae WABHES HAs] sl 129e] A
NAO_2003& A48, 15 o(-15 o)nch 2(3&) 93 1 o] F 59 140w As7 ToM
Haol dAAHS Tl thFigure 2.20). NAO_20037F 1.5 s Bty & 7
o) F7A FAAGNA Fel TOM AT FAHE AL B 5 9o,
AAT k@ fel AAghol HAP L BAL

HhE NAO _20030] -1.5 ¢ Rt} 2o A% g Az +25U 744 $-gvya FHo g
T2M H27F fFAHE A& BEHTh ol NAO AHA7F 59 dHol=2d 74 A
o2 71 A A Folrol AFAA FRUY Aldgol 7| wE T
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o2 ¥ od /7 IFL F
3

Ao BEAHET. ZAx 12€9 NAO g2 T3 19 =w
A gt 7leel o Foeles g5

2.34. A&5AA AT 3 &8 WY

o

—_

Aol A AT AT ol ZAAel BU @ Bakale $-2libet 19 7€ ol ol 2857]

A8 B el 12 389 A3 W ro] A2 FRAAT WA EU d2en
o AxE £03 o9 04 o, 05 o, £06 o, £0.7 ¢ 7]ESE HIHRY ZAY H =,
@G AR Urdon, 24zt Atgd ajdste fEvel 1€ 7o) BdRT =AY Bl
Go A= wE 35S 7Y tHTable 2.1). EU o &#e] A= 7|&E3 A#gle]l Hdrt
=3t AY 2 A9de felvet 1€ 7120 v AY & A5 2E &) 50%E50 2
ok ®WEA EU o S1A7F 0.3 0 Bop 22 AbglZE 9oy, ojuf vz} 1¢ 7]2o] Hd
Hoh o2& Al SHO = 56%9] AFAHS BHAL, dFAAY] A7t 0.7 ¢ Boh 22 B¢
2 AASE d=Ao] T1%=E Fsste 2SS B

Baikal oZ212e] ALox YA RE AE 7|FdA HIdR vs=sAY 2 A¢
of fEugt 1€ 710 HIESAY & ASE $E FEo] 50% ©lstStiTable 2.2). %A
Baikal d&127F 0.3 ¢ Btk 2 A9 SEudt 19 7120 ¥& FEo] 50% Aow, %

T 7EE 07 o2 HAFAE Ag=4o] 63%2 713k

N

od ATATol A EUSH Baikal 420248 $7 nelstle A9 oo NAO 49 &
%4 Z7heh FRolAolZe] SHEANI WS Uehkeh whebd EUS Baikal o242
7 melstel Seve 19 Jle] UF A=54e A% ReTTable 23). AZARe] ZE
NE goglol B HESAL Ee Al A5 et Fle] HEEAL e A4S
g 9% 882 50% olst= uehgth kA% EUSt Bakal d1&4 =% 04 o olakl A
BT 69l Adzh dgon, ofw Sy 19 sle] BFERT e Ads SMow
83%°] B oZ4L RAT

Table 2.1. Predictability of the January ASOS temperature based on the EU index,
with the January ASOS temperature divided by 0.43 sigma, and the EU index
divided into intervals of 0.1 sigma from 0.3 to 0.7 sigma for verification.

ASOS Temperature Hit Rate

Index level

AN NN BN
03 o 39% (5/13) 25% (2/8) 56% (5/9)
04 o 42% (5/12) 30% (3/10) 63% (5/8)
EU 05 o 46% (5/11) 36% (4/1D) 63% (5/8)
0.6 o 40% (4/10) 33% (4/12) 63% (5/8)
0.7 o 43% 3I7) 38% (6/16) 71% (5I7)
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Table 2.2. The same as in Table 2.1 but for Baikal index.
ASOS Temperature Hit Rate

Index level AN NN BN
0.3 o 39% (5/13) 43% (3I7) 50% (5/10)
0.4 o 39% (5/13) 50% (4/8) 56% (5/9)
Baikal 0.5 o 39% (5/13) 50% (4/8) 56% (5/9)
0.6 o 40% (4/10) 50% (6/12) 63% (5/8)
0.7 ¢ 38% (3/8) 50% (7/14) 63% (5/8)

Table 2.3. The same as in Table 2.1 but for the case considering both the EU and
Baikal indices.

ASOS Temperature Hit Rate

Index level AN NN BN
0.3 o 29% (2[7) 0% (0/2) 63% (5/8)
EU + 0.4 o 29% (2[7) 33% (1/3) 83% (5/6)
Baikal 0.5 o 33% (2/6) 33% (1/3) 83% (5/6)
0.6 o 33% (1/3) 20% (1/5) 83% (5/6)
0.7 o 50% (1/2) 33% (3/9) 83% (5/6)

KN
Aol olA WEh An vwA eAEY 44 ABRAT »}EM_ Aol Stk s
g o] AFolA oZAAR AT B UrEsE BEoN, HolNLR oA 1 2
AP FE NAOE 209 AF9) 498 /AT Jome 179 oj4e] Hd dZAAE 27
Ak mEA 1Y A9 d2AAE BE PHe Fhe T

2

APCCS] 371Y c1ZE 9% anEd: ud UY AF o] FojAa gk olv Fud
e ARE AP Wl 194 109 AF] ARN 457} gom, LdReE AGY o
wdlo d2A%E A48T F YL Aotk ECMWF AR 6% =de] 45 7500 A4S
AT 109159 B NAO el59] BF FBAF7} 0.7¢ HolRA, FAE AGNAE =
& d% 4% RAFUTHFeng et al, 2021). ol ARA Amsh ALY AZede] Az
N AZAAE A2 ALRL DA BE AFAE HET T AGS AZe] A8 &

Jm >

o|@Al EUS Bakal elZe48 A4ste, obH 2433 Az FEg 71Fo= 19
Neg d=a87] 9% «AEE Fgure 2210] dehigich 94 129 EU 347} 0.4 o

o]¥A Bakal S1ZA7E 0.4 o ol5Hel ASelE 19 slec] FEnG Uy o35
Joh HHE2 EU =127 04 ¢ R =AY Baikal 4 =027 04 ¢ Ry 2 7
o 19 7120l B wZAAL BE AOE 5T 5 Yrk
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Dec Jan
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J

Start Here

EU (Dec)
< -040?
Baikal (Dec)

< -040?

vy Y
TEMP (Jan) TEMP (Jan) |
Below normal Near/Above normal

Figure 2.21. Flowchart of the process for generating December
indices and utilizing the EU and Baikal indices.
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Upper Troposphere
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Figure 2.22. Schematic diagram showing the development of the negative NAO, its associated
wave propagation, and the resulting temperature decrease over Northeast Asia.
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Figure 2.23. Schematic diagram providing a simplified explanation of the diagram in Figure
2.22.
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3.2. A5
321 ZR/NRBASA2E AR

2@l ALH 713 MEAS AHEY] 95 7)FHAA AZdE ZANYBEZA A~
gl (Automated Synoptic Observing System, ASOS)2] 627] A HoAH #ZH AZE HAst €
Hit 7|23 s BT

3.22. A&H A=

National Centers for Environmental Prediction/Department of Energy Reanalysis
2(NCEP-DOE R2; Kanamitsu et al. 2002914 #l &3t € HF 7] A5S AH&sY0. =3
A AT A HsS ARy 98] € H Climate Prediction Center Merged Analysis of
Precipitation(CMAP- Xie and Arkin, 1997)& AF&3stith ti7]et A A5 £ A==
2.5° olt}. slHLx= 9 i Extended Reconstructed Sea Surface Temperature version 5
(ERSSTv5; Huang et al. 2017) AEE AF&3tR o 2° o 3 AEE 7Y &4 7|72
1979/80d 78 2021/22d7bA] 43\ deolal, ALH 7|1F WHEAES B7] f3l 1293 14 s
AR 281 BE Wae € 7]$ @ (climatology)® A3¥ A7]FAldinear trend)7t
A A = At

3.2.1. Linear Baroclinic Model (LBM)
129 MAx sldFaeso o3 WA 19 FA5Yd FFE Auste] 12 3% 7]

7] $18 LBM<] dry versiono] AR-&-% lth(Watabe and Kimoto, 2000). LBM vt
7] £ WEE Bojshes @t A AT g5t myed, A9
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3.3. A3}
331 A& 44

FEvel 62709 A HAA ASHE ALH 4l 723 AFE Hdsto ol Addstes
O JIEY THE ATEHY 4ALES EH8AT 53 dd JAES dg9s AJEY
(western Indian Ocean; WIO, 50° -70° E, 10° S-10° N), &<l X% (eastern Indian Ocean; EIO,
90° -110° E, 10° S-0° ), IOD (Indian Ocean Dipole; A A=} FAZF] Ato]) =, &<l
S Hnorthern Indian Ocean; NIO, 40° -100° E, 0° -20° N) d|+H2==2 A E3}sta(Figure
3D, ALt FHAE S AAstA HTable 3.0).

30°N ‘-«”‘"-f'y_"j L-a.:‘\\_l x/'l;‘, Lokl
20°N <§\ = (4){N 10 AN (\E”/ ¢
Al . .
10°N L o .bl '{\‘\. ; ;“",:3
' N &
il - T «J}{?’_ e
10°S j“a 5 b K7 L-R“
3, Mwo @ EI0
(3) 0D (WIO - EIO)
20°E 40 60°E 80°E 100°E 120t 140°E

Figure 3.1. The SST indices in the western Indian
Ocean (WIO), eastern Indian Ocean (EIO), Indian Ocean
Dipole (IOD), and northern Indian Ocean (NIO) region
are indicated by the black-outlined rectangles.

