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Executive Summary

APCC has contributed to the long-range forecast operated in KMA for the last several
years since 2017. We have continuously improved technical affairs and decision making
process necessary for long-range forecast. Over the last 3 years, we have tried to improve
long-range forecast by combining both observed monitoring factors and its model
predictability. The objective seasonal prediction includes the selection of monitoring factors
and combination of those factors in the seasonal forecast models. Therefore, we choose
various significant monitoring factors for the boreal winter temperature forecast.

To improve the information related to the ENSO in 3-month long range forecast, we
investigated the performance of ENSO and its related monthly response in the seasonal
forecast models. Although the performance of ENSO index was highly correlated with
observation, monthly variation of ENSO related tropical precipitation and atmospheric
circulation in East Asia had lower performance in models. The results of this study suggest
that it is need to understanding the ENSO response in model as well as information from the
other predictors to improve predictability in late winter.

This study investigated the impact of the Madden-Julian Oscillation (MJO) as a tropical
oceanic climate driver for weekly winter temperature forecasts and proposed its application
for 1-month outlooks. By analyzing the convective and tropical-midlatitude teleconnection
responses of the MJO under ENSO mean background states, representative influence phases
were identified. Through experiments using the Linear Baroclinic Model (LBM), we investigated
the impact of mid-latitude wave propagation caused by tropical convection activities
associated with the MJO. The experiment supports the influence of the MJO on the East
Asian region analyzed from observation data. Additionally, the predictive performance of
ECMWF model for ENSO-MJO influence phases was evaluated, leading to the development of
practical guidelines for +3-week temperature forecasts.

In this study, we investigated the performance of North Pacific Oscillation (NPO) and its
delayed impact for seasonal forecast models. Models reproduced the December NPO pattern
and its one-month delayed impact processes as in observation. However, the predictability of
NPO index had low performance except lead-0. Also, models simulated the stronger influence
of ENSO than NPO, which was different from observation. It is positively correlated that the
December NPO with January East Asia geopotential height, SST and temperature in Korea,
and they had more tight tendency when NPO and ENSO has same phase. Models also
simulated similar tendency when NPO and ENSO in model has same phase. We suggest that
it could be useful in the January temperature forecast when models predict a strong NPO
consistently with same phase of ENSO.



We focused on the Western Pacific (WP) pattern, a key atmospheric teleconnection
influencing winter temperature over South Korea. Our analysis revealed that the December
WP pattern consistently exhibits a strong correlation with South Korean temperature, whereas
its influence on January and February temperatures has weakened since the 1990s. Models
effectively reproduced the December WP pattern and its associated atmospheric mechanisms,
including the northward shift of the upper-level jet, warm southerly wind anomalies, and a
rise in air temperature during its positive phase. As the models better capture the interannual
variability of the WP index than air temperature, the phase of the WP plays a crucial role in
monitoring and predicting temperature variation. However, limitations remain in fully
simulating the independent effect of the WP teleconnection without the influence of the
ENSO. These findings highlight the significance of the December WP pattern for temperature
forecasting and emphasize the need for improved models to better capture atmospheric
teleconnection dynamics.

Snow cover in the Eurasian region in the fall (October) is a major factor in explaining
winter temperature variability in East Asia. In early winter, radiative cooling caused by snow
cover leads to the development of continental high pressure and a decrease in temperature,
which is well reproduced in seasonal prediction models. On the other hand, in late winter,
the relationship between snow cover-Arctic Oscillation-East Asia temperature has clear
non-stationarity depending on the periods and model reproduciblity for this relationship is also
low. Therefore, in early winter, Eurasian snow cover can be used as a monitoring factor for
predicting winter tempeature, but development additional factors is necessary to improve
predictability in late winter.

The autumnal Arctic sea ice and Eurasian snow cover have been considered as an major
predictors for predicting winter temperature in South Korea. However, since these two factors
share a common mechanism via the stratosphere, their effects may sometimes be
double-counted in actual predictions. This study examined the individual and combined effects
of these two predictors and evaluated how well these effects are represented in operational
seasonal prediction model. The combined influence of the two predictors maintains a similar
pattern throughout the winter months, with a particularly pronounced impacts on warm and
cold anomalies over South Korea in January. The model simulates the atmospheric response
to snow cover more effectively than to sea ice, and it shows higher predictability for the
combined effect of the two predictors when sea ice in October is low, and snow cover in
November is extensive over East Siberia.
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Figure 2.2. Objective seasonal forecast process proposed by WMO.
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Figure 3.1 Scatter plots between the
temporal  correlation  coefficient — and
normalized root mean square error
(NRMSE) of the Nifio3.4 index. (Figure 19
of A7} &, 2022)
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Figure 3.2 Correlation coefficient between observation and model responses (bar and
circle), and relative difference between correlation coefficients (diamond and line).
Eq.SST, Tro.Prcp, NH.Z500, and EA.Z500 indicate pattern correlation coefficient of
equatorial SST anomalies (120-270°E, 5°S-5°N), tropical precipitation anomalies
(100-270°E, 10°S-10°N), northern hemisphere 500 hPa geopotential height anomalies
(0-360°E, 20-85°N), and east Asia 500hPa geopotential height anomalies (110-160°E,
20-50°N) regressed onto Nifio3.4 index, respectively. Bar and gray diamond show MME
results. (Figure 29 of A7} &, 2022)
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Figure 3.3 Composites of the precipitation anomalies over the western Pacific
(WP; 110-150°E, 5°S-15°N) and the central Pacific (CP; 160-210°E, 5°S-"N).
Black solid line and gray dashed line show the observation and MME
respectively. (Figure 31 of 77} &, 2022)

Figure 3.4% ENSO, 4% d& A%, $gvat FH(120-150°E, 30-45°N) 7I14Al 1+ 4
BAFE Uit 95 A5 9 U85 AAgoz s fEHE dudA =
AEs 22ug diiwave traimE 45 ALE B2k *46](Z200(130-150°E, 30-45°N) -
2200(85—115 E, 25-30°N)E ERATH #Zo A ENSOS 35 A%, 35 A9} e}

W 500hPa A TEE 129 He ko] ARASE »}E} ouet 29 119 ARE
u»a} Ao e duzREe 25 Avtel A BHP oz % - o
Aub 1gol= ENSO9} shg A5ef ol Wil s Ao Sue} F9 A9 nEe)
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Figure 3.4 Correlation coefficient between (pink) Nifio3.4 index and wave-train index,
(yellow) wave-train index and 500hPa geopotential height over the Korean Peninsula,
(blue) western north Pacific anticyclone and sea level pressure over the Korean
Peninsula. Bar indicate coefficient during 1993/94-2015/16, and dot indicate coefficient
during 1979/80-2021/22 period. Left panel is observation, and right panel is GloSea6
model. (Figure 3.17-18 of 77}& %, 2023)
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3.2 Madden-Julian Oscillation (MJO)

3.21 A8 9 HHY

gvEr 71e9] AS 567 A A tiek FAINASA X~ (Automated Synoptic
Observing System, ASOS) #&54 A5 & AREstRew 1 9 thr] R i Mse FES7d
R AE (European Centre for Medium-Range Weather Forecasts, ECMWEF)ol /H Al %ﬁ}% ERA5
A8 A87t ALHAT #HS BA 7)7he 19919 REH 2020971A 129, 14, AEd=
Aottt RE WHEEe H|AHFS Lanczos band-pass filter WHH O = 20~90%_! /\]7F 529
A-WY dEs T3t FAATH

=734 Aol wel dun AT (I ElE Y Nifod.4 A9: 5°5-5°N, 170-120°W)
AN 3L o]lFHT T = HA/E 0.5C ©]H(-0.5C o]sh 570 ol A&E W 1 A
2e dYnEYWY AFte=m Htow, T Ax F 89 AYmsf91/92, 94/95, 02/03,
04/05, 06/07, 09/10, 18/19, 19/20) B! 97)°] =hYFsl(95/96, 98/99, 99/20, 07/08, 10/11, 11/12,
16/17, 17/18, 20/21)7} AR AU, Lwrstd AARE =E3s7] H8 SEAA DY =3l(97/98,
15/16)+= Al 2] = Aot

MIO A 4F=E A% AEY A5 = vl=rd S 7] P (National Oceanic and Atmospheric
Administration, NOAA)«] AaEakal 2 Al 21 NCEP/NCAR(the National Center for Environmental
Prediction/National Center for Atmospheric Research) reanalysis 1] 200hPa % 850hPa -5 A}
#HS AR e A% 284 HrkE Hsl ARSE ECMWE 29 Ag& 20019 7H
20203714 124€, 1€, 290o] x3EH+= & 5007019 A 7]1%F A H(hindcast) A= olw 11759 <&
AE HdE Aoty Lo and Hendon(2000) ¥ Wheeler and Henson(2004)¢] A+t wWH-S
EQE MO At A&t on A W82 7A7He 5(2023)00 7<= o Ut

B AfoA 83 LBMS University of Tokyo2] LBM website (ccsr.aori.u-tokyo.ac.jp/
~lbm/sub/Ibm/htmDol| A A &3+ version 2.3°]% APCC HPC 7o @30 A X% <ith LBM
S 837 YA 7B o 2 AEZHE AL NCEP reanalysist ERA40 A&7} AZ=u
g ko] S fsl 1991958 20200 7kA1 ¢f ERAS AEAAE S Y =E

TS 24 -
Zetel &8t o8 7hA 9 8 FHNAEE 28T 5 e, Fokror 53 e
o AgH g2 md £ £5 5L st £9 |FEE T42 (128x64, °F 2.8% 3t
A), A4 fFEE 2058 dAstglon 43 R AR EFEIGTh ENSO 9ol o
2 WA FF2 TR fs) ENSO 8, dYk, sl ) 9des 7RI A=y
2 dg A= 74HEH I oEd 647k 98 Waghe FAstel 121 A e MAEtE T
Aetslal, ddel 8| w7 DIF Badeoltt. 74 944 AH8d d=& Table 313 2
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Table 3.1 List of years categorized by ENSO type

Sk AL (A= A 2tufe 2477t LiEL= 128 7[F)
SH 1992, 1993, 1996, 2000, 2001, 2003, 2005, 2008, 2012, 2013, 2014
A = 1991, 1994, 1997, 2002, 2004, 2006, 2009, 2015, 2018, 2019

