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H 42 Ad s UE H 2o

1. A=

(1) M&EM XtE: ECMWF Reanalysis version 5 (ERA5)
e FEBI|EME{(European Centre for  Medium—Range  Weather
Forecasts; ECMWF)OlAl XM &35t= ERA5= 19794 O|%F CH7|Zol Cif 3l

20065 E HM3st7| Al=SH ERA-Interim At=E A &tct. ERAS= 2016

Z|8te 2 stof 1092t Yioi2 =Y =2, Hst30], AERSEE

12

2

st XtZo|ct, EESH ERASS| £=H A== ERA-Interim2| 80km sHAtE HCf
m AMEE JIX|2 ACt (Hersbch, Hans, et al., 2020).

AT = LDofatcel sHEHEUAMSEHI H|W-HASS 2o AtfHe=z

DHAE MEMRZL ERASS MEMRIEZE Meistol 240l BE3H%CH

E 1.1.1 ECMWF ERA5 MEAM Xtz HE

Institution European Centre for Medium—Range Weather Forecasts (ECMWF)
Data https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis—v5
(1) Temperature (C)
(2) Geopotential height (gpm)
Variables
(3) U-wind and V-wind (m/s)
(4) Mean Sea Level Pressure (hPa)
Temporal June — February
coverage 2021 — 2022 (Hourly)
Spatial resolution 0.25°x0.25°
Vertical resolution 37-levels
(2) &= XIZ: NASA Global Precipitation Measurement Mission (GPM)

« NASA2| GPM (Global Precipitation Measurement Mission) <A
§

rlo

2014 A0f| ZAt=|o] SHAH7LX| 65°S-65°Ne| ZZHL[oA ZZFS =+

ogt
ot
kI



H 1.1.2 NASA GPM &

At GPM Mol EfAji=l DPR (Dual-frequency Precipitation Radar)2 %
Folz2 245 FES BSo0] TAH BE o dHlEs =2 FEEE
I 45 HEE g2 5+ Ut

2 AFoME FEVIMEAN TES| HE2 HoMiHE EAsY| fls GPM
HolEHE &&stUct ot 2 HlolEetel AlZE iz LXE s 308
2H49e| =8 Z+3 HolHE ¢ +8 LdTH2=E vatslo EMSICt (&£

I

Az ME

Institution National Aeronautics and Space Administration (NASA)
Data https://gpm.nasa.gov/data/directory

Variables Precipitation (mm/h)

Temporal June — July

coverage 2021 (30 Minute)

Spatial resolution

0.1°%0.1°

(3) =Yl Xl=2: 2y YAr22E (Korean Integrated Model; KIM)

20209 FE Y E=D s ot=d FAEZYS vIES=Z 20214

10HRE  EY  SAELY  JE YAEOSAIAH(0/5
SEYYAEEd)0  2EsHD Yok FITYYNERUS 7 FHH
HIZLXZEAD 01X Ato|2o| YAE RUM MNE TEAME

assimilation)

7|gke] F7|

I2st=  Hybrid—4DVar(four—dimensional variational data

AEEs MAR TAsoYUch w8, HREYNEIY



ot sYet Mz d9, M= Hu{Il 267020 < 5170 Labs 7=
e M-S0l ci XNst=[ert, T xto|7t o|dH|st0{ 26712 LAMEZE
M| A|AEIO| Z7IX= 23E EiF= AS 2olsiqict (H=Y 2 2019;
MEE 9, 2021). Olofl & ATOME 2let 2 AlAY TAZ Jgoz
ot st AdMERE S UME oF X2 E E3sHUCt (E 1.1.3-1.1.4)
E 1.1.3 s YAMaErdnt 7|84 UM 2ME 22 H|W (SHEEEA2HBMHE ®E)
StEy A S HE UM atE 2 HEl
=5l AT 32 km (ne090np3) 32km (N400)
oE|= 918 708
HHH LETKF (507H) ETKF(487H)
=7 - Additivelnflation, Multiolicative Inflati
nflation ultiplicative Inflation
HNs RTPS inflation plicative ato
Localization 2E AX =4 80 X[H, o3 45
I XH A5 SST SST, SMC, Tsoil
A 22 SPPT, SPDT, SSST RP2, SKEB2
Analysis u, v, t, g (50%)
u, v, t, g, n(100%
Recentering ps(100%) a. ¢)
O|2&E4Y
c o284
_ 00/12UTC
=7 =
71A= (IEE+25 71 H3) (9‘|E§—S)E)|/71|-27_::;—4(-:7H ME)
E 1.1.4 4o 28 =2 ERE X2 2
Institution Korea Meteorological Administration (KMA)
(1) Temperature (C)
(2) Geopotential height (gpm)
Variables
(3) U-wind and V-wind (m/s)
(4) Mean Sea Level Pressure (hPa)
Temporal June, July, August, September, December, January
coverage 2021 — 2022 (Hourly)
Spatial resolution 0.25°%0.25° (Interpolation to 1°x1°)
Vertical resolution 6-levels (1000, 925, 850, 700, 500, 200nhPa)

(4) 22 XIZ: THORPEX Interactive Grand Global Ensemble (TIGGE) Project

« WMO <tste|

Sttel

WWRP(World Meteorological Organization)2|
THORPEX(The

=

Tz =

Observation, Research  and Predictability



Experiment)oll A= & MAH Y Z[20M ALSSteE SaE ZH
0|25t 1ol 25 22 I 7|akll tist ZSM8s SMAF|7] fI
20053 FE TIGGE(THORPEX Interactive Grand Global Ensemble) Al E
a5t gct (Bougeault et al., 2010; Swinbank et al., 2016). <2|ti2}

71488 =St © AMA 2 100470 ¥ T|zSol YasE 2E XRE

CtE2d Aats 7|H 7, ®HX 2Y, ch2 AAHYY™ Sof 2eh Chekst
AR E0| EESHH ZFd=E|D AcCt (Hagedorn et al., 2016; Amiyavati et

al., 2018; Amini et al., 2021). olol & AFOAMT ShTELYM=SZH

o5 M52 MYNMOZ ®IIEID Moz MuE| °lsh TIGGE =Y

E 1.1.5 TIGGE Project & =24 d&: ECMWF, UM(KMA), UKMO

Ensemble | Base Model Initial Data assimilation | Forecast
Center
member time resolution | perturbation method length
00, Singular 4D—-Var 12h 360h
ECMWF 51 TL399
12 vectors window at 6h
ETKF 4D-Var
(Ensemble (interpolated from
00, 240hn
UM(KMA) 24 N320 Transform operational N320
12 at 6h
Kalman resolution
Filter) analysis)
ETKF 4D-Var
(Ensemble (interpolated from
00, 360h
UKMO 24 N214 Transform operational N512
12 at 6h
Kalman resolution
Filter) analysis)




E 1.1.6 Aol &

Institution

2% TIGGE Project 24 Xt2 ME

(1) Temperature (C)
(2) Geopotential height (gpm)

THORPEX Interactive Grand Global Ensemble (TIGGE) Project
https://apps.ecmwf.int/datasets/data/tigge/levtype=sfc/type=cf/

Data

(3) U-wind and V-wind (m/s)

Variables

(4) Mean Sea Level Pressure (hPa)
June, July, August, September, December, January
2021 — 2022 (Hourly)
1°%x1°

Temporal
coverage

6-levels (1000, 925, 850, 700, 500, 200hPa)

Spatial resolution

Vertical resolution
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LIEfLH ™ ctS2f 2l (Kolczynski et al., 2011).
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o X|HA =S2= S E(Perturbation Flow)0| ZA}X|St= H&0| Aoz
FHX|7| 2ol Cl2 watozo| BIE @4 (Component)7t 2 SHA =0 £,
ofgf 22| 2 ZFIZ(Amplitude)= LIEt 0| FISstA ECh ol |, ofzf 22
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BEAM g 2EIXE X5 BEME2 28, NOAA CPC(National Oceanic
and Atmospheric Administration Climate Center)ollM M &Zste Akt
jEeHg 7|Htez 232 XE =ZE(Arctic Oscillation Loading  Pattern;
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Sea Level Pressure; MSLP) HiE &&sto{ ZEX A gr(Empirical
Orthogonal Function; EOF) g&tHo =z A0 mEHZ HAlstH

FHE ZEZ 1 2EZ HoEn 2 ZEo XMEA XE ¥ 24 2
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Leading EOF (19.8%) shown as
regression map of MSLP (hPa) [1979-2010]
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REOF (11.1%) shown as
regression map of 500mb height (m) [1979-2010]
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1.1.7 22 522 =X 7|8 (EA: sl&s 2, 2002)

C7n
f=ES SR He fm—h& o——— ——
e Rex 1950 500 MEO0| § Ze2 LHHX|D, ZE 455 O|AF 8% 109!
(=S :
24 Triedl 1981 | 500, X|Ab | K|AD} AbZof OIS T7|R0| 30N B0 21| sy
oa | 20€ & 1983 500 | Op=a|7} +100m O|4, -100m O3} P
Lejens & [
ey | 5 a0
Okland 1983 500 | DEXHAON-60N). 00|42
() — Z(¢ . = 80N+ A
chcs = 2o — 2() by = BON +
¢ &, CP(. =60N+ A
% i Z v Z ) ” T
L= s = 1990 500 GHGN M ¢, =40N+ A 7 =
xl_ Molteni @ — Oy A 5" 5
(a) GHGS > 0

(b) GHGN < =10 m/*N

Barriopedro Tibaldi and Molteni(1990)2 Z2Lt {=7} 77.5 60,

[e]
. 2006 500 | 4o g -
o= gf';“:L‘i‘ll 1999 500 | O} FZo| sYBRO| EEMAIZ} 05 OJA

- =27 X 2 (Tibaldi & Molteni (1990); TM90)

HEMe=z Itz ol AFE=1 U= Tibaldi and Molteni (1990)7F 7H sk
1AH =X o™ BX| J|Hel TM90 227 ©X| 7[#e 18 2.1.31 &
Ed fIx tE 71222 S7e2| 7HHol thsl 500hPa X9l 1z2of HS
ot Zdet ANYge guEActr 23, AF™E XHo| a5 ot
XNE=2de e S22z ZFse wAolot, of g2 ZU(Zholl gt

HAE W2 72 Zert e, A

RE OHE AEE & UOIA
SHAME 28 M8 & U7 B, 2RI FIE + Us

BEHAMQ =72 ALE= Aok AN g 4F 500hPa X9 AEZF9

60°N 7IZE(SH IZZ)olM 80'N(ZPIE) Hct 10gpm Ol4 T,
JON(RISIE) Bot vlgol A g2 mUletol WM Ug 223

242l (Blocked Day)2 MR, 2 ATOME 3Y 04 XLEUS

HE g2Zoz 7HFs)

3%
i
M
o
=

_’|7_



— - 0
bl T _5
: d
wd B3 o0 ®
— o <o
= = ﬂ
mO0 o
1
M K
Iy i 0
K i
z i =
% - 302
U 5y I\ 3r|mo|
! & MH 30 W S
H m il =0/ IF "
—_ 2| E
_ o] * ol Rl
M L u
K0 o0 .,M = | I S 7
\W N H__ur_u = :m .__.ﬁ |_|__| _ﬁw oK
iy o ol Z[.S ™ a3 iof| @
iy S KO or IR T b of T
00 ormw I_Jr._ K0 | R zl o H_I
no TXow oS oy RO io0
0
mﬂ__ m = E qu USY m,_._ w Y
x 30 = 15 RN =) K
30 m = =0 Mo oF
- S Vm R g 5l
i W s 5 T - g e
R0 E = 7K 5wl E el E_ﬁ_v_
m o = oll == —
Wy, 2 0 ° 0 T 70 3
& I ol = b ol = T H ~ °
mm._ M_._._ F _:_MI gt n ny ar __oo
2 NN S N e @ | [ I
A M T . 1
- ﬁ 1 T TR T 3 mw g & - =
M4 | A L. W H N

PR

igtoz 7|ss

EE

_’|8_

(04



Y = At
=AM Has XE 2X(T1000), 850nPa  =2X(T850), 500hPa X[
1E

ZHZ500) H=of Ofslf Z3aE 7|ssten, 18509 ZAS TIGGE
B2

Project EHlOlEf FZF2=z stadYd=2H(KIM) ZZol| DisiAM2Zt ERAS

Mz Atmete| Hm 2Mg Fdstod ZEESIQICE O 2f HEEE2

st daEnH (KIM), ECMWF, UM(KMA), UKMO Y45 EEE=Z dH|I

Forecast Time2| A< 0~288hr Helol CHsll 24hr ZHHA2E FEA 5920
cCiel, UKMO ZHle| A Forecast Time AtZ2| SHHIZ 144hr Forecast
Time 7}X|2F BtH 5101 H|W ZAM 5 ZlH st CH

ol AlZte] Z<2 00, 12UTC ZtZoll cis 245 ZI&sto] 7[=st¥ 2,
MEA X= £t ECMWF ERA5 XtE2| Hourly AR E 233510 et

Alztti el Atz E MESto] St B[R E AT

_19_



1)

[ACC]

[SPREAD]

PNt

— —

oste BE HE oS4 FE ¥

7} Averaged Skill Score

2021 JULY 12UTC T1000 NH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS, [Northern Hemsiphere, 30°N-90°N]

Root Mean Square Error
Against ERAS, [Northern Hemsiphere, 30°N-90°N]

10 3 ' — KM - 6.0 E | j ' j | j ' ' — KM | E
1 ' | ECMWF u E ' ' ' ' ' ' ' ' —— | ECMWF E
0.8 - ' ' ' TUM(KMA) |- 5.0 5 ' ' ' ! ' ! ' ' . TUM(KMA)
] - L lukng o 40 3 Lo ukvg E
0.6 Coo . o T e S g
b ' ' ' ' . ' ' ' ' [ S 30 . ' h ' . ' ’ \ . ¢ E
04 S o - E A 3
IR R o~ Co03 | — | F
R I T S S R A
0.0 N B B I B R R R — — 00—+ +— T+ 1+
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS5, [Northern Hemsiphere, 30°N-90°N] Against ERAS5, [Northern Hemsiphere, 30°N-90°N]
15 - — 15 e
— KM | [ ] i TV [
— | ECMWF - B ' ' ' ' i i i i = | ECMWF f
12 TUM(KMA) |- 12 ' ' ' ' ! . . : . (UM(KMA) [
— (Ukmg r 1 e y
9 ! T 9+ . /._
A y g ' ' ' ' ' ' ' ' /—
I < _ ' ' ' ' ' ' ' o v ' L
6 ! F T 6 N o r
3 T ) - 3 o ' A -
0 | N IR B B B R B E— 0 N B B B B R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
= 17 o — 11 . =
J8 1.1.4 Lo "d7 ¢E o 5A Zck Wk 2021 JULY 12UTC T1000 SeH

20224 7&(04E&) 00, 12UTC T1000 &4 ZHx}

[ACC]

[SPREAD]

2021 JULY 00UTC T1000 NH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient

Against ERAS5, [Northern Hemsiphere, 30°N-90°N]

Root Mean Square Error
Against ERAS, [Northern Hemsiphere, 30°N-90°N]

1.0 3 ' ' ' — KIM F ' ' ' ' ' ' ' ' — KIM F
1 ' ' ' —— ECMWF [ ! ' ' ' ' ' ' ' —— (ECMWF [
08 ¢ T oL T Ok
] Lo ~_ | I ukvgd E Lo ukg E
- T ' ) oo T T T T T E
06 . ) . F o e =
1 ' ) ' ' ' ' s ' ' r s ) ) ) ' ) ) ' ' \ N F
0.4 T T T A ) F o S e, — 4
o2 L T : — . . .k
0.0 L S B B B B B e R N S B B B B R R R R p—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
15 Against ERAS, [Northern Hemsiphere, 30°N-90°N] 15 Against ERAS, [Northern Hemsiphere, 30°N-90°N]
12 L 12 -
: Fo— : b
9 ' W o | -
' - | :
' P < ' : . L
6 1 — . | rrLe ‘ . .
3 S - 3 . —
0 LA A B B E— 0 LA A B B E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
= 17 o — VE . =
J8 1.1.56 Lo "Hd ¥E o 5A Zck Wk 2021 JULY 00UTC T1000 Sk

_20_



2021 JULY 00UTC T1000 SH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient

Against ERAS5, [Southern Hemisphere, 30°S-90°S]

Root Mean Square Error
Against ERAS5, [Southern Hemisphere, 30°S-90°S]

1.0 + ' — KM F 80 7 j ' ' ' ' ' ' j — KM =
] ' - 4 ' ' ' i ' ' ' ' | ECMWF L
] i [ ] oo T Ok F
0.8 e o r 6.0 - A T T r
- Nl ' i 11 [ E 1 ' i i i ' ' ' ' i {
Qosd 1 o0 FQa0d 0 -
- A F == 1 4 [
0.4 RN N R N B - - S T B -
1 A T T T r A T S [
02 | B I S B B B B R | . — —
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERA5, [Southern Hemisphere, 30°S-90°S] Against ERA5, [Southern Hemisphere, 30°S-90°S]
24 T T 1 7 KM F 24 T T T T 1 T KM F
B il i ' ' ' i i ' — | ECMWF E 3 ' ' ' I ' 5 ' i — | ECMWF I
20 4 ' ' ' ' ' \ ' M r 20 4 ' , ' ' ' ' ' ' ¥ + UM(KMA).—£
. E N B T F E N S R - . =
a 2 T B L — 16 3 A R T R R B R g™ 1 E
S 16 S S (R TR R T h = i 16 N T A — F
o 12 9 T N B oo E < 124 - N T T * -~ i A =
a E A . - = Pow s i ¥ 4 oy ow
n 8 ' ' ' ' ' ' ' E 8 ' ' ' ' ) ' | ' '
4 — T B F 4 e o R T . E
3 T B B - F E A N D T - T F
0 S S Y R E B R 0 | R B B B R B B B E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O 1.1.6 YAE B €9 of 54 Zch gk 2021 JULY 00UTC T1000 ks
2021 JULY 12UTC T1000 SH Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS5, [Southern Hemisphere, 30°S-90°S] Against ERAS, [Southern Hemisphere, 30°S-90°S]
1.0 8.0
- | ' ' ' ' ' ' ' = KIM + B ' ' ' ' ' ' ' ' KM , -
3 ' ' ' ' — 1 ECMW| I 7 ' ' ' ' ' ' ' ' —— 1 ECMWF F
] Voo YO ] i I B ' ST
08 v _ . 1 . I UKvg r 6.0 ' Coo : = ! r
—_ ] ' ' T ' ' ' ' ' [ E ] ' ' ' ' ' ' ' ' b
Q 06 W P . Voo - %’ 4.0 o ' - . -
< 1 (I P § 1 = o 4§ o 4 i ; |
0.4 - . o - 2.0 ' ' e | -
02 N R I E B R R B B R 0.0 N R I I B R B B B R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [Southern Hemisphere, 30°S-90°S] Against ERA5, [Southern Hemisphere, 30°S-90°S]
24 I . H A T T — KM 24 ] — KM
1 ' ' 1 ' ' ' ' ' — | ECMWF E ' — | ECMWF
20 4 il ' ' ' il il ' 05 r 1 UM 20 ' . + UM(KMA).
= E i ; / : | i i KNG E ' AR
< 163 - ' ' , ' ; —— . E 16 :
o 12 4 N ' ‘ ] - 7 il N ' < 12 4 /
o E ‘. ' i ' O T ' o E :
0, 8 - ' ' ' 1 v ' ' ' ' ' 8 '
4 —t $ $ ' P P \ i 4 A ‘
0 L L L L L 0 | L L L L L L L
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O 1.1.7 YAE "o g9 o34 Zch gk 2021 JULY 12UTC T1000 ks

_2’|_



[ACC]

[SPREAD]

[ACC]

[SPREAD]

0.8

0.6

0.4

0.2

0.0

5.0

0.0

5.0

4.0

3.0

2.0

2021 JULY 00UTC T1000 Korea Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

Root Mean Square Error
Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

4 r 40 q ' ' ' ' ' ' ' ' — KIM r
3 : E 1 i d ' ' ' , ' ' —— ECMWF [
E 1 ' 1 = q i I i I : T lOMikva)
] H : P i F 3.0 L A i L kg F
- ) ' N ' " ST ] T ‘ oo o E
] i ‘ P : 1 F g 2.0 ; . ' BRI e il r—
3 H ' P ' ' LN F o ] i Vot S - [
1 | " P ‘ " ro N Y b 1.0 : 0 ¢ ¢ 1 I -
] i : P ' i ' N\ 5 E i T ' oo oo b
LN B B B B B B B E— 00 N I B B B R B B E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E] Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]
b ' ' — KM o 5.0 1 E
E : : = 4.0 =
E 1 ; E I 3.0 E
| ' ' - g £
1 i ' F < E o
' ; oL 20 o 2
: E 104 F
i E 3 F
B S S B R R B N R . — 0.0 I
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O 1.1.8 YME " g9 o 54 ZFck WIE 2021 JULY 00UTC T1000 steEtT

2021 JULY 12UTC T1000 Korea Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

Root Mean Square Error
Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

F 40 3 A V T — KM F
' ' T r ] ' ' ' ' ' ' ' ' e | ECMWI r
T E 1 A T N T lOMkva)y |
oo E 3.0 o R ' . ukmg -
T Lo ] S T ' : Lt 3
P oq E2Eed o F ) L seseRrE Lt
T O, ] S e S~ o ' R E
[ r 1.0 /—-#—* T 1 Lo | L -
T T 1 1t Tt 1 0.0 L L L L L L L L L L
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E] Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]
& T 1 & 4 P 4 T — KM F 50 3 R : T — KM F
4 ' ' ' ' ' ' ' ' — | ECMWF = 1 ' 1 ' ' ' ' ' ' — | ECMWF E
= ' ' ' ' ' ' ' ' . 1 UM(KMA).—— 4.0 3 ' ' ' ' ' ' ' ' p TUM(KMA) |-
E - ' L kg F E - ' | lukmg F
3 A T P AR F I 3.0 3 R T : A S -
4 ' ' ' ' ' ' ' 1 . ' F = ' ' ' ' ' ' ' ' \ ' 2
r ' ' ' ' ! v ' I F < E ' ' ' ' . ! ' ' T v
3 R v T F T 20 - A et r
E Lt g \ ' P - 1.0 3 ; H . o -
3 T i - B E 3 A R B E
N B R B R B B E— 0.0 L N N BN E E R N R E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
= = = 1T . =|
J8 1.1.9 Lo " ¢E o 54 Zck Wk 2021 JULY 12UTC T1000 $HeEtE