MolEoks Folxckol dleHes 5= 9, 10, 1€ 29 AAAAZS A AT 12,
1, 2€ol= A3 & FHABAAE JUeEbdth F AF7 7heH 9o FHRBAAE VA= AL
MRAEGT] FRAEYY dFH2Er A2 g2 F3E 7IA= 10D 2= #A47 #do] 9o
o, o]% ALH= A Q=% IOB (Indian Ocean Basin) RE7} @A sle] ko] AaA#AA
2 J7HAA Btk A EY dlFHes AFE [OD RE Ho ko AAPAESE Holu 11€
of HAE yehith F A9 Fo AJHTA= FuskA T HA oksiEw, 2€o] FHH A
BAo] At FAEY sFdex AFE 10D 9} & 29 AMJM]% ojlm &3]
THEA FBATIE 0.8 o] o2 A&EHTIE AA okl xl F 2€ol ThAl FBBATE ezl
o ERIEY sl E A4= I0D Rt ko AAAAE 7HAH 10%# 19 AaA S
0552 HUE Yepdth o] & F Ao ddo] ofsfA 290 HH AL 0o 77ttt o]
A Al AEYY] dFHXEE el wek S0 27| ", ol& 1#dte 77t



Table 3.1. Correlation coefficients of WIO, EIO, IOD, NIO SST indices and
temperature, precipitation anomalies over South Korea from September to
February, respectively. The values of ( ) represent the partial correlation
coefficients after removing the NDJ Nino3.4 SST index. The symbols of *(*¥)
denote the 95%(99%) confidence level based on the student t-test.

CORR SEP OCT NOV DEC JAN FEB
~0.14 0.35% | -0.40%* | 049% | 0.70%* | 0.70%
WIO and EIO 1 (g 05) | (<012 | <0.26) | ©.35% | (0.44*%) | (0.31%)
0.60** | 0.75% | 083** | 0.60** | 0.50** | 0.07
WIO and 10D |- yesy | (0.60%%) | (0.72%%) | (0.45%%) | (0.56%*) | (0.48**)
_0.86%% | -0.88%* | -0.85%* | -0.40** | -0.27* | -0.66"*
BIO and 10D 1 g ggwny | (C0.87%%) | (<0.86%%) | (<0.68*%) | (-0.50%*) | (~0.68**)
0.27* 0.55%* | 055% | 039* | 032* | -0.07
NIO and 10D | 17y | (0389 | 28" | ©14 | 0209 | ©.19
A= dHes Axet vyt ASZ 71, 249 €¥ A - Ad A43H
UEl ItHTable 3.2). 11¥ A=< i ex A9 dvet 129 <7} 0.339] &
St ABAATE VA= AL ALYstH AW o g MAEY sHEet

Ao Uehgth BAA R FUEY

gulg FA - AD FEEA

HolA

I5Hes A5e $2lue

52
52
X
H
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o
—_
D

w
w
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X
o

o] e}

) - T

o] slHEE Aol AFoH = 10D A9 vt 7
9} 2t 19 Z<71 0.329 Fond &
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Table 3.2. Lead-lag correlation coefficients of WIO SST index and temperature,
precipitation indices over South Korea from September to February, respectively. The
values of ( ) represent the partial correlation coefficients after removing the NDJ
Nino3.4 SST index. The symbols of *(**) denote the 95%(99%) confidence level based

on the student t-test.

TEMP PRCP
CORR

DEC JAN FEB DEC JAN FEB
| ol 0.09 009 | 012 | 018 | 016
002 | (00D | 020 | 010 | ©20 | ©.08
oor | 0I5 0.20 0.07 012 | 014 | 012
008 | 0100 | (008 | 023 | ©2D | ©.o0
0.20 0.25 020 | 033 | 024 | 022
WO NOVE T Chom | 018 | ©00n | 002 | ©37% | 0.12)
. 0.24 0.15 029 | 024
014 | (<0.0D) 0.49%%) | (0.15)
0.20 0.21
JAN 0.07) 0.10)

Table 3.3. Lead-lag correlation coefficients of EIO SST index and temperature,
precipitation indices over South Korea from September to February, respectively. The
values of ( ) represent the partial correlation coefficients after removing the NDJ
Nino3.4 SST index. The symbols of *(**) denote the 95%(99%) confidence level based

on the student t-test.

TEMP PRCP
CORR

DEC JAN FEB DEC JAN FEB
p | 022 | 019 | 001 | -009 | 008 | 0.4
012 | (<012 | ©0D | ©09 | 01D | ©.23
oor | 016 | =017 | 009 | 014 | -009 | 010
002 | (0.09 | ©00 | 008 | 012 | ©.20
014 | 024 | -017 | -020 | -022 | 003
BIO 1 NOVE - 00n | <018 | 01D | (-0.08) | (<0.25) | (0.10)
0.06 0.07 0.03 0.18
PEC -0.0D) | (-0.16) 005 | .12
0.14 0.07
JAN (-0.01) (-0.08)
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Table 3.4. Lead-lag correlation coefficients of IOD SST index and temperature,
precipitation indices over South Korea from September to February, respectively. The
values of ( ) represent the partial correlation coefficients after removing the NDJ
Nino3.4 SST index. The symbols of *(**) denote the 95%(99%) confidence level based

on the student t-test.

TEMP PRCP
CORR
DEC JAN FEB DEC JAN FEB
o | 03 0.20 003 | 013 | 016 | -003
009 | 1D | 017 | 016 | 022 | (-0.16)
oor | 019 0.92 0.10 016 | 013 | -001
002 | ©12 | 009 | 018 | ©2D | 016
0.20 0.29 022 | 032 | 027 | 010
OD | NOVE 000 | 022 | 012 | ©08) | ©37 | 00D
0.20 0.23 028 | 009
PEC 012 | 015 0339 | (0.01)
20.10 0.19
JAN 0.07) 0.17)

Table 3.5. Lead-lag correlation coefficients of NIO SST index and temperature,
precipitation indices over South Korea from September to February, respectively. The
values of ( ) represent the partial correlation coefficients after removing the NDJ
Nino3.4 SST index. The symbols of *(**) denote the 95%(99%) confidence level based

on the student t-test.

TEMP PRCP
CORR
DEC JAN FEB DEC JAN FEB
o 0.09 0.09 004 | 009 | 023 0.13
00D | 004 | <002 | 029 | 025 | .09
oor | 007 0.09 006 | -002 | o014 | on
0100 | ©00) | (005 | -031% | ©.18 | ©.02
0.20 0.19 011 014 | 016 0.17
NIO— 1 NOVE - oo | 009 | <009 | 02D | ©25 | 0.06)
0.20 0.13 0.21 0.16
PEC 0.09 | (-0.01) 031% | (0.05
0.07 0.10
JAN (-0.08) (-0.02)
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Table 3.6. Correlation coefficients of WIO, EIO, IOD, NIO SST indices and NDJ
Nino3.4 index from September to February, respectively. The symbols of *(**)

denote the 95%(99%) confidence level based on the student t-test.
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Figure 3.2. Regressed SST (left) and precipitation (right) anomalies in November,
December, and January onto the January temperature index over South Korea,
respectively. The hatches denote the 95% confidence level based on the student t-test.
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Figure 3.3. Regressed geopotential height, wind anomalies at 300 hPa (left) and 850 hPa
(right) in November, December, and January onto the January temperature index over
South Korea, respectively. The black vectors denote the 95% confidence level based on
the student t-test.
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Figure 3.4. Regressed SST (left) and precipitation (right) anomalies in November,
December, and January onto the January precipitation index over South Korea,
respectively. The hatches denote the 95% confidence level based on the student t-test.

SEvet 1€ Z SV 1€ ti7] i3 5383 #A4S HolA ¢al, 12€0] H
M oglyelel B A d 1r]|g HBx} oksiA wg f&ﬂr(ﬂgure 3.5). THAE HHH G A
719 "WA7E YA A tir]edA BrlE 3 fH AGem oloA= vy A9rt
Bt FAE 1dole S5 FElE ol gk daket okl A7)k BArE st

_45_



o) Byl FsA B AL IS okt B S FH L]
ol wi§ 7] o] PR FTENE T Adune] IFS AASE, 129 MAEF 5
WeE A% Seluet 19 F5E BA0R Folr@ ol FueAE vehiA "ok 1
JEE Uk PP SYHOE 129 AUEY HFALES oPA § T AAH ] el
219 Z5ol JEE FEA Goage olsg Bart U

REGR(JAN KR PRCP, Z300) REGR(JAN KR PRCP, Z850)

NOV (lag-2) NOV (lag-2

FEE ) A.: >SSV 116{([ —

2 i

60°N S s s e 60°N
ey, 'y s 11 . \x\( \
PR 11 "fﬁ'f Y S I //éU“m
> ~ Y
e
30°N Y S O T ey 30°N
SNANST " RRRe /NS 07 7177 5 N
v N 2t N S
. R o e RS e TS
Q2 P « 4 A\Aw—y'/'w NS EE A N 3 4 Y
f o - - A e e e « / x « A L 1S
0° & 3 < o 0° 5o x
e SR ffﬁ?}}:*»’f-‘-?‘:ﬁ; {4 ‘Z‘n;ﬁ‘\g;”~ ST L
bobop i 77 S ";i“‘ ST VOl A Vs il > of R 2 SRR T R NG
60°E 120°E 180° 120°W 60°E 120°E 180° 120°
DEC (lag-1) DEC (lag-1)
\\‘(W’//M\\ A NS ~N>¢W == e T T
60°N PR  Sma AN RS2 60°N T S R Yo
‘/‘/’f:;/ PSRRI B S \ v Lo ;1‘ SRR
S gl X4 A 27 s . /A
oNk R AR NN ¢ A ° W RSP S ARS & NS
30°N| IS e oA & o ) 30°N e PR e
. i R A S : z :
; R M. CER A
0° oL “'év':‘('\ “\u; 0° X
7 ST o B s SRR W AR
T SRR M TN RS A casd » «<K K >, .1-;;‘? {:5‘ \\xtl, AR
7 ;8 s 4 L 577 30PN N
60°E 120°E 0° 120°W 180° 120°W