2t L 1995, 1998, 1999, 2007, 2010, 2011, 2016, 2017, 2020

LBM-& 7 Univ. of Tokyoo] AX|Frdo] st 705 &3 Aoz A
vk 2l (temperature equation)e] HI©td 7ld3to g AFH =, G Zol 9% v
e FAHIE Ae Ax AR YA (dry static energy)E ©]&3] 4+=3% apparent heat
source ¥H(Yanai et al. 1973)2 o] &3t WH(Wang et al. 2020), AEA AFAA AF=H=
Thermal tendencyS ©]-&3t= W (Lee et al. 2024), FFo2RE FAH3E= Wi (Arcodia et
al. 2020) 5°] &85 rt. B AFoA = ALt HYgAH B ARE ol &ste AFAR

B4 dAFES 8l AT HA AEE ol&d 579 A g% JE Wl
Hgd 719dS AF=3= W (Arcodia and Kirman 2023)2 283131 th
. L
Ql(zvyatap): v;;g pr,(zvyvt)ﬁ(p) [31]
pl’s

9 AoA FHHe nigd 7193, 1, (=2.26x10%0/kg)E &< nIRF<L(specific latent heat), p
(=1 kg/mHE t7] BE, ¢(=9.8m/sHE FHIEE, (4,186 J/KS p,(<101,325pa)E 22t 48
Fy @)ooty ZF Ao AAE g AY A & IFS vAA Zevh a2y
S 5 waeln & vE HIE A2 ZEgdE Ay HAFSAME 0, UFd %—%oﬂ
A HAAgE 7HAA AR SR T

£ grol Ao gl Hls) AR FAE AGY e 47 4F DI
ol B 2 1 AAUOE 48T 4 AT WebH AE FHOE oBHE MO HE
A

M E5EA nesy) s AUAY Bt GBS 15EAA weisks 9By 0% o)
o Age nHEA B I5EA N0=AAE Aol gt HYHoR 718 A} 3
of, A eje] FuAgel WENE JYNE WANES ATk FrUALE BE B
Hol A BEE AU ALFEO ofs] BeIE @e] MIO 99 $HFE BEHT

Folz I ZAgE tis] LBM steady state= AP AES B3 &SR oW H A
7F3k 4= biharmonic diffusion(e-folding time 3 hour)3} damping(th”] st&A =
ol d 10, ATl 19)s FRer HE T oF 5-109d A= =23gtt Figure 3.5 LBM

o

~
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o] AAAHL AHKry] 5] MIO 637 A7 ZFAHo gk LBM steady stateo} ol A
g Yol Ve o]F e AzE 500hPa A $1il% composite mapg HlWE 1Ho|t) oluf
#=28E ERAS AgolA 121¥ running meane A AS 11¥€oA 3€71A 9 ARE
compositedt Agolty, Z 17 ATl ke FolAlol 2 EejE Y 2 H(100-210°E, 20-60°
No| 2l #ZF9] FIHgaA ol LBMS 9146 % 47 25 FEg gl AVd<s, =
A Bopmg|zt &R 17]bs Bostal Jlom 9460l Bls 9479 sjEo] HwkH
07 FEOE A AL AL F Utk AAN69] BF FokA o AFe| = A 7|qto] EA)st
o A2S YT ALE AT = Aok T A, A6l Aol MIOZF $736
of =23ty siegts 2doA UEd steady state«] o] vE YA gom of
Ae AT Aot ol& HB6NA I ZA ol

|

J
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Figure 3.5 (Upper row) 500 hpa geopotential height (GPH)
anomaly pattern of LBM steady state to the MJO phase 6 (left
column) and phase 7 (right column) forcing. (lower rows)
Composite maps of observed 500 hPa GPH anomaly pattern with
different lag time (days) of each MJO phases. Day 2 means
composite map of GPH 2 days after MJO reached respective
phase.

Figure 3.62 2 9142 = LBMe| e} #=2] -3 AjZbel] wE e37d8

W AR oA AFE AAH A 33 AT A= WA MIOZL
Z] 55 E HLE steady statee} AR sEE Holu, 11 A 942, €
st

7 ¥
109 349 AE o Fol Al FAATAS G Holt 2L FAY F ok
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Figure 3.6 Time series of spatial pattern correlation
coefficient over East Asia and North Pacific (100-210°E,
20-60°N) between 500 hPa GPH from LBM state state
and observation composite map with different lags
(x-axis). Different colors indicate different phase of
MJO.

A Zroll wet o] Fste= MIOY FFS Rostr] sl A" A tidk steady state
responseE === E Holgle RES FASt, MY Wslsts A dig dir] wse
52T F AEF ST o] M09 @ Aol tht & A= MIOY AlRtel wE
FEs HER 1HT 5 Aot 20249 39 =HEH 39 FEke7tA A MJOZE 914 3H A
SH7MA] st RA e, T FA A¥tHoE EJ}W s 7] 2o] FI|F o2 ol Aol
g o o]#d AdY 7] wWEe dclo g MJO7F X EF At Figure 3.7 3l =<4
712 HE$DH g AF RMM indexE ol &3l Algtell w2} ®stst= MIO A8 s A3t
LBM Z¥ o] it 29 tfr] 35 7|22 vlug Aotk MJOZF $14 82 dojrte 3¢ 22
A o]He Afee TR AY #ZF 7|2 WE FAE LBMo] fAFSHAl BostE AS &4l
g g Qo] ol 7] WEe] MJOd o3 AY F= AeS EAH} FAlo Azt wE 7
AgS g 2 74 A¢o] FaASS BT 99 Zo] AA " LBME o] &3 #=
oA A48 Fa A tig 4FS Ay
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Figure 3.7 (Upper panel) Observed temperature anomaly of Korea
during March 2024. (Lower panel) low level (850-700 hPa) atmospheric
temperature simulated by LBM forced by MJO forcing derived from
observed RMM indices.

3.2.2 ENSO-MJO 9 @& 712 A-Y 3

dol tiRF AAg o8] APE 228 dF e T AR AG7EA dAstedH L
A #5728 ¥ tHHoskins and Karoly, 198D). SAI3# ¥Rk ofye}l Ajgle] Ao mg A
AGUE A AHE A 417N H4F7A] FE LAGE WSS 2ASFI T Figure 3.8

2 MO $17del we vl AL 71 AdY AHAE BoFr dZRE MO 24
152k, 2533}, 3541, 43 g 37 Aot 2% MJO 942-3 == 9746-7 24 20
d T FofAo} AHe] 1R EE AL AL FREHE AR LA d=TSeo et al,
2016; Kim et al, 2020) S-gjubete] AS 1 Al1do] Feiatx] wkrh(Figure 3.82).

vk ENSO2] mean stateS 11.83+=
ENSO =33l 9143 2 246 tist 7|

i )

S MIO 4ol et irom 23] e s«s
>=

%
S Ae AL JER 34FHG) De BAL GE $1969 AT Wl el »}E}
£ S0] H2l5 S84 0 2 3%Ael JEGE 38 BEe A4 o A A
23 B 9le Ao §3ET U MO 9430 @ 71 WELS FeeA g w
WOS46 B 13 AL L 43 1 Aol dehbEA Fsis wid) A1dg Bl
w3, MO 9459 BAR 1F A WAL sl G4 o folnd wgos v
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Figure 3.8 Box-and-whisker plots showing intraseasonal temperature anomalies for each
phase of ENSO and MJO. The weekly means at 1 week, 2 weeks, 3 weeks, and 4 weeks
after the occurrence of the MJO are shown from left to right.
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1% 5 Itk E@, 943 ZAGe] sl WA 7)ol dehbs AL W] FEo} 45
e WART WA s Vet 54 Btk olsh WMoz MIO 946 4AY ZHE
A 9 (Figure 3.9b), B4 AFFE ol 7L WA Holw +10d Hrighe 7T 3FH
B 29 71 #Ah Uit +1F 18 #as AR 244 oS00 ofF Ao
W AEEE B FHWP e e AL WAL Uehdth 3-4FF AL HAE
9963 AR ASY FF oF L UMY B4 Pt BF lodste o ldrh
W, SG6OI A RE ARSIA 13-4 120 FXSHE A WA E71RE Azl AUz
of wet me WA O ARHE BEe B 5 dbd A¥1-25 AL B AunuAst )
9 e t71es deln 91460l % AL AIES FHATE 4T HE AoE fF
At}

(a) (b)

~0.6
Full

7 14 21 28 7 14 2 2%
day day

Figure 3.9 Time series of 850hPa temperature over Korea (125-130°E, 30-40°N) from
LBM simulation with different forcings. Black line corresponds to the simulation forced
by the thermal forcing derived from tropical rainfall anomalies composite in MJO phase
3 (left) and phase 6 (right) until day 5. After day 5, forcing is turned off. Red, blue
and green lines are those from similar simulation but with forcing only over the Indian
ocean (I0), western Pacific (WP), and other region (WH). Light blue line corresponds to
the simulation of propagating MJO forcing.

3.2.3 ENSO F#3| MIO 9%

Figure 3.10 MJO 91743 & 1746 Al7]ell ENSO 91743 OLR A¥W HA 44 £ &
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Figure 3.10 Intraseasonal OLR anomalies associated with MJO phase 3 (left) and phase 6
(right) for each ENSO type.
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Figure 3.11 Sea surface temperature
(shaded), 850 hPa specific humidity
(contour), and 850 hPa wind (vector)
anomalies for each ENSO type.
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Figure 3.12. Weekly mean 300 hPa streamfunction anomalies
associated with MJO phase 3 (left) and phase 6 (right) for each
ENSO type. Intraseasonal anomalies are shown as shaded, and total
anomalies are represented by contours.
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Figure 3.13 Same as Figure 3.12 but for MSLP and
850 hPa wind anomalies.
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Figure 3.14 A sequence of 500 hPa geopotential height anomaly simulated by LBM forced by
the thermal forcing derived from tropical rainfall anomalies composite in MJO phase-3 until
day 5. After day 5, forcing is turned off. The top-right, bottom-left, and bottom-right panels
show similar simulations but with forcing limited to the Indian Ocean (IO), the western
Pacific (WP), and other regions (WH), respectively.
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Figure 3.15 Same as Figure 3.14, but for MJO phase 6.