_22_



2021 JULY 00UTC Z500 EA Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient

Root Mean Square Error

Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E] Against ERA5, [East Asia, 20°N-60°N 60°E-150°E]
1.0 < 80—
- ' ' ' ' ' — KIM t B ' ' ' ' ' ' ' ' — KIM , F
B ' ] ] i ' — | ECMWF o ] ' ' ' ' ] ' ' ' E
1 "\\,\ e A sod4 L L F
08 - 1 TSN F I R S A E
_ 1 ‘ ‘ ' ' ' ' } [ — 40 4 ' \ ' . ' ' ' ' E
Q 1 ‘ ‘ ‘ ' ' ' i . L % E | . | ) . ! | | E
Qo6— . 0 ; F s34 . . . 0 — E
s' ] ' ' ' ' ' ' ' ' | &« 7 ' ' ' ' ' T F
i i ‘ ' ' ' ‘ i \ ‘ [ = 20 4 . | ' . =
0.4 — ' ' ' ' ' ' " v ' ' - E ' ! F
NN T O A O s T L g
g [l ] ' ' ' ' ' ¥ ' l ' + i E
02 N S S B B B R R B E— 0 N A B B R B B R R —
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
i Against ERAS, [East Asia, 20°N-60°N 60°E-150° 4000 Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]
T 7 & 7 1 & 1+ & B O S e T S T T
1800 - ' ) ' ' ' ' ' ' E ' ' ! ) ' ' ' ' ‘EcmwE  F
1 & ¢ % v or oo 25004 L b F
= 1500 o | ' h i h i ) i E ! . ' H h H \ | UKMQ F
3 E I A A 20009 . +on o T
e N S [N S R N N = 1 0 = g
Toood ool 2k IR R T, 3
B oeod 4 A ; 0004 0L F
04 ! 4 Pl s05 L E
0 L e B B B EE 0 L A S I B B B B B R p—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O 1.1.10 YA E Hd ¢Y sS4 T ®IE 2021 JULY 00UTC T1000 SofA|of
2021 JULY 12UTC T1000 EA Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E] Against ERA5, [East Asia, 20°N-60°N 60°E-150°E]
1.0 6.0 -
4 ' ' — KIM F 3 ' ' ' ' ' ' ' ' — KIM F
] ' ' ' — | ECMWF L 3 ' ' ' ' ' ' ' ' — | ECMWF E
08 4 " \ ; | ‘ ‘ [OMKMA) | 5.0 5 ) : " | ' ' ] H : [OMKMA)
1 ' ' ' 1 . ' — | UKmg u E 1 ' ! ' ' ) ) h e E
— B ) ' ) ' ' ' . 4.0 5 ' ' ' ' ! s ' ¥ ' ' ' =
Qs TR I D e e i e R S -
g 1 ' ' . ' ' ' ' S 30 3 \ " ' o
= 04 - ' ' ' ' [ ' ' ' Y 1 — E ' ' E
I T T T T T B \\\ = 20 4 3
023 L T E 10 -
0.0 N B B R B B R R — 0.0 3
0 24 48 72 96 120 144 168 192 216 240 264 288 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [East Asia, 20°N-60°N 60°E-150°E] Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]
12 o - - - : . . . . . . - r 12 u . . . . . . r
] ' ' ' ) ! ! ' ' — ‘égﬂM\r‘lF F ) ! ! ' = 'EI(;WM i E
10 , h . ' ' : ' ‘ . L UM(KMA) 10 . : ' ' ‘ -
— 1 o ket e b
Q 8 ' , , ' ' ' ' ' . : . — — 8 ‘ ' ' ' F
b I P e 3
o 6 ' . . ' ' ' ‘ - F< 6 ' ' ' ' E
x E R F & Lo : E
®, 4 ) ) ) A : F— 4 . $ ’ . - =
I : Fo2 T 3
P ) = i ) ! ' ' =
0 L R B B B B R B B R 0 L A R B — —
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O 1111 SAE Hd ¢d oSN T ®IE 2021 JULY 12UTC T1000 SofA|of

_23_



0|

=
—

o EM2 00UTC2t 12UTC 2F

offl

I

-+ T1000

F

ol

I

i

0

oju
Jjo

i

—

10l

oF
oF

g10|

ECMWF2}

CrEA

—
—

FI2 UKMO, UM(KMA),
ct (28 1.1.4-1.1.5)

a

etdAolnd,

- &gkt 710002

ECMWFZ} 712

1)

| =

Ed

a

~
U

il

mup
]

o o & Ms Xto|7t &tHMe=z A LEFLEX|EH

ofu

-+
__OD
—_

oF
o

o

T Uk (3E 1.1.6-1.1.7).

oll

ol
o

ol
0
X0
Kr

o

ol
ar

(o]

0
KiT

oF
[\
o
ar

By

(o]

H
7l
10

[N

7| 20 =0

o9
s

ES

AL
(=}

0
X0

i

160

10!

o=

ChS

ECMWF =&

ECMWEF,

Spread Skill &332
4%

ol
RMSE 2|

i RMSE
2 SotAlol X[Ho|A{e] ECMWF2| Spread

9

Hi
ACCe2t

% 2o

Holct.

=

ct (28 1.1.8-1.1.9).

—

—

2 o

LiEhcho)

- SOlAlo} T10002]
Xto|Z7F A LtERtCE
AA

Skillo]

0l

P
—

UKMO, UM(KMA)

(a8 1.1.10-1.1.11).

_24_



20224 1&(#H2%) 00, 12UTC T1000 &4A Z1}

[ACC]

[SPREAD]

[ACC]

[SPREAD]

2022 JANUARY 00UTC T1000 NH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS5, [Northern Hemsiphere, 30°N-90°N]

Root Mean Square Error
Against ERAS5, [Northern Hemsiphere, 30°N-90°N]

1.0 4 - 6.0 E i ' ' ' i ' i i — KIM -
4 r E ' ' ' ' ' ' ' ' —— | ECMWF E
o84 1 R S R S S R S S et s
E I F—a0d L -
64 S g
1 ' ' ' ' r 0 3 ' ' E
1 F 2 304 a2
oad - E E
1 8 1 ¢ E £ 20 3 E-
- ' 1 1 ' > 3 E
s I T T N C 103 3
0.0 S RN B B B R R R 0.0 3
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
ainst ERAS, [Northern Hemsiphere, 30°N-00°N] Against ERAS5, [Northern Hemsiphere, 30°N-90°N]
24 ' | | | | j ' ' — KM % 5 . | j j j j j E
E ' ' ' il i i i i = ECI = ' ' ' i i i ' r_
wd 103 b0 d b b i T TN TN I I I 3
wd ) I I A E
R I TR A R - =i 3
ad F oy 0y LEFEA L 4 < E (R T S I R -
R B = IR ar I T T R ; E
84 . . A e 4 . E
ad L AN R N s4 P -
E § % ® w1 r w E . E
0 LN A EY Y B B R B B B R 0 T 1 T T T+ t T T 1
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O 1112 Yo s g &8 o 54 FE 9ok 2022 JANUARY 00UTC T1000 Sgk
2022 JANUARY 12UTC T1000 NH Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS5, [Northern Hemsiphere, 30°N-90°N] Against ERAS, [Northern Hemsiphere, 30°N-90°N]
1.0 6.0 -
1 KM F 3 i ' ' i il ' ' i r— KIM E
4 = E \ ' h ' h \ . . —— (ECMWF £
I e 3
1 0 T a0 d L -
064 0 E o E I E
oad LT F =307 3
RS £ 20 4 -
T
0.0 N B B I I B B R R 0.0 3
24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [Northern Hemsiphere, 30°N-90°N] Against ERAS5, [Northern Hemsiphere, 30°N-90°N]
— T 1 5 ] 1 . | = S T—T ¥ T 7 T 5 1 . TR 3
i ' i i i i i i p— ¢ EC] 30 3 ' ' ' ' ' ' ' .
' ' ' ' ' ' ' ' . (K 3 ! ! ! ' ' ' ! M, E
T : M@W/ 3= I R A T E
L1 w1 1 - S R E
] ' ' ' ' ' ' ' ' ' F = E ' ' ' ' ' ' ' E
12 o ' ' ' ' ' ' v v ' ' ' F < 3 ! ! ' ' ' ' ' E
R N T o=~ S A RN 5 - I T I — 3
- TR R o7~ ol I A N N S - I : 3
4 o i } : \ i ; | ! i ' F 5 4 y i / ‘ E
0 S B B D S S B B B — 0 ) S I R B E B R R R R E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
a8 1.1.13 a2 B4 28 oM Xck ®oE 2022 JANUARY 12UTC T1000 SEH

_25_



[ACC]

[SPREAD]

[ACC]

[SPREAD]

2022 JANUARY 00UTC T1000 SH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS5, [Southern Hemisphere, 30°S-90°S] Against ERAS5, [Southern Hemisphere, 30°S-90°S]
10 R ' ' ' ' — KIM + 50 1 F
= S R st A S .
o84 T R e 3
1 i . . ‘ ' o ' | o = E
N ) ) ' ' ' T ! r 3.0 1 o
0.6 — | | | ) | j = E q
1 v 0 [ & 20 F
e : E 10 -
0.2 — 11 0.0 3
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [Southern Hemisphere, 30°S-90°S] Against ERAS5, [Southern Hemisphere, 30°S-90°S]
8.0 8.0
g ' ' ' ' ' ' ' v — KIM f B il ' i i ' i ' ' — KIM , o
- ' ' ' ' () ' ' ' e+ ECMWF - e ' ' ' ' ' ' ' [ — | ECMWF =
] ‘ ' | | i | ' ' . [OMKWA) | ] | | i | ' ' ' ' . (OMKMA) |
6.0 : ' ) h ‘ i ' . JUKmg r 60 7 | ) | | ' ' ‘ | JUKvg r
1 : : ) ) : i : : : ' ' oo 1 h , : ' ' ‘ ' i ' ' h I
4.0 . | 1 h ) | ' R { o 2 40 H ) ] | ' ‘ ' ' . ' h -
] ' ' ) ) ' i : - v H = i ) , ' , ' ‘ ' ‘ A e
2.0 — i 1 i ; : ‘ i ' — 2.0 — H ) i ; : - ' i i —
3 0 J i ' ‘ : h B ] . o v ' i : i i h [
0.0 L N B B B B B . R 0.0 L N S R B B B B R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]

O3 1.1.14 LA E g Y oS4 R gk 2022 JANUARY 00UTC T1000 EHHb

2022 JANUARY 12UTC T1000 SH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS, [Southern Hemisphere, 30°S-90°S] Against ERAS5, [Southern Hemisphere, 30°S-90°S]
1.0 E ' ' ' — Kl ' f 5.0 = ' ' i i ' ' ' ' — KIM =
] ; 11/ A 40 Vw0 e LT b E
084 L TR o s g F
1 P . i P = [ - T N S N R =
T ' H ' ' r - 7 ' ' ' ' ' ' ' ' ' ' i F
0.6 — ' ' ' ' ' s B ' ' | ' ' | ) \ . F
] H A - [ @ 20 S e — =
0.4 R T T T\? 1.0 3 A T T T S -
] : /A S RN I T SRS N S S L k| 1 S B E
02 LN S B B B B B B R — 0.0 S S B B B B R R R —
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS5, [Southern Hemisphere, 30°S-90°S] Against ERAS5, [Southern Hemisphere, 30°S-90°S]
8.0 B ' ' ' ' ' ' ' ' — KIM , - 8.0 +
4 ' ' ' ' ' ' ' ' p— 1 ECMW| o [
] i oL T Ovkviay F [
6.0 I - R T T | UKMG r 6.0 r
] i e a4 P oo I
ST R I T A e s T ——— S -
] ; I R v ' - .
20 - i R e ' ' ' — 2.0 -
0.0 L N B E B R R R 0.0 ] Y Y B B B R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]

O3 1.1.15 LA E g Y oS4 R gk 2022 JANUARY 12UTC T1000 EHHE

_26_



[ACC]

[SPREAD]

[ACC]

[SPREAD]

0.8

0.6

0.4

0.2

J8 1.1.16 Yabs

2022 JANUARY 00UTC T1000 Korea Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

Root Mean Square Error
Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

' - 5.0 ] 1 ' ' ' ' ' ' ' — KIM C

E ' - B ] ' ' ] ' ' ' ' — | ECMWF F
' [ 4.0 4 ' ' ' ' ' ' ' ' . TUM(KMA) |-

] Voo 1 C E N S L
Lo * P30 N S GG i

. ' ! ' ' [ © B ' ! I " " ! F
7 ' ! ' ' = E ' ¥ ) ' ' F
] Lo P 20 R TR R =
4 0 - E . A
] R F 1.0 T Vo -
] Lo L 3 e s

N BN I B B B B R B R 0.0 N B S B S R . E
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill

A_qains! ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E] Agamsl ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]

B j j | | V TKIM ] ) ) ) V V — KM b
- ' ' ' ) —— | ECMWF 18 — . . . ' ' i
4 : Lo ukmg = I A o
= ' ' ' ' " u'_'T 12 : ' ' I F
= . | . ; < = . . . . . =
1 : L z°q R : :
R : : 63 Lo Lo F
- ] . : 3 " — 4 - -

1 T T T 1 1 T 1 0 L L L L L L L L

0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288

Forecast Time [hr]

s Xlcp m

(i)

7 ¥ o5y

Forecast Time [hr]

=7} 2022 JANUARY 00UTC T1000

2022 JANUARY 12UTC T1000 Korea Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

Root Mean Square Error

Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]

1.0 4 — KIM | - 50 1 ' ' ' ' ' ' ' ' — KIM £
R ' ' e | ECMWF - 4 ' ' ' ' ' ' ' ' = 1 ECMWF F
J I . TUM(KMA) | 4.0 3 ' ' ' ' ' ' ' ' ' TUM(KMA) =
08 N = [UKmMa n E R T T JUkMg
1] [ — 1 r
1 o T Lo [ W 304 R : b
06 ' ' ' ' 1 ) ' ' ' [ © 3 ' i '
-6 ' ' ' ' ' v ] : s ' ' s B v ' '
1 0 \\\&‘,é & .
N ' 1 ' 1 " [ ' 1 r = 1 ' [ ' ' '
0.4 - I R R S R - o T R T
02 S R B R B R B R 00 T+t T
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Aqainst ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E] A_qainst ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]
] 1 R ' — KM | ] HE ' . :
18 o ' h ' ' ' —— | ECMWF 18 4 ' . . '
IR Lo [ I ! !
12 4 ! L i 12 4 . | o
1 ' ' ' ' ' I<—( ] ' ' ' '
°3 o o : :
61 b &1 : :
3 ' i 3 . . '
] , — 1 — .
0 L A RN R B B B S R R m— 0 —r T T T+ T 1
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
= - - — . =
a8 1117 a2 B4 28 oM Xck ®oE 2022 JANUARY 12UTC T1000 SHEFE

_27_



2022 JANUARY 00UTC T1000 EA Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient

Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]

Root Mean Square Error
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]

1.0 1 ' — KIM r F
LS ! - 3
5 0.6 A Lo E
31 o T F 2 3
Soadq o0 T F T E
E ' ' ' ' ' \ , . ! j F =
0.2 T T — E
0.0 S e e A A R R E 0.0 N S B e B e I B B
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [East Asia, 20°N-60°N 60°E-150°E] Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]
' ! — KM ] T ™ I
18 . | ECMWF 18 E
— 15 ' ' UKMQ 15 -
2 l ; — ] F
< 12 i w12 4 -
w ' = 1 u
g ° : z °7 3
D 6 ! 6 - -
3 ! 3 -
0 — i U 0 3
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
8 1.1.18 als o &Y o5 FE Hok 2022 JANUARY 00UTC T1000 SOtA|of

0.8

0.6

[ACC]

0.4

0.2

0.0

18
15
12

[SPREAD]

o w o

2022 JANUARY 12UTC T1000 EA Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]

Root Mean Square Error
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]

1 . ' ' ] ] r— KIM - 6.0 E ] ] ' ' ' ] ] ' r— KIM | E
] 1 ' ' 1 e | ECMWF N 3 [ ' ' ' [ ' ' 1 e | ECMWF £
4 71 S S = S S S S S S —— 1/ =
1 | . . . . - . = uKkMg F E . . . . . . . . = JUKmMg E
4 0 T A R N S 3
1 0 0 T F 204 oL E
1 00 Ty B 3
1 0 0 o F 10 2
I A EN SO S B E B B R 0.0 r
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
ainst ERAS, [East Asia, 20°N-60°N 60°E-150°E] Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]
TKIM ] | | V | ) —
| ECMWF 18 . h
| UM(KMA) ] ' |
15 ! !
w12 ! )
}E 1 ' '
°3
63
s34
0 =1 r Tt Tt T+ 1T 1
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
= 17 o — 17 .
1.1.19 A2 B e oM ZFeh "ok 2022 JANUARY 12UTC T1000 SO0FA|of

_28_



- S 71000 &= g4 2dE o542 00UTC2t 12UTC 25 2 *fo]
glol o FAIEE oF d&s52 2ol UAeH, MHHoZE o{FHo| H|s
HE2H TS=EYYAESRELS TI000 o E Ms0| A LiEHS =g =

AUt (2 1.1.12-1.1.13).
- BT T10002] Ol M52 oiSEo| sl ASHoE ZYES el o3
M5 3 2xtel &ol7t A 2S Helg 4 AUck (2 1.1.14-1.1.15).

- THEEE T10002] ofF dse2 dHidez ofEHo Hlsh A=EHol

d4s8 EY ZV|IFH oj? g2 2AE 2ol oo, HE A HEHS
AL

olH|st olE Ms9| %fo|7} 2k 264hr O|F Hol= HWs Eeld #= Uch
o{E&oll Hlaf DOIEIIXZ Sotrot X[HolM ASE S=dYLESZH o

AL MM e R A He &l = Ack (TF 1.1.18-1.1.19).

_29_



d) 00, 12UTC T850 &4 Z =}

= =
=&

20214 72 (0

2022 JANUARY 00UTC T850 NH Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

T Y FERT FENEY R

Against ERAS5, [Northern Hemsiphere, 30°N-90°N]

ARRN RARRN LARRN LARRN LARAS LARK

e Qe o o o .
© B ¥ ® o ~- o

[3siny]

TS S R R Pu

Against ERAS5, [Northern Hemsiphere, 30°N-90°N]

RN EERE EEEE LR

°© @ ©o % a 9o
- ©o ©o o o o

[oov]

192 216 240 264 288

120 144 168

48 72 96

24

192 216 240 264 288

48 72 96 120 144 168

24

Forecast Time [hr]

Forecast Time [hr]

Spread Skill

Ensemble Spread

[Northern Hemsiphere, 30°N-90°N]

Against ERAS5,

IETEE FRTTY P FRTRL FUEY P e

LALL) LAREY ALY LALL) LARE) AL LARL

L QW O W o v o
® a4 & - =

[31vd]

| IO I Y i e

RN RARS RARS RERN RARS RERY
I 8§ £ ¥~ o

[av3addsl

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

192 216 240 264 288

168

120 144

48 72 96

24

Forecast Time [hr]

7t 2021 JULY 00UTC T850 Sut+

Xlct m
—_ = o

ol =4

2022 JANUARY 12UTC T850 NH Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS, [Northern Hemsiphere, 30°N-90°N]

Against ERAS, [Northern Hemsiphere, 30°N-90°N]

ol b b b

LAARE LRAAY LR LRRAY ERRRS RERL)

e Qe e e o e
© B8 < o a - o

[3siny]

v b b b L

,:__:_:__,:_:,
°© @ © + o 9
™— o o o o o

[oov]

192 216 240 264 288

48 72 96 120 144 168

24

192 216 240 264 288

48 72 96 120 144 168

24

Forecast Time [hr]

Forecast Time [hr]