. »
277 [ N
Iy, e
ety B\l
A

v
el ‘w& X

i €

v
4
'\@%.., ~

« AW

ant

4 o
ARa s ThaaN Yy s

i A = sati A A SLv¥N2 By '
60°E 120°E 180° 120°W 60°E 120°E
-40 -30 -20 -10 O 10 20 30 40 -24 -18 -12 -6 0 6 12 18 24

Figure 3.5. Regressed geopotential height, wind anomalies at 300 hPa (left) and 850 hPa
(right) in November, December, and January onto the January precipitation index over
South Korea, respectively. The black vectors denote the 95% confidence level based on
the student t-test.
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Figure 3.9. Multiple regressed SST anomalies in December and January onto the NDJ

Nino3.4 (left) and December WIO SST (right) index, respectively. The hatches denote

the 95% confidence level based on the student t-test.
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Figure 3.10. Multiple regressed precipitation anomalies in December and January onto
the NDJ Nino3.4 (left) and December WIO SST (right) index, respectively. The hatches
denote the 95% confidence level based on the student t-test.
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Figure 3.11. Multiple regressed geopotential height (shading), wind (vector) anomalies at
300 hPa in December and January onto the NDJ Nino3.4 (left) and December WIO SST
(right) index, respectively. The black vectors denote the 95% confidence level based on
the student t-test.
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Figure 3.12. Multiple regressed geopotential height (shading), wind (vector) anomalies at
850 hPa in December and January onto the NDJ Nino3.4 (left) and December WIO SST

(right) index, respectively. The black vectors denote the 95% confidence level based on
the student t-test.
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Figure 3.13. Multiple regressed stream
function (shading), wave activity flux
(vector) anomalies at 300 hPa in December
and January onto the December WIO SST
index after removing the NDJ Nino3.4 SST
index.
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Figure 3.14. Multiple regressed precipitation
anomalies in December and January onto
the December WIO SST index, respectively.
The hatches denote the 95% confidence
level based on the student t-test.
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Figure 3.16. Simultaneous and lead-lag
correlation coefficients between SST and
precipitation at each grid point in
December and January. The stipples denote
the 95% confidence level based on the
student t-test.
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Table 3.7. The predictability of precipitation anomalies over South Korea in
December and January for its +£0.25 standard deviation based on the December
WIO SST index with £0.25, 0.50, 0.75 standard deviation level.

Positive precipitation (+0.250) | Negative precipitation (-0.250)

WIO SST level December January December January
0.250 56% (9/16) 38% (6/16) 68% (13/19) 53% (10/19)
0.500 58% (7/12) 33% (4/12) 67% (10/15) 53% (8/15)
0.750 58% (7/12) 33% (4/12) 64% (7/11) 55% (6/11)
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Table 3.8. The predictability of precipitation anomalies over South Korea in
December and January for its +£0.25 standard deviation based on the December
WIO SST index with £0.25, 0.50, 0.75 standard deviation level.

Positive precipitation (+0.250) | Negative precipitation (-0.250)
WIO+N34 level December January December January
0.250 64% (7/11) 36% (4/11) 69% (9/13) 46% (6/13)
0.500 60% (6/10) 40% (4/10) 80% (8/10) 40% (4/10)
0.750 67% (6/9) 33% (3/9) 60% (3/5) 60% (3/5)
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Figure 3.19. Flowchart of decision process for implementing the
December WIO SST index and NDJ Nino3.4 index to determine the
precipitation anomalies over South Korea in January.
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analysis and (bottom) the time series of their principal coefficients.
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9, 10, 129 At} HWF 45 WA 19 /)& BRIE FAF BHL S, TPM
A5E A7 Aastel, feEve BF 19 /1S BAS 4 :

]

TSPM A4 0.56, 102 0.48, 11€ 065 —18]x 129 TSPM X4
(Figure 4.2). 2322 713 A3BA7F 2 119 TSPM AFE 12
A2 AAgsAh

it
—
e

11€ TSPM A 47} 050 2 & we} 050 B} 2S o, d3l H 19 7]
3l box-and-whisker ®4-& 433ttt (Figure 4.3, Table 4.1). TSPM A7} %9 kS 7}
2w S GALIH HFFoA FAAVE 11€e] S W 1Y Ve =& WUt B
(1991, 2001, 2014, 2018, 2019; B vl WHLEG =& & 50%), HAvls HART Bk
= 1996 g "oldth. TSPM A7 59 #ts 71 oW, & &4 9o ejF FollA 74
37t s W, 19 72 FHdEY @S wrt o 23ke (1979, 1980, 1983, 1984, 1985, 2000,
2010, 2012, 2017, ¥d vHl=HART & FEo] 60%), 1988 1998 F 3int Hd v]=H
AET E=okth 99 AT B S £ 11€ TSPM AF7F 1€ 7|2 d3RAA=

g8 + Jeg AT

rfo
=)
_>|J_|‘

=S 119 TSPM A57F 05080k 2 wel 050 1o} 22 u), 29 7]e9 43e 19
71 3 H%d ARs By F, 49 119 TSPM A5 ¥ o), 240 7]eo] P w4
HRT £ S8 50%HI, Fe FEo] 67%0IUTh W HSI R e Ao 19n
T 299 Tha 3718 dZA4L BT AZ, 119 9 gRFEE mE ASE 29 V)edS
AR #gE § ke AL ov o

Cor (PC, Tm_JAN)
0.7
06 0.65
05 0.56
0.48
0.4
0.38

0.3

SEP OCT NOV DEC

Figure 4.2. Correlation coefficients between the PCs and air temperature anomalies in
September, October, November, and December averaged over South Korea.
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Figure 4.3. Box-and-whisker plot of
January and February air temperature
anomalies averaged over South Korea.

Table 4.1. Lists of January air temperature anomalies over
South Korea in the following year of the year when the TSPMI
is (left) greater 0.5¢ and (right) less than -0.50.

(@ TSPMI > 05 o

(b) TSPMI < -05 o

Yr+1 Yr+1
Yr Jan Feb Yr Jan Feb
1987 0.4 -1.8 1979 -0.7 -2.9
1991 1.3 -0.3 1980 -4.4 -1.8
1992 -0.4 0.3 1982 0.0 -2.1
1996 -1.0 -0.2 1983 -3.4 -3.5
1997 0.4 2.0 1984 -3.1 -0.3
2001 1.9 1.0 1985 -2.5 -3.2
2008 -0.5 2.7 1988 2.2 1.4
2014 1.1 0.5 1990 -0.5 -1.7
2018 0.8 0.9 1998 0.9 0.2
2019 3.4 2.2 2000 -1.4 -0.4
2007 0.4 -1.9
2010 -4.3 0.4
2011 -0.6 -2.3
2012 -1.6 -0.8
2017 -1.5 -1.7
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432 DREE mEo $AUF Jle 98 95 24

of g 119 TSPMe] 19 71& wsfol 92 mx=A 4 AL BA37] g8 05
FOR PHY BAS FARAT WA 119RE Te A% 29744 FF WA w2 o)

i

3 A &4 2= Figure 440 AAHAT. TSPM A=7F &9 @<= 7HE o] 114 &
A= FA ] eg ol Fot tFAA7E detstth o] F 12€dl= o] F AFollA thiF
A= oFstE L, T B SN 727 el on, ojojx 1= HA ofEtiel
FolA HFAAZE &AH o2 wdsts A4S BYvh 18, TSPM A7 59 @& 7HE
o, vt = fElE B, S 119 A B GolA i/, 12¢€ TSI HE Gl
A FSAE 1€ BEAotEh BjE oA thFdo] &atd s YeEt

&e] TSPM A <ol tiste] 12€ T4 Aohefd Foll A o F2¢2 s5(850hPa) Al &<
Axol(Figure 4.5 114 M AE]B Foll A tiFAA et HAd FUH

L3 — = = —{r\.
BFoz g a3 ddAe F Atk T QuEH AN dHFELLS Gill-type (Gill
1980) 7] ®¥hg #A™ FEAZCE A7 HA dEs =T 4 JokFigure 4.5). o] A7)t

4 Azt Yo R HFF HAbol| 93 mean moistured] 9] o] F(Figure 4.6)= FA ot
e H Fol A dFAA] TS 7ML = JthWu et al. 2017). o}&¥ o] 55F Ha= &
A olAEIE G AFolA FH FIVIE oA, V|2 HE WEES FIHAAA, °o] AY
oA 9] siH &% HA7F S7HWang et al 2000; Wind Evaporation-SST (WES) feedback]
stAl Ha, 19 SAotdie B g tiFAA e 75t 12€ dir|2e] JawEe #
d 5ol ﬂ%d F9% BEXE HoFE Figure 4.7914 &1 & & gt 1€ 5A ofdd] =HH
o] thFdAle] et th7|wk-3(Z, Gill-type ¥F-)o 2 315 17|44 HAHFigure 4.5), 4=
A 719k A=AH(Figure 4.8) EE 7P A Ho)h ASolAE 22| JolH HuE dnm F
H AFFol A 17]|]F |HAF BEetA FH A, ol shSolA I HAPLE R oo 2| A Huh
stgoll Al 7|t HAbe] ot m2o dFo]l EUHE fYo] Ho HdRt =& 1¢
7]&o] YEepA "t

=9 TSPM Aol et s {5 W& vl=3tA] Aol b3t & 129 54 4
e oA tiFA= 35(850hPa) FA%4 HA(Figure 4.5)004 HAX = AAH 11€
GAEHE B oA iR ey dHE TSP GeZ FEY ugge] by #EA S F