_26_



TS MJO 91743 & 946 tiFol s AdE Z2v] B o2 RE (A" FEFo] 474
of ¢yyet BEZolA F9u|skA Yebdt} Figure 3.16& ENSO =8 A<d MIO 9A3(FH=
7)) 9 863 287 #EE dF 2 4536 RAAE SEvE 229 UL,
300hPa FA18ks, sl 7|t 2 850hPa wigh HAF WHE HojFoh 9743 HA 4533100 F
=3 Y FHOZE V0] FolAlE AL B F Aed $EAY HIA S XV]%
A &8o] ZslEy fEvet FACE WP &8 A3t FEEA YEeld stEddA &
MZo A7144 €8 HAAIE Gl YA &3 HAUF EXstaL I AolER A E b
o HAZE BAEHA 23 o] FE FEstE A E 4 Aok olyd 20~90Y€ F719 AAEY
HE e & BAAAAE FASHA JeERdT BEA, 9136 DA 47 ek 719 e
3 2 UrE}‘)rEP FEA A A TE eyt FE7EA
2L 3 =& WAt ololAd el &5 tir] oA EA
Z 7148 8 2 E5E AR <8 JAAU AAEEA SYue B2 5E5F AE b
& a7l EAEtE EFolth 917369 47 984S s 9 V| HA AEs 983 #d

%3

J

fomf‘

el
;-;

T2M anomaly T2M anomaly
Total(contour) 20-90d(shaded) Neutral Total(contour) 20-90d(shaded) Neutral

T 1= T T
60E 90E 1208 1508 180 150W

e Tt e S m—
SF300 anomaly SF300 anomaly
Total(contour) 20-90d(shaded) Neutral Total(contour) 20-90d(shaded) Neutral

60N~ -

30N

T — f T T T = f T T T
60E 90E 1206 1508 180 150W 60E 90E 1208 150E 180 150W

48 40 32 24 16 8 0 8 16 20 32 40 48 48 40 -3 24 16 & 0 8 16 26 32 40 48

MSLP & 850Wind anomaly MSLP & 850Wind anomaly
Total(contour) 20-90d(shaded) Neutral Total(comour) 20-90d(shaded) Neutral

48 15 12 08 06 03 0 03 06 09 12 15 18

Figure 3.16 Intraseasonal anomalies of temperature (top), 300 hPa
streamfunction (middle), mean sea level pressure and 850 hPa wind(bottom) at
Week 4 after the occurrence of MJO phase 3 (left) and phase 6 (right)
during ENSO-neutral conditions.
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Figure 3.17

Intraseasonal anomalies of outgoing longwave radiation (contour)

and 300 hPa streamfunction (shading) at Day 0, Day +5, Day +10, Day +15,
and Day +20 after the occurrence of MJO phase 3 (left) and phase 6 (right)
during ENSO-neutral conditions.
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Figure 3.18 Longitude-time diagram of intraseasonal anomalies of 500 hPa
geopotential height, averaged over 40-70°N, from Day -5 to Day +30 after
the occurrence of MJO Phase 3 (left) and Phase 6 (right) during
ENSO-neutral conditions.
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Figure 3.19 Phase diagrams showing the evolution of MJO Phase
3 (left) and Phase 6 (right) during ENSO-neutral conditions at Day
0 (blue), Day +7 (green), Day +14 (yellow), and Day +21 (purple).
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Figure 3.20 Spatial correlation coefficients of 300 hPa stream function (top)
and mean sea level pressure (bottom) between MJO phase 3 (+Week2,
+Week3, and +Week4) and phases 4, 5, and 6 for each ENSO phase.
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P3(D1-5)—P4(D6—10)—P5(D11-15)—P6(D16-D20)—P7(D21-25)—P8(D26—30)

Figure 3.21 Same as Figure 3.14 expect for the
simulation forced by propagating MJO forcing from
phase 3 to phase 8. Duration of each phase is set to
be 5 days.
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Figure 3.22 Same as Figure 3.15 expect for the
simulation forced by propagating MJO forcing from
phase 6 to phase 3. Duration of each phase is set to
be 5 days.
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Figure 3.23 Intraseasonal anomalies of 200 hPa geopotential height and 850 hPa wind at
Week 4 for cases starting from MJO Phase 3(Phase 6) to Phase 6(Phase 3) during
ENSO-neutral conditions.
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Figure 3.24 Box-and-whisker plot of intraseasonal temperature anomalies for warm (left) and
cold (right) cases during ENSO-neutral winters in South Korea.
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Figure 3.25 Occurrence rates of warm events (left) and cold
events (right) during winters under ENSO-neutral (orange), El
Nifio (gray), and La Nifa (yellow) conditions.
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Figure 3.26 Schematic summarizing MJO convection and teleconnection responses
associated with warm (top) and cold (bottom) events during ENSO-neutral winters.
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Figure 3.27 Intraseasonal anomalies of OLR
associated with MJO Phase 5 during winter
under ENSO-neutral conditions (solid line) and
La Nifia conditions (shaded).
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Figure 3.28 Weekly mean 300 hPa streamfunction (left), MSLP and 850 hPa wind anomalies
(right) associated with MJO phase 5 during La Nifia conditions. Intraseasonal anomalies are
shown as shaded, and total anomalies are represented by contours.
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Figure 3.29 Steady state response of 500 hPa
geopotential height anomaly from LBM simulation
forced by MJO phase-5 with different basic
states derived from ENSO neutral years (upper
panel), El Nifo years (middle panel), and La
Nina years (lower panel).
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Figure 3.30 Same as Figure 3.29, but for the
simulation forced by forcing over Norther Indian
ocean (left panels) and western North Pacific
(right panels)
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Figure 3.31 Cold event occurrence
rates (%) during Week 1 of MIJO
Phase 5 for different ENSO phases.
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Figure 3.32 Schematic summarizing MJO
phase 5 convection and teleconnection
responses associated with cold events during
La Nifia winters.
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Figure 3.35 Schematic guidelines for the
application of a 1-month forecast of ENSO-MJO
phase impacts.
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MJO Hindcast Verification (2001-2020)
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Figure 3.36 Bivariate Correlation, RMSE, Phase Error, and Amplitude Error of
MJO indices for representative impact-phase cases during ENSO-neutral and
La Nifia winters.
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Figure 3.37 MJO phase diagrams for representative impact-phase cases
during ENSO-neutral and La Nina winters, based on ECMWEF hindcast
(yellow) and observations (blue) over 3-week forecast periods.
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Figure 3.38 ECMWF +3-week forecasts for ENSO-neutral winters: Intraseasonal
anomalies of 2 m temperature (top), 200 hPa streamfunction (middle), and
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Table 4.1. Description of model name and hindcast period used in this study.

Institute Model Ensemble size Hindcast period
1 BOM ACCESS-S2 27 1981-2018
2 CWB TCWBITv1.1 30 1982-2019
3 IMA MRI-CPS3 10 1991-2020
4 KMA GloSeabGC3.2 28 1993-2016
5 METFR SYS8 25 1993-2016
6 NASA GOES-525-2.1 4 1981-2016
7 UKMO GloSeab 28 1993-2016
8 CMCC SPS3.5 40 1993-2016
9 ECCC GEM5-NEMO 10 1993-2020
10 DWD GCFS2.1 30 1993-2019
11 ECMWF SEASS 25 1981-2016

I AEH AE=Z 7] H4= European Centre for Medium-Range Weather Forecasts
(ECMWB)ol A A &-3F= reanalysis 5 (ERA5) A& E AF&3tHTh sl4+H 2=(Sea surface
temperature; SST)= National Oceanic and Atmospheric Administration (NOAA)o|A A -&-3l=
Extended Reconstructed Sea Surface Temperature (ERSST) V5 A& E A&SIR 3L, AT AR

+ Global Precipitation Climatology Project (GPCP) version 2.3 ZX&.<¢} ERASE A-&3lH T} 9]
% oy ARY ARE B2 ARE F/SY 2dse) vng A8 BE ARE 2l 2
59 T3 7zt ths] EAskR A, A ATk wiwE 9 1979/80-2021/22d 7]Xte
i = AR THOBS+E £7]). NPOS] A7) wstel #dE #240= ERAS 1941-2022d
ARs Aestgn

As BA wylogs @Ad B, AUEA, R4, 2483z HJud<(Empirical
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Figure 4.1. The spatial pattern and the corresponding
principal component time series of the second EOF mode for
the December sea level pressure anomalies during 1979-2021
(a and black line in ¢) and 1993-2015 (b and red line in ©).
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Figure 4.2. The spatial pattern of the second EOF mode for the DEC sea level
pressure anomalies for models and observation.
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Figure 4.3. The corresponding principal time series of the second EOF mode for the
DEC sea level pressure anomalies for models and observation.
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Figure 4.5. Multiple regression of (upper panels) DEC precipitation and 850 hPa wind
anomalies and (lower panels) JAN precipitation anomalies with respect to the DEC NPO
index.
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Figure 4.6. Multiple regression of DEC and JAN precipitation
anomalies averaged over the 120-150°E, 0-15°N with respect
to the DEC NPO index.
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Figure 4.7. Multiple regression of DEC and JAN 500hPa
geopotential height anomalies averaged over the 120-150°E,
30-50°N with respect to the DEC NPO index.
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Figure 4.8. Difference between multiple regression of JAN and
DEC precipitation anomalies averaged over the 120-150°E,
0-15°N with respect to the DEC NPO index and Nifio3.4 index.
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Figure 4.9. Multiple regression of JAN 500hPa geopotential
height anomalies averaged over the 120-150°E, 30-50°N with
respect to the DEC NPO index and Nifio3.4 index.
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Figure 4.10. Multiple regression of (upper panels) DEC latent heat flux and 200 hPa wind
anomalies and (lower panels) JAN sea surface temperature anomalies with respect to the
DEC NPO index.
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Figure 4.11. (upper) Climatology of DEC 200
hPa U-wind averaged over the 130-180°E.
(lower) Multiple regression of DEC 200 hPa
U-wind anomalies averaged over the 130-180°
E with respect to the DEC NPO index.
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Figure 4.12. Multiple regression of DEC and JAN sea surface
temperature anomalies averaged over the 120-150°E, 25-45°N
with respect to the DEC NPO index.
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& AASEA TIe FoT FF] YEA ¥ Zle=m Hn. Idd 12
NPOSt #dd 1€ 2yt 7|22 #FoAM 73l wet Zol7h Afl=dl, 439 7
(1979/80-2021/22, OBSHoA = Zs &Fo HAAZ YEgtey == hindcast  7]%t
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Figure 4.13. Multiple regression of JAN 2m temperature

anomalies averaged over the 125-130°E, 35-40°N with respect
to the DEC (bar) NPO index and (dot) Nifo3.4 index.