Spread Skill

Ensemble Spread

Against ERA5, [Northern Hemsiphere, 30°N-90°N]

vl bbb b b

AL LARLY LAARY AR LAAL) LARR) AR
N QW O W O 1 o
® a4 Q& - =

(5]
[31vdl
i TN I e e

[Northern Hemsiphere, 30°N-90°N|

inst ERAS

A

st

RN BN AR RS RRRN RERY
¥ © © A ©o <+ o
qa N - -

[avaddsl

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

TIEE "oh 2021 JULY 12UTC T850 Sit+

54

H o

o ¥

_30_



Root Mean Square Error

Anomaly Correlation Coefficient

2022 JANUARY 00UTC T850 SH Ensemble Monthly Averaged Score

| IR PR FREE R el PRI ANRNTIN AYRTETE
2 FRUTIN BRI TR AR «Q & @ =
7 g z g 3 & g
3 2 3 3 3
at- -3 9 -3 4 - & g -
° Y o N @ ®
A E @ m+ = & ¢
gl= ) g L2 4 [0} 8 - g g =
2 « 2 S ol — 5 N £
& g o 2 g
£ © £ © | o £ . £ L
£ & K & L I N T
0 g =
€ £ o - S ]
[ o 5 3] = S — o £ -
" i e — £ e — Lo T W 3 - = 35
5 == 5 2 = 3 = 3
3 < 2 = [ce} (o) o B == &
2 == 2 o9 =i — o L 3 0o = -
g [ e re 0% g e e o S g 2 @x g
2 TE®W 2 T E O © =i E®
i} & = i < = — o | T o 4 -
F o = @
7ol RGP - 3 o - 3 — B Yo @ @
3 - @ B - (o) 2 -5 (
&= T 0 @ £ AR} ) c 3 O
g © 25 © > @ 8 s 3 E B
S O a S O o < L & Q < -
e FS o < S o < 2 T owm
feo - 2 o = S
w L > B © W
||||||||| | © | © > [=] — & -
(<] (] — o
1 c £F
\\\\\\\\\\ L o [ o 2 c N -
" " ° S
© © b M - ® -
........... - < [~ < o <
< © <
........... < 3 N -8 -
N S -
.. QO
s
LR AR EAREE RRRAE R o L B e o ~N m LARRE LN ERRRE RERAS RRR (=) LI B L RS
o 2 2 9 o < o o o o o ) (O] o o o o 9 9 s o 9 o o
wn < ™ o — o 0 © < ol o S 0 ~ [} o -~ o © © < o o
o [
[3snyl] [3Lvyl U L [3siy] ETNE]
J ISR I AR W 3 e b b b 2 N._ $:__,:_:__,_._ 2 c]v__,_,_,___,__:
o « 9 R T g « &
5 > 5 S
8 3 8 3
> < > < - ) ; < >
[%) - %) L %) L o @ -
g &8 & X0 o &8
g g Ar ro R g
I - 15 — = @ — 5 —
5 o 5 N [ 0 - 3 B 5
3 g c 2 2
£ -2 £ -2 - = & 5 L e £ L
T N I N i o T N b
5 o 5 N il O £ ¢ o £
£ re —os £ re — = 92 = mr 2 —05 £ B
3 T E® 3 T E 2 3 T E® 3
8 0 =0 & o = rkl D O é =0 &
e r€es .y -e e N 5 ¢ g4 i
S Ewn i E 0 S & Ew g
£ £ — i £
w T oy < - w W ITF o U
B FrY == o Y - 8 = s 9 3 -
£ T Q< - 0 > O £ - nQ =
& SE B © Iju 25 2E 5
= FS& 8o < - & 8 = C o5 2 Ll g8 5 < B
o
-9 5 - 2 < o - 5@
_.m:n._ S o0 < > 2 s
-8 -8 ° = L g L0 -
o Z €
| o | o Nl (=} o
~ ~ A c o~ -
| - <
-2 -2 = N 3 s
—
(aV]
= [ < =
N o i o ra =
UL L BRI R Bl LRI R L I _I_ T T © T T
T T T T T T T T T
e ® @9 % o S 9 9 o 9 °© ® 9 < 9« © o o o 9o
- ° ° i = @ 0 . ~ ° -~ =1 =3 o = @ © < o S

[oov] [av3dds] [oov] [avaddsl

T

192 216 240 264 288

96 120 144 168
Forecast Time [hr]

72

48

24
7+ 2021 JULY 12UTC T850

4

AL
o

t

C
i)

&l
- 31 -

ol =4

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24



2022 JANUARY 00UTC T850 Korea Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

I SRR R P

Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

e e e <
<+ © o -

[3sny]

PENENI RTINS ETATE S

=
o

Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]

L L B R

e o © %
— o o o
[oovl]

o
o

168 192 216 240 264 288

48 72 96 120 144
Forecast Time [hr]

24

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

Spread Skill

Ensemble Spread

P N TN N S P

ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E;

Against
'
'
'
'
'
'
'
'
T

RN EEN EEE REN RN R
© WL N DO MmO

[31vy]

P IS W A B A

T T
©® L N O © ™ O

[avaddsl

192 216 240 264 288

144 168

48 72 96 120

24

0

192 216 240 264 288

48 72 96 120 144 168

24

Forecast Time [hr]

Forecast Time [hr]

B

s

o

7+ 2021 JULY 00UTC T850

Xlct m
—_ = o

ol =4

2022 JANUARY 12UTC T850 Korea Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

b b b by

Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

____
o o o o <9
n < (<] o -
[ESE

<
o

Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

DAL L O B

< @« © <
- o o o

[oov]

o
o

192 216 240 264 288

48 72 96 120 144 168

24

192 216 240 264 288

120 144 168

48 72 96

24

Forecast Time [hr]

Forecast Time [hr]

Spread Skill

Ensemble Spread

PN VS PN S P e

ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

A_qainsl
'
'
'
'
'
!

RN EEE EEE REN REE R
® W N D O ®m® O

[31vdl
P IO [ T AN A

RN EEE RN REN EEE

® W N D © ®m O

[avaydsl

168 192 216 240 264 288

72 96 120 144

48

24

192 216 240 264 288

168

120 144

4 48 72 96

2

0

Forecast Time [hr]

Forecast Time [hr]

uhE

o

S

Ik "I} 2021 JULY 12UTC T850

PN
i}

o 28 ol=5d

_32_



2022 JANUARY 00UTC T850 EA Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

=4
©

v bbb b b

AR LRRRY LARRS ERANY LARAY AR

[3sny]

PN NS IS IS R

o 9 9 o o9
n £ o N - O

T T T T

S @ @9 % o
-~ © o o o

[oov]

<
o

168 192 216 240 264 288

120 144

48 72 96

24

192 216 240 264 288

96 120 144 168
Forecast Time [hr]

72

48

24

Forecast Time [hr]

Spread Skill

A

Ensemble Spread

Pl I I A B e B

inst ERA5, [East Asia, 20°N-60°N 60°E-150°E

qans:

T T
© WL N DO MmO

[31vdl
P I S A A A

E;

[East Asia, 20°N-60°N 60°E-150°f
j—
'
'
'
'

astAsia

inst ERAS,

st
T

A

LB BN A N A R
©® L N O © MmO

[av3aydsl

192 216 240 264 288

48 72 96 120 144 168

24

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

Forecast Time [hr]

8 1.1.26

2022 JANUARY 12UTC T850 EA Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

T FEUTY RRTeL FARTE FUEY A

T
e Q@ e o e e <
© B ¥ ® o - o

[3sny]
PN RS WA R N

AN RN R R R

S & @@ = o o
-~ © o o o o

[oov]

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

168 192 216 240 264 288

72 96 120 144
Forecast Time [hr]

48

24

Spread Skill

Ensemble Spread

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

© 0L N D © ™ O

[31vyl

B R R R RN R R

© 0L N D © ™ O

[avadds]

192 216 240 264 288

144 168

48 72 96 120

24

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

Forecast Time [hr]

Ho 22 o4 Ach ®IE 2021 JULY 12UTC T850 &OtA|of

_33_



- ST T80 YAE "@ Y¥ ofSMe 00UTCeb 12UTC 25 B|RE

okAt2 HO|T JyCl 144hr Forecast Time O|E& ACCe| Z<S 0.6 0|5tz

i}
2
Ral
rir
jin
S

Ir
L
\‘
e
1o
2
Al
0x
mjo
ot
H
ogk
09

A0 RXlstl USS & =
pck =71 2MFe| RMSEZF &As5H7|= oSHX|RF 288hr Forecast TimeZ7b&|

ZtutEX] g2 "def2 2Rt dsstes Aeg = 5 AUk (3F 1.1.20-1.1.21).

Xtol=  EMstx|gk ACCLE RMSEZS| M3t Xlo|l&  H[ZSich  (OE

- Btz A ¥o BRO| e F2 XolM O|FO{XI7| w0 o=
obArg Bolch S3| 288hr2 Z4S 00f 7k ACCE Holo 2Hs of S
Mol siyste w2 2 4+ ek ol 00TUC, 12UTC 2FolM Stelg 4

AUCt (2 1.1.24-1.1.25).

SofAlotel AP BHIT ¥o Hoks H2 XY BROR oH¥Mel
|

Ji7ke e Bolt v, RVMSES| 22 1 B7h ghsto| ol gt Hoks W

2

(@]
kl
|0

L}, stetEQb ObX7FX|2 ACCe 288hr Forecast Timeol| A= 0ol

ol
AA

-

LIEHE

=2
0=

o
i)

2 4= Aot (38 1.1.26-1.1.27).

_34_



20224 1&(#H2%) 00, 12UTC T850 &4 Zx}

2021 JULY 00UTC T860 NH Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS, [Northern Hemsiphere, 30°N-90°N]

ern Hemsiphere, 30°N-90°N]

h

Against ERAS5, [Nortt

e o e e e <o
© B8 F o o -

_____

<

o
[3snyl]

N N WS Sy N

LS RN R R R

2 ® 9@ ¥ o g

o o o o o

[oovl

192 216 240 264 288

48 72 96 120 144 168

24

192 216 240 264 288

144 168

48 72 96 120

24

Forecast Time [hr]

Forecast Time [hr]

Spread Skill

Ensemble Spread

[Northern Hemsiphere, 30°N-90°N]

Against ERAS,

[Northern Hemsiphere, 30°N-90°N]

Against ERAS,

SV IVITIN ARE BRI W

LI B B BN B
L N O © ® o

[31vdl
I P I B

LI B B BN B
AN o © ® o

[avaydsl

15

192 216 240 264 288

24 48 72 96 120 144 168
Forecast Time [hr]

0

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

?_

H

7t 2022 JANUARY 00UTC T850 =tt

M xlch =
o —_ - o

of =

2021 JULY 12UTC T860 NH Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS5, [Northern Hemsiphere, 30°N-90°N]

ern Hemsiphere, 30°N-90°N]

h

Against ERAS, [Nortl

pbe o bgn b bl

e e e o e e <
© 16 © o ~ oS

LARRN LARRN LARAN LARAY LERAS LARM

[ESE

IS WS W W P

A EE EEEE EEEE RERN LR

S 2 © 3 o <

o © o o o

[oov]

192 216 240 264 288

168
Forecast Time [hr]

48 72 96 120 144

24

192 216 240 264 288

168

72 96 120 144
Forecast Time [hr]
Ensemble Spread

48

24

Spread Skill

Against ERAS5, [Northern Hemsiphere, 30°N-90°N]

[Northern Hemsiphere, 30°N-90°N]

Against ERAS5,

PRI I S R

LI L B B
L a4 O © ® o

[31vd]
FOUEN TTEN IR SN A

L N B B R
A o © ® o

[avadds]

15

192 216 240 264 288

48 72 96 120 144 168

24

120 144 168 192 216 240 264 288

48 72 96

24

Forecast Time [hr]

Forecast Time [hr]

?_

H

s

7t 2022 JANUARY 12UTC T850 =

M xlch =
o —_ - o

of =

_35_



2021 JULY 00UTC T860 SH Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERA5, [Southern Hemisphere, 30°S-90°S]

Against ERA5, [Southern Hemisphere, 30°S-90°S]

vl by by
R e maet
< < e < =
© © <~ o o
[3snd]
R A ST L
e e L
2 i i i i [
—
< © © b o
- o o o o
[oov]

192 216 240 264 288

144 168

48 72 96 120

24

0

192 216 240 264 288

168

144
Forecast Time [hr]

48 72 96 120
Ensemble Spread

24

Forecast Time [hr]

Spread Skill

il I B

Against ERAS, [Southern Hemisphere, 30°S-90°S]

Against ERAS, [Southern Hemisphere, 30°S-90°S]

LARERARERERSRERE RRRE RN
|RRRN BN RN RN R
$ § e © < o

[31vy]

RS RRRN RARN B
I & & o ©» v o

[avadds]

192 216 240 264 288

120 144 168

48 72 96

24

192 216 240 264 288

168
Forecast Time [hr]

48 72 96 120 144

24

Forecast Time [hr]

e

7+ 2022 JANUARY 00UTC T850

fre|
o

2021 JULY 12UTC T860 SH Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERA5, [Southern Hemisphere, 30°S-90°S]

Against ERA5, [Southern Hemisphere, 30°S-90°S]

PRNENIN U ETRVEN R

LI B L B

3 3 < o
@ © < o
[3swyl

PRI VRS ETRVENI R

LS B B

< o @ =
-~ o S} S

[oov]

o
o

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

Spread Skill

A

Ensemble Spread

Pl A I R O e

inst ERAS

gasl

RARNRARNRRRNRERE RRRE LRN
¥+ O © 4 ® + o
& - -

o
[31vy]
| IS WS A I e

[Southern Hemisphere, 30°S-90°S]

KM

RE R R RSN R EEEE REAs
| RS R R B
o © o © ¥ ©

J &
[avayds]

168 192 216 240 264 288

48 72 96 120 144
Forecast Time [hr]

24

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

e

7+ 2022 JANUARY 12UTC T850

b |
[=]

_36_



2021 JULY 00UTC T860 Korea Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]

Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]

<
<

AEEE EEE RN EEEEE LEa

=1
©

i<
i

[3swyl

PN NI (NI AN

e

=
o

<

2]
o

© <
c o

[oov]

o
o

=
o

168 192 216 240 264 288

48 72 96 120 144

24

192 216 240 264 288 0

120 144 168

4 48 72 96

2

0

Forecast Time [hr]

Forecast Time [hr]

Spread Skill
Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

Ensemble Spread

Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

PAETN FEEY RS RENEE P

e @ e e @
W ¥ ® A -

____

<

o
[31vyl

[EREE SRR REREE ST PR

AR RRERS

e 2 o 9 9 9
W & o o ~ o

[av3ydsl]

168 192 216 240 264 288

48 72 96 120 144
Forecast Time [hr]

24

192 216 240 264 288

120 144 168

72 96

48

24

0

Forecast Time [hr]

c
_

F

gt

7+ 2022 JANUARY 00UTC T850

v |
[=]

2021 JULY 12UTC T860 Korea Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

—

< S = ] <

< (2] o - o
[3sny]

PN NS WA N N

Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

REEERERE REEE AR RER

Q @ 9 5 o
- © © o o

[oovl]

=
o

192 216 240 264 288

120 144 168

4 48 72 96

2

0

192 216 240 264 288

8 72 96 120 144 168
Forecast Time [hr]

4

24

Forecast Time [hr]

Spread Skill
Against ERA5, [Korean Peninsula, 33°N:

Ensemble Spread

Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

-43°N 124°E-132°E]

< < < < < e
w < (s} o ™~ o
[31vdl
[RREE FRREA RRRNE SRR RRAH

ARRS LERRS RRRRE RRRRS LAM

=
0

ARRN RERRS RARAN RRRRE RERRS

o 2 2 9
< o o -

[av3yds]

2
o

192 216 240 264 288

144 168

48 72 96 120

24

120 144 168 192 216 240 264 288

48 72 96

24

Forecast Time [hr]

Forecast Time [hr]

7+ 2022 JANUARY 12UTC T850

MR g

7 2 o5

o -
s g

F

o
o

2 1.1.38

_37_



2021 JULY 00UTC T860 EA Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

T

o o 9 9 9 9 9
© wn < o o - o
N T T T P
o

5

8

b o
5

8

z -
S

3

z

£ -
8

<

‘@

< -
k7

z

i

= L
<

o

w

2 -
£

5

3

< -

T

°© ©® © ¥ o 9
= o o o o o

[oovl

192 216 240 264 288

168
Forecast Time [hr]

120 144

48 72 96

24

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

Spread Skill

Ensemble Spread

[East Asia, 20°N-60°N 60°E-150°E]

Against ERAS,

[East Asia, 20°N-60°N 60°E-150°E]

Against ERAS,

PN I S R s

RS LARE RARE RRS RERE AR
N O ©® © %+ N o

[31vdl

ol g b b b

LARBRARE RN RRRN RRNE RERS

N O ©® © ¢ N o

[avaydsl

192 216 240 264 288

168
Forecast Time [hr]

48 72 96 120 144

24

192 216 240 264 288

72 96 120 144 168
Forecast Time [hr]

48

24

0

SOfA|of

Ho 29 o 5A Flck "ok 2022 JANUARY 00UTC T850

2021 JULY 12UTC T860 EA Ensemble Monthly Averaged Score

Root Mean Square Error

Anomaly Correlation Coefficient

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

IETE FEUEY RENTE RAET FEREY P

LRRN RARRN LARAN LERAS LERRD LRAR

e e o e e <
© B F o o - o

[3sndl]

IS NS N N N

T T T
e 2 © X o <
- © ©o oo o o

[oov]

192 216 240 264 288

168
Forecast Time [hr]

48 72 96 120 144

24

0

144 168 192 216 240 264 288

48 72 96 120

24

0

Forecast Time [hr]

Spread Skill

Ensemble Spread

[East Asia, 20°N-60°N 60°E-150°E]

Against ERAS,

Against ERAS,

P I U O B

RAN RERE RS RARN RERE RN
AN O ® © ¥ N o

[31vd]

P IR R A B

AR EERE RERE AR RRRN RERS

AN O ® © ¥ o o

[avayds]

144 168 192 216 240 264 288

48 72 96 120
Forecast Time [hr]

24

144 168 192 216 240 264 288

48 72 96 120

24

Forecast Time [hr]

SOtA|of

7+ 2022 JANUARY 12UTC T850

Xlct m
—_ = o

o=5d

_38_



o

o0
il

ohu

10!

<K

nj

i

e
4

NI

oK
~
Klo

o?

<+

oll

ol

—

—

13
o}

AO[X| 8

off

2 ACCI}

)

—
—

SIS
S

I

ol

0, 288hr Forecast
o

o

2 0.6 O
o

—

—

ol

AA
AM
o

k=3

T

=

144hr Forecast Time 77HX|

o

ol

—

=
o

=3
=
[

—

{2 = RMSE
OkA}
, 00UTC

o

AL
ch (28 1.1.30-1.1.31).

Forecast Time O]
F71X[ 2]
|.

—

144hr
X

2R 2
3ot o}

—

H

X
| 2% 192hr Forecast £H

O{MAl= ACCZt 0of
AdE 12UTColl A

—

=

—

243} o}
—

o
=GRS

otk
Timeo|

T At (28 1.1.32-1.1.33).

oll

ol

o
oo

o?

B

—_—
110

0F
i

0
HH

al
=

AllM o2 RMSE
ol=

o,

ot (I8 1.1.34-1.1.35).

S5t
ol —
A

e
- 39 -

ojo
S

o

4=

Aol

=]
-

SOfAlop X[ 2|
Spread



[ACC]

[SFHEAU]

[ACC]

|SFHEAU]

20214 7&({E#) 00, 12UTC Z500 &4 Zx}

0.8

0.6

0.4

0.2

0.0

8000

6000

4000

2000

0.6

0.4

0.2

0.0

8000

6000

4000

2000

2021 JULY 00UTC Z500 NH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERA5, [Northern Hemsiphere, 30°N-90°N]

Root Mean Square Error
Against ERAS5, [Northern Hemsiphere, 30°N-90°N]

b oo ' ' F 100 R ' J j ' ' ' J ' — KIM | F
E h ' ' “_ B : Vo A ) A
= ) ' ' ' v N - 80 4 C Coo L UMk
4 h ' ' ' | | E ] Vo A 'l E
1 0 0 Fo 979 ~ . . 1 F
1 ' ' ' ' ' ' ' V F s 1 ' ' ' ' ' ) ' ' ' r
= I ' ' A S oo, 40 o Voo Vo o A a
- 1 i i ‘ - Ly 20 T —— A R F
—r 1 Tt 1 Tt Tt 1 1 1 9 —r t 1 1 t 1 1 Tt T 1
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERA5, [Northern Hemsiphere, 30°N-90°N] Against ERAS, [Northern Hemsiphere, 30°N-90°N]
N ] ] ] [l ] ] ] ' [ N 10000 j : : : : : : : : :_ :K(M 3 L
1 Por 0 b 0 e E i . ¢ v 0 & 4 . i EcM s
1 e T s o - = 8000 4 UMk p
] ' ' ' ' ' ' ' ' — 1 ' ' ' ' ' ' ' ' o
. A A T T Fm oe00d oA . L
- I R R T N 1 § 4 1 & & N A T [
1 & b i N A L T P
4 v x o v i T - 1 v - S T T r
] o v o F 2000 4 0 A [ T T -
] ' ' ' ' ' ' ' ' \ L 1 ' ' s ' ' ' ' ' B
T Tt L D B D B I N R N R R R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
J8 1.1.36 2ats g &8 of s A ®oR 2021 JULY 00UTC Z500 =g+
2021 JULY 12UTC Z500 NH Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS5, [Northern Hemsiphere, 30°N-90°N] Against ERAS, [Northern Hemsiphere, 30°N-90°N]
1 ' v F 100 1 ' ' ' ' ' ' ' ' e KIM -
] ' ' ' C ] ' ' ' ' ' ' ' ' — | ECMWF r
= Vo ' ' r 80 4 o Vo L UMk
4 Cooa : - o 4 [ v " Co -
] o . o ' F o 60 1 [ ' h Co F
1 ' ' ' ' ' ' ' ' F s 1 ' ' ' ' ! ' ' ' ' r
= Cooa ' o ' ' ' o 40 7 o ' Vo P -
= o ' o ' ' I - 20 I —— ' G G -
1 [ | o . | Lo | F 1 3 ' : Vo . F
S B B B N B R R 0 | I I IR I E B R R R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [Northern Hemsiphere, 30°N-90°N] Against ERAS, [Northern Hemsiphere, 30°N-90°N]
. ' ' ' ' 1 [l 1 ' e | 10000 4 ' ' ' ' ' ' ' ' b KM .
1 Lo EoMwe 1 0 0 = F
1 0 0 UMk 80004 . . L
] A - T B R P oe00 4 + o+ v v E
7] AT N B < E I T Vo F
I Fo 40004 L r 1 E
I T F 2004 Vo -
TTF 1 T ot t— T &1 L e I
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
T8 1.1.37 YaE Wo €Y oS4 Zch ®ok 2021 JULY 12UTC Z500 Sgke

_40_



2021 JULY 00UTC Z500 SH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS, [Southern Hemisphere, 30°S-90°S]

Root Mean Square Error
Against ERAS, [Southern Hemisphere, 30°S-90°S]