AT T GUEHF FANA dFAA = o] AY FAZoRE 17|t da TS, Gill-type
7] H3)S =S & Jor(Figure 4.5), o] 17IYA B dHoz F5F Al 93
mean moisture®] <o o] F(Figure 4.6)7F JA HL FA ofdejBEF A oA F& A
7|2 J4E H=S& TAFigure ADAIAA, o] AHoA }ef s 2% HXIL F7HEHA

Hal, obZe] 1Y FAotEeH S HFAadst 2o 7IHstA Aot 19 HA4 ofdd] el
3% A71¢A #|aKFigure 4.5), A% 17194 #xHFigure 4.8) e =
|

o
B Aok AFelAE 2an ol AuE s Fo 43
J

e Wgo
w A719F TR FEA 3, AFAH A7 B lshel AL BF
o Wdnth the 19 7120] tehtA Atk
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Figure 4.4. Composite patterns of precipitation anomalies for the years when
November TSPMI is (left) greater than 0.5¢ and (right)less than -0.5¢ from
November to the following year-February .
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Figure 4.5. Composite patterns of 850hPa stream function anomalies for the years
when November TSPMI is (left) greater than 0.5+ and (right)less than -0.5¢ from
November to the following year-February
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(2017). The figures are taken from the cited references, respectively.
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Figure 4.7. Composite patterns of latent heat flux anomalies for the years when
November TSPMI is (left) greater than 0.5+ and (right)less than -0.5¢ from
November to the following year-February
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Figure 4.9. Evolution of the precipitation anomalies averaged in the western
South Pacific (WSP, black lines), the central tropical Pacific (CTP, purple) and
the western North Pacific (WNP, pink) regions, SLP anomalies in the WNP
region, and SST anomalies in the central tropical Pacific (CTP) region averaged
for (+) TSPM and (-) TSPM events in November from the preceding October to
th following year April. Colored dots denote the statistically-significant values at
90% level according to student t-test.
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Figure 4.10. Boxed averaging regions for the Fig. 9: Green is denoted for sea
level pressure anomaly in North Western Pacific, pink for precipitation anomaly in
North Western Pacific, purple for precipitation in the central Pacific, black for
precipitation anomaly in the South Western Pacific, and SST anomaly in the

central-eastern Pacific region.
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Figure 4.11. Dynamical processes that the November TSPM is associated with the
development of the anomalous anticyclonic circulation in the following year January
around South Korea.
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Figure 4.14. Evolution of the SST anomalies averaged
in the central tropical Pacific for each of the (+) TSPM
events in November from the preceding October to the
following year April.
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Figure 4.15. (left) Spatio-temporal patterns of SST (colored contours), precipitation
(shades), 850hPa rotational wind anomalies (vectors) and (right) rotational wind and
streamfunction anomalies in 200hPa from Nov. 1996 to Jan. 1997.
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Figure 4.18. Prediction flowchart of utilizing the TSPM index when the January
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Figure 4.19. Prediction flowchart of utilizing the TSPM index when the January
and February air temperatures that are less than their climatology are predicted.
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Figure 4.20. Scatter plots of normalized spatial projection coefficients in the first
(blue) and second cluster (green) for each event with the below-normal total
precipitation anomalies in January.
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Figure 4.21. Scatter plots of normalized spatial projection coefficients in the first
(blue) and second cluster (green) for each event with the below-normal total
precipitation anomalies in January.
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Figure 4.23. The spatial evolution of precipitation anomaly from November (year
-1 to January (year 0) associated with the (left panels) first and (right) second
cluster for the above-normal total precipitation anomalies in January.

_90_



L CLST2 (7 cases), pos, 850 NOV

V1o e e
.‘..---v (o d

PV ¢ %GNS
1 APRE PRI
weestiza,
LZALE)

\vll.-.t.n-——-'fv--; seNNm e g0
Nt terrmmmp ey i e e s

IRV
DT

20°S 4 T s e e
0° 0° 60°E  120°E  180° 120°W  60°W 0°
40 30 20 <10 0 10 20 30 40 40 30 20 10 0 10 20 30 40

Py A IR
-s!---.,\.....ah.,

v]\’\hnuno"'
,

ttsee

L 60N RRE-274%

el a2l I
Negen cansl
ll\.’.ll...l‘l

(N Quet2qmmarsrrannad\talay iy
\“.fv...,....-..-.. -e-. e

180°

AnaPysansyeretal e,y

[ 205 ] I\\,pl\/\;....:..... o~

120°W  60°W 00 60°E  120°E  180° 120°W  60°W 0°

B s S s —— —— — — B s S — —— —— — —
40 30 20 10 0 10 20 30 40 40 30 20 10 0 10 20 30 40

. N
11724 al -

L opoemmntiine i laas
,,,.-.-lnu\t‘nn.,
prees LP0 1 AN N
g LR LY O
IS L I

‘,%"‘ Sasspeersannstdonng,
‘u‘}t).“..-....u NP

.
REELTYY CVARERT)
LRI RN A T A Y

A R T I 22
St

20°S 4 T t—tt s e e e WAINCE = e
0° 60°E  120°E  180° 120°W  60°W 0° 0° 60°E  120°E  180° 120°W  60°W 0°
40 30 20 -10 0 100 20 30 40 40 30 20 -10 0 10 20 30 40

Figure 4.24. The spatial evolution of 850hPa stream function anomaly from
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(right) second cluster for the above-normal total precipitation anomalies in
January.
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Figure 4.26. The spatial evolution of stream function anomaly from November
(year -1) to January (year 0) associated with the (left panels) first and (right)
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Figure 5.1 Composite map of 2m air Figure 52 Same as Figure 5.1 but for
temperature anomaly (shaded) and geopotential height at 500hPa.

climatology (contour) for 2 days before the

SDTD (Sudden Daily Temperature Drop)

events (upper), SDTD events (middle) and

difference between 2 days (low panel) for

DEC(eft), JAN(middle) and FEB(right)

during  1981-2014 using  NCEP/NCAR

Reanalysis data.
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Figure 5.3 Same as Figure 5.1 but for
u-wind at 200hPa.
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5.32. 23 A7 71 38 AHEY F8 A4 29

Table 5.2 Frequency of events SDTD(Sudden Daily Temperature Drop) in Historical run
during 1981-2014.

Scenario(Historical run) DEC JAN FEB Total
HadGEM3-RA 13 14 3 30
PNU-WRF 17 9 3 29
POSTECH-CCLM 21 7 2 30
Total 51 (55%) 30 (32%) 8 (13%) 89
Table 5.2 A1&7|zHHistorical run) 1981~2014'd F<t WA= 2zt =yl 7]& 43}
B5 1240l 7 S48t

¢ [E]
AtEld A HIEo] HFo] M 1 Ae & g Ao, 14, 2¥ £°
AEA ARAME 1293 14, 249 7L F4s 2 A =
ol Ad dPolHe Aed 1A RS v Fo] ¢

s, ASHDIF) Hto] obd 2 4 Atgldol sy

SolAlo} T 7| EHSE Alye] 2 CORDEX-EAC 3% =¥ (HadGEM3-RA, PNU-WREF,
POSTECH-CCLM)S o]-&3te] A& 7]xHHistorical run)oll thall 7]& F743 AtElde ¥= H
o 9 F9 HE@2m 7], 500hPa A 9%, A 7|9, 200hPa 5A v S)E9 FAAAS 12,
1, 2¢ 7+ Lo dfaf vlw &A5tAT 712 F48 AHEY A 29 AT AtEd 3 F3t
A< vluste AyEy, 2d37te] W3t =3 xfolE Yttt (Fig. 54 ~ Fig. 5.9)
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Figure 5.4 Composite map of 2m air
temperature  anomalies  (shaded) and

climatology (contour) for 2 days before the
SDTD (Sudden Daily Temperature Drop)
events (upper), SDTD events (middle) and
difference between 2 days (low panel) for
and  FEB(right)
using HadGEM3-RA

DEC(eft), JAN(middle)
during  1981-2014
Historical run data.
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Figure 5.5 Same as Figure 5.4 but for
geopotential height at 500hPa.
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Figure 5.6 Same as Figure 5.4 but for

PNU-WRF model. PNU-WRF model.
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Figure 5.7 Same as Figure 5.5 but for



Figure 5.8 Same as Figure 5.4 but for Figure 59 Same as Figure 5.5 but for
POSTECH-CCLM model. POSTECH-CCLM model.
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3 By BE 7 X E4L vz moda dE AL B 4 s, A
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Figure 5.10 Same as Figure 5.4 but for sea Figure 5.11 Same as Figure 5.4 but for
level pressure. u-wind at 200hPa.
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Figure 5.12 Same as Figure 5.10 but for Figure 5.13 Same as Figure 5.11 but for
PNU-WRF model. PNU-WRF model.
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Figure 5.14 Same as Figure 5.10 but for Figure 5.15 Same as Figure 5.11 but for
POSTECH-CCLM model. POSTECH-CCLM model.
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s 719k(Fig. 5.10, 5.12, 5149 A%, A=ed 712 Fshd Ateld %ol dis) 371 =
33 o] vl fFASEA UEbUaL ok AtEld 2 Aols fEuEtels oFgk A
,rEuEr BAES Sefde Y okkmErt fAlsta o, 2d F A g

BAZ Qe w8 ohw@Es} Seldel AEAA olFeti, $eu 5ol A7%

oot
R
1o

o

2
e TS

s
F el v FFe Wob AuEA JIdAEYe HE AXE A &

re o

297 W3l yHe 3% 2y 2T Hd Ax%E Jgua JEd, W3k Zx=s dnig
7Y gE=2A YelysE AL B 4+ At HadGEM3-RA =3o] H]s] PNU-WREF,
POSTECH-CCLM E oA+ 1¥€o+= 2¢7F A3t Zo| A yelUA 1293 2¢d+= U S

o)