4.1.5 NPO A 932 #7] ¥3}

Al 12€ NPOS} ##Hd 1€ fevel 7122 4399 21 7tollA = 74t e #HAA o)
AAT =9 hindcast 713H23D A= FHHAo] TraE] Zgke] wel Aozt AT ol g
zfo]l= 500hPa A1 Zo A= YEST 129 NPO9F #HE 1€ FolAor AJI1Es 7]
3 m7A 2 29 hindcast 7]ZFoll A& 4333 717tR T ¥kgo] ZA YeRytt} (Figure 4.7). 38f
T &% ®8& =9 hindcast 7|ZFellA FHAF ot s A3 Fo HAER UERH
(Figure 4.12). ¥kA ofdt] HA B A Ze 7|32 zo|rt Aoz o=z 4
29 hindcast 7|ZtellA kA& A UEETE (Figure 4.6). SHA 7 71Fel A Z2H2
HE 7} AALANA= Zol7F ALY §la (Figure 4.1), 12€ NPO<} #HdH 12¢ ]
HAasEs 24 71 wgl & zkolrt glo] NPO9 &A] 4 &2 7|Xtel| wet xjol7t
Atk 2bA 717 lste]l WE NPO AA| 9] AR A FF ABolA zpo]7t LS AL

= 2 5 9o
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129 NPO2] A9 ko] A7jA oz Warsl AAE=AZE ®B7] 93] ERASS 19414 HE]
202237441 o] A8 E AHES] A7) ®stE AH R NPO= oA ARE-3F = hindcasté} 5
Y3 239 A= 7|3t o H MUIARE 234 o]FstH RejB < sk WAkl EOF&
A g3 75tk Figure 4.14%= 12€ W7 AA WsAd 2 A WA T Wx 2Tyl 2}
A H&9 Aztel] wE WEE Yepdth A HA R AA W4 T o 35-45% A=
E AAZlen HE nlEo] i /A F HA REs AA HEA T oF 20-35% AEE
AAF@ow ek 1960~90d o] H]-go] =73t} o] AT F MR mTo] Hlgo] =
G 7IE T 1971-1993~1977-1999 713toll= EE W tolE sdo] A WA RToA e
U A WA R=5 NPOZE A ols| ARg3t4th

DEC NPO / Exp.var
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Figure 4.14. Percentage of variance explained by EOF1 an
the DEC sea level pressure anomalies.

Figure 4.15& 233 9 =% 7|zt tidk NPO A =9} 2& 7|7ke] 1¥€ $-gugl 71 719
I AEAE 194135 234 o]Fdle] 73 AALE 12€ NPOS} 1€ -guet 71L& A9
Az 2 W3lE Jehdth 129 NPOSF 1€ 712 ko] ##H o] 9om, 1960 d] oA
FEA o] wrdthr) 1960~90th 718 Fol g o] FHEALS YElW oy olF gA AT
W32 Ryt EOF 5 WA mTo] H|ZEo] =713k Al7]9 129 NPOg 19 7]&9] Hed Aol
e A7e vA}o}ﬂl UEbth A8 A7 (Sung et al. 2019l A= AL3H (DIF ) NPOS}
Bolmg]7} T8 7129 Aol ¥& 7|kl (1948-1969d, 1995-2014'3) NPO EB& Z 9| ¢
A7) FHoR 7<1 Bow ol FopAol Ao e Holueiziet Wiz FUAol Feg
By, WU E NPO BZ& Zo 9x7} AZoz x93 7]7to] (1979-19943) NPOS} Eo}A]
of 7]1&& <o AHE Yehia Holwgsl BRE @Al O}E} NPO $%7} 12€ NPO

ol

Ni

o 18 12 WA Ese Aol EA AT Fis) 25 AR Lo AV1E oIF
st ole NPO slgel M & Zeo F4l 9% WaE Awugc. NFO X Azbel et
oprel olEol KONk o 180-200°F Aol S e, 128 NPOSH 18 /1S BASk NPO

Z4 9% el Fom@ BAAS 37] oAU wWekA NPOS (A JFel A= NPO 7
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Figure 4.15 Moving regression of JAN 2m temperature anomalies averaged
over the 125-130E, 35-40N with respect to the DEC NPO index.

Figure 4.16& 12% NPOS’Jr FHEE ofd) BEAefHE Y A9(120-150°E, 0-15"N)oll A 3 F3F
AR A3 E Jebd Igoldt NPOSt #ddE Z4e A

—
[\)
L
}_n

'é o T \_.

1 Sel BARE JHAAT A7l T HsE s L2ANT 120 wah 2 el
s, 199 3% 94 @ 2o BUHS Bt} 1970-201048) FAHYT olF H
A)7kol BA 2Tk 195 12909) Fol 19708 ) ol F2 2o ghol ZrhHer H A%
A ML $EOE FAHU Figure 4178 o—*rsz} R R S 3 FobA o}

A 9(120-150°E, 25-45°N)ollAl Fgk 12¢€ NPO<} #AH 1€ sid 259 WeE yehd
TIHelth 12€ NPO9t #dd 14 sid 25 A VI } Fol BEAd = vErWl e 1960
o|F& o3 WAL FAIH A

129 NPOZF & & AdHo] &S vA&= F #4 5 NPO% 1¥ sEjve} 7| #
Halel o BE e sﬂr?g% Tz Ay w gkt Figure 4.18a: 23 9% 7|7o o
olFIARHOE T3 12¢ Pooﬂ g 19 7129 ANAEH, 14 otdr] EAHB S
gk FopAlo} 500hPa A 911% AAIES AEEE Yepdth F AAELS 29 A44aA
(-0.62F YEW NPO®} 7] «l HHgdol =UT
2O &2 YERTE o] 53 FAEA R A4 1

o thg 14 -soFAloF 500hPa X]H = AAEHE e =2 #dAdol da (FEAS 0.95),
124 NPOol| thet 19 EAMEHEY o AASd=s ddAd o] W] wEo (GaAs -0.25), 12

4 NPOSH 14 7] A W3t= NPOQ} 740 A
o} #E 2e ZAoz B 4 grh ¥hi, 129 NPOo| tigt
o]

A

24 NPO9J
3 1€ fve 79 dlad 25 AAdS #EA D%(Figure 4.18b, *J?_ﬁl—’? 0.34)

NPOS} 7]22] #dA ol =4 &dd Al7]o= NPO%} §
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NPOS| si5W £58 5% A JFuTt okdh AHHY F5E 53) Fobr
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Reg. DEC NPO & PRCP (23yr)
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Figure 4.16. (ine) Moving regression of DEC and JAN precipitation
anomalies averaged over the 120-150°E, 0-15°N with respect to the DEC
NPO index, and (bar) their difference between JAN and DEC.
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Figure 4.17. Moving regression of JAN sea surface temperature anomalies
averaged over the 120-150°E, 25-45°N with respect to the DEC NPO
index.
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Figure 4.18. Scatter plots between moving regression of JAN 2
m temperature anomalies (125-130°E, 35-40°N) with respect to
DEC NPO index and (a) moving regression of JAN 500 hPa
geopotential height anomalies (120-150°E, 30-50°N) with
respect to JAN precipitation anomalies (120-150°E, 0-15°N),
and (b) moving regression of JAN sea surface temperature
anomalies (120-150°E, 25-45°N) with respect to DEC NPO
index. Olive green, orange, and coral dots indicate regression
coefficients during 1941-1981, 1961-2001, and 1981-2021,
respectively.
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4.1.6 NPO®} ENSO &-§ #et

12€ NPO<} 1€ gyt 712 Zrol &F9] #HAo] o mdoj= NPO AA FIF
A3 149 7| #HAo] Byt HAUTh o]y T AAE oS &8317] 93l NPO 9%
of W& 73S Am Rttt Figure 4.19% NPO2} ENSO $A4tol] wet BF3F 352 FolAo}
A9 500hPa A9 15(120-150°E, 30-50°N)e} 3l =%(120-150°E, 25-45°N), Sy} 7]
2(125-130°E, 35-40°N) #H=le] Ex o} a3 59 IAAS veldt. NPO= A 49] £0.7
EFHAE, ENSO+= Nifio3.4 A9l £0.58 7ITo2 49 e 783kt ENSO d3ks

1no

i Al skl = NPOS] A F&Fo] UAARE NPO9| ofdd) HAMEE S s T3 Ad I9F &
go] ENSO°l o3t & AA3 FAFsH7] ol ENSO #1744 %= 2ol sttt

12€9] NPO Qlo] 9y == Zyuvt ZAYE 1do Aaxs} s 25, 7|22
dEow FEA ¥y 12A FxHo 5E3 FFe e F AAH ol 7= &HA
ENSO g3l 14 atdtt= A3 22 Adyolty vkd 124 NPORF B 1dol= <&
[+2] NPO sfjoll sofalo} /A7t HAL, F/Ee e 25, /4 vzt 712 B &
S = NPO¢t 22 F3 = yelue A&l AMer, &2 NPO Btk 59 NPO 2] 74 ol
EUT $A AFo|A 2P hindcast 7]17H1993/94-2015/20161 )0 4] 12€ NPO<} 1€ 7129

HdA o] A, FAEZANAE VAR 2l U3 73 QoA = 439 73l B
AFA ol HAaskth 1249 NPOgF ENSO7F 22 f1do = 37 24 1dole Aol
0 oy Ed, &3 $olvel 93 d4H 255 ENSO, NPOSt =% e B35z el
NPO<} ENSO7F 22 974<%]l A g% NPORE A S wio} viz7lA R Fo] Q4R T F9
el A 19 FotAol AT} sid 25, vt 7|9 Aol ¥ =4 JHERTH
T3 NPOSF ENSOZF 22 o= HAYPY 7 Fode= =2 hindcast 71Xt thigh A3 Aol A
T ARIES e R, Ve ® o &2 Uehe o] FAEHAT