_4’]_

1.0 -
b ] ] F B ' ' ' ' ' ' ' ' e KIM I
i 0 F LT T R e e |
g Eosod 000 —wg ) F
good |1 . R E N A A N N e o
(&) b ' ' ' , ' S g0 4 ' ' ' ' ! ' ' ' F
< 04 o i i ] ' ' o ] ' ' , ' : ¢ H , ) i r
: I ' S R R . i oF o F
o2 ¢ & 1 | Foso4 1 S T
0.0 LN R IR B B R R B R R 9 L L L L L L L L
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
_ _ Against ERAS, [Southern Hemisphere, 30°S-90°S]
g o004
120004 1! 50004 L L 0L
1 ' ' T 12000 Lo Lo . .
90003 = E A T A T N R
] + 90004 1L L
6000 — p . o E v " " ' ' ¥
] . 6000 - - T - A \ -
000 v s00 4 o
Ll S S S N N D N | [ S o B B B S I N D N
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O3 1.1.38 LA E W ¢ ofE4M ZE ®IE 2021 JULY 00UTC 7500 e
2021 JULY 12UTC Z500 SH Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
10 Against ERAS5, [Southern Hemisphere, 30°S-90°S] Against ERAS, [Southern Hemisphere, 30°S-90°S]
. b ' v v ' ' ' — KM - B ' ' ' ' ' ' ' ' — KIM 1 -
1 00 ! e R T R w10
i R T R L I
goed | 01 oL I N O O S S S 2
Q ] ' ' ' \ ' ' ' ' ? [ S 904 ' ' ' ' ) ' ? -
< 04 ] : ; : : : i ] ' i \—\" o ] ' H : , ‘ . ' ' o
h ' ' ' ' ' ' i i i i i r 60 - 1 : : 1 - : : : -
- T D R N T A o
0.0 | S R B R B . R R E— 0 | N B B B R B B R HE B
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [Southern Hemisphere, 30°S-90°S] _ Against ERAS, [Southern Hemisphere, 30°S-90°S]
I e e S e e e v N B e e B =Ty
seate I A L lEcde_g 18000 L L0 —Eowee E
1 + & & ¢ & 4 Vo — U F 1 &+ v ¢ 0 4 04 |OM(kua) |
S12000 4 L | Fowso04 000 MO
) 7 A I : : L mrasiio 4 4 L b 4 bbb E
Lt T 2 F e 1 4 % b ob o8& v o1 g
1 + & 8 & 4 3 o F 9004 . L E
6000 — i ' . ' ' \ ' ' ' - o 1 ' ' ' ' ' ' s E
1 0 0 T Foe0 o -
3000 h st v &t 3 4 % r 3000 T F F
OT—F=T1 1T T+ T+ 1+ T 1T 1 o171 T + T+t T T 1+ 1
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
2 1.1.39 YAME o 29 o &AM FeF "®oEe 2021 JULY 12UTC 7500 hub+



[ACC]

1
1
1

|ISFHEAU]

[ACC]

|SFHREAL]

W0 g T —ww o F T T T T T T T T T —mw F
] ' ' ' ' —— 1 ECMWF E 1 ' ' ' ' ' ' ' ' = | ECMWF F
09 o ' ' ' ' v TUM(KMA) 40 3 ' ' ' ' ' ' ' ' . TUM(KMA) |-
g d v . Jukmg - E 3 S S A T s LS S
B R Lo F g 30 o T L —F
A I N T S A e F=d 0 i — .t
g 4 F b o4 o4 4 b 4 i =R R R I
s L0 YT e A N R -
L I R S N E B R S L e I EE R I B B I R B
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
i " ON4°) o jainst ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]
. ' ‘ Agyams!E‘RAs. [foreanyPenmsulaSSNdaNizAE|32"E 3000 — . . ‘ Ag. : [. : - — ]_
800 — ' , ' ) ' E ' ' : ' ' ' | ' — E
] o ' 25004 o b F
500 — ' ' ' ' ‘ E h ‘ ' i o ' . UKM E
i . T ' — 2004 o F
2004 4 T : = - T T T B R ==t
so N . Zosoo4 L0 F
S T A [ C [ I R - B TR B B P
600 . ' ! ) v 1000 ! ! ' . ' : \ ¢ =
304 1 — 5003 . 1 _4 : I
0 N I B B B R R B B . E— O—r—tr—T1 1+t T T Tt
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
= T = 1L . S
O3 1.1.40 SME B &€ o5 Ze 9ok 2021 JULY 00UTC Z500 s$HERE
2021 JULY 12UTC Z500 Korea Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E] Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]
— — — . F e S T
' ' ' ' —— (ECMWF [ E : . ' : ' ' I ' —— ECMWF [
' ' ' " TUM(KMA) 40 3 ' ' ' ' ' ' ' ' . TUM(KMA) |-
. E E T L. SR =
' ' ' ' E or 3 ' ' ' ' ' ' ' ' o ' ' F
' . \ , Fow - . . ' \ ' ' ' .
! ' ' ' FE 0 30 E ' ' ) ' ' ) ' 2
' ' ! ' F =S E ! ' ' ! ' ' ] ! E
Coo T o _ . . =
Lo E 104 . = ., =
A 3 3 P I F
| I I IR S I R D R N | 0 — 1+ 1 1T 1 1
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E] 3000 Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]
1800 4 Lo E T S N R S W
i . | 250 3 00 L vk
1500 — : ' P i E ' ' v 44— iukma E
i & Voo i — 2009 v 4 4 e
1200 - ' ' ) ) ) E E ' ' ' ' . : ' ' ' ' ' F
i @ ;o ; LR - - A T R F
W o > Eoopd o i
600 4 g . =004 20 0 0 A e
w04 ‘ : s0 4 L v =
g | B B B B B R . O Fr—t—t—F T+t Tt T T
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
= 1T — 11 . —
O3 1141 SN2 7 &€ of5M Ze 9ok 2021 JULY 12UTC Z500 $HERE

2021 JULY 00UTC Z500 Korea Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient

Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

Root Mean Square Error

Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

_42_




2021 JULY 00UTC Z500 EA Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient

Root Mean Square Error

LARRN EAREN RARE LEuND LRRRS ARL:

Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E] Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]
1.0 T 60 — T T T T T T T T T T T r
4 ' 11 i ' i — KIM - = ' i i ' ' il i i = KM F
4 ' ' i 'y i —— 1 ECMWF o E ' i i ' ' i ' ] — | ECMWF -
] ' ' \ , . (UM(KMA) | 50 h h . ' . , . ) . (UM(KMA) |
08 ' ' ' ) " ' H . r 40 E 1 ‘ ' : H ' , ' | UKMg E
Sod T S S E T R A R —
Qos- . . . . Lo F=Ss4 ; — F
$ ] ' ' ' ' ' ' ' ' ' : T E ' ' ' ' ' Y ' ' ' F
1 ) i ) 1 ) ; I y . i [ = 20 | ; ] : y i ' ! : 3
0.4 — ' ' ' ' ' ' ' ' ' ' l =~ o ' ' + ' ' ' ' ' ' E
] | i ] \ i i i h ) i ' r 10 ; 3 | / : i 1 i ‘ =
4 ' ] ] ' ' ' ' ' ' ' ] L 3 ' ' ] ' ' ' ' E
02 N R B B R B B R 0 N B R B B B N R B E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
) Against ERAS, [East Asia, 20°N-60°N 60°E-150°E] 4000 Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]
T T — T F
1800 4 . - = E
I 25004 o e F
1500 4 | ! 1 ¢+ + ¢ 4 48 = E
3 ] i ' — 2000 ' NN T T B A 3
T 12004 o E T A A A A A E
i I Eoqso0d 00 E
f 900 | | E:‘ E | , | | | | | . ' E
D os00d =004 . 0L T 3
304 | ! 504 0L = e v 3
0 LN B S E E B Y I N . [ e e 5 N B B R S R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
2 1.1.42 YAE g 2E o &M FeF ®oE: 2021 JULY 00UTC Z500 =ofA|of
2021 JULY 12UTC Z500 EA Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS, [East Asia, 20°N-60°N 60°E-150°E] Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]
W r e LT
4 ] i i o i il il i ' i i ' — | ECMWF
] . . . . L . . h . . h h ' . | UM(KMA)
0.8 - j j H ) r | | | | | | | . — kMg
— ] ' ' ' L o ' ' ' ' ' ' ' , ' ' '
Qosd : -2 N
s ] ' ' ' ' L ' ' ' ' ' " -7
ohd 1% ! - b T
02 N e B B B B R B R S e e e e N N B
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
ainst ERAS, [East Asia, 20°N-60°N 60°E-150°E Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]
wod & 1 1 | T
. ' ' : ‘ ' f ; l i " : H ] ! | UM(KWA) -
o4 Lo Lo n L —ukmd F
T 1200 3 i ‘ : i ' o : i i | i : i ] ! b 4 3
g ] i i i i ‘ ':: i ! ] | | : ; H L - =
e I T o= el B :
Doeod AR 4o F
300 - b 1 | : i e ) | ] v 3 ' i ' ‘ 3
0 I B e S E A R R B B E L S i S E E B e R R R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O3 1.1.43 Las g4 ¢ oA Zgh "Ik 2021 JULY 12UTC Z500 SOfA|of

_43_



ot (38 1.1.36-1.1.37).

(@)
AA

0.3 ol&=

i ACCZt 288hr 77X

H|5

2 Skl

0l

S L

E

lel ol

pS|
S

X
(=]

_l

Forecast Time

3

(]
_

e

S
T

£ U 2 oA
% 9ich ol of

T

t=o| Z#< 168hr Forecast time O]

—

Xto|ZF AX|
=]

<k
ol
ol
o

UKMO, UMKKMA) =22

AUt (T 1.1.40- 1.1.41).

o
xr
IH

i

H0

ar

ol

- SOAot ¢

b L X

8

A 2

=

=

ECMWF

o,

ATk

<+

oll

or

o
oo
oR

i
110
oF

oju
Kk

A
M

8

RMSE= H|xE!

=1}
=

= 72|l ACC

=[]
=

=

_44_

(28 1.1.42-1.1.43).



2022 1&8(H2%) 00, 12UTC Z500 =4 &}

2022 JANUARY 00UTC Z500 NH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS, [Northern Hemsiphere, 30°N-90°N]

Root Mean Square Error
Against ERA5, [Northern Hemsiphere, 30°N-90°N]

10 ' 1 ' — (KM F 150 ] ' ' ' ' ' ' ' ' — KM L
I VT E e T 711 PO
T Lo uwg . FOO 00— .
o3 o N ;"éé S R g b
Sooad L RS e B - . & 1 & F
oz L T e A T A T
0.0 S S B B B B R B R — 0 N N IR I I I I B B R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS, [Northern Hemsiphere, 30°N-90°N] Against ERAS, [Northern Hemsiphere, 30°N-90°N]
15000 - 01 000 Km0 45000 o L L L L ke
1 : ! \ ! ! ! ! . — ‘UKI\DAQAIX&S\ " 1 , ! ! \ : l !
L1204 000 F -1y ] N S A - T - A
joeoo 4 L FE o0 &+ 1 o ;
: L F < [ -
;6000 ' H ' ' ' ' F & 6000 4 ' ' H H ' .
o4 Fosod o
0 - S B B B B B 0 SN I B B B R B . R E—
0 24 48 72 96 120 144 168 192 216 240 264 288 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O3 1.1.44 S&5 27 €Y ol 54 ok "Ik 2022 JANUARY 00UTC Z500 SgH
2022 JANUARY 12UTC Z500 NH Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS5, [Northern Hemsiphere, 30°N-90°N] Against ERAS, [Northern Hemsiphere, 30°N-90°N]
1.0 150
1 ' 1 ' - B ' ' ' ' ' ' ' ' — iKIM -
1 ' ' ' v ' r i ' ' ' ' ' ' ' ' — | ECMWF L
08 4 o1 v ; £ 120 T 1 S
] N S B SR i u 1 T i B
- 1 1 ll ' 1 ' - BT T 1 1 [ 1 ' ' ] 1 1 ) ’
goeseq oo B TRY v I I B e e ol
(& 1 ' ' ' ' ' ' ' " P s ] ' ' ' ' ' \ T v ' ' L
=< 04 o o4 & 3 vy om o+ w W -, 60 . kA R =
0.2 4 A - A A - 30 - R Por 1o 1 o8 1 E
0.0 N A B B B R B R R E— 0 | B R B R B N B N E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERA5, [Northern Hemsiphere, 30°N-90°N Against ERAS, [Northern Hei
15000 o4 | | o 15000 | | | o
1 L. — |ECM 1 oo
; 12000 Co Co — 12000 4 o
i e00 4 pook : M oe000 4 1 Py
: 1 N < 1 7 N 4
j 6000 o | L, 6000 . . :
S ol so00 4 1 = E
0 N BN B B B R B . R — 0 L SN S I B B R B R —
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O3 1.1.45 Y&s "2 Y ol 54 ok "Ik 2022 JANUARY 12UTC Z500 SgEH

_45_



2022 JANUARY 00UTC Z500 SH Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient

Against ERAS5, [Southern Hemisphere, 30°S-90°S]

Root Mean Square Error

10 Against ERAS, [Southern Hemisphere, 30°S-90°S]
A ' I F E ' ' ' ' ' ' ' ' — KM F
1 0 * S HE S T S T /70
Il B : Eoosed 0 g F
ooe3 o ‘ e T A R S R S
o 1 , . ! ' ' F = 90 4 ! I ! ! ! ! . ' ! -
< 04 ' ' ! ' ! F o 1 ) 3 ! I ] ; f - v A o
- ‘ T IR O Lol F
0.2 o I h - 30 3 o o T =
] h . h 0 ' o ] ' ' . . . . . . L
0:0 N B B R B B R N R E— 0 N S R R R N R E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
_ _ Against ERAS, [Southern Hemisphere, 30°S-90°S]
15000 — 18000 4 1
- 12000 15000 4
i 9000 jo12009
: ] < 9000 o -
. 6000 — o 1 . i
L ] 6000 4 ' !
3000 i 3004
Y N B B — 0 LS L A A E N B R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
O3 1.1.46 Yas 2 €Y ol 54 ok "Ik 2022 JANUARY 00UTC Z500 ek
2022 JANUARY 12UTC Z500 SH Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
10 Against ERAS5, [Southern Hemisphere, 30°S-90°S] Against ERAS, [Southern Hemisphere, 30°S-90°S)
e v ' j i — KM | F 180
o R 150
e ' ' ' ' ' ' I ' F o -
Scoed T - W 120
o I S S A S S S S B
Zooad o4 o4 41 b 4 \\h z %7
] ' ' ' ' ' ' ' ' ' ' ' F— 60 o
o2 ¢+ & F & + 4 4 i B 4t % E .
0.0 I I B B R R B R R — 0 LN A N I B B B B R N E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
_ ~ jainst ERAS, [Southern Hemisphere, 30°S-90°S
15000 4 :
- 12000 - 4
1 1 b '
] 9000 — E '
j, 6000 EE
3000 — S !
0 T T T LI — T T

0 24 48 72 96 120 144 168 192 216 240 264 288

Forecast Time [hr]

E}Eod

_46_

7t

S}
N
=

48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr]

2022 JANUARY 12UTC Z500 HEt



2022 JANUARY 00UTC Z500 Korea Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]

Root Mean Square Error
Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E]

1.0 - i i 1 ' ' r— KIM = 100 B ' ' ' ' ' ' ' ' e KIM =
] ' ' ' ' <3 ' — | ECMWF r 1 ' ' ' ' ' ' ' ' — .E?Apz%vﬂi) F
84 . T ‘—‘\\ : F o T A T T T st -
geeg Lo i ;”éﬁ"—; A
Soad Lo FE oo ==t 4 4 F
o2 4 L - 2044 L A N H T T T
1 ' ' ' ' ' ' H ' r 1 ' ' ' ' ' ' ' ' r
0.0 N S S B R B B R B R 0 N N N RN DN N RN R B
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
{5000 Against ERAS, [Korean Peninsula, 33°N-43"N 124°E-132°F] Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]
———— T T T T 7 ; T
== F 000 d 0 1 ) '
0004 L Gk E 2 T R : i
= 1 ' ' ' ' ' ' ' ' —— 1 UKMO F 15000 — h ' ' ' ' '
yosoood v oo TR 4 ¢ 4+ @ L |
i 1 ' ' H H ' ' ‘ ' \ ) ¢ E 12000 ) ) ' ‘ " ‘
o e O T -G I S A :
s T A A A R e F T oe0 4 :
2004 L = 304 -
0; e L — 0 =1 T T
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
= T = 1L . S
O3 1.1.48 LAaE W €Y oS4 T "Ik 2022 JANUARY 00UTC 7500 SHEFE
2022 JANUARY 12UTC Z500 Korea Ensemble Monthly Averaged Score
Anomaly Correlation Coefficient Root Mean Square Error
Against ERAS5, [Korean Peninsula, 33°N-43°N 124°E-132°E] Against ERA5, [Korean Peninsula, 33°N-43°N 124°E-132°E]
100 B ] ' ] ' ' ' ' ' — KIM I
[ A A T Gy [ S S B w— v/ AR &
A LUK S T e L
Q Lo N I R P T S
(&) ' ' ' . ' . . ' ' F s 7] ' ) ' ! ' ' Y ' ' F
= ] i i i ' | ' ) : i -, 40 ' , " ' ) : : ' ' v : r
NI N T - T £ 4 & 1 4 AN T
024 L L L TR 4 L == .« ¢ 1+ 1 a2 1 E
4 4 &+ & + & &+ & i & 1 [E et SN N T N S B TR B &
0.0 | S R B B B R R — 0 | N I IR R I I R B R R
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
15660 Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E] Against ERAS, [Korean Peninsula, 33°N-43°N 124°E-132°E]
= VR T e
: ) " i ' ' H \ — ECm E 18000 — ) Y : . ) N | |ECMWF
10000 T S R s Lo = 4 1 & & 1 i L1 | UM(KMA)
- ' ' ' ' ' ' ' ' —— | UKMO F 15000 — ' ' ' ' ' ' ' —— 1 UKMO
1 8000 ' ' ' ' ' ' ' ' ' ' ' R 7 ' ' ' ' ' ' ' ' '
i N - - N - B R L ot 4 T
. 180 R 5 == o A Y
L 4000 A F ™ e004 0 0 L
2000 S N : L A i :
0 L N B B B B B R B R E— 0 SN B D R B B B . R E—
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
- - - =
a8 1.1.49 Aats2 "Ha & o &M Xck "®oE 2022 JANUARY 12UTC Z500 SHEHE

_47_




2022 JANUARY 00UTC Z500 EA Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]

Root Mean Square Error
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]

[ACC]

1.0 ' \ g % | j ' — KM | F 1003 j j j ) | ) j J — KM | F
] i i ; : i —_ :Ew&i) F ] ' ‘ ‘ : , ) h P 1 A &
pet- I I e v A S T T T S w2 I
COE R A A R T A S A S e
0 1 ' . ' : ' . ' . I F g 80 1 ' . ! ' : : ' / 3
(- I A T ST I A . : -
E I A A T T T 1 00 b
0.2 - 1 : i : i : | i : ‘ 1 - 20 ' ' ) -
1 e o 1 H o
0.0 I A S B R R B R R — 0 L O L SO N
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E] Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]
e v s R R R e T
] RN T R R .ECMV&F £ 1 A S T T T "
T T S O S S S 1/ B 1 JO S O S S A S A S 111 (VR
] : . : h ‘ . ' 1 —— 1 UKMO F ] \ h ‘ ' \ H : ' —— | UKMO L
g0 4w p ¢ @ 0 7 4w ¢ FE@ewed ¢owor o} om ¥ bbb &
1 3w r b owm b a a eeeg B T S S s
4000 —| ' . ‘ H ' ) ‘ H . . : - @ 6000 — ' \ ' ' ' | H i . -
2004 0 i I = 3004 00— -
0 S B B e Y 0 S e B e
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288

Forecast Time [hr] Forecast Time [hr]

O3 1.1.50 &2 28 8 o 54 ZE HIE 2022 JANUARY 00UTC Z500 SotA|ot

2022 JANUARY 12UTC Z500 EA Ensemble Monthly Averaged Score

Anomaly Correlation Coefficient
Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]

Root Mean Square Error
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E]

[ACC]

1.0 b ' ' S ' — KM | + 100 B ' ' ' ' ' ' ' ' r— KM o
1 ' ' ' ' T —— | ECMWF F 1 ' ' ' ' ' ' ' ' —— | ECMWF F
osd v Y ‘O | sod v T ke B
1 ) ' ] ' ' ) J | UKMJ) u ] ) i ' ‘ : i ' i —— kMg F
CF DR A R N 215 T N T O O S T e
] ' ' ' ! . ' ' ' , [ S 1 ' ' ' , ' ' ' /’w F
0.4 o : ) ] | | | " A | ] o 40 o ' H 1 i ' L " v i ‘ r
0 (TS T N SN N N N A SO R R I R
1 ) \ i ' ! i A | | ] i F 1 ‘ ' h ' ' ' 1 ' E
0.0 N I I B E B . . E— E— 0 N S B B D R R R R —
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr] Forecast Time [hr]
Ensemble Spread Spread Skill
Against ERAS5, [East Asia, 20°N-60°N 60°E-150°E] Against ERAS, [East Asia, 20°N-60°N 60°E-150°E]
10000 T —— v F 15000 T—————————————— —— v T
[ R R - " N 1 ¢ 0 b =it |
8000 94 . .. .04 —auMkMm B 0004 0 0 00— UMKMe [
. h h . ' ' . H h —— 1 UKMO F ] h h h . ' . h h —— 1 UKMO [
eoood ¢ b 4 & b 4 & 4 f 4 & EMoweed o+ & v o4 o4 v o+ 4 & v L
] - O F < 1 T . / b
4000 . : . ' ' h h h ) : - @, 6000 — h : . ' ' ' : ' r
2004 0 0 L =T 0 0 F 30 o -
0 S N B B B B R 0 1 T Tt + T+ T+ 1
0 24 48 72 96 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288

Forecast Time [hr] Forecast Time [hr]

O3 1.1.51 S&E 27 A8 o 54 ZEE HIE 2022 JANUARY 12UTC Z500 SotA|ot

_48_



- S 75002 49 OiEEHL ASEHo| Hlxel o F AdME ol UL,
Spread Skilld|M x}0|E HEo|Xl U=l ol= AE FHAAML o5 M5 He 9
Xtololl e|st Z@:=z Helck, ECMWFE HMelstn LHX 2@ Ee| ACC %
RMSE= H|=sh 2SS Holot (O3 1.1.44-1.1.45).

- Eub S ol g3 HIxE ofF £ES H2ol=o, MAE2=2 Spread
Skille] #He|7} A LiEtLfo, RMSE EESH HHEst ERMEE 20|0 144hr O|F

O AT 34 HAIX| = AS =eld 5 Aok (TF 1.1.46-1.1.47).