W7y Wt o FEHE A & T AT

71 F3d AtE e tiEl A5 AEFRY Wt =39 7 mdd A2 Z7F giys )
A AT (Fig. 5.11, 5.13, 5.15). A<d 435 AEFY A5 AeEd 29 Ao= vzt
5& A Hol|lA 7t ghe Holgrl, AlEY Yol HHA ¢kE Fetele FHEQ] dEHS B
o]a2 o} HadGEM3-RA =] A, 2 zF WAst= 12, 1, 29 =5 Hl=%k W3} Jgd s B
ol=Hl, FEluetet A& A FFo FF oy, 18a Sy FEEde A AF
obxtg] Y-S ®elth HadGEM3-RA =¥ 2], PNU-WRF, POSTECH-CCLM R &A=
SEyet S5 A fAEE AEFRIE FetEtAA iyt FFel HEe 3 EAE B
ola Qt}. 53], 12€, 14of Hl3] 2€¥ol= B4 WFoE AA AEFRI FU6teE EAS B
o]al AT

AN Amet 22 7)13H1981~2014 D) tisll 3F =¥ Ad 7 BRY e s v
3 B A, 7] FAst AL tisiA #53 vl I3t dYgs Bt e s &

533 E¥E Aga: Ay urIRt 712 743 AtEd N 3 A4 W

Table 5.3 Frequency of events SDTD(Sudden Daily Temperature Drop) in SSP1-2.6

scenario.
Scenario(SSP1-2.6) DEC JAN FEB Total
HadGEM3-RA 30 17 4 51
PNU-WRF 25 13 1 39
POSTECH-CCLM 27 14 1 42
Total 82 (62%) 44 (33%) 6 (5%) 132

Table 5.3 A&tA AlUg] 2(SSP126)o A 2015d~2100d &<t WA st= 2 E3E 7|2
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W ol A% en, 209 WA NS WFo] AF %E 5 Hold ol ARH A

RolA Ushbs w4 NE 98 WFHE JolFe ¢ F Atk ALY ARE o §Etel )L
FA% AL AASRAL Wl ALY W BB Sl TS AAY B WE WFo) v
RO ATS AdRALANE AR AU B2 12U 202 TEE VY U=
Folot 548 b4 2y mRolA Agsta Yok

A ekA AlyE] 2(SSP126)9l A ] HadGEM3-RA, PNU-WRF, POSTECH-CCLM 3712] =& 9
Ao 7€ FAs AUY &9E vlm BASGT. 74 myE 3317 54 vlmaly] 94
Agz AvEled tal 2 2y, €98 A ols A/ ¥k WIE FH4A BAL &
3 wwatdch

T T
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Figure 5.16 Same as Figure 5.4 but for Figure 5.17 Same as Figure 5.16 but for
SSP1-2.6 scenario during 2015-2100. geopotential height at 500hPa.
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Figure 5.18 Same as Figure 5.16 but for Figure 5.19 Same as Figure 5.17 but for
PNU-WRF model. PNU-WRF model.
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Figure 5.20 Same as Figure 5.16 but for Figure 5.21 Same as Figure 5.17 but for
POSTECH-CCLM model. POSTECH-CCLM model.

Aete Ayl s Ol%o}o:] 2015¥1~210091 &<t
2 /1% WeE FARS v sPch \A, AFEA 719 A9(Fig. 5.16, 518, 5.20), AA
71zt Aol vl f2luet 5 S g AqelM ] T2l A Sk Ae & 4 3tk
AR 29 Aol fEiugiuel kel e ofewEE Holn, I FoME 53] 2€d 7H
A% ae o E AWsta gtk 29 F 712 FAs A Bl HY, Ve gAsE
uetell= oFdh &9 ohgeE BHnh 2931 712 WEke] A, eyt HA%

dAst= 71 FAsk Al dis)

O
r

o
o

o

%

=9 a2 ofx=dE7t AstA YErST. HadGEM3-RA =23
293t ¥3} sfeo] =k Rk, PNU-WRF, POSTECH-CCLM

o
o 2
fo K S
5 o6
=
o ME
e
2
b
I

k)
2
rlr

og
flo
I
—
e
2
R:3
:(l)i'_',
N
o
B |
& 4
of
18
g
X
s
N
rlo
Y,
tlo
e
3
%0,
ix)

Fig. 5.17, 519, 5.21), 37} 28 =F 12, 1, 2¢€ ¥ 2zt
lﬁ:ﬂ] % POSTECH-CCM 63-4 49 2o WA 7]
1 19 A4 22 3 27 1%} Shewelzh okt

Oi
ol
o
>
=
.}
9
m°,£
AN
o
2
offt > °1~

- 106 -



e
_J.E[IT IIUJII_ TTTIT II ID—_I[III IILEE_

15-12 9 6 -3 6 9 12 15%9'1«1; 30 3 6 9 1215-15-12-9 6 3 0 3 6 9 12 15 12 -8 -4 o 4 8 12 12 8 - o 4 8 12 12 8 -4 o 4 8 12
Figure 5.22 Same as Figure 5.16 but for Figure 5.23 Same as Figure 5.16 but for
sea level pressure. u-wind at 200hPa.
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Figure 5.24 Same as Figure 5.22 but for Figure 5.25 Same as Figure 5.23 but for
PNU-WRF model. PNU-WRF model.
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Figure 5.26 Same as Figure 5.22 but for Figure 5.27 Same as Figure 5.23 but for
POSTECH-CCLM model. POSTECH-CCLM model.
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Fig. 5.22, 5.24, 5.26< TE2 Auel e 2015-2100d 717 Sob Wasts 71& 3748 A}

gdol s 7 FAAAS ¥ FHFH EALS v &

294 3+ gEe AvEd, 12¢

g9 IS e A ,

HadGEM3-RA 289 AL, 1¥€dEs $gudgols A 7|¢to
E d Tl A7Itol

et A7Ige A 7HEAE e X EHA BFY FEks wA H

POSTECH-CCLM + =3¥e] A, Seluet 5EA4&%Y 17 of=dgl”

o, AHEY FHols 17 olmZEle} A7t ofimE] Alolol] §-

N

1293} 290l A BZo] FAR 31 WS Holtu, $Hue BA% 94T X
3 g Ao se

]
710l detetaA AMarsA el sEe] 4=, 4 7IdE=Hol
A%t Rl F& GHNE oA, 3F BE BT 293t sk wstE Ay EH, A
AFAY 7Sk "ol HE FREAN A3 5F dF0] T Ae AT Ao

5.34. ¥ 1g& AUy urIRt 712 4% AtEd N 2 AR W

Table 5.4 Frequency of events SDTD(Sudden Daily Temperature Drop) in SSP5-8.5

scenario.
Scenario(SSP5-8.5) DEC JAN FEB Total
HadGEM3-RA 32 14 12 61
PNU-WRF 15 9 10 RY1
POSTECH-CCLM 20 14 8 42
Total 67 (49%) 37 (27%) 30 (22%) 137

Table 5.4 a¥A Ay 2(SSP585)el Al 20151~21000 &<t YAt 2 =y 7=
wast AtEld A s B ASH W 4 2o BlFE HoEr

AG 717 R Ava Ao Mg kAR, 3% 53 BE 1299 B4 NE
o] 714 Al Ui, 299 A WE HFe] g e 5SS Holtd ok ARA A
A Ut B4 NE L8 NFFE FolFE & 5 Atk AW AW AF L AW
Yelool wal mea Az 1293 199 HFo] Fols1, 299 WFo] Zlale

ERS A By BT AWt 9.
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T AUE] L olA 9] HadGEM3-RA, PNU-WRF, POSTECH-CCLM 37§l m&ojxe] 7]
< 4% AHY S vla BASET 4 m g I3y EA S vlushr] 98 awA

gleo i3] Z2t =y, € AlY ol /3o ¥ WHIslE A BAES T3 vl
3t} (Fig. 5.28~5.33)
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Figure 5.28 Same as Figure 5.4 but for Figure 5.29 Same as Figure 5.28 but for
SSP5-8.5 scenario during 2015-2100. geopotential height at 500hPa.
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Figure 5.30 Same as Figure 5.28 but for Figure 5.31 Same as Figure 5.29 but for
PNU-WRF model. PNU-WRF model.
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Flgure 5.32 Same as Flgure 5.28 but for Flgure 5.33 Same as Figure 5.29 but for
POSTECH-CCLM model. POSTECH-CCLM model.

B AU (SSP5-8.5) ol s Ad Adolu; Ae A Al Qo B 7] =717} )
$ FR5 A YUEhd AL FUHHANAE AT 4 JuhFig. 5.28, 5.30, 5.32). WA AHEY 2Y
ael < 2] AElE ®olx e, POSTECH-CCLM 23
NAE 2€e Wl FAd 1S YR Utk 29 T AtEY DY IS AmEW, A
]9 A3k 2o ol s HYW AfE @, nekA Ay ey 293 F

0ol 7I7h2 #HOoZ 7]L0] FHAssle 5SS HAh olgA 7| F5o] Fag
g4 AU oM E 297 W3 AlEe Ad 7|2 ulg- FARRE dEHS Hola glon, 3
Z o

==

T3+ HadGEM3-RA =& 3} POSTECH-CCLM E&ol A= 500hPa A% FIHgolA H
ol AVt ofmEy] EF nEA AuErF HHEA ol A AL, 2¥ §% st
A= EAS Btk skx 9k 297k 500hPa A 1% WH3lE AwEw, vt BAZ 17
o otx==ElE 12€oly 19 v, 29dE 238 ofstAl UEhve FHE] S-S B
o} PNU-WRF =3&o]u} POSTECH-CCLM E3&o|A 2¥3F 500hPa ol =Zele] HslE Aturd,
120l wlsl 14, 2€ 7} A=Ho] U5 A= Zer HRln. o= 1€oy 24 &
At 712 F748E At Y ET 1290 B st 71 5438 Aol BolAor AE Bt

s
0% ddo] e ¢ & Utk (Fig. 5.29, 5.31, 5.33)
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Figure 5.34 Same as Figure 5.28 but for Figure 5.35 Same as Figure 5.28 but for
sea level pressure. u-wind at 200hPa.
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Figure 5.36 Same as Figure 5.34 but for Figure 5.37 Same as Figure 5.35 but for
PNU-WRF model. PNU-WRF model.
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Figure 5.38 Same as Figure 5.34 but for Figure 5.39 Same as Figure 5.35 but for
POSTECH-CCLM model. POSTECH-CCLM model.
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Fig. 5.34, Fig. 5.36, Fig. 5.38& &4 Alyg oA 7| T3t Atdldel o
el Y BEES dehact 3% =y wE
BT 19 SEsige] 2 4ed A AL 5 Atk e FAE AU 28 A o

200hPa &5 AEF 3 71 543
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Table 5.5 Trend of EAWM index for historical run and SSP126 scenario
(1981-2100) in 3 models.