O

=

o
N
N,

flo

4

mdo| % 12€ NPOSt ENSO 97l wel 19 FolAlol A uxs} s+ &5, v
X E AT ET (Figure 4.20). B2EAA ghukel 59 NPO7} A HAstE 45
Q7] wiEol Auxel ko] NPOo| tidh BEvt Auugity ndoiy= 129 o
o] A 73-?—, 1% SotAlol m7|YA HAle ¥ d4H 25, $g

[} E H
12 =2 Aoz eyt dF 2de dyad T4% A= nr|9A daket
2
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Figure 4.19. (upper panel) JAN 500 hPa geopotential height, sea surface
temperature, and 2 m temperature anomalies for El Nifio without positive
NPO, El Nifio and positive NPO, and positive NPO without El Nifio years.
(lower panel) Same as upper panel, but for La Nina without negative NPO,
La Nina and negative NPO, and negative NPO without La Nina year. Light
gray dots are each event year. Bar and square are average of dots. Bar is
average for 1979/80-2021/22 period, and square is average for
1993/94-2015/16 period.
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Figure 4.20. JAN (top) 500 hPa geopotential height, (middle) sea surface

temperature,

(bottom)

2 m

temperature

anomalies of

model and

observation for El Nifio without positive NPO, El Nifio and positive NPO,
and positive NPO and El Nifio years.
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Figure 4.212 12 NPO A|+¢} Nifio3.4 A9 #ZF3 Ao FAATE
2 F Ao gilead ¥ A4S Yebdth Ninod 4 Ao FdATE EE _‘?_%101]/‘1 UH
G =T S ARbe] dojdeR ABATIE Fastrle oy lead-3914 %= o138 0.9
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293 1A 2d F 47 299 SAHOR 4% ke verih lead-00l A lead-12 413
WA FBASIE DA ZasD ol T AT the) FASI Yo
[e)

Figure 4.22+= =3 NPO A9 lead-13} lead-09 gt A FE(Hit rate)S= YeEld I1H O
2, AFTES B#5olA BT oJHlE Fof tig R BtE oHE S| &S UEhdth
lead-19l 4] <& NPOol that AFEL 47] REolA 0.6 o] doln YA Ed2 THT Jgk
ok =9 NPOd gt JFEL2 g ZEATHM6) 0.60]1 YmX] BdE IR Agtor oFg

NPO HFE3 27y 2tk M6 2ol /52 NPOE 1=A & urxgled o 2d2
NPO<9] A d3F #A =3 A=3 713 FASHA 2odts mdolth M1l Rde HEE9]
7b skokedl NPOSF ENSO9| 59 o] 743 Rd=& ENSO Y& 73t Rojdte =
o|t}. lead-0°lA4= &4 NPO AFE©°] 0.8(M8, M9), 0.6(M10, MIDL. 2 7%33d] =¢om 49

NPO #5&2 okt

1€ o ZdlA NPOY A FaFs &8st 122 NPO Aol tigh AR7F a3, 4
S o

=g gaste 129 T+ AHAAE 129 NPO A% ARE ArE oldy] e wd 6=
A5E Z&loF ot 12y NPOO tidk oS4 o] lead-11X % =4 &of &8 AT}
oAtk lead-0= WY 196 27343 ko] Ego CIlA WY 10974 A% 485 )
Zajn 9o WY AZIAS BEE 22A E 4 Aok £ lead-0904 A= 4ol W
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Figure 4.21. Time correlation coefficient of (left) NPO index and (right)
Nifio3.4 index between observation and model lead-0 to 3.
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Figure 4.22. Hit rate of NPO event for model (a) lead-1 and

(b) lead-0.
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4.2 Western Pacific (WP) 3 &

421 WP &9 F3F

A el 38 H(Western Pacific; WP) 2 F5 th7]olA ZAxp7iRteel Sejg gol 24 34
He 38 AQux BAFA F2E oudti(Wallace and Gutzler, 1981). o]+ AL Euky
7153 HEAdd Fa3 IS vA= txAQ] A4 Hd F vz, 53 v A

A-g st di7] dA8TdoltHAru et al, 2020; Kim et al., 2022).
WP sigle] ko] 42 ZA7ME=AA 59 AiE HAet Refg ol o A1
A , 7l AeEts T ¥FE HA v AEH TR S =
t}. HithE, WP €] 29 %’4’2}% ol¢o} AwtdE 712 Fal fElvE A 7
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do
o ok Prl
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ffo o
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rlr
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24
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%
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(@]
)—A
L

a8y oiREe] A8 dFE AL Hd WP dlgdg 79 AN E TAHOZ o] Fo

= o= 1‘?——?0}3} =3, 5= Z%5(Arctic Oscillation; AO)

g ENSO$} dhit= ZlE 712 WEde BACA ArIHsdo] EATS Adl AFolA AA

# vk AHChoi et al, 2019). wetA WP sido] HtE A F7|20 mX& FFA H3l7}
UetY=A 24 é&ﬂ AT

N

422 A5 9 BA HH

WP el = @ #¥E wAYE 4SS 984 European Centre for Medium-Range
Weather Forecasts (ECMWE)oll 4] A &3}= Reanlaysis 5 (ERA5) A= (Hersbach et al., 2020)&
gasuct $yvet 71 #= X} = 1047) A" 2] Automated Surface Observing System
(ASOS) ¥+ AEE A3ttt 4 7|xk2 1979388 2023d7kA] F 45do|H, 124, 1
4, 249 AAY 75 A5 74@@ AZAFE F8I7|eS Mo 2HS WA

nd 25 BN+ 7|AA dg A d S0 AMEE 1 U+ Global Seasonal forecasting
system version 6 (GloSea6) 2dS x3ste] APCC MME®] Fofst= & 15719 =dls o] &3t
ott. 7+ wele] GAE PFS ALestgon, B4 A E(hindcast, 1991/921d~2010/1113)E
ALkt FH EAdE 112 A3 o= 22(ead 1-month, L7} AH&H At

WP #i&l <€)= Wallace and Gutzler (198D)ollA A¢tE WP = AHY A% =}
o2 sHto g 4 [4.11¢ £ 4+&s9o)

WP = — %x (2500 (60V, 155 E) — 2, (30.V; 155 E))] [4.1]
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71A 2= 500hPa A TE Aoldel € WaE ofvFTh olwl, WP exvt ko] g

L A% AR 2o AYDE WAL vehtn Bejmoe] o ANLE Bt
AEle e WP " & ov|stt (Figure 4.23).

" _Reg(ZSOO, WP)
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Figure 4.23. Western Pacific (WP) pattern in December. Regression coefficient of
geopotential height at 500 hPa (Z500) onto the WP index. Hatch represents the
statistically significant at the 95% confidence level. Green stars indicate the two
points used to define the WP index.

423 WP d473#o] 8uet AR 712 vlA= TS}

WP &2 7437‘% %i‘ ﬂ17]°ﬂ/‘1 ‘JrE} = T8 7]5.— H
o 5

BatA0l JFS © ko 3 =

o] fdsts g7 Asks HheS ‘:'“0}7] A3l ALE €9 IAEMS FYSPT &
3], 120 WP sied o] o 9ol A= A%, EHBY A A thr] stFo 71944
+=3ho] Wt (Figure 4.24). ol&, SElvel ALd 7)o 93 vX= EF/AF A7dS

kA7, AxpH oz Am|glol 17t AdFAF A|d 3] F
ol wmet EUetE fFdEHE % 'EF "At AsEHEA 7 :
3C) Ao FAsATh 7] FFolA= WP sje o] ko] $74do] vehdol wet 45 AE
717 Hdig BEo=® o]FsiH, EOW of 4% ZIgFol| okslHE) o= As| FA| o)A

fo X
o

=

Lo

=)

of

FUHE B B9 olFAh kspETh F, o] 94S 2= WP sEle] Urhbs A9, o]
Bolzel BUA GBOw 128 Fedel Aol BURG FEaT. v VP A §
o Sl AE olsh gmEE Aol Ag3te] J]eo] BT SAEE 0T Uehhth

_74_



Z500 (gpm) U200 (mis)

30

o
| |-

0 60E 120E 180 120W GOW ]

T2M (°C)
15

SLP (hPa)
3
=g
-3

=
--1.5

=1

o BOE 120E 180 120W GOW 1] 0 GOE 120E 180 120W 6OW

Figure 4.24. Regression coefficients of (a) geopotential height at 500 hPa (Z500), (b) sea
level pressure (SLP) and wind at 850 hPa (UV850), (c) zonal wind at 200 hPa (U200), and
(d 2 m air temperature (T2M) against the WP index during the period 1979-2023. Hatch
and wind vectors denote values significant at the 95% confidence level. Black contour in
(o) represents the climatology of U200. The regression coefficient of T2M over South Korea
(34-38.5°N, 126-130°E) is shown in the top-right corner of (d), with the significant at the
95% confidence level.
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Figure 4.25. Correlation coefficient between the WP index (x-axis) and T2M over
South Korea (y-axis) during (a) 1979-2022, (b) 1991-2022, and (c) 2001-2022 from
October to following April. Shading intervals represent the statistically significant at
the 90%, 95%, and 99% confidence levels.
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Figure 4.26. Sliding correlation coefficients between the WP index and 2 m air temperature
(T2M) over South Korea in (a) December, (b) January, and (c) February using a 20-year
window. The rightmost value shows the correlation coefficient for the entire period
(1979-2023). Open and closed circles indicate values insignificant and significant at the 95%
confidence level (pink dashed line), respectively. Black and gray lines indicate cases with and
without the influence of ENSO, respectively.
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Figure 4.27. Correlation coefficients between the WP
index and surface air temperature during (eft)
1981-2000 and (right) 2001-2020 for (a,d) December,
(b,e) January, and (c,f) February. Mean value of
correlation coefficient is shown in the top-right
corner of each panel.
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Figure 4.28. Regression coefficients of Z500 against the WP index
during (left) 1981-2020 and (right) 2001-2020 for (a,d) December,
(b,e) January, and (c,f) February. Hatch denote values significant at
the 95% confidence level. Green dashed line indicate the reference
line at 120E and 50N.