- SHEtE 9| A MMz 75002 HS&EE2 192hr Forecast Time 77X =2
ofE F=F2 RASID ALt I o|F2& Jtmz7 =HolX[&= oEF MHsS
gtol & = Uct. RMSE EESH 144hr Forecast Time O|&Z2 wO|=2} H|x=ct
gefjel Et2 & 7 AU ol= oIEE Zupel H|xet o F LadS solg
= ACH (I8 1.1.48-1.1.49).

- SOAlof dAeol AL 0O0UTCRF 12UTC 25 H|xsh o AdAM=s Hol2
Ao, Atixoz fHitzof| dHlsi otEAo|of =2 ACC @ =2eg el
%2 Jct. RMSEL} Spread EESF Forecast TimeO| Z7}stHEZIE oMoz

LiEfRE gheler & *Ack (T8 1.1.50-1.1.51).

_49_



2) UYAE " Bias =X FTH HIL Bias (Model minus Reanalysis)

202144 7€({E4A) 00, 12UTC T1000 &AM Az}

2021 JULY 0O0UTC T1000 Ensemble Mean Bias

+000hr ECMWF

KIM

+000hr UM(KMA) +000hr UKMO +000hr
son

[ N N N N o

[ [ [
-7 65 -6 -55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 455 55 6 65 7
Unit: K (Green Line: ERA5 285K)

+120hr ECMWF +120hr UM(KMA) +120hr UKMO +120hr

T T T T T 1T T T T T T T e
-7 65 -6 -55-5-45-4-35-3-25-2-15-1-050 05 1 15 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

KIM +240hr ECMWF +240hr UM(KMA) +240hr

7 65 -6 -55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERAS5 285K)

_50_



KIM +288hr ECMWF +288hr UM(KMA) +288hr

BN T [ T [T [T 7101 1T T
-7 65 -6-55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

J8 1.1.52 YAE " Bias 2% O EA Zck "Il 2021 JULY 00UTC T1000 (9-olzl:
Forecast Time 000, 120, 240, 288hr, LQEZ-2Z: sty Ur=H (KIM), ECMWEF,
)

il

o
HA

0jo

UM(KMA), UKMO 2% 168hr Forecast Time 0|& UKMO =24 X}

o
o
o
02
0
1
&l
B
@
)

%)

Ao
Hel
=2
j[
0z
or
mjo
[l
K
HT
rEI

- S {§& 00UTC T
ECMWFE Helstn sh=Egdaszd, UKMO, UMKMA) 2ZE =& X7

UKMO 22 ofjf dH|xgh "HEle ofF HAE Hols H#E &elg = Uch
Forecast TimeO| Z7ietol| 2l o HAt= Y X[HoA IAH 2Hdsiod,

ECMWF B2 o AT 288hr Forecast Timed|A= ®X}7} LIEILL O HRE=

ldoll Al 2 gol HAZL RAIES =Helg & 2ok UMKMA), UKMO 2ge
£7| EMERe E[¥ D xlool gkol HAZL FSEXA Ueibsd ol
REolAl WHste Yol TxM itz Bytso MuEoz =o| Xgo|
ofo| Wiyl TSRS e Sel@ 4 ok ¥ EgrE Y KalAlol Sl

=S
Xloll Mol HAt= 22 #HelS &elg = ot (28 1.1.562).

_5’|_



2021 JULY 12UTC T1000 Ensemble Mean Bias

KIM +000hr ECMWF +000hr UM(KMA) +000hr UKMO +000hr

LT T T T T T T T T [T T
-7 -65 -6 -55-5-45-4-35-3-25-2-15-1-050 05 1 15 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

KIM +120hr ECMWF +120hr UM(KMA) +120hr UKMO +120hr

I I N O I
-7 -65-6 -55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

KIM +240hr ECMWF +240hr UM(KMA) +240hr

[ I I O B

-7 -65-6-55-5-45-4-35-3-25-2-15-1-050 05 1 15 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

_52_



KIM +288hr ECMWF +288hr UM(KMA) +288hr

BN T [ [T (1T 11711 T
-7 -65-6-55-5-45-4-35-3-25-2-15-1-050 05 1 15 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)
I3 1.1.53 YaE HH Bias X OEM Zch "Ik 2021 JULY 12UTC T1000 (2{-otzH:

Forecast Time 000, 120, 240, 288hr, RLE%E-2Z: S YAER2H (KIM), ECMWF, UM(KMA),
UKMO 29! 168hr Forecast Time O|& UKMO 24 X}Z2 §13)

- 22U 0{SF 12UTC T1000 YAHE HF Bias 2E 05 M52 AHEH

bl

O0UTC2t= of¢ ctE #

mujn

228 28 &g = Ur

rok
A
o2t
02
0z
o
o
1z
)

, =71 2MZH000hr)oll A FEFAloF X|Sol| el EHALZE A

sl

EM3ste], Fo| Xgol= o #HAIF FA LEIHES =telg 5 Uch o] HA=

lo| &SF

288hr2 Forecast TimeO| &7t&+E o HX|= A ol & £ oo Fo|

mo
tol

Kol MEolME So H

bl

b7t S5FolM= kel HAIE 2| EXMSs A2 =

+ 9lon, Sotk

OtE =Zefet RetAot HFE2| X[HollM LiEt= ko] HAIE

St & xotet AR Sotrot KoM= HADIL 0 E20S

9
|0
=)

0

HAPZL Hol= AWE =g &+ Aok ECMWF ZHel A= MEtM o=z HXIt
A2 Holol 5 REtAlof B{Alot Aol M F2of AL LIELE HE EHelg =

oLt Moz I HAE ojblg A

njo
for
9
g'k

stolgh 4= AL UKMO, UM(KMA)
2ol HAb= 00UTCeF 12UTC =25 H[xet HA mEs Zol= A& Hot
st M ERE Sl 00UTCRE 12UTC =7[&of mal ct2 Hit R2xes ZE9
=

M ZHI7F AS2=2 gIrteElck (28 1.1.53).

_53_



2022 18 (H2%) 00, 12UTC T1000 &4 A1}

2022 JANUARY 00UTC T1000 Ensemble Mean Bias

KIM +000hr ECMWF +000hr UM(KMA) +000hr UKMO +000hr
o

[T T T T T T T T T 177
-7 -65-6-55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 455 55 6 65 7
Unit: K (Green Line: ERA5 285K)

KIM +120hr ECMWF +120hr UM(KMA) +120hr UKMO +120hr

T T T T T T T T T T T T
-7 65 -6 -55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 455 55 6 65 7
Unit: K (Green Line: ERA5 285K)

KIM +240hr ECMWF +240hr UM(KMA) +240hr

[T T T T T T T T T T T
-7 -65-6-55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

_54_



KIM +288hr ECMWF +288hr UM(KMA) +288hr

[ [ N A Y
-7 -65-6-55-5-45-4-35-3-25-2-15-1-050 05 1 15 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

O3 1.1.54 AAE P Bias 2% of=A ok @Il 2022 JANUARY 00UTC T1000 (2l-ofzf:
Forecast Time 000, 120, 240, 288hr, LQEZ-2Z: st UASH (KIM), ECMWEF,
UM(KMA), UKMO E&!, 168hr Forecast Time 0| UKMO ZH X}Z gl2)

slolst 4= Qlond 0| 29 mWXt= 288hr Forecast Time Z7HAX| §X|&0{ O ©Xto
37| Est Stk AWg #elE £ Ach £35|, So| L& XHn OZIeE

KoM o #|ATE o FA LbERCh ECMWE 2R 2 =7 2MFoME
o

HA7F 3AA LIEIX] 2420{, 288hr Forecast TimedlAM <LU&5 S2fAlo} X3 1}

S0 X[YolM Fef HAL Eg &elgt 5+ Aok UKMO=2F UM(KMA) 22 &S
AMHEH £ TS HWIES M UKMO ZEo| UMKMA) 2Y Hrol= =7|
MM O HXIF O WA LEe A2 Zeld = Aok sHX|gh g 2
HIZSHA LiEIC= AE Eob 2 6d§E ZA 1} "ot o F Lato| LiEt=
g solg £ Aot E3F|, UMKMA) ZEHOM X7| EMZTIA HE| LIEILE
Qko| HWRl= 288hr Forecast Time 7HX| fXI=o{ £35] So| X[HoAM F=2{Z
Uo| HWALE &elg 4 Act (I8 1.1.54).

_55_



2022 JANUARY 12UTC T1000 Ensemble Mean Bias

KIM +000hr ECMWF +000hr UM(KMA) +000hr UKMO +000hr

CT T T T T T T T T T T 177
-7 -6.5 -6 -55-5-45-4-35-3-25-2-15-1-050 05 1 15 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

KIM +120hr ECMWF +120hr UM(KMA) +120hr UKMO +120hr

T T T T T T T T [
-7 -65-6-55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

KIM +240hr ECMWF +240hr UM(KMA) +240hr

[ | I B B
-7 -65-6-55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 455 55 6 65 7
Unit: K (Green Line: ERA5 285K)

_56_



KIM +288hr ECMWF +288hr UM(KMA) +288hr

BT T [ T[T 7711771 e
-7 -65-6-55-5-45-4-35-3-25-2-15-1-050 05 115 2 25 3 35 4 45 5 55 6 65 7
Unit: K (Green Line: ERA5 285K)

a7 1.1.55 &2 " Bi

Q)
wn
Hr
H
2
]
0z
™
m
okl
d
N
(@]
N
N
[
>
=
(e
>
Py
_<
o
C
_1
9]
=
(@)
o
(@]
£
|
o
o

Forecast Time 000~288hr, RLEZ-21%: St=agAASZH (KIM), ECMWF, UM(KMA), UKMO =

ol 168hr Forecast Time Of

o
(e
~
<
@)
H
i
bl
i1
£
0jo

A Mutsioz
A2 Eeld 5 Aok ozt HAF 7] & fIXl= 244 00UTCLt SL5HA

LU cts ME CiAl o steld £ A0, ojgjet FE22 HASES 00UTCt

_57_



« 20214 73 (0{E&) 00, 12UTC T850 &4 Az}

2021 JULY O0UTC T850 Ensemble Mean Bias

KIM +000hr KM +024hr KIM

+048hr

KIM +120hr

KIM +192hr

KIM +216hr KIM +240hr KIM

T T T T T T T 1
5 -45 4 35 3 -25 -2 15 -1 05 0 05 1 15
Init K (Grean | ina: FRAR 28RK)

a8 1.1.56 U&= "T Bias X OFEM Fch #Ih 2021 JULY 00UTC T850 (#l-ofzh:

Forecast Time 000~288hr, =& AAS ZH!)

i)

S T850 00UTC oflf ZitsE HHEH =7 A ZH(00UTC)olMFE

-1 o

B} 2oLt X oD, 20| AR x|eje| ote| il 1

ru

=
HE FH

ry

o

al

=¥y
[

HX}7} Holod o] ®XIe| 2UAS 288hr Forecast TimeZtX| & o]

FXl=o HAVE S5k DS #elg = Aot (28 1.1.56).



2021 JULY 12UTC T850 Ensemble Mean Bias

KiM +000hr Kim +024hr KIM +048hr

Kim +216hr KiM +240hr KM : +264hr

5 45 4 35 3 25 -2 15 414 05 0 05 1 15 2 25 3 35 4 45 5
linit K ((Graan | ina* FRAR 288K\

- S T850 12UTC o ZtE HHEH X7 2ME0A o] L7 X[HollM
22| HA7E REfAlot X[HollM FMEtM o=z kel WXIJF Ho|=0 288hr Forecast
Time22 Z45 50/t RatAlob X Mt ko] HAPL Hol, JZU =2}
ElE 2 X|QolM 2o HAIL LEL=E HWE =elg 5 Ach T850 HolAM=
00UTC®F 12UTCe| HAt mE el xto|7t IX| 211 dH[ZsH LiEtHe= HE Hoft

A HIR
*M XxE 2EoMe ZMEES Al BHH Eteler 5= Aot (I8 1.1.57).

_59_



2022 1€ (H=4) 00,

12UTC T850 24 Z =1}
n Bias

2022 JANUARY 00UTC T850 Ensemble Mea

Kin +024hr

+000hr

Kin

KiM

+072hr

KIM

KM

+144hr KM

Kin

KiM

+216hr KM

Kin

25 3 35

1 15 2

5 45 4 35 3 25 -2 15 -1 -05 0 05
lnit- K Rroan | ine: FRAR 285K
a8 1.1.68 242 @ Bias X OfEM TIck "Ik 2022 JANUARY OOUTC T850 (%{-of
S Yd=E2d)

2l: Forecast Time 000~288hr,

- St T850 A=SE 00UTC oflE Zz= A

dFolM Fof HAZL LIELE HE Eeldg = lenf, o

Timeo| S7tet+5 HFolMs Moz 3o HAE 535 18
o| HAt7b selEcet (28 1.1

SHAl LIEfLID, O FHO|M = 2

_60_

4 45 5



2022 JANUARY 12UTC T850 Ensemble Mean Bias

+024hr KIM +048hr

+000hr KiM

KIM

+120hr

Kim

+144hr

(=

1enf

%
Kl +216hr Kim +240hr KIM

[ ] [ I \ | I | | I I [ I
16 2 25 3 35 4

5 -45 -4 -35 -3 25 2 45 1 05 0 05 1
1lnit- K (Breen | ine- FRAR 28RK)Y

=M Fck "o

(=Tl i

vl

=

HA mfHES H2olo{, I HXpe| <rekEoh ofH2f HA HelT

LIEILE dE &eld = fle

0
2
Hd
ML
-
A
1
to
bl
N

%75 P40

_6’]_

+264hr

5

Z21E AHEH MM 00UTCLF of ¢ d|xEl

f: 2022 JANUARY 12UTC T850 (®l-otzH:

b

T o HI=SH



« 20214 738 (0{E&) 00, 12UTC Z500 =4 &=}

2021 JULY 00UTC Z500 Ensemble Mean Bias

KIM +000hr ECMWF +000hr UM(KMA) +000hr UKMO +000hr

[ T T T T [ [T
80 -72 -64 -56 48 40 32 -24 -16 -8 0 8 16 24 B2 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

KIM +120hr ECMWF +120hr UM(KMA) +120hr UKMO +120hr

[
-80 -72 64 -56 -48 40 -32 24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

KIM +240hr ECMWF +240hr UM(KMA) +240hr

[ T T T T T T T
-80 -72 -64 -56 -48 40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

_62_



KIM +288hr ECMWF +288hr UM(KMA) +288hr

[ T [ [ T [ [ T

-80 -72 -64 -56 -48 40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

J8 1.1.60 Y&4= dd Bias 2% OfEM Ttk #IJb: 2021 JULY O0UTC Z500 (#l-otzH:
Forecast Time 000, 120, 240, 288hr, 2QEZ-2AZ: s=mdAMEZH(KIM), ECMWF,

>
Q
=)
-
o

D

(@]

Q

7z}
=
3

(0]

o
o
(e
N
=
@)
t
=
el
il
)
0o

M(KMA), UKMO ==,

gHE 25 HXPIF Hel LIEX] e AE =eler = A2nd, 120hr Forecast
Timeoll A St=adAdaSHHOA == X[HolMo| o HAteb FHoA ol 29
HAE &l & £ Ak wEfAlob tiE X QolM= HXIE Hel EelzX|
2=ct ol ECMWF ®Xt Dt RAbSHLE ECMWF 2R S| Z<9 ®WXIJF O
UM(KMA) 2231 UKMO =™ MEbEel Feo| HALE

S LhEpcbct ke
Holof of 2o HAts ctE ZESO Hlsf E7| Forecast TimedlMFE 2

okAlS Ho|o{ 288hr Forecast TimeZlX| X7} == HWE &olgd = Art

_63_



2021 JULY 12UTC Z500 Ensemble Mean Bias

KIM +000hr ECMWF +000hr UM(KMA) +000hr UKMO +000hr

[ T T [ T T [
80 -72 -64 56 -48 -40 -32 -24 16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

+120hr ECMWF +120hr UM(KMA) +120hr UKMO +120hr

[ T T T T T 1T
80 -72 64 56 -48 -40 32 24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

KIM +240hr ECMWF +240hr UM(KMA) +240hr

[ N

-80 -72 64 -56 48 -40 -32 24 -16 -8 O 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

_64_



UM(KMA) +288hr

KIM +288hr ECMWF +288hr

--1 sow 90

[ [ [ [ T

-80 -72 -64 -56 -48 -40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

a8 1.1.61 Y&4E dd Bias 2% OfEM Ttk #Ib 2021 JULY 12UTC Z500 (9l-otzH:

Forecast Time 000, 120, 240, 288hr, LEZ-2AZE: IFHYAMSZE(KIM), ECMWF,

UM(KMA), UKMO 2% 168hr Forecast Time O/ UKMO =&

o{E& 12UTC 7500 #At =24 ZAE HAHEH, =7 2MZFM=

Sk S|

2UE 25 HXIIF Hel LIEILX] 220{ 120hr Forecast Timed|M&= CIE

PYSo| Hlsi UMKMA) =EEHD UKMO =Eeo| HMubxol 2o HXJ}
A HEX Zto| wol=

SFEBX|AH Eel=lch 240hr Forecast TimeOlA= FMEtM o=z ®WX} Zh
AL UMKMA) E2"ol= 229 #X7b O

1.1.61).

_65_



e 2022A 18€(HE2%) 00, 12UTC Z500 &4 Zz}
2022 JANUARY 00UTC Z500 Ensemble Mean Bias

KIM +000hr ECMWF +000hr UM(KMA) +000hr UKMO +000hr

4 som o0 -

1 [ T [ T [
80 72 -64 -56 48 -40 -32 24 -16 -8 O 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERAS 5650GPM)

KIM +120hr ECMWF +120hr UM(KMA) +120hr UKMO +120hr

[ [ [ (e
-80 72 -64 56 -48 40 -32 24 -16 8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

+240hr ECMWF +240hr

[ [ [ [ [ T T [T
-80 -72 -64 -56 -48 -40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

_66_



KIM +288hr ECMWF +288hr UM(KMA) +288hr

-80 -72 -64 -56 -48 -40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

O 1.1.62 Y& HE Bias X OIFM Zct ®IE: 2022 JANUARY 00UTC Z500 (£l-otzH:

7
Forecast Time 000, 120, 240, 288hr, LEZ-2I%Z: st=zadYAE2H (KIM), ECMWEF,

o
[
Py
<
o
ta
2
bl
HU
£
jo

UM(KMA), UKMO 2% 168hr Forecast Time Of

St ASE O00UTC z500 HAN =48 AHEH, =7 ZMFM=
St datE2 2o ECMWF 28 25 Aol HXE HO[X| ket UMKMA)=t
UKMO =2HSdAM= So #HAIE S JfzolM FE2X[A LHEHCE

SHX|2F 120hr Forecast Time2zZ T Il stz At ndol HXIZF JA

N =
H =St EfEF A[HollM el ol AL ete UMKMA)2E sh=d et 2 =0l
dlsBh WS Bl ¥ 4 Utk ol Sd oS 13Y olFo HiE 2 wol
oA UMKMA)2t Sh=ed et 2|0l Hlzet A2 &ele & Urt ol 43
ool = = %j’_'_

o= dsol A st=agLe==2dol ECMWF 2ot UMUKMA) =
7

_67_



2022 JANUARY 12UTC Z500 Ensemble Mean Bias

KIM +000hr ECMWF +000hr UM(KMA) +000hr UKMO +000hr

[
-80 -72 -64 -56 -48 -40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

KIM +120hr ECMWF +120hr UM(KMA) +120hr UKMO +120hr

W

[ T T T T T T7
-80 -72 -64 -56 -48 -40 -32 24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

KIM +240hr ECMWF +240hr UM(KMA) +240hr

180

-80 -72 64 -56 -48 -40 -32 24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

_68_



ECMWF

-80 -72 -64 -56 -48 -40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
Unit: GPM (Black Line: ERA5 5650GPM)

T2 1.1.63 LAE B Bias 2% &AM ok ™y
Forecast Time 000, 120, 240, 288hr, LEZ-2Z: sty Urr=H (KIM), ECMWEF,
UM(KMA), UKMO 2% 168hr Forecast Time O]

ol
C
P
<
o
Ha
2
>
Fu
£
oo

of £ ®XI 41 HEr A2 elg £ ot =7 SMEAM ZHEER
LIt HAF FaHRE o F 132 =2l 288hr Forecast TimedlME H[Z St
UMS Heolch 53|, BEHAAZIHAD UMKMA) 2Eel Exb o] ofe
H|=5toF 22| EAteb kol HAPZL LtE(LE X[SE 2kato] o FALSHCH £3)
ECMWFet H|lwstlg mf gt X[dolAM LiE= kel HAF 40

SeHez LELE &

0
|0
U
[l
ale
)

ch (23 1.1.63).

_69_



3) YAt2 RMSE, Spread 2x= ZFEk ®of

e 20214 73 (04EZ) 00, 12UTC T1000 &M ZH1}

2021 JULY 00UTC T1000 RMSE & SPREAD

KIM RMSE +000hr KIM SPREAD +000hr KIM RMSE-SPREAD +000hr

I EEEEE

"B ERCE] 0 o B W AW U 0 S 0

ECMWF RMSE +000hr ECMWF SFREAD +00anr ECMWF RMSE-SFREAD +000hr

B B0 5w % om @ @ & 0 %S 45 a6 B H a0 8 05N

UM{KMA) RMSE +000hr UM(KMA) SPREAD +000hr UM{KIA) AMSE-SFREAD +000hr

S %0 4 4D.B 3 ML A0S D o3 D

+000hr UKMO RMSE-SPREAD +D00hr

_70_



2021 JULY 00UTC T1000 RMSE & SPREAD

KIM RMSE +120hr KIM SPREAD +120hr KIM AMSE-SFREAD +120hr

2 4 LI | 3 i R R R e

ECMWF RMSE +120hr ECMWF SPREAD +120hr ECMWF RMSE-SPREAD +120hr
o .