Trend (HIST+SSP126) DEC JAN FEB
HadGEM3-RA 0.0318 0.0271 -0.0172
PNU-WRF 0.0367 0.0302 0.0162
POSTECH-CCLM 0.0396 0.0311 -0.0084

Table 5.6 Trend of EAWM index for historical run and SSP585 scenario
(1981-2100) in 3 models.

Trend (HIST+SSP585) DEC JAN FEB
HadGEM3-RA 0.0436 0.0399 0.0026
PNU-WRF 0.0617 0.0509 -0.0091
POSTECH-CCLM 0.0630 0.0522 0.0176

AA, EAWM Agef SH Ao A e A/agka Alug| el W3t A 98 Hlu 74
sttt Table 5.59 Table 5.6 7t R& o] Avbi/ighd Ay o tis] EAWM A2 &

2 W3 FAE BAEn.

Aeta Ay o 12€o] EAWM A7) 3& B3 A BF 71 FEsHA S718ke
FAE BHoAFa o, 198 129 8te 71 FA A7 oFstANE AH3E] 3F EFA
BT ZASE FAE HeZTh SAW 290lE FAVE oFsu 28 W Aolshl dehe
t], HadGEM3-RA =33} POSTECH-CCLM =& <zt 74, I8]al PNU-WRF =32 <kzt

et A8 Holw U

A Ay A= 12€0] EAWMe] F71 FA417F 6% FelskA yetud, 3% 23
BE ARA AU Rt B 7HE U FAE AWt Ak 19 B3 2dEHbs
AR, AL AUYEY HS Srtetes FAE dWsta Aok shA R 229

= A3 g2 FAE Hola ded, dAZHoRE Wal FAE 1290y 2€ Hl§) 2 Ho
2 Adweta dok EZ AgA Ay oA e A FAE AWt HadGEM3-RA 2.3 3
POSTECH-CCLM R &-& 184 Ayl oA e ozt 71 FAE AWsta lom, Aes A
5 E A%etd PNU-WRF 239 A-¢, 238 1L Aug o=

el mEe FF S B, Aui/nva AudLedA 3% =3 BT 1290 MY ¥
|& Bolx glow, 1 g 190] 27k FAVL T A= Aok &

5E STk A glom,
A 2ol 3% BY BT 712707 ksta, FoHAA FA T QA Eahel, 3749
3L JRHA HW LI A2 FAHE, 12717k A 09 AARE F F Ak F, 2
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Table 5.7 Trend of SH index for historical run and SSP126 scenario
(1981-2100) in 3 models.

Trend (HIST+SSP126) DEC JAN FEB
HadGEM3-RA 0.0060 0.0002 -0.0075
PNU-WRF 0.0148 0.0073 0.0012
POSTECH-CCLM 0.0068 0.0038 -0.0032

Table 5.8 Trend of SH index for historical run and SSP585 scenario
(1981-2100) in 3 models.

Trend (HIST+SSP585) DEC JAN FEB
HadGEM3-RA 0.0066 -0.0028 -0.001
PNU-WRF 0.0310 0.0199 0.0225
POSTECH-CCLM 0.0119 0.0049 0.0098
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ek Ay o= 12€99E PNU-WRF =g 713 353 Z7F FAE B3, 3
T 52y 25 199 2¥d& 93 W3St FAHE BRAFEt. 2€u= HadGEM3-RA =&}
POSTECH-CCLM 282 74 FA|, PNU-WRF= 71 FAIE RoFE=d dAHo=z 787
7b wlg- Z7] wiEoll, ALY WEk FAVE fle ZeE B 4 Utk

=

I8AE Ay o E m7A 2 12499 7 FEE S7FAE Bola o, I F9
A X PNU-WRF 28 & 12, 1, 2¢€9 EF SV} FA4E AYsta 2

T Z1€717F wlg Fob HFEE W3 FAE Holx &
HagGEM3-RA R E U= F7F FA7F FREHARE npd7tA 2 71717 w5 Zpol FEgh

3 FAE HolA ¥ A

MY 2y T o B4 © A"a Adgeds ot S7F FA4, ea Ay
goodAes ds TR F7F FAE AWsta k. 12€el viE| 193 29dE FA7F oF
gk "o, 3% =¥ FolA= PNU-WRF =2¥o] 71 F33 F71 FA4E Hola Ut
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ERS ®Heth g1 290E EAWM, SH 25 A7} S8lskx] ol AR 7]7ke] Hl&] &
H3ll S Ao 2 HAETh

EAWM3} SH A =9 FA] WstE A 4% 7|2 F3733F A A Qs WHslel A3
Ao] HE, Hes Ayl oA nekAh AUgleZ Z4E 124, 1€9 F43F AHEY A
HEE o5 dedl, o] Wf EAWME AslE+= §4& Bt I8 299 343 A
g LA NIETE SUbske ZoE AWsta ded, EAWM, SH 2% W3l 3471 F8135HA|

5.4.2. FotAol A& &< B Aol 17| A2t & #A W3

Table 5.9 Correlation Coefficient between monthly temperature and EAWM
index for each month for historical run in HadGEM3-RA model.

Corr. (Historical) T(DEC) TUJAN) T(FEB)
EAWM(DEC) -0.61
EAWMUAN) -0.56
EAWM(FEB) -0.51

Table 5.10 Correlation Coefficient between monthly temperature and EAWM
index for each month for SSP126 scenario in HadGEM3-RA model.

Corr. (SSP126) T(DEC) TUAN) T(FEB)
EAWM(DECQC) -0.74
EAWMUAN) -0.71
EAWM(FEB) -0.79
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Table 5.11 Correlation Coefficient between monthly temperature and EAWM
index for each month for SSP585 scenario in HadGEM3-RA model.

Corr. (SSP585) T(DEC) TUAN) T(FEB)
EAWM(DECQC) -0.41
EAWMUAN) -0.28
EAWM(FEB) -0.55

vzt A 7]

d E2 EAWM As=of SH Aol thslf zb 2o tisf
Augled, € FA

39tk WA Table 5.9, Table 5.10, Table 5.11&

e ox
X 9

P
o, :5
o r2

rJ

rJ

HadGEM3-RA =3e] A3 A5 Aeta/nes Atz edde] Agd 49 Sobrol #g
B Ao 28 Sy e 4 3we Yehia gl

HA A 7173 disiAe selvel ALE 7123 vl dfo] AL FolAo A E
T AFe YA =2 FHAES Hola vdl, 12€d = -0.61, 1€o& -0.56, 2€+= -0.51
AR 59 A#Hs 7HAL Aok AL AU e SEivet 71239 59 d#HAdol o
& ERF A, 129 0.74, 19 0.71, 2€ -0.79 A= u]$ 23 A A4S BT A%
e AU o2 A4S AHuA Ay e HlE) Aol kA= AS & F e, 12
Qo= 0.7401 4 0412, 19l -0.71014 -0.282, 28o= -0.790] A -0.552 ks x|= k4
S Holt}

Table 5.12 Correlation Coefficient between monthly temperature and EAWM
index for each month for historical run in PNU-WRF model.

Corr. (Historical) T(DEC) TJAN) T(FEB)
EAWM(DEC) 0.17
EAWMUAN) -0.55
EAWM(FEB) -0.56

Table 5.13 Correlation Coefficient between monthly temperature and EAWM
index for each month for SSP126 scenario in PNU-WRF model.

Corr. (SSP126) T(DEC) TUJAN) T(FEB)
EAWM(DEC) -0.68
EAWMUAN) -0.64
EAWM(FEB) -0.72
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Table 5.14 Correlation Coefficient between monthly temperature and EAWM
index for each month for SSP585 scenario in PNU-WRF model.

Corr. (SSP585) T(DEC) TUAN) T(FEB)
EAWM(DECQC) -0.40
EAWMUAN) -0.24
EAWM(FEB) -0.50

Table 5.12, Table 5.13, Table 5.14= PNU-WRF =3¢ AQd 233} #xHeti/1ets: AL}
g oore] AE&H Al FolAo} AL E A9t € vyt 719 A A4S yE

W1 gl

HadGEM3-RA =& 3= 2], A3 717 Setde 12¢9 713 Sopalo}
BAol A9 fle Aoz Holn, 143 2d& 47 -0.5
A AU oAM= 129 -0.68, 1€ -0.64, 2€ -0.722 {
2 molth. HadGEM3-RA &%} npzi7}2 2 PNU-WRF =& T3 184 Alutg
ofAlo} AE B fEvet 719 FBdol U Bl E 2 7
0.68°14 -0.40°.2, 1€-2 -0.6404 -0.24=2, 2= -0.720] 4 -0.500.2 73 #AA 7} <3
= e Bl

2

Table 5.15 Correlation Coefficient between monthly temperature and EAWM
index for each month for historical run in POSTECH-CCLM model.