WP sjelo] Sgluet ALH 7]ed nx: 9GS qoFstd Figure 4.299F o] vtepbd
F Atk WP dAZ#E 12€9 A3 dEhdm, o] &8 7% ZA R AR A
7hHsde BoFEn WP 989 K)o S A Al ti7] stsolA dRAE A7 o3t

_78_



DSt FA A1k FaFTh7t deht $EdEE GAGE WAt FeEn. A
W71 4FAAE AEZFE BERT B FokAoh /g E ol kB F F
7] ol SksHFEHATE olsh e vyl 4Fe] BHH wWaE 128 See 7129

FsES FE3.

128 MERUWR HE (55

_ D 128 MEFRY YA
© =% |
— E 47| 5t= n 07| 45 |
@ Aot 37|2 ot @ HE 24,
-4 7|92} ofat ® S0tAlot 71°*ﬂ ot
O uNE w o3

7] 99 o3t

+
@ 129 P22t 7|2 A5

Figure 4.29. Schematic diagram illustrating the impact of the WP teleconnection on surface
air temperature over South Korea in December.
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Figure 4.30. Composite mean of temperature under
the in-phase condition of WP and AO during (a)
December, (b) January, and (c) February for
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- 81

(TCC) are



Z500: OBS vs. Models (20N-70N, 120E-180E)

e C:? Feb
T~ Al e Jan

1.50
2
3
4 ; S
125 - 5-CMCC N A%
E S
]
1.00 —— 2K
075 |- 13-NceP Ny ‘\_4(}9

0.50 |- 409

Standardized Deviations (Normalized)
a
%
4

4
0.25 \ o909

. .u IR

0.00 —1.0

0.25 0.50 0.75 REF 1.25 1.50

Figure 4.32. Taylor diagram for the WP pattern in
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(yellow) over East Asia (20-70°N, 120-180°E) for
15 hindcast models compared with ERAS during
1991/92 to 2010/11.
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Figure 4.33. Evaluation of model performance skill for the WP teleconneciton
in each model. Correlation coefficient between the WP index and T2M over
South Korea. Black bars denote statistically significant correlations at the 95%
confidence level.
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Figure 4.34. Regression coefficients of (a,e) geopotential height at 500hPa
(Z500), (b,f) sea level pressure (SLP) and wind at 850 hPa (UV850), (c,g)
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Figure 4.35. Correlation coefficients between the WP index and T2M in
December using lead 1-month (L1), L2, and L3.
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Table 4.2. Evaluation of model performance skill for T2M and WP
interanuual variability between each model and reanalysis data in
December during 1991/92-2010/11. Boldface indicates statistically
significant values at the 95% confidence level.

Models (L1) T2M WP
MME 0.27 0.56
APCC_SCPOPS 0.03 0.10
BCC_CSM1.1IM 0.24 0.21
BOM_ACCESS-S2 0.06 0.48
CMCC_SPS3.5 0.46 0.17
CWA_TCWAITv1.1 0.40 0.34
HMC_SL-AV 0.36 0.30
JMA_MRI-CPS3 0.50 0.40
KMA_GLOSEA6GC3.2 0.10 0.23
METFR_SY8 0.14 0.18
ECCC_CANSIPSv2.1 -0.03 -0.06
NASA_GEQOS-525-2.1 0.04 0.48
NCEP_CFSv2 0.15 0.61
PNU_PNU_CGCMv2.0 0.24 0.29
UKMO_GLOSEA6 0.20 0.57

2

AA fEyet 7122 WPERE oy} ENSO, AO 59 7I$HsAdd 71& Hel= s
AT BT e 4% 5 OFE 8Qle] BgHoz AP tehdnk mehd, md W
A D Sl @AV} Uk 53, BdoA 129 WP jHe A
o2 & mofFn YA, ol ENSOS FF& wASmAE Aol otk W, #ZolA

z v

£ ENSOY 432 Assttiets WP 924l folvd JFL VAL BfZTh ol F
F mdolA t7] 9ARE WAUSLS MY Bart Aee AT WP AE WP 97
Aol e euer 7o) MalE oladoRM, Seluet AL sl grldns mu
AR 71dg & e ACE s
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Figure 5.1. Climatological distribution (contours) and interannual variability (shadings) of snow
cover in Eurasian Continent in October-January for 42 vears (1980-2022).
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Figure 5.2. Correlations (shadings) and regressions (contours) of snow cover in Eurasian
continent with snow cover, short wave radiation (ssr), longwave radiation plus sensible heat
flux plus latent heat flux (str+sshf+slhf) and 2 m temperature (t2m) in October for the 42
years (1980-2022).
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Figure 5.3. Correlations (shadings) and regressions (contours) of snow cover in Eurasian
Continent with snow cover, short wave radiation (ssr), longwave radiation+sensible heat
flux+latent heat flux(str+sshf+slhf) and 2 m temperature (t2m) in November for the 42 years
(1980-2022).

ZA7He 52023) A gk mpel Zol, 108 wHY £=9 4F dRdoAe w89 &
H Zo o7k tj7] st5< 71% e F=stal, vobrt Fgate] AXHaz QI tFd-A4
A dsgdd 98 F AgEo|(polar vortex)7t eFslEte FHA = dl7] dE9 VL S
FET olel 10d w2 Fx9 A3 FAFA(trend)o] thrd B ASde = A4 v
ATl FF= v 714 Z71AE Zhold (202D 1028 FERAoF wH Y S5 D

g
UlO 2
l

m}l_‘ o
o

ol sl o7 71, A7F 5(2023)00 A o] #ddE AHRE aofstH

_1.4

AYRS Ad 109 ¥¥Y £ZESPDX)7E o] wFee] mxE 9S4 #H
(thermal perspective)oll Al A B ~7] 93l @Y =71 3w 7] (sea level pressure; Figure 5.
Y} AZ7] vA = FFS AHHEUT (2 m temperature, Figure 5.5). ¥9@Y 59 A&
Z23d A9, WG 5o HAE ta oA Boste S B & Utk 53] o
o,

Bl ZAg FEsHA YU, ol 1¥-2€99 =ALdE vE9Y
Aol o3 sfH IR 59 WA YEUA &gv AS & F Aok ol FEAlor tiE9
10¥ 9% £57F 71 A5, 11€~12€¢0] 23X =ALY v€U=E S7FeHA =, ol
11¥€~12€9] BAF Wyzto| &S Foh oyt F2Y grl=e] vxrglzh 7] wiEed oy
A= AL 30| vedt} (Cohen and Entekhabi, 1999; Gong et al. 2004).

_89_



Regressed SLP (Detrended)
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Figure 5.4. Regressed sea level pressure onto the SPIDX (without trend) in
October. From left to the right, November, December in the same year, and
January and February in the next year.

Regressed T2M (Detrended)
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Figure 5.5. Regressed 2m temperature onto the SPIDX (without trend) in
October. From left to the right, November, December in the same year, and
January and February in the next year.
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2 HolA HH FY=olE 29 HAE HAT ol J2HA0Y) FEAor FHY £
W=42 ALd S(negative)] AO(Arctic Oscillation)-like &€ o] 723le = A3 AHAAT

Regressed U20 (Detrended)

Figure 5.6. Regressed 20hPa zonal wind onto the SPIDX (without trend) in
October. From left to the right, November, December in the same year,
and January and February in the next year.

Regressed Z500 (Detrended)

Figure 5.7. Regressed 500hPa geopotential height onto the SPIDX (without
trend) in October. From left to the right, November, December in the same
year, and January and February in the next vyear.
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Figure 5.8 Relationship between October snow cover extent (SCE) and
boreal winter (DJF) AO for 1910 to 2014, with 21-year sliding correlation,
represented by 20C Reanalysis in NOAA.
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Figure 5.9 Regressed 200hPa zonal wind onto the snow cover extent in October. From left to
the right, the small set of periods in 20C reanalysis in NOAA.
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Figure 5.10. Regressed 2 m temperature onto the snow cover extent in October during
1981~2023. From left to the right, November, December in the same year, and January and
February in the next year.
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Figure 5.11. Regressed 2 m temperature onto the snow cover extent in October during
1981~2016. From left to the right, November, December in the same year, and January and
February in the next year.
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Figure 5.12. Regressed 2 m temperature onto the snow cover extent in October during
1993~2016. From left to the right, November, December in the same year, and January and
February in the next vyear.
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Figure 5.13. Regressed 2 m temperature onto the snow cover extent in October during
1993~2023. From left to the right, November, December in the same year, and January and
February in the next year.
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Figure 5.14. Regressed zonal mean vertical wave
activity flux (WAFz) over 40-80N onto the October
Eurasian snow cover extent during 1981-2016,
1993-2016 and 1993-2023, respectively.
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Figure 5.15. Regressed geopotential height over 60-90N
onto the October Eurasian snow cover extent during
1981-2016, 1993-2016 and 1993-2023, respectively.
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Figure 5.16. Regressed geopotential height in October onto the October
Eurasian snow cover extent during 1981-2016, 1993-2016 and 1993-2023,

respectively.
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Figure 5.17. Regressed geopotential height in December onto the October
Eurasian snow cover extent during 1981-2016, 1993-2016 and 1993-2023,

respectively.
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Figure 5.18. Correlation of zonal mean vertical wave activity
flux (WAFz) over 40-80N and negative Arctic Oscillation
during 1981-2016, 1993-2016 and 1993-2023, respectively.
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Figure 5.19. Regressed temperature in October onto the October
Eurasian snow cover extent ERA5, GS5 and ECMWF, respectively.
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Figure 5.20. Regressed zonal mean vertical wave activity flux
(WAFz) over 40-80N onto the October Eurasian snow cover
extent ERA5, GS6 and ECMWF, respectively.
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Figure 5.21. Regressed geopotential height onto the October Eurasian snow cover
extent ERA5, GS6 and ECMWEF, respectively. From left to right, November,
December in the same year, and January and February in the next year.
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Figure 5.22. Correlation of Arctic Oscillation at 10hPa in
December and Arctic Oscillation from October to March in
ERA5, GS6 and ECMWEF, respectively.
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Figure 5.23. Regressed temperature onto the October Eurasian snow cover extent ERAS, GS6
and ECMWF, respectively. From left to right, November, December in the same year, and
January and February in the next year.
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2 3" A5+ National Snow and Ice Data Center (NSIDC)2] Sea Ice Index, version 3
(Fetterer et al. 2017, https://noaadata.apps.nsidc.org/NOAA/G02135/north/monthly/geotiff/) & A}
435193, €Y A== NOAA-Rutgers University Global Snow Laboratory2] weekly Northern
Hemisphere continental snow cover (Robinson and Estilow 2021; 5183 & 2A3)E AM&3}
At thr1egk sy BS 943 AR A Z= ECMWF Reanalysis v5 (ERA5) (Hersbach et
al. 20200 AFg3tH T A= 7|32 2d9] hindcaste} ¥l shr] 913 1993 12€FH 2017
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T4 HEES ARG, APAFE T3 dEZ vke} Zo] F 9 HEe