T e P LR

UM{KMA) RMSE +120hr UM{KMA) SPREAD +120hr UMiKMA) RMSE-SPREAD +120hr

UKMO AMSE +120hr UKMO SFREAD +120hr UKMO RMSE-SPREAD +120hr
v

[ HHEEE

MmN e =W A 5D

_7‘|_



2021 JULY 00UTC T1000 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr
o

1 2 3 4 & & 7 8 @ 5w 15 om @ mMm M® oa 0 -5 50 45 40 39 30 28 P05 0 B 0 8 M

ECMWF RMSE +240hr ECMWF SPREAD +240hr ECMWF RMSE-SPREAD +240hr
u

B0 55 60 45 40 96 B0 25 0 A5 40 & O B A0

UM(KMA) RMSE +240hr UM(KMA) SPREAD +240hr UM(KMA) RMSE-SPREAD L240hr
0

40 45 5 b A0 W M IG5 B 0 B 6

_72_



+288hr

2021 JULY 00UTC T1000 RMSE & SPREAD

KiM SPREAD

KIM RMSE +288hr

Ab

J%1.1.64 2
00UTC T1000 (®l-otzh: Forecast Time 000, 120, 240, 288hr, L&
(KIM), ECMWF, UM(KMA), UKMO =2, 168hr Forecast Time 0|= UKMO

_73_

£ ™A RMSE, Spread, RMSE-Spread £Xx O0|=A
£-2A5: ¢

455 B 45 4D 0 2 250 S 0 8w
ECMWF RMSE-SPREAD +288hr
o

55 5 A5 4G 6 0 25 20 A5 -0 5 6 5 W

+288hr

UM{KMA) AMSE-SPREAD



g7+ T1000 OOUTC RMSE, Spread &% OEF M52 AMHEH, =7

Hr

MM RMSE 2=7F ehmddMsZHoM 2 2XHE Hol= AES
stolgr = <t gtH ECMWF= RMSEZF 7{e| LIELX| g=Ct UKMO2}
UMKMA) 22 o< H|=st RMSE B & Ho|o], Solrlof & XH &
El8l ORolM X|Eof 2fst 2Rl 2XE Fele 4= UCt Forecast TimeOl
Eotetoll mEl MetMo =z SR UdMERE 2 Fo| tiE X[FoA 2 HXE

2olo{, O a2 ECMWFRtT FALSICH (T8 1.1.64).

_74_



2021 JULY 12UTC T1000 RMSE & SPREAD

KIM RMSE +000hr KM SPREAD +000Rr KIM RMEE-EPREAD +000hr

a0 e

ECMWF AMSE-SPREAD +000hr

i S
T

(T . (T T [

UM[KMA) RMSE +000hr UM{KMA} SPREAD +000hr

_75_



2021 JULY 12UTC T1000 RMSE & SPREAD

KM AMSE +120hr KIM SPREAD +120hr KIM RMSE-SPREAD +120hr

T T L]

ECMWF RMSE +120hr ECMWF SPREAD +120he ECMWF RMEE-SPREAD +120hr
I

UM(KMA} AMSE szohr UM(KMA) SPREAD szohe UM{KMA) RMSE-SPREAD +120hr

T 4 T S

UKMO RMEE 412007 UKMO SPREAD «120hr UKMO RMSE-SFREAD +1200r
v

[T

BN R K MM B MR RO E

_76_



2021 JULY 12UTC T1000 RMSE & SPREAD

KiM RMSE +240hr KIM SPREAD +240hr KM RMSE-SPREAD +240hr
a

1 H 2 4 L] L] T L a 8 n W = x ®» @ & 40 B5 50 4% 40 W 9035 20 450 B 0 5 10

ECMWF RMSE +240hr ECMWF SPREAD +240hr ECMWF RMSE-SPREAD +240hr
a

F I S 5 8 1 & @ 5 M o MW B W B M & £ 55 50 45 40 36 30 35 B0 45 0 5 0 5 10

UM(KMA) SPREAD +240hr UM(KMA) RMSE-SPREAD +240hr

_77_



2021 JULY 12UTC T1000 RMSE & SPREAD

KIM RMSE +288hr KiM SPREAD +288hr KIM RMSE-SPREAD +288hr

12 3 4 5 &8 T & @ 5 W 15 W B M B 4 45 B0 55 50 45 A0 35 50 25 9015 0 5 0 5 4D

ECMWF SPREAD +288hr ECMWF RMSE-SPREAD +2BBhr
o

s W s M 2 @ 3 40 48 BO 55 .30 45 40 3/ .30 25 .20 05 0 & 0 5 10

UM(KMA) RMSE 288hr UM(KMA) SPREAD +288hr UM(KMA) RMSE-SPREAD 288hr

o

a2 1.1.65 A2 B®F RMSE, Spread, RMSE-Spread 2= o =AM Zlct ®IL: 2021 JULY
12UTC T1000 (2/-ol2li: Forecast Time 000, 120, 240, 288hr, LEZ -2/ % Sty Ur=R

2 (KIM), ECMWF, UM(KMA), UKMO =2, 168hr Forecast Time 0| UKMO ZH Xtz gf

)

Ijo

— SH T1000 12UTC RMSE, Spread 2% oE MsS AHEM, 00UTC2H
FAtet mie6E Ho|od, I X}o|= Forecast TimeO| ZJlghol 2t SHA|

AXE e selg & ok S5 7| EATo|Me RMSE mElel 2ol

_78_



UCH (I E 1.1.65).

=2
== =

288hr Forecast TimeZtX| $X|



2022 18 (H2%) 00, 12UTC T1000 &4 A1}

2022 JANUARY 00UTC T1000 RMSE & SPREAD

KIM RMSE +000hr KIM SPREAD +000hr KIM RMSE-SPREAD +00¢hr

Wk H WM M

a & 4 8 i 5 B0 B E) 45 M M08 s Y E D & W

ECMWF RMSE +000hr ECMWF SPREAD +000hr ECMWF RMSE-SPREAD +000hr
2 ] 2

Boor o8 A B b 6 @ ®m W @ & W o0 B6 BY 45 M 55 8 B A5 A0 B 0 B W

UM{KMA) RMSE +000hr UM{KMA} SPREAD +000hr UM{KMA) RMSE-SPREAD +D00RF

UKMO SPREAD +000hr UKMO AMSE-SPREAD +000hr

]

\ 4 % & & B -7 @B

8

_80_



2022 JANUARY 00UTC T1000 RMSE & SPREAD

KIM AMSE +120hr KIM SPREAD +120hr KIM AMSE-SPREAD +120hr

ECMWF RMSE +120hr ECMWF SFREAD +120hr ECMWF RMSE-SPREAD +120kr

+120hr UM{KMA) EPREAD

00 S0 AL IS B s

UKMO RMSE +120hr UKMO SPREAD +120hr LKMO AMEE-SPREAD +120kr

_8’|_



2022 JANUARY 00UTC T1000 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr
a

s

0 I
1 2 3 4 5 L] L " Ll L} "w LU ] o o ®N e & 40 55 40 45 40 5 03 @ 8 -0 h 0 6 10

ECMWF RMSE +240hr ECMWF SPREAD +240hr ECMWF RMSE-SPREAD +240hr
a

s = « B & 7T 8 @0 5 W A5 B OB B W S £ B B0 48 40 35 30 36 M 5 W 6 0 5 10

UM(KMA) RMSE +240hr UM(KMA) SPREAD +240hr UM(KMA) RMSE-SPREAD 240k
o

_82_



2022 JANUARY 00UTC T1000 RMSE & SPREAD

KIM RMSE +288hr KIM SPREAD +288hr KIM RMSE-SPREAD +288hr

5 1 1 WM 3 ;W 55 40 45 B0 55 50 45 40 95 50 25 A0 5 0 5 0 5 10

ECMWF RMSE +288hr ECMWF SPREAD +288hr ECMWF RMSE-SPREAD +288hr

B 55 B) 45 40 36 90 35 2450 5 0 & W

.288hr  UM(KMA) RMSE-SPREAD ., 288hr

2 3 4 5 & v 4 4 & W 18 M 2/ 0 3 4 45 B0 86 B0 45 a0 35 0 BS D 5 5 B8 0

a2 1.1.66 UAE WHF RMSE, Spread, RMSE-Spread £x of=AM Zlck mIb: 2022

JANUARY 0QUTC T1000 (®l-ot2li: Forecast Time 000, 120, 240, 288hr, LEZ-I%: s
A= 2H (KIM), ECMWF, UM(KMA), UKMO 22, 168hr Forecast Time 0| UKMO Z& X2

o
o4
A

Ojo

)

fad

_83_



£l
ol
o

=}
=)
<

oju
0
X0

i

- T1000 OOUTC RMSE, Spread &% of

s

SHET 5 X4 Aol A

FH|

off w2t

F

S
=

2 Forecast TimeO| &7t

OFA}
o o

Ho|lod 1

=2
=

RMSEZ} Fo|

oju

[

b=

.

oll

o
7ol

7
Klo

T At (38 1.1.66).

oll

ol

o
ol

_84_



2022 JANUARY 12UTC T1000 RMSE & SPREAD

KIM RMSE +000hr KIM SPREAD +000hr KIM RMZE-EPREAD +D00hr

g

[ NEENE

0GB e H W G b A 8 AW

+00Chr

UM{KMA) RMSE +000hr UM(KMA} SPREAD +000he UM{KMA) AMSE-SPREAD +000hr
f i

L[ [ I

UKMO RMSE +200hr UKMO SFREAD +000ht UKMO RMSE-SPREAD +000hr
4 c i

] oWt B D P T

_85_



2022 JANUARY 12UTC T1000 RMSE & SPREAD

KIM AMSE +120hr KIM SFREAD +120hr KiM RMEE-SFREAD +120hr

8 En eG4 B B 6D AL-M A @B D

+120hr ECMWF RMSE-SFREAD +120hr
o

LR R R BT I I R

UM{KMA} RMSE +120hr UM{KMA} SPREAD +1200r UMIKMA] RMSE-SPREAD “120hr

A 60BN L S 0B W

UKMO RMESE +120hr LMO SFREAD +120hr UKMO RMSE-SFREAD +120hr
o

P T

_86_



2022 JANUARY 12UTC T1000 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr
0

50 85 A0 45 A0 38 3 36 0 1S 10 B 0 B 10

ECMWF RMSE +240hr ECMWF SPREAD +240hr ECMWF RMSE-SPREAD +240hr

UM(KMA) RMSE +240hr UM(KMA) SPREAD +240hr UM(KMA) RMSE-SPREAD +240hr

_87_



2022 JANUARY 12UTC T1000 RMSE & SPREAD

KiM RMSE +288hr KIM SPREAD +288hr KiM RMSE-SPREAD +288hr
L]

ECMWF RMSE +288hr ECMWF SPREAD +288hr ECMWF RMSE-SPREAD +288hr
a

4 55 50 45 40 5 30 95 B A5 -W0 5 0 5 10

UM(KMA) RMSE-SPREAD +288hr
o

a2 1.1.67 YAa2 ™A RMSE, Spread, RMSE-Spread 2= of=A ok ®IE: 2022

JANUARY 12UTC T1000 (®lI-ot2li: Forecast Time 000, 120, 240, 288hr, LEZ-2%: o=
AatE 2 H (KIM), ECMWF, UM(KMA), UKMO =2, 168hr Forecast Time 0| UKMO =

=)

i

A=

IT
0jo

_88_



0l
ol
Of

-
m]

narg

=
<i

ol
0
0

K

T T1000 12UTC RMSE, Spread &= of

F

=
- 2}

~
(=]

tol7t e

X

oOoUTCLt 12UTC

FEHX|A

x| o4 0f A

=0

Al
S =

3

i F=olAM LEl= RMSE &

=]
=

o Act (T 1.1.67).

_89_



« 20214 73 (0{E&) 00, 12UTC T850 &4 Az}

2021 JULY 00UTC T850 RMSE & SPREAD

KIM RMSE +000hr KIM SPREAD +000hr KIM RMSE-SPREAD +000hr

1 2 3 a4 5 8 7 8 9 60 55 -50 45 -40 35 30 26 -20 15 -10 5 O 5 10

2021 JULY 00UTC T850 RMSE & SPREAD

KIM RMSE +120hr KIM SPREAD +120hr KIM RMSE-SPREAD +120hr
0

[ [ ]

1 2 3 4 5 & 7 8 9 16 11 16 21 26 31 36 41 45 60 55 -50 -45 -40 -35 30 25 20 <15 -10 5 0 5 10

2021 JULY 00UTC T850 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr
0

60 -55 50 -45 -40 35 -30 25 -20 415 -10 5 O 5 10

_90_



2021 JULY 00UTC T850 RMSE & SPREAD

KIM RMSE +288hr KIM SPREAD +288hr KIM RMSE-SPREAD +288hr

6 11 16 21 26 31 3% 41 45 60 55 -50 -45 -40 35 30 25 -20 15 <10 5 0 5 10

O2 1.1.68 YAtE =TI RMSE, Spread, RMSE-Spread 2% oA Zlch -y 2021 JULY
0O0UTC T850 (2|-olel: Forecast Time 000, 120, 240, 288hr, LEZ-2/%Z: St=aUYr=2d
(KIM), ECMWF, UM(KMA), UKMO 24 168hr Forecast Time O|% UKMO 2HY XIZ gl3)

- Sk T850 O00UTC RMSE, Spread &#=% oF Ads2 AHEH,

SHEEYMERU S 7| EMFOME HAIE 3X| 22}, Forecast Timeo|
E7tg+5 82 RMSE diHg =ele = Ueni O a2 XE 250
HIshAM 33X 2SS Eelg #= Uct ol S SH=HEAMSZHol MF
XNEes oMYA o5 Mss Eel2 gelg = Aot (a8 1.1.68)

_9‘|_



2021 JULY 12UTC T850 RMSE & SPREAD

KIM RMSE +000hr KIM SPREAD +000hr KIM RMSE-SPREAD +000hr

308

-60 -55 -50 -45 -40 35 -30 25 20 -15 10 -5 0 5 10

2021 JULY 12UTC T850 RMSE & SPREAD

KIM RMSE +120hr KIM SPREAD +120hr KIM RMSE-SPREAD +120hr

L[] [ [ ]

1 2 3 4 5 6 7 8 9 16 11 16 21 26 31 3 41 45 60 55 -50 -45 -40 -35 -30 25 20 15 10 5 0 5 10

2021 JULY 12UTC T850 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr
3

60 -55 -50 -45 -40 -35 -30 25 20 -15 10 -5 0 5 10

_92_



2021 JULY 12UTC T850 RMSE & SPREAD

KIM RMSE +288hr KIM SPREAD +288hr KIM RMSE-SPREAD +288hr

a2 1.1.69 YAE ™ RMSE, Spread, RMSE-Spread 2% o|&A Fet ©@WJE 2021 JULY
12UTC T850 (?l-olell: Forecast Time 000, 120, 240, 288hr, LEZ-21Z: st=2ggasnd
)

(KIM), ECMWF, UM(KMA), UKMO 2%, 168hr Forecast Time 0| UKMO 2™ XtZ gis

-S4k 7850 12UTC RMSE, Spread &% 0ZF A ATHHE D QFX
00UTC2} FAlISH RMSER} Spread 2%5 AHE == UcCl RMSE= CH
QT X|HoA = X}0|E HO|od, Spread = TEHAOF THFoA dMEIF 2

HEHS 222 5 Aot (2 1.1.69).

_93_



« 20224 1¥(H2%) 00, 12UTC T850 &4 Az}

2022 JANUARY 00UTC T850 RMSE & SPREAD

KIM RMSE +000hr KIM SPREAD +000hr KIM RMSE-SPREAD +000hr

60 55 -50 -45 -40 35 -30 -25 20 <15 10 5 0 5 10

2022 JANUARY 00UTC T850 RMSE & SPREAD

KIM RMSE +120hr KIM SPREAD +120hr KIM RMSE-SPREAD +120hr

21 26 31 36 41 45 60 -55 50 -45 -40 35 -30 25 20 -15 10 5 0 5 10

2022 JANUARY 00UTC T850 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr
0

16 1

16 21 26 31 36 41 45 60 55 -50 -45 -40 35 30 25 -20 15 10 5 O 5 10

_94_



2022 JANUARY 00UTC T850 RMSE & SPREAD

KIM RMSE +288hr KIM SPREAD +288hr KIM RMSE-SPREAD +288hr
o 0

1 2 3 4 5 6 7 8 9 16 11 16 21 26 31 36 41 45 60 55 50 -45 -40 35 30 25 20 15 10 5 0 5 10

a2 1.1.70 YA2 =WHF RMSE, Spread, RMSE-Spread £x of=AM Zlck mIyb: 2022
b3
A2 @ (KIM), ECMWF, UM(KMA), UKMO 2 168hr Forecast Time Ol UKMO =% X}
)

rok
o
02

JANUARY 00UTC T850 (®I-ot2h: Forecast Time 000, 120, 240, 288hr, LEZ -2l &:

Fu

¥
Ojo

|
A
-

gk72 7850 O0UTC RMSE, Spread X Of M52 AHEH, HASEHo
Hof| vlof |t tHE & 53| 50| X[HoilAM

, Spread O|ME H|ZSTH TEHES

0
-0

04

[}

o
o
et
o
30
o)
2
S
rir
)
<
wn
m
M
1=}
o
T
L]

2l

H
e
fjo
al
ek
>
30
o
H

u
y
e

_95_



2022 JANUARY 12UTC T850 RMSE & SPREAD

KIM RMSE +000hr KIM SPREAD +000hr KIM RMSE-SPREAD +000hr
0

90W 90E

60 -55 -50 45 -40 -35 -30 -25 20 -15 10 5 0 5 10

2022 JANUARY 12UTC T850 RMSE & SPREAD

KIM RMSE +120hr KIM SPREAD +120hr KIM RMSE-SPREAD +120hr
0

60 55 -50 -45 -40 -35 -30 25 -20 15 <10 5 0 5 10

2022 JANUARY 12UTC T850 RMSE & SPREAD
KIM RMSE +240hr  KIM SPREAD +240hr  KIM RMSE-SPREAD +240hr

30E

60 -55 50 -45 -40 35 -30 25 20 15 10 5 0 5 10

_96_



2022 JANUARY 12UTC T850 RMSE & SPREAD

KIM RMSE +288hr KIM SPREAD +288hr KIM RMSE-SPREAD +288hr

a2 1.1.71 Ya2 ™®H RMSE, Spread, RMSE-Spread £Z of=ZA ZRck ®HIE: 2022
e

a2z (KIM), ECMWF, UM(KMA), UKMO =22, 168hr Forecast Time O|F UKMO ZH Xt=Z

rok

JANUARY 12UTC T850 (®l-oteH: Forecast Time 000, 120, 240, 288hr, LEZ-2l &:

78S))
- Stk 7850 12UTC RMSE, Spread X% 0|& M52 AHEH, HA=SEHo
42 o{EHol dlsf |EF T & 5351 50| XHo|M 2 xo[7F LiEtHE

_97_



2021 78 (0{E#) 00, 12UTC Z500 &4 Hz}

2021 JULY 00UTC 2500 RMSE & SPREAD

KIM RMSE +072hr KIM SFREAD +072hr KIM RMSE-SFREAD +072hr

B & B OH b %5 6 T 86 1]

w7 s Woeo. TN 880 BON) 430 GO NS WO 0

ECMWF RMSE +072hr ECMWF SPREAD +072hr ECMWF RMSE-SPREAD +072hr
o

W e ME Gm 40 Bm P s 3 e om0 0

UM{KMA) RMSE 072hr UM{KMA) SPREAD 072 UM{KMA) RMSE-SFREAD L072hr

L

T

I O e 200 WG MO0 4SS D0 TWD MO0 BSOS 400 000 MO §

UKMO RMSE +072hr UKMO SPREAD +072hr UKMO AMSE-SPREAD +072hr

il

_98_



2021 JULY 00UTC Z500 RMSE & SPREAD

KIM RMSE +120hr KIM SPREAD +120hr Kint RMSE-EPREAD +120hr

o

CCTTTT T ([T [T

B3 oa omogmowmomoom TR EEE TH BN MO0 00 WED DM W0 B

ECMWF RMSE +120hr ECMWF SPREAD +120hr ECMWF RMSE-SFREAD +120hr

-
LT Al

TS Meb TR 0600 N MR WD B0 om0 §

UIM{KMA) RMSE 120hr UM{KMA) SPREAD +120hr UM{K8A} BMSE-SPREAD +120hr
. ,

HEE R
-

"o "I e N N W wm RiE R o mE R

UKMO AMSE +1200r UKMO SFREAD +1200r UKMO AMSE-SFREAD +120hr

| [ ] LT ]

™ W mOn M6 Abe BN Gl T0 G dnce TN e S wee omea M mm |

_99_



2021 JULY 00UTC Z500 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr
¢ )

(LT T TR T T .

100 Tige 2300 3OO 40 SO0 6100 Tioo 8000 BO00 TOCO -B000 -S000 4000 3OO0 2000 1000 0

ECMWF RMSE +240hr ECMWF SPREAD +240hr ECMWF RMSE-SPREAD +240hr

SO S0E

([T TTEETTT T (][ (1T T

100 1iBe 200 300 400 5100 B0 TIOD 3000 000 TOOO 6000 5000 4000 D00 2000 1000 0

UM(KMA) SPREAD +240hr UM(KMA) RMSE-SPREAD +240hr

S0W BUE

00 10 2000 XG0 4G 500 6100 700 BOGG 8000 FO00 G0N BOCO 4000 3000 2000 1000 G

- 100 -



2021 JULY 00UTC 2500 RMSE & SPREAD

KIM SPREAD +288hr KIM RMSE-SPREAD +288hr

KIM RMSE +288hr

31100 2000 300 4100 5100 B Ti00  H00D B000 TODD -BOOD 5000 400D 3000 2000 1000 O

ECMWF SPREAD +288hr ECMWF RMSE-SPREAD +288hr
0

ECMWF RMSE +288hr

LT TR [ T
5 15 E3 35 45 =5 85 T 85 %5 L] 1100 2100 300 4100 5100 BI00 Tiod  H0DD <5000 -TO0O  -GOOO -S000 4000 3000 200D -1000 a
UM(KMA) RMSE +288hr UM(KMA) SPREAD +288hr UM(KMA) RMSE-SPREAD L288hr
[} ]

WO 1100 200 TOG  dme 5100 160 700 G000

g 1.1.72 a2 "W RMSE, Spread, RMSE-Spread £x% o &AM =
00UTC Z500 (¢l-olzl: Forecast Time 000, 120, 240, 288hr, LEZ%-2
(KIM), ECMWF, UM(KMA), UKMO 2% 168hr Forecast Time O|F& UKMO ZH!

g+ Z500 O0UTC RMSE, Spread &% 0=

?IE XYM F&E RMSEZL A HEHEES geld = ot 9]

K 4

S3olAel xtol7}t o FA LiEt"E &eld £ Ack (2F 1.1.72).