Corr. (Historical) T(DEC) TJAN) T(FEB)
EAWM(DEC) -0.64
EAWMUAN) -0.62
EAWM(FEB) -0.57

Table 5.16 Correlation Coefficient between monthly temperature and EAWM
index for each month for SSP126 scenario in POSTECH-CCLM model.

Corr. (SSP126) T(DEC) TUJAN) T(FEB)
EAWM(DEC) -0.74
EAWMUAN) -0.72
EAWM(FEB) -0.80
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Table 5.17 Correlation Coefficient between monthly temperature and EAWM
index for each month for SSP585 scenario in POSTECH-CCLM model.

Corr. (SSP585) T(DEC) TUAN) T(FEB)
EAWM(DECQC) -0.44
EAWMUAN) -0.24
EAWM(FEB) -0.53
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A eoAe ALd 98 Sorol AL Ba A5 4W St 7)o 54 4w
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Daily standard deviation in 3 models (SSP585, DEC)

l

4 ‘ ' \ 4 | A A ' } ~ ;_;._IJ:_._Q__‘;%

1981 1991 2001 2011 2021 2031 2041 2051 2061 2071 2081 2091

Figure 5.40 Daily standard deviation of air temperature in December in 3 models
for SSP585 scenario. (Upper: maximum in 3 models, lower: minimum in 3 models.
dashed line: trend)

Daily standard deviation in 3 models (SSP585, JAN)

A)Al /\} “1"

1981 1891 2001 2011 2021 2031 2041 2051 2061 2071 2081 2091

]

Figure 5.41 Same as Figure 5.40 but for January.
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Figure 5.42 Same as Figure 5.40 but for February.
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temperature at 850hPa), 850hPacl 42| nighd 31 o5 =(wind vector and relative humidity
at 850hPa), 500hPacll A ¢] =] $] a1 %(geo-potential height at 500hPa), 200hPaol A ¢] u}&-2H(wind
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Figure 6.1. The global Tropics Hazards outlook and Typhoon satellite map allow monitoring
of their impacts on mid-latitude regions.
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Figure 6.2. The visual monitoring map for the average 850 hPa wind field has been improved
to display differently based on wind direction.
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Figure 6.3. The visual monitoring map for 850 hPa wind anomalies has been improved to
display differently based on wind direction.
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Figure 6.4. The previous rainfall monitoring information for the Korean Peninsula had a
fixed legend, making it difficult to monitor detailed situations.
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Figure 6.5. The new rainfall monitoring information for the Korean Peninsula allows users to
freely adjust the legend for more detailed monitoring.
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Figure 6.6. For the global monitoring service, the sea surface temperature variable has been
enhanced to display index values for key regions.
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Figure 6.7. Seasonal and predictive factor dynamics derived from research outcomes have

been applied to the climate analysis system, enabling their use in monthly climate analysis
meetings.

- 131 -



H] = gy

&% Anlx Qg H |~

= A

715, AR #E AR =

—_—

6.4.1. #AIR

oA

9
pi

shipolch.

12, &4l o

A

=1}
=

b a7 Bgel A 2 del dE AR5

o] o] samol o7l A}

JEHESZS FH]
=

I =

T

x4

ANA A

of dig ARE ATAES

[e=]
3

l

o

e

)

ANA 7

=
=

Agst Aulzae g

3L

[}

of ZANEA AR A

)A ~)
A

Ho

=E|
=

A QB o] 28 T4

Eas

ARz B

|

FAT, A 1093E AAA <

9

=

=

o

™

A &5t

=
=

A AALE AR

| —
T

7} of% Al st

A<

)6]'

e A A

3

8

< &

S

skt °]

S

bzt

°

A 74

°

BAGS e
| Ab-s AlLks o] Al

0]

o] ol o
o o

=3 Above<!

_
e

i =

i<

ges 5

FAAE ARE AlFstal AALE

Il
yul

3r

o}

9

Al 2=
“— 1

of A&7 A
@A), NINO3.4 A

tRem 4 7]

=X

i

S

71 o
gkt
3

3
3l

3 oF

[

3

2=
T

A2 JHRIE R FAR

=
=

3l 2} Below?®

9

o

K

X

AT

SHAA Au) 2~ QlEH o A~E gt

Is1

i
=
o
<]

} A 2 (Above,

I 71, Above¢}t Belowel sidsts A= =, 59 A= g &

A
12, AA<L4

A

1

A
v

A=)
hun

1]

=
=

AE, AMALERL T AR As At

ol AH AF

=
[¢)

d %

-
1l

J(Composite)® A4 7]

ME AMbl2s AA
below) A4, A|AE

ox

™

o

ot &

- 132 -



x |+ = 0a

cas.apec21.org/timecomposite/ * O

TIMESERIES and COMPOSITE

Variables:  Sea Sursce Tempeats v Lever:| 00 v Month: sy V| @Region: st v O coorainate:

190 240

Plot Time-seris (Anormaties)

[ Anomaties

AAY W

1984 1985 1985 1987 1988 1989 1990 1991 1092 1993 1994 199

996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 202

mons  mon-5 mond4 mon3 mon2  mond mon | mon+t  mons2  mon+d  mon+d  monsS  monss

Composite
(above)Monthiy Mean of Sea Surface Temperature (below)Monthly Mean of Sea Surtace Temperature (above)Monthiy mean geopotential height_500hpa (below)Monthly mean geopotential height_500hpa
catir200 ot e ez Aomay 1 - e

w1 v o u

(above)Average Monthiy Rate of Precipitation (below)Average Monthly Rate of Precipiation

Ar (below)Monthly Mean ice Concentration at surface

-

(above)Monthly mean u wind

(below)Monthly Mean of Relative Humidity (above)Monthly Mean of Omega

ooy 1

1A
£

Copyright 2024 APEC Ciimate Center. Al Rights Reserved.

Figure 6.8. A service has been provided to create composite fields for related variables
on time-series analysis results for user-selected variables and regions.
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Figure 6.10. Composite fields for above and below categories are provided for all variables
based on time-series analysis results.
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FIG. 5. (a) The SCAND teleconnection pattern obtained by the regression of the 200-hPa geopotential height
anomalies (m) on (b) the SCAND index, and the CGT (¢) pattern and (d) index, The dotted area in (a) and
(c) indicates statistical significance at the 95% confidence level. The SCAND index in (b) is defined as the PC time
series associated with the 10th REOF mode for the analysis period of 1973-2012. The CGT index in (d) is defined
as the areal average of 200-hPa geopotential height anomalies over the northwest of India (35°-40°N, 60°-70°E).
See the text for details.
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Sea Ice Extent, 29 Oct 2024

W median ice edge 1981-2010

Legend:

[Fig. 5] (£})) AO, () NAO A[AE

AO Index: Observed & GEFS Forecasts NAO Index: Observed & GEFS Forecasts
, 1000mb Z (Obs: 08Jul2024 - 04Nov2024) ean=0.3617 , 500mb Z (Obs: 08Jul2024 - 04Nov2024) hean=0.0082
s4 |
44 ‘ 3
H | 2
=1 > \/\/\/
31 |
o L= [ = O 1t o A X <) o
O 59 33 oY ®xe Wauc Fe Lzoln, 20204 ol% 71 Hg
=g A AN S X = 1= =| = kel
O si4@ & 429 Aoz uiIzslel it B2 Qo] siyo] 794 o % FHa
o o S
He wxe 753
o = o = el S
O AO%F NAOL: 109 %yt 29| groe Agste] 158 AE2 9o o= whalg

- 197 -



O 2d d=r&ds

o3k

O o

[Fig. 6] MJO phase diagram (9€¥ 25¢ ~ 11€ 39)

[RMMI RMf\PI Ph IS¢ Sp.ju lnr 25-Sep- "0"4 to iﬂ Nm 2024

1 s 1
I Jag~27y
8 = ] t 5 4
T vl
Bk B\
A == > \p.)\;h D, // .:.
S | 4
e o5
R
O MJO= 10¥ £ 2~3HFHoA ofspA AlAfste, 108 SwFE 4voA 6¥
AQ7EA] AledstaA 2 A= et FoiS. ol= Qlal, 108 £¥ofl= A=Y tifF
detet MBI GRS tiF AAIPE e, 108 S olf2s =G tiR
7t AAIE AL, MEREGAIF Y] 't R AR S
[Fig. 71 9& 30 ~ 108 6% ¥# OLR % 108 Ot B LiRESI Z500
—I AT U =R
oz oigt
2500 ¥i49] 3
vt '

- 198 -



[Fig. 8] 10¥ 7¥ ~ 10¥ 13¥ T+ OLR % 10¥ ofziH|ofsl CfF&=/=Ha|mdsl of
BOiA|9t 7500 H40| 3| LM Zt 2R

ME

O 10¥ £/ & OLR HAIZ ¥9 Qe A% ofetulojslo] 24 tig 250l Uepda}
SAl0] Welg 2A AooNE TiEst M S.

o 31 @@94 OLR Watg Al4sHoletulolsh Foie o OLR Wah/Wal® doge
o] OLR HANIO] 2500 W40} 872N S 2a45te] Fig. 89) 9250 247} el
Lﬂai%

o = Yo

golo] thg FEol 717t Qeurtel YRS FAloz o] 7500 WAt 89
Ao Fut o, m}aw 109 7 Zojlx o
A0 chRaso] oF dFo] Az afelo] ezt PFo] HAS oz

e

[Fig. 91 108 14 ~ 108 20 B OLR % 108 OfZ{H|Otel/MEE Y Of R&E-S2f
2500 ﬂ —I 2I-'|‘I-'?’-’H U EXE

sbbtberREE-

O 10€ Ax # OLR HALS EW Q= A& ofztdjopsfo] Fet tif &30 HERC
o, NEE G AlHoM = tiFe-sol Fsixl7] ARt S