=l z A=,
st 7] WEAdo dFS Foe HS Y& A WA 2orh #do] Jval ddsiit
(Figure 5.24).
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Figure 5.24 (upper) Leading EOF mode of 2 m temperature over Eurasia
for DJF mean. (Iower) Pressure-month cross section of polar cap height
regressed to leading PC time series.
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oloj A Ast= s FEYS PClL AAIG SAEA sl 7]&9 F8 ¥WF RE9)
A#E AEHS FE3HU Y. Figure 5.25= 29 3sANEHS veldth 10€ 292 AL
A 7l AsAAY RS dHAdo] Bolx gAT 11¥ vEY2 FEAol 5 5% A
Zo| A 24zt FEigh 4o AT 59 FHAAEES AT F Aot o]ojA] Figure 5.26> a1
o IAHEE vehdth Y 109 vl =-Fietsfiol A AH 7 HEdH FEE o
Aol Yetya, 11€¥0lE YelgA Zeth
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Figure 5.25 Proceeding snow cover pattern (October and November)
regressed to PC1 time series.
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Figure 5.26 Proceeding sea ice pattern (October and November) regressed to PC1 time
series.

olFA ALH 7 WEAY FBAol & WWHA wEY AFE sk, o] A Ho|
g AAE "J‘ﬂ/\% AFEdte] o]ojA = Ao A& tHFigure 5.27). W
P2 10€9 npAl=-7heksl] HF(77-82°N, 40-100°B)olth. #9 Y A=
Jo} &Z:(40-50°N, 100-135° E) kAl oF A &(45-55°N, 30-65"E)e] 949 77 F3t
EF3 U fFEtAlol EFdA AES we 202 st A7 dARS ¢
3l snow positive (snow_p), snow negative (snow_n), ice positive (ice_p), ice negative
2 JE It dAxE FE3Fa(Table 5.1, 2 ERE=ES 4139 tHTable 5.2).
119 wddo] feEprote] AMZHG %o Wi 109 #pl=-7ietsfe] sfio] S wie=
SPIN (Snow Positive Ice Negative), 119 F=H o] fFefArlol FFKHT A Zof| ©@il 10¢€ nidl=
-7hetal o] sWo] @& uwl= SNIP (Snow Negative Ice Positive)Z A o)stith. wirix| =
SNIN (Snow Negative Ice Negative), SPIP (Snow Positive Ice Positive)= A 2]g 4= Qlth
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Figure 5.27 Time series of October sea ice concentration index (solid) and November snow
cover dipole index (dash). Filled triangles represent positive (negative) sea ice events and
empty triangles represent positive (negative) snow cover dipole events. Magenta (cyan) color
indicates it may affect to warmer (cooler) condition in East Asia.
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Table 5.1 Selected years for each case.

case year #
e STOWD L 1996, 2000, 2002, 2009, 2010, 2012, 2013 ......eedel o
e Snow.n L 1994, 1995, 1998, 1999, 2001, 2006, 2007, 2011, 2014, 2016 . .. .|... 1.
TR 3 - R 1998, 1999, 2002, 2003, 2004, 2005, 2006, 2014 ...l 8l

Ice_n 1995, 1997, 2000, 2001, 2007, 2009, 2012, 2016 8

Table 5.2 Configuration of cases for composite analysis.

OCT_SICI>0.5 OCT_SICIK-0.5
NOV_SNOWI>0.5 | Snow Positive Ice Positive (SPIP) | Snow Positive Ice Negative (SPIN)
NOV_SNOWIK-0.5 | Snow Negative Ice Positive (SNIP) | Snow Negative Ice Negative (SNIN)

Y = U] A ol Ui A AE dF 2 AeH 4 oF A4S ¢
7] 98l GloSea6 == 9| hindcastE &8sttt 12€2 114 1€, 11€ 9¢, 11€¥ 17l
715tE A8 S HFHFete] Agslga, 199 295 1 AY 1Y, 99, 17¥4 %2759 A&
Hoslo] ARESHE T 12€93 292 1993WHH 20163 71A], 1€ 19943 FE 20173 7HA]
A5E A& AT

]
-

lo g By

522 ALY ARE 08T vEHH Ao AFEH

AR ARE B 7HEA AP wDYe] ©Y 2L A dhsh A3 7] S48 10
2 9 A5l weh ASH 9t )eBge FYBASEL. Agne
F SPIPSE SNINE AR 9] 47} W% 2L SAaEolA $eteks F3g 3aaAst et
vbA) go} A Esle.

Figure 5280 @< % Agdmco] tfg 12¢ 500hPa x]%zgq S-S AN AT
Figure 5.28b%} Figure 5.28e+ 2t2t 10€¢ af® o] ®ail(ice_p) A< wlce_n) 12¢ Af1= &
7S YER 2 Figure 5.28c9} Figure 5.28d= 119 FE Yol fekAlol AZRT FZoA Z
Jl(snow_n) & Uﬂ(snow p 12¥€ A= FAAAS YebAT}. Figure 5.28a2} Figure 5.28f+=
Ao mE 124 AfxxE 44<s Yehd<r, Figure 5.28ax 114 =2 Yol kAot
FERT A Zo ‘F%I’_(snow_n) 10€ o] @e(ice_p) SNIP =2 Figure 5.28f= 11€9 ¥¢
oJo] fEtalo} AZRTE FZo Wa(snow_p) 10¥€ af®o] 2 2(ice_n) SPIN REZ ehdtTh
2 o E 129 2m 720 tid FA8AE Figure 5.29¢] A AsHATh.

e

A Figure 5.28bE HH, 10¢ 3ol @ Z-ce_p) 12¢€ EF7-FAH o2 Ao}
F& A 3-%-=9 A= HA o] yeldth 119 EH o] Aol $FETH A
Z:of] g2(snow_n) Figure 5.28col = vl=gk #jdo] Yelta, o] Agde 49 A1z T4
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o] Figure 5.28b¢] AR T

3 72 Ag-e] AgrEd
SNIP(Figure 5.28a)°l A& B9

. o %
) Al eI, freiaol tige
FTHE Aol &9 AHax HA7F FEHEA Uebdt) 3o A = Figure 5.29be} collA &

Al glotell & W7} Yetda A=l Figure 5.29a04 A H|glole] 11L& |z} o
FEsHA Uehds & 7 o

Figure 5.28ex= 10€¥€ aio] <& dilice_n) 12¢€ AY1%E TS Ve Figure 5.28b
of MR HfY AHe ¢ A1E AL FERHE Ao 59 A1 E HAL
Uehdth 119 #9490l Allgol AZET o @-2(snow_p) A-Fole 8 A Yol
A3 4 A= AL A FAHEol-gHol A FoR 3 F9
9&A VebdohFigure 5.28d). A= =<l SPIN(Figure 5.280)& F 21A9] GaFo] FHHH
Figure 5.28d<} -9 AR dielS S0 4 Aot 12€ 2m 7] FA8F A= 10€ siyol
A& wice_n) $+EAYES FASE A HAVE FostA yErta(Figure 5.29%), 119 9
Jo] AlHlg el HEZRT FZo| e usnow_p) EFHIY Aol AGE FTAHoE AL
HxP7}, 2Ao} FEAG o7 12 Hxprl FEsHA JEbdokFigure 5.29d). Ag R o A= 1t
A= FASE 3 12 WA7F FosiA= AT &Y 2= B F3384 Yeds A
< B T A3, 5FEH sAdger YA A #HA}, Aol FEAGolA 1L HAL
. 7.

J3lde & 4 ArhFigure 5.29).

N
Ho
=
b
1)
2
N
)
do

Figure 5.30% Figure 5.318 1¥€¢] 500hPa A Y=o TAAF 2m 7] FAAolth 10€
o]l B2 wWnow_pe HHH AFez o AYAE HAx}, wFo} vF | A Hom ¢
A as Ax7E Gebdth(Figure 5.30b). oW, eyt FZoAE & A9k A
oAl UEtve S & 5 Uk 28y 71 A fFeEtAol tige ArEow <
o] 71zt Yeyr|E shAR folskAl @thFigure 5.31b). 11¥€ w2 Yol Al 5
Hoh A& ©@e wisnow_n)= sAHI ot Ze 5o Afax A
o i< 7I=AEM o] AuE AxrE YebdthFigure 5.300). ©] A9 71 dE4ZES
B FHol 9oz ofsiAInt ko] 7 2HA7E FosA UEtvde Ae & F AokFigure
5.31c). 2R ER] SNIPIAM = TF7E HelEI7HA G A= #ArE F2518HA e
I EREA SAEE A o Afax HAE FEskA vEbdThFigure 5.30a). 7]
FIRAME fFetrlob tiFo tiiE A olA o 7l2dart etds Ae & F A,
o el EoAE fold o] 71wyt YEFdTHFigure 5.31a).

o

i

O

)
©
ofy
B

2 109 el Hg micenE HAYol T GO ANDE WA, FAH ol
A e ALE WAL dehta, S BE SdoR FoldAE g, o
= WAl vebdthFigure 5.308). 7129 FARAAE sAz-stetslst BaY 2
A 3e WAE AR FOlA vebia, fetAok BEIAE AL At $HShY §

ThFigure 5.31e). 119 ¥Rl Aol AZnth $Ze| BE wGnow pE +3A%%
Bejg g, ARl £ AYLE A, =290l ot BAMAY, AFH FEAH F
o A1E WAt tebdthFigure 5300, 7129 FHFAAE AFH FHAA ne AR
7, fEklol BRolA FRolE olojxt AL WA FeolskA vhehathFigure 5.310. A
2291 SPINOAE thAool kel (NAO shElo] gista, B oksl HelH ool 47194
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A7 dehde AS B 4 tkFigure 5.300. vlS8Al 719 FAANAE blallx-7)2s|
Hoog 39 Hay) SEtAlol e HRoA ZHolZ olojA= AL Wiyl GolEA
ElU= A& B 4 tHFigure 5.31f).