- 101 -



2021 JULY 12UTC Z500 RMSE & SPREAD

KIM RMSE +072hr KIM SPREAD +07zhr KIM RMSE-SFREAD +072hr

2

(T TR T T T TR

Bo1s 3. om oA M B WM B P i R AN TS GO0 MO0 AWM N0 mEO 40 0

ECMWF RMSE +072hr ECMWF SPREAD +072hr ECMWF RMSE-SPREAD +072hr

Bl

[TTTTTTT]

0 TG GO0 G0 a0 RGO M0 00 0

UM{KMA) RMSE +072hr UM(KMA) SPREAD +072hr UM(KMA) RMSE-SPREAD +O72ht

=

(T T |
LI

L IR A W B M s G0 A Tibd N

M TN 3N BEE ARG 00 B0 W

UKMO RMSE +072hr UKMO SPREAD +072hr UKMO RMSE-SPREAD +072hr
0

MM 4 GIOD 00 4ME 00 W00 0 0

- 102 -



2021 JULY 12UTC Z500 RMSE & SPREAD

KIM BMSE +1dahr KIM SPREAD +1ddhr KIM AMSE-SPREAD +1d4hr
I o

TR EE R E R EEE] B0 HE RO DI AN SRM BIOD TIW B0 e e ——

ECMWF SPREAD +144hr ECMWF RMSE-SPREAD +144hr

5o = om omom B T s s 0 U0 EI0 M 4% B0 BID TN RGO GO 7O GO MDD WSS 000 0BG 1908

UM{KMA) RMSE +144hr UM(KMA) SPREAD +144hr UM{KMA) RMSE-SPREAD +l4ahr

W N0 TS W e s Emw0 T MO0 DN B0 5001 D00 0N B0 3 0

UKMO RMEBE +1d4dhr UKMO SPREAD +1ddhr UKMC RMSE-EPREAD +1d4hr

NENEEEEEE

T W G B0 B0 40 ARM . BIOT  TIE B RO PR B0 MO0 A B0 1008

- 103 -



2021 JULY 12UTC Z500 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KiM RMSE-SPREAD +240hr

(TTTTEETTT T T [ 1777 T

6 18 2 3% 45 86 68 TR 88 84 00 tme 200 00 4100 §100 Bl 7100 BOOD 8000 TOO0 G000 BODD 4000 3000 2000 <1000 O

ECMWF RMSE +240hr ECMWF SPREAD +240hr ECMWF RMSE-SPREAD +240hr

5 15 2B ¥ 45 55 BS 75 B 95 00 TSR 2100 MOE 4190 S100  BIO0 7100 B0DO 8000 TOCC. -BUO0 SO0 4000 3000 2000 000 0

UM(KMA) RMSE +240hr UM(KMA) SPREAD +240hr UM(KMA) RMSE-SPREAD +240hr

HOW GOE to

e

100 1100 2o 300 4100 100 G190 F100 B000 ‘BOGE 7000 G300 8000 4000 3000 2000 1000 O

- 104 -



+288hr

2021 JULY 12UTC Z500 RMSE & SPREAD

KIM SPREAD

+288hr

A0 40D D 2000 1000
+288hr

ADDY TG00 -BO00 50
ECMWF RMSE-SPREAD
- ._

KIM RMSE

+288hr

ECMWF SPREAD

+288hr

am0. 4me wan 2o
+288hr

—
UM(KMA) RMSE-SPREAD
T

UM{KMA) SPREAD

. T B8

+288hr

UM(KMA) RMSE
a2 1.1.73 YAE "@d RMSE, Spread, RMSE-Spread 2% of=A Flck ©@olk 2021 JULY
12UTC Z500 (I-oleh: Forecast Time 000, 120, 240, 288hr, LEZ-21%: KIM, ECMWF,
UM(KMA), UKMO 2&  168hr Forecast Time 0| UKMO 2E XI& gl2)
-S4k Z500 12UTC RMSE, Spread 2% 0 AMsS AMEHEMH, S
15 X|dofAM & RMSEZF 3AA LiEEES =elgt = ot §59|
S30llAe| xto|7} o IAA LIELES =elgr £= Act (T8 1.1.73).
- 105 -

=



2022 18€(H2%) 00, 12UTC Z500 &4 Hz}

2022 JANUARY 00UTC 2500 RMSE & SPREAD

KIM RMSE +072hr KIM SPREAD +072ht KIM AMSE-SPREAD +072he
I

ECMWF RMSE +HTEhr ECMWF SPREAD +072hr ECMWF RMSE-SPREAD +0T2hr
v ' o

momowom omowmomomo®m L L LTS

UMIKMA) SEREAD Lo7he UMKMA) RMSE-SFREAD o7ehr

0w

= =

L1 I ERRENNENNNEE NERRENEN

B EEEEEEE PR TETEETTETED PR T

LIKMO BMSE +072he UKMO SPREAD +072he UKMO AMSE-SPREAD +072he
3 o

- 106 -



2022 JANUARY 00UTC 2500 RMSE & SPREAD

KIM AMSE +1ddhr KIM SPREAD +14dhr KIM RMSE-SFREAD +1adhr
o [ s

3 "

[T T ([T [1T] AT 1 [T T T T

Mmook aie mm b R miee Tie hom e

ECMWF SFREAD +14dhr ECMWF RMSE-SFREAD +144hr

L1 | [ 1] AT T [T [T T T

WM T me AW PR mes o mm FEn W oM Mee ENG oD @m0

UM{KMA) RMSE A adhr UM{KMA) SPREAD +Aadhr UM{KMA) RMSE-SPREAD s14dhr

B
[LTT] [11]
i i

LR

UKMO RMSE +1d4hr UKMO SFREAD +1ddhr UKMO RMSE-SPREAD +1ddhr

- 107 -



2022 JANUARY 00UTC 2500 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr

5 15 % I\ 45 H 8 5 B 65 0E 1100 ZHe. 300 4100 B0 E0 TI0  BDOO 2000 THGE G000 5000 4000 B0 200 -fR0e D

ECMWF RMSE +240hr ECMWF SPREAD +240hr ECMWF RMSE-SPREAD +240hr

(LT T TR T [T

518 2 a8 s e M B s e 1100 Fioe 3100 4100 B100 E100 7100 BgOG ‘#00 T000 G000 -HO00 -£000 -ENK E00O 1000 O

UM(KMA) RMSE +240hr UM(KMA) SPREAD +240hr UM(KMA) RMSE-SPREAD +240hr

- 108 -



+288hr

KIM RMSE-SPREAD

2022 JANUARY 00UTC Z500 RMSE & SPREAD

Ki SPREAD

+288hr

KiM RMSE
£

00 0

+288hr

00 7O EO00 5000 4000 3G -2000

ECMWF RMSE-SPREAD

00 4100 BI0G B TIO0 5000

+288hr

B0 o0

ECMWF SPREAD

5 5 = 45 = &% = -] 3
+288hr

ECMWF RMSE

000 TOIE B000 5000 400D 5300 00D 1000
UM(KMA} SPREAD +288hr UM(KMA) RMSE-SPREAD +288hr

5 % &5 B ®
+288hr

UM{KMA) RMSE

b

a2 1.1.74 UAE =WHF RMSE, Spread, RMSE-Spread £x of=A Zlck mIb: 2022
JANUARY 00UTC 7500 (£/-of2H: Forecast Time 000, 120, 240, 288hr, LEZ-2/Z: t=a
A= R E(KIM), ECMWF, UM(KMA), UKMO 2%, 168hr Forecast Time O|F UKMO =& XI&
NS)
- F Z500 O0UTC RMSE, Spread 2% 0f AMsS AMEHEH, =2t
Aol CHEE RMSEZE IA LIS =elgdr = Act 55|
- 109 -

=
:IT
olE



S3o0lM el xo[7}t o2 A LEHEE =eld 5 UAck (I 1.1.74).

2022 JANUARY 12UTC Z500 RMSE & SPREAD

FIM RMSE +072hr KIM SPREAD +072hr KIM RMSE-SFREAD +072hr

ECMWF RMSE +072hr ECMWF SFREAD +072hr ECMWF RM3E-ZPREAD +072Zhr

T L

LIM{KMA] RMSE s07zhe UMKMA) SPREAD LO7Ehr LIM(KMA) RMSE-SFREAD o7
i

PR omom B BT L ETETES PEE THG KN AR N Y R

UKMO RMSE +072ht UKMO SFREAD +072he UKMO RMSE-SFREAD +072hr

Pk o @ o4 B B W& R R NE NG S G T S TR R mwE RR A e )

- 110 -



2022 JANUARY 12UTC 2500 RMSE & SPREAD

KiM RMSE +144hr KIM SPREAD +144hr KIM RMSE-SPREAD +144hr

E 15 W 3 45 B o TA ® & W0 T EMOE B N0 B0 00 Fu) e o0 W01 M0 000 AP med dnd g 0

ECMWF RMSE +144hr ECMWF SPREAD +144hr ECMWF RMSE-SPREAD +1d4hr

> omom Bom om0 WO N0 TR OO 4100 5103 ME0 TID B0 0N 0N GOS0 SE00 WDO0 00 I 10 0

UM{KMA) RMSE +144hr UM{KMA)} SPREAD +144hr UM{KMA) RMSE-2PREAD +Tddhr

B IG5 3% ® 4B B OB ™ N B WO NsE M0 S0 400 GEE A0 TH0 E0 S0 TN A0 B DM EOD el 0l 0

LIKMO RMSE +144hr UKMO SPREAD +144hr UKMO RMSE-SPREAD +144hr

- 111 -



2022 JANUARY 12UTC Z500 RMSE & SPREAD

KIM RMSE +240hr KIM SPREAD +240hr KIM RMSE-SPREAD +240hr
]

a0E_,

§ 15 28 3% e B 65 75 & 45 W0 i 2O 3100 410D B0 B0 T A00 00 7000 BOD0 SO0O 4000 D0 00 1000 O

ECMWF RMSE +240hr ECMWF SPREAD +240hr ECMWF RMSE-SPREAD +240hr
o

5 15 5 % 45 55 85 75 85 95 100 1160 20 FO0 4100 500 616G TICO  A000 000 TOOD BOD0 5000 4000 3000 2000 1000 ©

UM(KMA) RMSE +240hr UM(KMA) SPREAD +240hr UM(KMA) RMSE-SPREAD +240hr

WO 1900 Bde 300 4100 00 G0 IR0  B90O w000 7000 400 5000 4000 M0 2000 G0 D

- 112 -



KIM BMSE

2022 JANUARY 12UTC Z500 RMSE & SPREAD

+264hr

KIM EPREAD

+264hr KIM RMSE-SPREAD +264hr

UM(KMA} RMSE

+264hr

ECMWF SPREAD

& 18 3 M 46 B 66 75 & 95 W v Z0 MW 400 5

L264hr UM{KMA] SPREAD

10

HoE e W At

B G0 TION G300

+264hr ECMWF RMSE-SPREAD +264hr
5

DI TE0 RO SO 4003 00 2000 G 0

+2B4hr UM{KMA) RMSE-SPREAD L264hr

BUOC 0D 0D BN0D 000 0D 0D A0 b

a2 1.1.75 YAME A RMSE, Spread, RMSE-Spread £Z Oof=ZM Zct H®IL 2022

JANUARY 12UTC Z500 (2l-ofell: Forecast Time 000, 120, 240, 288hr, LEZ-21%: §t=

sorArE md (KIM), ECMWF, UM(KMA), UKMO 2, 168hr Forecast Time 0l% UKMO =g

A=z els)

- SH Z500 00UTC RMSE, Spread 23X 0& MssS AHEM, SHi
1T X|¥olM CHEE RMSEZF IAH LIEtEE &olsr 4= Act E53|
S30Me| Xto|7} o IA LIEHES =elg 5= Act (T8 1.1.75).

- 113 -



ro

4) YAE Hd 2E fH4M4H o= M5 "I AO&PNA Index
2

=
« 20214 73({EE) 00, 12UTC AO Index

2021 JULY 00UTC AO Index Correlation

Forecast Time: +000hr

w
el

Index
-~ o = N
o O O o

HJIlHHIHH HHIJ]I\IIIH

-2.0
-3.0
1 6 11 16 21 26 31
Days
2021 JULY 00UTC AO Index Correlation
Forecast Time: +120hr
3.0 5 —
4 e KIM ?R=o.93)
20 = L e ECMWF (R=0.97)
. UM(KMA) (R=0.95)
. UKMO (R=0.96)
1.0 — :
E<) m
- 0.0 -
< 3
-1.0 —;
2.0
'3-0 - i T i T T i T T T i T T i T
1 6 11 16 21 26 31
Days
2021 JULY 00UTC AO Index Correlation
Forecast Time: +288hr
3.0 ] ‘ ‘
2.0
1.0 =
<>]<) .
o 0.0 —
< ]
1.0 —
20 4
'30 — T T i i i T i T i T T
1 6 11 16 21 26 31
Days

- 114 -



2021 JULY 00UTC AOQO Index Correlation

1.0 L
0.9 1
0.8
0.7
0.6
0.5
0.4 | | | | . | : : | | |
0.3 — T T T T
24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr]

[R]

o

O 1.1.76 LA o 28 AN ofE M5 #IJh 2021 JULY AO Index O0UTC (#l-otzH:

000hr, 120hr, 288hr Forecast Time, Correlation Plots for 0~288hr Forecast Time)

e MEZE "Hotgh = A=d 4 28 2F ol =2 4% AsE 2Ho|o
2= 240hr Forecast

2
2= AO Index o|&F Mds50| &H LIEtLE &Zol| eFHAHO|X| RS

_?_
sfolst 4= it (OE 1.1.76).

- 115 -



Index

Index

Index

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

2021 JULY 12UTC AO Index Correlation

Forecast Time: +000hr

III\|HH|]_I'II HHlHII'HH

—_
»
—_
—_

16 21 26 31
Days

2021 JULY 12UTC AO Index Correlation

Forecast Time: +120hr

—_
»
—_
—_

16 21 26 31
Days

2021 JULY 12UTC AO Index Correlation

Forecast Time: +288hr

] —— ERA5
o T KIM (R=0.56)
e S ECMWF (R=0.78)
7 T | T | T T | T T | T | T
1 6 11 16 21 26 31
Days

- 116 -



2021 JULY 12UTC AO Index Correlation

1.0 — l J‘QL%
09 o4 i
0.8 —
— 0.7 —
a .
= 0.6 -
05 —
04 - I
03 +—T T T T T T T T T T 1
0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr]
O3 1177 Yas g0 g 244 ol M5 "Ih 2021 JULY AO Index 12UTC (fl-ofzh:

000hr, 120hr, 288hr Forecast Time, Correlation Plots for 0~288hr Forecast Time)

ECMWF 2dle| A MMMz o 0.7 olate] &2 AO Index 0I5 M52
2 olch. 00UTCRE 12UTCel oS AMse| Xfol7h Eelcks FHolA AO Index

=0l A =7\ EEI S2stotes A2 2eld 5 Aok (T 1.1.77).

- 117 -



« 20229 1E(AHESE) 00, 12UTC AO Index

Index
o
o

3.0
2.0
1.0
0.0

Index

-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0

Index

-1.0
-2.0
-3.0

2022 JANUARY 00UTC AO Index Correlation

Forecast Time: +000hr

] i 5 — ERA?‘
= : S KIM (R=1.00)
— : R RN ECMWF (R=1.00)
] : : UM(KMA) (R=1.00)
_i ----- UK R=1.00)
: 'y \ o4 \
E y ’ gl 3 \x
Eand
— T T | | T T i I T T |
1 6 11 16 21 26 31
Days
2022 JANUARY 00UTC AO Index Correlation
Forecast Time: +120hr
] 5 —— ERA5
4 e KIM (R=0.92)
— [ ECMWF (R=0.97)
7 5 UM
. | T T | T T i T | T T | T T T
1 6 11 16 21 26 31
Days
2022 JANUARY 00UTC AO Index Correlation
Forecast Time: +288hr
E ; . —— ERA5
] e KIM (R=0.64)
— L eeeen ECMWF (R=0.56)
. ! UM(KMA) (R=0:49)
= L NS M iy
; -."-; :‘ Conn _:‘.. oL e \
— | T T I T T i | | T
1 6 11 16 21 26 31
Days

- 118 -



2022 JANUARY 00UTC AO Index Correlation

1.0 S—
0.8
T 06 -
0.4
02 +—T—T—T—T T T T T T T
0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr]
O3 1.1.78 UAE o & 2HME o5 M5 HI7E 2022 JANUARY AO Index 00UTC (-

olzll: 000hr, 120hr, 288hr Forecast Time, Correlation Plots for 0~288hr Forecast Time)

e X oox
T 4> or
ok 1o o
morE o
L
NI
£Q
inl
2
o
gk
=)
=
El
gg

Hd
L
i
10
b
N

MA| Forecast

2E fA4dE o5 M5 4IHE flsi AO IndexE &#E5H0{ o=
2 i A2E AO Index= 22 X2t 229

HIHSHH Ldsts DS 2telg = Aot o F ZHol A ofzfet

N
T
t0

= Transition2 o Z0o| Z =22 7IM=dE: 275t
AO Index & Ms2 =2 Ho Zsict MUMOZ ECMWFE=

Timeo|M =2 AMATE |{X|st= EBFH 168hr Forecast Time

ol=2 LIHX| 2ES9| oF d50| X dasts AdE2 =eld = Uck (aE

1.1.78).

= — =

- 119 -



Index

Index

Index

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

2022 JANUARY 12UTC AO Index Correlation

Forecast Time: +000hr

----- ECMWF (R=1.00)
UM(KMA) (R=1.00)
U (R=1.

\I\Jl\l\\'\l\l I\Hll\l\'\\\\

—

6 11 16 21 26 31
Days

2022 JANUARY 12UTC AO Index Correlation

Forecast Time: +120hr

\IIJl\II\|HH|H\I|\HI|\HI

6 11 16 21 26 31
Days

2022 JANUARY 12UTC AO Index Correlation

Forecast Time: +288hr

HIJJJIH'\I\] I\I\|HHIH\I

—_

- 120 -



2022 JANUARY 12UTC AOQO Index Correlation

B e
LI L B B L

< @ © < N

— o o o o

192 216 240 264 288

48 72 96 120 144 168
Forecast Time [hr]

24

7t 2022 JANUARY AO Index 12UTC (&l-

4

M= m
S S o

288hr Forecast Time, Correlation Plots for 0~288hr Forecast Time)

ofz: 000hr, 120hr,

i

i AO Index

)

s ds gI7tg ¢

—_

El
<0
oFd

m
I

offl
s

H0

I

2 A

o
<0

.I

12UTCe| o=

s o,

t

5]

O0UTCLt H|:

o

St

sg gyt

M
(=}

TE

Forecast Time O]

144hr

2Eo| A

YEA I SItetE

=

i

o<

E0|8t M2 240hr Forecast Time O|& Ztx

0l
o3

M7t "Hl=¢ct SEf 2 laggedE

=
e

HES o, 2

Al
=

Lo
o =

4

I

ct (28 1.1.79).

- 121 -



Index

Index

Index

2021 78 (0{E&) 00, 12UTC PNA Index

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

2021 JULY 00UTC PNA Index: Reanalysis & Forecasts

Forecast Time: +000hr

ERAS5
KIM (R=1.00)
ECMWF (R=1.00)

UM(KMA) (R=1.00
) ===se UKMQ (R=1.00

HH'JIHIHJI HHlH\I'HH

—_
o

16
Days

31

2021 JULY 00UTC PNA Index: Reanalysis & Forecasts

Forecast Time: +120hr

—_
»

16
Days

21 26 31

2021 JULY 00UTC PNA Index: Reanalysis & Forecasts

Forecast Time: +288hr

\II\l\IIIlHH HIIlHHlH\I

—_
»

- 122 -



2021 JULY OOUTC PNA Index Correlation

o ° fir @ ¥ § % M
g = A
e, T E 4w
- M ) (0] ITe) e = I_l__l |_l_
S F 0 . o3 0
o s 30 W o8 R
— X © O
« E 8 W o 3 N
o < 9 o | T oW o x
N o x 2 . ol W 1T
o\ > & _ .__m__., % ol oju o
) 5 < o~ —
-= 4 Z H - g ﬁ_uAv
o= I 5 = oz o0
e v N T
= X5 ok o U o e o
| M — o™ o U Ir <= I
o < NE<
~— += C —_ L_O
% fJo 8 ™ I 0w Ar
2 0 T T W o=
N D o T K &
- do oo H Mo
— o ') [} o o
<0 _m Koo = 26 o
0 R EY R T W oY T
e ooE o Ar °
W9 R op oA
B ittt e — % offl _._mu .Mo ANn .__o Alo <3 m_._l
s oo gz © o N
T ® N
—---ccccccicnccastencaccacoacaacan — % H (e} I_I__I - — O~
T i 5% Kr © o Fu
I I B B B o oom FOI of m H___._._
o — e ~ o = =
o © © < Y] © - ™ 0 ™~ <0
g = _u— _M v —
- S o o o - 5 o< @ o0
- 8 EE o T O 0
[d] A 20 Jo o FIOL o
_l_ = - L (@] -
n o0 X0 F <0 T

- 123 -

ct (I& 1.1.80).