O sig ¥ OLR HALS A|48HZ9] OLR HALS 7|&)sto] 2500 $49F 3924

~885to] Fig. 99] Q&2x0f z+zF el L.

o
= T O

O ¥ A%l ti Yol oF faller deg FYo2 o 1500 Bxlel YA
w0l e Aoz UEEen, 108 AR 2o yepd L2yt & Arigeug
A HALS] HEof| T2 FAUS

- 199 -



[Fig. 10] 10® 21¥ ~
2500 ﬁ—’.‘——l szHlI—E—’L

[Flg 1] 9-5 30°'HE'I 108 27¥Y7tA| 48 "W 7500 JI‘IZI'

GPH(m) Hcan anomaly by NCEP R1 wit 20) 5001pa GPH(m) ean anomaly by NCEP Rl with norm(1991-2020)
705 50- 203410061 - F024.10.07 30241013

_
<~ = = =y
- = =] e 2 = s 55 e 40 === A
T (e AR [ T o] S~
i e 2] U o
s { E %Q e A w0
v PR 4 ;
B/ = 2. =
o <
o S | ., -y T S (TN =l
. TS 28 e B e T = —— o]
== E= — ——
-
—— 50— = 0
;

O 109 7500 HX}O] Ex 5 79
Skl YA] 7|7to|A 2jutet
2

= _éj_- e} L BA =
O oJXd fuet sRo=z Aot &F9 7500 HAH= ofA et viel o] g9 of
Sa5i ¥o] 2o, ofd oy] WHOE As) Sjuet Aoz (R otE



O NAO g%

[Fig. 12] 1089 daily NAOZ} -1.00 Lt (2) Y2 E3 (57 52 &, (Ofa) 10 &
o BYY EE. YRS MSLP 0|0, QEZ2 7500 M},

Composite (NAO [CPC_1.0_Neg), 138days) Composite (NAQ [CPC_1.0_Neg), 138days)

thbprbaEEECEL

cgEREe

tRtEtE.

titeEEe2rERRS
bhtbbreEERRED

[Fig. 131 10€ daily NAO7} 1.00 B} (9)) &2 ¥ (57D 5% 3, (o)) 10¥ &
o BYY EE. YR MSLP 0|0, QEE2 7500 M},

Composite (NAO [CPC_1.0_Pos], 34days) Composite (NAQ [CPC_1.0_Pos], 34days)

rlo
Nk

o

O 109 NAOZ} -1.00Rc} We 2ol 2aHFig. 12)2 UH, SAMUOR Chg17]
of wsto] Qejuiet AZoe o] MSLPREE Holnf, 5% o[ F7HA| A&
2. SHAIZ, 109 o] ol NAOSY L2jue} Zwo] 7|AY} wej= ehd,
O 109 NAO7I 1.00MC 52 39| T2 WH(Fig. 13). SAYTO2 Q2uye} »
o2 WYY WMAYL B 5U olFk sl AZITY WA Saluet A%
o2 g9 7500 WAlgro] Uehd. 102 o] 9 NAO mHioz waldl.

ot
ftlo
= o

- 201 -



1099] NAO: P02 109 o] Yit) mo|x2 MEshe 22 & 4 9lou], 20241
© ORPIIZ 108 S0l 8o] UE wolct el Yol Yok BaHE BE

20243 104 &=4vt
FA0] gof e
Fso] Lajuate] o
urE, 20241 109 3 4O NAOY gL Ze 719 4of hRase I3y
ARAA Ut 5 2 he 1
= Byg,

I3
o
Rl
N
[e)
)
2z,
o
aju
o
O~
ol
ol
=
nE
it
ol

O 44k 2E & 2} I 3f

[Fig. 14] AUk £|E| & UL el (&) 8%, () fEUE 7|2 BRA/F+F

El Nino decaying to La Nina year(88,95,98,07,10,16,20) Autumn 108 72 g
SST - Sep[ember Octobe Ne be
: — e '_°‘:1’_ S— - L s — 1988 0.0 10.4
60N {5 v""‘"".“f‘ Y " o r 7% 3 4 g;g
o B a1 e L9 . "HE o 1995 0.1 307
2 1 R, | Al s M P B 06
o R of N il . < o R, 3 oR Ao, - i
7R - s : T ol > S - 2 1998 18 669
1] BOE 120E 180 120W 6GOW (1] 0 60E 120E 180 120W 6OW 0 o BOE 120E 1B0 120W BOW ]
2007 04 52.8

Nove m ber

OLR&EOOGPH Seplemher

2010 -0.1 376
2016 12 1441
0 B0E 120E 180 120W BOW O 0 ‘sus | 180 120W 60W 0 O BOE 120E 180 120W 6OW O 2020 -06 10.5

O Yk AE & Uk ddst= o9 109 S BH, AMEEY X GoA] 49
SST HXPF Uehtal, oY A|gojA tifdso] st 43S Hol=rh, o]Ad
2024d9] 109 "4y vlst 2459 & Uy Wdof] o2 AEjEFo] oF9]
SST HX}O] F3Fo] 2024 1049 2juteto] et v 2uf tre 7F4asks AQgH
= AT 4 S
SRR, A AUx 2§ & 2fUur WEsh= a9 22juet 10€ 7122 Hyut v
25t AES Holu, Fase FFdol ge ez yUegonz iUy wE 9
o2 QRlo] 7oz A8t 715 9n|gh

- 202 -



<\

o3

=+
NI NEE UEN
ra
Hi
5]
4n
okl
r
HL
nl
oy O
4>
o
o
iz}
39
[0}
=2
Jm
oF
0
of
oc
g
e
=2
iz}
rlo
oy
4>
o

=
LE|Ltat SZof 2413

O EojxHg

O 1082 dYk/2Uy 2y U] 7123 45 Aol 4¥7dol Ao, 7]
it ] o 5QAtE 59 SHR|TF 20239 AUy HEsHo] o]ojA 20244
Sy LEsie] 108 AMEfE Y] SSTe OLR #|ARZ 7|89 AYw/Uy EF
sio] /4 AR HiES Heng, 1089 MEEY Al diwE-50] oAls]
2% EQAARE AT & lZS HY.

O 94 oEESoA HEl MME AEo&F & AZY o= 29 ZutE W & A
HEYd A9 t& detet Suet 50 179d HAE & 29 sl met

I
l'I.IE

ox.

A 7122 7+ B2 Bf =5 oz A dEsien, dagE AU o i
we Aoz A oSSt MME AZd&EE Sy}t 2 vy ez B

IR B4y BEES Bl IEAY FUOR FAYS WA 2oL
=

Folon], AR CIRRE
g MO 93] 1 ¢IxI7E 3 & QoA WiT|E Wk 4L BHooR olzjdt
o5

Y 2o ddS olshet

- 203 -



- O
~
<+
n 0
nNO o " ._._
ofll H | 1001 K{o
n_.u 20 | RO
- | W
o | 2
ol | i
~N | K
<
S| +
+ | o + | © ¥ S
(9V]
=
il
n
ol | — -
n _ -
N 2| 0 jol
o0 | i T -
ol | | i 9 | Klo
= | = | RO [ T
[ ] o
Bl | I | of | A _.,_l
| T J
ol | o | 2| o e
i TR ¥

| 107 8

= Ho|H,

S5

7129]

A
L.

s

bt wrg

iof-

o FEIAE Eol

oF

o A= SSTeF 8E MY SST7t

+0.74=2 =&

A
L Y

A}

gl

Qlw=QF SST

+0.122 FJ 0| ¥ KT,

-
L.

A}

H

A< SST

o =

A
L.

A

7] 2ate]

© fe,

ofl 2917}

- 204 -



oLl 7] FAIE FHOIA W
SOHAIO} o] BT % EUE Y F3F 7|2 FH MHX AF
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Days with Tmax > 90" percentile « 7 0] A2 HEAHOI %\_

» Input File : 37l], Unit : Days

» INPUT1 : Tmax_2023_AUG_80_daily_count.nc (Lat X Lon)

« INPUTZ2 : Tmax_TS.csv
» INPUT3 : Tmax_EA_Skorea_wk_file.nc

*Region,“1-10","11-20","21-31"

EA, 1.56, 1.51, 1.85
Skorea, 1.50, ©.00, l.quAI

Days with Tmin < 10" percentile * E ?—f 0 Al-x 2 ‘!El-'g % -Al.-

+ Input File : 37li, Unit : Days
= INPUT1 : Tmin_2023_AUG_10_daily_count.nc (Lat X Lon)
* INPUTZ2 : Tmin_TS.csv

= INPUT3 : Tmin_EA_Skorea_wk_file.nc

“Region” ,"1-16*,"11-20","21-31*
EA, 1:36, 1.51, 1.85
Skorea, 1.50, 9.60, 1.88

&Y FHOIX| - 0| ¥7|F TAIEE YRR R

B 2 ThZ 4 AR THRZ| T Y BOHAIO 7HE £
Return period of the largest P event . g g _ﬂ ]:H Q_AI-_ Al-dg' IH 'ﬂ 7| ?_I-

. DEC 2022 Uit : yoars

* Input File : 37}, Unit : Years

« INPUT1 : MaxPEventRP_2023.nc (Time X Lat X Lon)

T ¥ 3 8 §

« INPUT2 : MaxPEventRP_TS.csv

= INPUT3 : MaxPEventRP_EA_Skorea_wk_file.nc

*Region*,"1-10",%11-20%,21-31"
EA, 76.63, 72.54, 114.95
skorea, ©.08, 0.00, 0.08

- 72 B8 %)%

* Input File : 27}

= INPUT1 : EA_Skorea_Drought_Map.nc (Lat X Lon)

= INPUT2 : EA_Skorea_Drought.csv

“Region*, "SPI1*,*SEDI1*,"SMI*
€A, 131, L.21, 2.72

skorea, -32767.80, -32767.60, -32767.00
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