Figure 5.323} Figure 5.33-2 2€<2] 500hPa A|¢1=9] A 2m 7] FdA eItk 10
4 siye] @S wlce_p= 7F=Ts 9 AZFoA 5o A% HATo] FolstAl YERd .
78] &, 29 olsl, FAM ool Fo] A s HA), vl =-7letel o EHEjH kol
=9 A1E WAV YEPUGARE FoskA] ZthFigure 5.32b). 7129 A E A= F
A7 Bl A FhaTs] AFolA AL HA, FMAFE] FFA L AT JERgT
(Figure 5.33b). 11€9 wE Yol fFEtAof TFEHT A ZFo H-& LEH(snow nE 2l FAu g o}
of &9 AL1x AHA, HFHS 2 HEF fevet F A B gl 59 A
= #Art FgsttkFigure 5.320). oW 729 fFAFNAM= v?/‘r/\lo} Ol & 3ol Hnk
2 1& ARy FEEta, $YveE d& sl AL AR} F9shekFigure 5.33c). 2
E2l SNIPAAM &= ERd3 ASe, 54 BB AGe= 59 Aax dx, 7
=53 FAEotalel ¢ A& HA7F yEpstaFigure 5.32a), 9= kAl of
o T & AA7F FosiAl e THFigure 5.33a).

10€ 3ol A& wilicen 2€ AY1E HES AHEA fepAot thEF EHo} i
Fo] Af1E AR 5 AIE HATE FASHA UEUeH, BAFSE fo5hA
Foh(Figure 5.32e). 7129 FAAAAE FAMEof A Ao A2\ xR FolstA e
& & JohHFigure 5.33e). 11€9 wE Aol FeEfrlor AEZRT 5Z @& w(snow_p)e
dlolafet Eutet FFo g ko] s HArL FEeta, A ote] 59 AH1E
H2L7F FEetthFigure 5.32d). 7129 @AM T Ao A o2 A AXIL FEst
SEvel @& wnithe] dF 12 AL {fold A Ho] JrKFigure 5.33d). F Ak A
d2EQl SPINAE elvet B&F} F&ow 747t 59 A91x ARReF ¢Fo) Afjix A
2b7F BB A dEbga, S58o Ze o] AaE #Akel A tiA A E =29 (NAO,
FEAGo R ¢ AY1E HAF YEPES B 4 JokFigure 5.32f). olwf 719 A4
Ae sAEE oA FEo7EA] AL Hak, ATl 5% vt dECE 1L HAL F
o]3}A YERtHFigure 5.330).
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AL Yy A&EY, 53] 1€ Tﬂﬂra}oﬂ AL HA7E FolstA yebhdt) HhE

Ad = =(Figure 5.28~33a) tiAFolA %ol NAOZF A&Z U AESHAT, /A
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Snow Negative < — Snow Positive

[DEC-snip] ERA5 Composite z500 [DEC-ice_p] ERA5 Composite z500
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Figure 5.28 December composite patterns of 500 hPa geopotential height anomalies for six cases from ERAS5 arranged in a 3x3 grid. Each
panel represents the anomaly pattern for a specific case, highlighting the spatial variability across the cases.
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Figure 5.29 December composite patterns of 2 m temperature anomalies for six cases from ERA5 arranged in a 3x3 grid. Each panel
represents the anomaly pattern for a specific case, highlighting the spatial variability across the cases.
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Figure 5.30 Same as in Figure 5.28, but for January.
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Snow Negative <«
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Figure 5.31 Same as in Figure 5.29, but for January.
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[FEB-snip] ERA5 Composite z500 [FEB-ice_p] ERA5 Composite z500
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Figure 5.32 Same as in Figure 5.28, but for February.
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[FEB-snip] ERA5 Composite t2m [FEB-ice_p] ERA5 Composite t2m
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Figure 5.33 Same as in Figure 5.29, but for February.
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frEtAlol tHF9 =HYH 55 A2 AR dEo e, £ 55 ¥ 74
Ao FEFS S7HA712, = 8] Aotz 2% fFido] S7tetH wH4 Yl S
7}gtHCohen et al. 2014a; Wegmann et al. 2015). 712 3% SV siWe Tas AY
Aoz HRFAY tried HHsS HIANA PPV ASHE AaFHA ‘3}3’_, AoH ol A
S ug e okstEAY I RS JUAYORH F2gBolo oish HFW LUNE f
=]

A3 4 oty dEAH AthkSaito et al. 2001, Cohen et al. 2007, Orsolini et a. 2016;
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Figure 5.34 Latitude-pressure cross section of composite differences in E-P flux (vector), E-P flux divergence
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Figure 5.359} 5.362 GloSea6 =@o] ©d 9 ZA3mc=o] g 129 500hPa A9 =<}
2m 719 Aot 10 mpdl =-7tgtel sio] B A -fice_p) RS 12€ = E 9 o]3|
9} Boao ZAoa kol x]fe—]*vc HAE F9sA YepAtkFigure 5.35b). ojw] 7]Lo] gt
Aol M= vl z-7tets] FZol AL HAE FEREHA 2ot FEtAol dFAAE #o
g FFS JYERA] @ethFigures 5.36b). 11€ @ o] frEbAlof A& B2 7 -9-(snow_n)
Rde FEAol TFo® &Y A9ax Aot FA EFolA e HAE FosHA HERA
ChHFigure 5.35-36C). SNIP Z3 R E oAM= sHolel FHA Yol o X1E HEHE F235)
A Yetlz, WPBE FAHE 9 X]H 1% AxE YepATHFigure 5.35a). stFol = vt
Az-7tetef ot 7h2s), HAlof SEAH A2 HAATE FosiA 2o He & F U
(Figure 5.36a).

102 npAl=-7tg}s] o] A& AH$(ce_n EdoMEs FA Mol AHFS FAHOR oF
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A= orth(Figure 5.35e). 3t=olM e nlall=-slgtslel laus B2 me #Ax7F YehY
H O YA s 9F ddo] FostA g5 8 F JokFigure 5.36e). 11¥ wH Yol &
iAo} FZo] wo A(snow_p) EoAE 500hPa fEtAol Ao AA S--2-%ko] 1t
T A3 sfeo] YEhya, stEdAe SlE FASE 12 HA, FAM L AYer A
HAA7E FostA YebdthFigure 5.35-36d). 23 E =21 SPINIIAM & fFEtAlots 7H2A 2= I
T Ay g8y g4 Bejg ol 9 Aax #AxrF JEelda, FRE3 npal -l
Ehol 2 Hzap, Jgla FAEE ok A2 AAIF YEES & 4 SlthFigure 5.35-361).
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HAE YeERdTHFigure 5.37b). 7129 FAZANAE vt =-7letsl o] fold A2 HAE =
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npxjeto g mao] 29 A4S Figure 5.39-400] A ASIAT 2ol 29 s g
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Uetues Ae & 5 e, 29l fEtrlor s &0 B Z-$-(snow_p) H-FHA
of &9 Axx: HAL, FEOF AFe| Fo AnE H|ArF YERGa, 1 wkde 3¢
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FeiAlol S RE Yo 1L HAAE AwjF oz weoldtt (Figures 5.39-40a). HHoh =]
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sHAl Zeosle 54 o] JrkFigure 5.39-400).
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Figure 5.35 December composite patterns of 500 hPa geopotential height anomalies for six cases from GloSea6 arranged in a 3x3 grid. Each
panel represents the anomaly pattern for a specific case, highlighting the spatial variability across the cases.
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Figure 5.36 December composite patterns of 2 m temperature anomalies for six cases from GloSea6 arranged in a 3x3 grid. Each panel
represents the anomaly pattern for a specific case, highlighting the spatial variability across the cases.
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Figure 5.37 Same as in Figure 5.35, but for January.
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Figure 5.38 Same as in Figure 5.36, but for January.
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Figure 5.39 Same as in Figure 5.35, but for February
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Figure 3.1. Figure 5.40 Same as in Figure 5.36, but for February.
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Figure 5.41 Latitude-pressure cross section of composite differences in E-P flux (vector), E-P flux divergence
(contour), and zonally averaged zonal wind (shade) from (@Sea6.
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Figure 5.42 Scatter plot of pattern correlation and NRMSE for each composite cases. The first row is for 2 m temperature by month, and
the second row is for 500 hPa geopotential height by month.
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Figure 6.2. Guideline for monthly temperature forecast in boreal winter considering various
monitoring factors and its model predictability.
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Figure 7.1 Sample of APCC 3-month forecast contents for KMA. (upper)
Summary and (lower) information from monitoring factors and seasonal
forecast model.
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Figure 7.3 Sample of deep learning-based 1-month temperature probabilistic
forecast.
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Figure 7.4 Example of Sub-seasonal Prediction Results for the
APCC 3-month forecast.
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Figure 7.5 Weekly mean ACC over East Asia for (a) sea level pressure,
(b) 500-hPa geopotential height, (c) temperature, and (d) precipitation. The
red (blue) color represents the forecast initialized on Monday (Sunday).
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Figure 7.6 Weekly mean HSS over South Korea for (a) temperature and
(b) precipitation. The red (blue) color represents the forecast initialized
on Monday (Sunday).
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R Range CSOMUON | p11s. Size Frequency nEERs Length Frequency Ens. Size | Sea Ice

ECMWF , ; 2/week
ECMWF | ¢ 0-46 | T3190L137 101 Daily oh the fly | past 20 years ® = 11 Yes/Yes

=, =
Exefer | UKMO | d0-60 | N216L85 | 28 Daily | onthefly | 1993-2016 {14’;”‘;’;’%25) 7 Yes/Yes
Montreal = ECCC | 4 0-32 0'3523'35 21 W(‘;e;"y onthe fly | 2001-2020 W(‘f;'y 4 Yes/Yes
Seoul KMA | d 0-60 | N216L85 56 Daily | onthe fly | 1993-2016 U"'gmg;"t;m 7 Yes/Yes
o ons NCEP ) ) )

Washington | .. | d 0-44 | T126l64 16 Daily fix 1998-2010 Daily 4 Yes/Yes

Figure 7.7 Characteristics of GPC data for WMOLC-LRFMME subseasonal prediction.
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Figure 7.8 Sample of subseasonal forecasts from the WMO Lead Center for Long-Range
Forecasts.
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