Index

Index

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

2021 JULY 12UTC PNA Index: Reanalysis & Forecasts

Forecast Time: +000hr

\IlllHHl\HI IH\lHHlHII

—

16 21 26 31
Days

2021 JULY 12UTC PNA Index: Reanalysis & Forecasts

Forecast Time: +120hr

----- 9
----- ECMWF (R
UM(KMA) (
UKMO (R=0.9

H 3

HI\|\IH|HH \\I\'\H_IEI_IH\

—_

16 21 26 31

- 124 -



2021 JULY 12UTC PNA Index: Reanalysis & Forecasts

Forecast Time: +288hr

ERA5
KIM (R=0.29)

ECMWF (R=0.66
UM(KMA&C&:}Q@&
il N

N o
o o

Index
_ILO_L
o O O

HIJl\HIlH\I \H.IlHHlHH
e
1]
5

-2.0
-3.0
1 6 11 16 21 26 31
Days
2021 JULY 12UTC PNA Index Correlation
1.0 U S I l
0.8
O 06 —
0.4
0.2 T T T T T T T T ]
0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr]
a8 1.1.81 YAE Ha gd AdAL o Ms "Ik 2021 JULY PNA Index 12UTC (9/-of

2lf: 000hr, 120hr, 288hr Forecast Time, Correlation Plots for 0~288hr Forecast Time)

S WO HE YA o F ds "EItE floh PNA IndexE &&35t0] of &

SLstAl =7 SAMEOA 2k 120hr Forecast TimeZtA| o9 =2 olF ds2

2olctzt 144hrf e S245H ol f Ms50| HoX= A &elg # Art 53

-1l O o

L

sRPYssRde Ze 3

Ll
o

zasts o5 Mse =2olo, ok 216h
olste] ApA$E Holn o5 MSORME HHEoIX e
.81).

6
A0t 2ol1 Aot (2 1.1

—_
~

- 125 -



« 20224 1¥8(42%) 00, 12UTC PNA Index

2022 JANUARY 00UTC PNA Index: Reanalysis & Forecasts

Forecast Time: +000hr

3.0 7 . . —— ERA5
= : | eeee- KIM (R=1.00)
2.0 - : e ECMWF (R=1.00)
] ! : UM( KMQ (R=1.00)
1.0 4 \\}" . mmeme UKMO 1.00)
é 0.0 i, i _—
1.0 § |
2.0 i
“3.0 —~ | T i T |
1 6 11 16 21 26 31
Days
2022 JANUARY 00UTC PNA Index: Reanalysis & Forecasts
Forecast Time: +120hr
3.0 :
2.0 -
1.0 - ?
> E i =0
o) 0.0 : LS, .
< g o
-1.0 — 3
2.0
'3-0 = ‘V i T i T i T i T i T
1 6 11 16 21 26 31
Days
2022 JANUARY 00UTC PNA Index: Reanalysis & Forecasts
Forecast Time: +288hr
3.0
2.0
1.0 =
<>]<) .
< 0.0
< N
-1.0
2.0
3.0 5
1 6 11 16 21 26 31
Days

- 126 -



© WMr & < z 0 v
oo 5 = D = 2 .
£ o , o
= 5 o 1| oV U K c ®
<t () ) —_ —_— O_”_ Oﬁ ©
- 8§ tg: BEEoc Ly o
£ 9 00 o 3
(&) —
o < 5 wn Ol Y 0 © ql
-3 = O = B S G R
> £ E_E 0 o) = [T =0 0~
© x & 3 o g o om0 Y o
— < Al % H_u_ ~N = |_I_.A
X I Q KIr LoD T 53
ANn © - = o_=._ foll K Hl ._.__u_ iolll
L S S 5 < =0 ol K 00 <F
- v 4 A S G+ TS m
= 2 ©° o g5 o I o o ©
o =3 = O T
- 8 o N W o wl om__w .__A__ E mrw EV_E W_____”__
- ~ oF < o )
“Biz Fzhkzaigs
S bt Tl wgs @<
o8 Y8 @l oy F
— & O KIr 5 Of H X0 H_._ ol o o
TS5 % E o = _ pw T o5 3l
L o o w7 ° g i
© _x_ﬁ _|__._._ __oo = ) H_-_
A = =] ol [ KO0
D S - #H 5 Sl ogowm WS
WL w1 = N gk B Do ol
LU 2o = O H 22 %
B Ay i = % @ M = Y © F T = T
._.”__w_ 2, _U_.ﬂ S W S X %
< 3f Tsupifzec
ST SR SR S Jue MR SHSNE S8 S S — I - U K = =2 HOI - =
« o - o 83 o R i o oo T ®
o0 o ol o 4 2 o a0 =< o
c 1o E £ — ul o<
I L L RN I BN o S _..El_ﬁln_/_._u_ﬂ ) ol
§ © - oo <
© Y e N T
e © © &I o < = = H — 5 5 ¢ oo 3
— o o o o o — o 0 o $ % % n = oll 1h
o
[d] wor e = SO Ao - VI
n < 0 2 oF 2 P2 M WK

- 127 -



Index

Index

Index

2022 JANUARY 12UTC PNA Index: Reanalysis & Forecasts

© =~ h @
o o o o

4
o

N
o o

Forecast Time: +000hr

ERA5
----- KIM (R=1.00)
ECMWF (R=1.00)
UM(KMA) (R=1.00)
UKMO (R=1.00)

—n

HHIIIIIIHH HHlIII]lHH

—_

16 21 26 31
Days

2022 JANUARY 12UTC PNA Index: Reanalysis & Forecasts

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

Forecast Time: +120hr

ERA5

----- KIM (R=0.97)
ECMWF (R=0.98

UM(KMA) (R=0.97)

UKMO (R=0.96)

IIHIHIIlHH IJHlH]JIHII

—_

[ |
16 21 26 31
Days

2022 JANUARY 12UTC PNA Index: Reanalysis & Forecasts

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

Forecast Time: +288hr

—— ERA5
----- KiM (30 36)
----- ECMWF (R=0.37)
oo, UM(KMA) (R=0.34)
’,;t:--:\u: 'r' .::';\
\ “:“ N

Y o
Voo
o N
o

—_

16 21 26 31

- 128 -



e

~—

@
o

©
o

[d]

<
o

N <
o o

192 216 240 264 288

72 96 120 144 168
Forecast Time [hr]

48

24

A5 "7h 2022 JANUARY PNA Index 00UTC (&

=
=

of

120hr,

288hr Forecast Time, Correlation Plots for 0~288hr Forecast Time)

—otzi: 000hr,

=
=

tof of

110

LA
__o__._._

(=]
o

i PNA Index&

1715 95

= I
o o

K

ol
HH

o

__OL

[u}

tAl 12UTC =

AVS
120hr Forecast Time7llX|

O0UTC2} &

=~
=

HE

Y5kt
s2 FAIst Aot

!
__O_u

H
o

=]
=

SRR L

S

ok
2

X0

R
[l
—~ O
o< 0
o
qn.v_r ol
< o
o O
[l
= X0
Hd o0
70
oF
T 0l
W =
oI o
052
(@]
o <F
o ol
Y
"5
A_/T ol
T
(LY
<0 o
o o
uu N
ol 5
o o
g <
QM
o0 o+
T
H M

= 450|

2 o

5]

2 0.6 0

=
T

240hr Forecast Time O
QCt, J™ol|l: 245t 7

= PNA In dex

= &2

—te
110

o

(o]
=

(a2 1.1.83).

- 129 -



5) Yals EH €dH 223 Hlx o Ms "Ik Blocking Frequency

« 20214 73 ({EZH) 00, 12UTC

2021 JULY 00UTC Blocking Frequency: Reanalysis & Forecasts

Forecast Time: +000hr

X 50 . ERAS5
o= ‘ ‘ -=--{ KIM (R=0.94)
- ! e ECMWF (R=0.93)
O 40 — : : : © UM(KMA) (R=0.93) [
= ; & : i ----1 UKMO (R=0.94)
> — i : : : —
g 0 i 1 : i
) I : :
L 20 4 | : : —
=] i i :
c ie- ; ; y
2 10 | 1 {L 1 -
[&] H ! H i T
ke | j il A 1 P
m O T I T T I T T T
0 90E 180 90w

Longitude

2021 JULY 00UTC Blocking Frequency: Reanalysis & Forecasts

Forecast Time: +120hr

Q 50 . ERAS5
> <e-=i KIM (R=0.77)
> 40 — : ; ----{ ECMWF (R=0.82) |
%) . ‘ . UM(KMA) (R=0.77)
ch : ; ----: UKMO (R=0.80)
S : —
o 30
o
. 20 —
o
c
< 10 ri -3 [
5] H i
= | I | !
m 0 T T T ™ T T T I T =

0 90E 180 90w

Longitude

2021 JULY 00UTC Blocking Frequency: Reanalysis & Forecasts

Forecast Time: +168hr

;\? 50 5
A 3 3 -e==2 KIM (R=0.40)
- : L ECMWF (R=0.57)
O 40 — : : . UM(KMA) (R=0.00) [
qC> ; P el UKMO (R=0.49)
s | : : : -
g 30 | | :
o : : :
L 20 — 3 3 E —
o> : : !
= 10 5
= 3| nm i
m 0 " i % r T ] T e "l 1 T

0 90E 180 90w

Longitude

- 130 -



2021 JULY 00UTC Blocking Frequency Correlation

1,*_,,,_~___ﬁﬁ,_,,,_ﬁ

Q@ @ © ¥ o Q<
- © © © © o

[4]

192 216 240 264 288

168
Forecast Time [hr]

48 72 96 120 144

24

1= M5 mIE 2021 JULY 00UTC (2l-ofzh:

0:

=7 w=

il

juuy
I

ofll
4!
)

Tjn
<0
o0

1.1.84

oy

120hr,

000hr,

168hr Forecast Time, Correlation Plots for 0—288hr Forecast Time)

oF

ol
il
ma

-
m]

narg

[
ol
i
=
Pl

)0

i

ro| ==,

S

[m]
L:

Moz Erx|7}

b

A
(=]

ol
0
0

wia

ol
1

E
=

Hojo el 222

=242

EELRE

E

B 2

I

=
ar

]

__.A_
__3
0

Ho| x| gt

=&

of

M
o o

FH EXA

CRSESRIN

o

EXlofl

SCiMe golMel 227

=k

ct (I8 1.1.84).

Forecast Time: +000hr

o o o o o o

2021 JULY 12UTC Blocking Frequency: Reanalysis & Forecasts

(%) Aousnba.q Buoolg

180 90w

Longitude

90E

- 131 -



2021 JULY 12UTC Blocking Frequency: Reanalysis & Forecasts

Blocking Frequency (%)
s 3 8 & &

[

2021 JULY 12UTC Blocking Frequency: Reanalysis & Forecasts

- N W B (oN
o o o o o

Blocking Frequency (%)
o

Forecast Time: +120hr

90E 180 90W
Longitude

Forecast Time: +168hr

PTYTTTT

90E 180 90w
Longitude

- 132 -



2021 JULY 12UTC Blocking Frequency Correlation

| | | |
1.0 Pe—— —— KM
- ' : —— ECMWF
0.8 — ‘ ‘ ' UM(KMA)
] —— UKMO
0.6
T 04 -
0.2 —
004
| | | | | | | | | | |
0 24 48 72 96 120 144 168 192 216 240 264 288
Forecast Time [hr]
a8 1.1.85 e o gd EE2Z Yk o E As "ok 2021 JULY 12UTC (#1-ofzH: 000hr

- UAE BT YUY 2R HE oS M5 ZDE MHEH, 00UTCS HlmYE
A

o 12UTCOllA UM(KMA) ZEo| ©f ZI Forecast Timeo|Al 0fF Ms0|
SXlEE HS  #olmw £ Jck MHHSER  UMKMA)  =dd}
st=gtatE R el EX| 532  144hr Forecast TimeZtX|l 0.6 O|&t2

O|=7HX|= ®XI=Lt 192hr 7HX| ©X| Ms&

a =
Ho[xl girtot ¥ HE MEHEMH Q0UTCLt DIRIIXIZ 92 JQnt St

S2dolMe] EHXl= & FAEY, 2oxdet SEjgd IH9el HA|

rir

=
HdUHoR o F ds0| 52 =2eld 5 ot (2F 1.1.85).

- 133 -



« 20229 1 (AHESE) 00, 12UTC

2022 JANUARY 00UTC Blocking Frequency: Reanalysis & Forecasts
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2022 JANUARY 12UTC Blocking Frequency: Reanalysis & Forecasts
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ECMWF Subseasonal forecasts for week starting 2018-07-23
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Ensemble Kalman filter and 4D-Var intercomparision with the Japanese operational global
analysis and prediction system, Mon. Wea. Rev.]
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H o4z A 84S 3 #at
1A YME NESIAAHS 8 HME BE J1E HA|

1-1) LUTKF &02|E 274

LUTKF(local unscented transform Kalman filter)= LETKF2F 20| M Z(sample)

Zldte]  Zak ZEZA ZHof st MEsSIE JIHo=Z E LETKFRF =
UT(unscented transform)& AbS35H0{ MESIsHX|] 22 process model(KIM &)zt

observation model(KPOP £)2 &6l MEES

I SELMS Sdll LR st MEfE FHSHE wAlo|ct
F 2.1.12 Bayesian filterg2| £ SA S dlug = JUEF 2 He|sh Ao

Ct. KF(Kalman filter)o| & & mz|Zol
noise®} observation model F

process modelZ} observation model 25 A& ZEo|ojof o},

9| KFel LETKF2} LUTKFOIIM process model2t observation model= M&stE st
X| et=ct. ciob LETKFOIM observation model= M&strl =lof Jgcta JHAsHo}

THE2 MES AEste =HZE 242l PF(particle filer)= LETKF2F LUTKF2F

O}XH7FX| 2 process modell} observation modelo| M& 361X 2d=cCt, AliM o=z

LS

LETKF2F LUTKF ZCt B2 MEZES AFEsto] AMH|[Z0| =X[8F LETKF2F LUTKF
Hcof etst M52 2Asch OL =2 AN HIS2SE 2lsf oAM= AXZE
MO|X| 2t gt
¥ 2.1.1 Bayesian filter H| 1!
EX Process Process Observation Observation esgrf;’ﬁ on
model model noise model model noise accuracy
KF Linear Gaussian Linear Gaussian Poor
LETKF I_mearér;onlme Gaussian Lmegrﬁ;zﬂahon Gaussian Good
LUTKF Lineargr;online Gaussian Linearér:online Gaussian Good
PE Lineargr;online Non—%aussia Linearér:online Non—%aussia Best




Hidden Markov model (HMM)2Z ZREH &= dynamic system< 18 2.1.12] 3
AMCEE20L ZHo| LiERE £ Ach A[AED AEf= hiddenEl0] B2 AMAHZ ofH

wE =X & 5 gich mEtM KIMZE 22 o F 22

i
10
ofm
:olg
>
>.
]
0]
>
LY
un

Fd< 5 Ach SHXIZE hidden &EiE o E ZHo0| MU=
AlZto| XIEol| w2t ol 27t +=HEAM o5 2Yo| 2% & = ot fHo[Lt &

o Sz 22 dME ZE7|2 ALESHH hidden MEfE 2| FofAM npetet 4 Qct,

JeLt EIoE #E 2XZ Qloh Hafet A" YEE

O T

02
ot
N
2
A
o
4>
30

=
=
—

Ct olz{et 2ME &35 fls 28 2.1.12 Z0| Bayesian filter= &=4t0] £

Y& AlEoich of 5 ZEO| of Set dEfet sET|9| BEGE TSt Eof FEt

—

StA hidden MEHE FHE = UEF Sh= recursive state estimateS M3 stCt.
A|AEl AE
%o A K % K (ur!lob:lerieg)
Hidden LR
Dependency
nl =4
L— —1 HA
Z, Z 4 Zya (observed)
8 2.1.1 LUTKF(Bayesian filter)2| 714
1-2) H|Mg A|AE ZH

LUTKFOIAM ALZEl= HIME A|AR ZEH 2 CSot Z20] LERY = QUCH

Al (2)= AMZE k—10AM k2 K SSIRAE St

rir

AMEl 25 propagationst=

process model f, ,(+)0l04 KIMO| o] ZHof siEEct A (2)= AlZF kol A AtEH
2ol st BEZLE FSh= observation model k,(.)0|04 KPOPO|| o =oi 5%



= Ct v, 2 observation model noise0|™ v, ~ M0, R)2t &0 HH0| 00|12 ZE4t
of RSl MEXZE UE+ white noiseO|Ct. z,= A|AE AEfE LIEFHCH AeEftH
T2| noise w,= white noise0|22 M=z ZF2l=[0f Uct JIH ot m2tM 3S&
Ef

@t2l noise v,= white noise0|22 A2 =gI=0 JpCt

L Q= otfiet Z2 2t

e

o

ot

Zch ojRZIX|2 SEA rE2 e S

mujn

kI
d
0z
_O'I_
2
:I|_|=
I
Ool'
i
o
o2t

B2 TICh

1-3) UT (unscented transform)

LUTKF (local unscented transform Kalman filter)= LETKF2} Z0o| M=
(sample) Z|gte| Ztot HEZMN LUTKFOIAM= MES A0l EZQ2lIE(sigma point)

2t FEct Mef Hol & pol2t stH A[ODE ZRIES| & 2p0]Ch

02

UT(unscented transform)= 2l H|M&E a0 ZAl(approximation)st=S A

stst= AECH Aot ZIEESE Soll &8 2xZo| ZAStks 2ol o Ecks A

e

of Z273t= Zo|ct (Nambiar et al. 2021, Deng et al. 2014, Julier et al. 1997,
Julier and Uhlmann 2004, Van Der Merweet al. 2004, Van Der Merweand
Rudolph 2004, Wan and Van Der Merwe 2000). LUTKF= & 2.1.22} Zo| UT

£ At83to] Hldd 2Hol SEEXE AlO0L XEQEEE EEE ol Y v
&g ZHE S S3l nonlinear transformationdt | Aldob ZlESe| HA 1,0 32
& Py S Attsto] HiME ZmHo| AMejE FHiCH

-

Nonlinear
Transformation

a2 2.1.2 UT (unscented transform)2l 744



T
Ko
P
N
07
0>
0z

UTE 0|85t ="l HefE FEs| Qs A 2709 AlZol zZQIE

{ah )" B MEdsiCh olgfel Al2 AlTot EQIESO| AlAH 2E Mejo| &

e

Z(HrzE)ol ZAE = UALF eiof

]
Ao

1‘2,1‘]{,1 :ikfl\kfl—’—(\/npkfl\kfl)1-! Where Z'Zl,._.,n (5)
x%,wﬁl :£k71\k71_(1/npk71\k71)i’ where i=n-+1,...,2n (6)

VP11 = nPp_ ;12 square root matrix2M 02 O R ALk = UX|

ot LUTKFOlAM = oHd Mol AntE M 3Zsk= Cholesky decompositiong &ali T8t

decomposition®| low triangular matrix /nP,_,_, & i#H®™ columnE LEHACE

O k2 Al (7)2] forecast model f,(.)2 O|&35l0] MEH=El A0} ZQEE

jo

nonlinear transformationdtcl.



(7)

i _ i
Tplg—1 = fk,(xk— 1k — 1)

nonlinear transformation=l Ao} ZQAEE2 Salf AlZF kOIMe| a priori AHEf 2

~ 1 S
LTre—1 = 9 _Zxk\k—l

F=HE a priori &l 7,2 ol ¢, ,= chsat
~ N0, Py ,)2 2HESHE white noiseO| Tt

i
Crlk—1

k-1 = Thlk—1 " Thlk—1 (9)
2n
(10)

1 i i T
P = om Zek\k—lek\k—l
i=1

1 T
= —XX
2n

| & E=Io||_—_|._

(]
- o=

AL (10)olM x= M columnOl a priori &FEf ofl&] HE ¢,

oMo siEs =4

26t BE 27

1—6) Observation model& 0| &t

0|83t Alaot ZAESS

Observation model h, ()=

nonlinear transformationdtct.

i i
2= hk(xk\kf 1)



o = A

= o =
£ 0|&

5t01 nonlinear transformation® A|Z0p ZQIE

EES &l Al
w87 2= ok Zo| F8E = Ut
R 1 &
=5 D% (12)
2 i=1
BEZte| A7) opd 2t BEZtel residual (innovation) z,2 CHZTb Zo| A akst
= e, ;& 7, ~ N0,5,)8 2HESHE white noiseO|Cf,
=z, (13)
=37t residual (innovation) z,2l SE4 52 ch3nk Zo| Alxe £ Act 3
=4 p ol iz HYAASE 2 AFgo|l EAtgholct
2n i~
Sk:— Zkzk +Rk (14)
2 i=1
1 T
Al (14)0llM z= i#M columno| BZZte| residual (innovation) #E{ Z, ol &0
Ct.
1-7) KFE 0|85t Aleh ZF (M M4)

LUTKFE A}2310 a posteri AElE FHsta{™ oKX olelf 2l

Algl Ztol 4] (10)
of xe Al (14)e] z2 AL235}0{ cross error 2EAIS 78 = Act
sz = Cov(e;f\k’—l’;i’) (1 5)
e i3t
=FEley,— 12k



Kalman gain &,2 Ct3 Z0| FXECl

Py = Eleel] (16)
—E[ IA xm)( IA\A)T]
= Bl (= (s + 52— (e + 552,)) ]
= Bl ey — Koz en1 — Kiz)']
= Bl (e — Kz (ef s 2 K"
= Blewreliy — e it K~ Kol + Koz K
= Bleye el 1= Blewe 2 | K- KB Z el |+ K22 | KT

T T
= Pk,\k,— 1 P.zz,k,\k’— 1Kk’ - ](k,Pzz',k,\k,— 1 + [(LSk[(k

A (16)2 E3 Aol Kalman gain K8 T2l s TH(p, ) B EHistels
Tr( P,
Wzo% GLEA7|S 2o g2 Told ofzet Bk

k

Tr(Py ) 1)
W:_sz’k‘kil_PZIvk‘kfl+2K]§S]f (17)
=" 2sz,k\k71 + 2K]~ZS]{ =0
K]‘E = sz,k\kflsl;l (1 8)

w2t LUTKFOlA AL == Z[A 2| Kalman gain k.2 2 (15)2] p, ot A (14)9

58 S8 7 % Uck

K,=P,S ' (19)

_’IO_



AlZE kOl M Kalman gain &, 2t KPOPOIM M3 == #F4t 2,2 Sl a priori AEH

Ty 12t Py & updatedt a posteriori AEf z,,2t P2 CHSZH 2ol FHE F
AL,
“%k\k = “%k\kf 1+ Kk(Zk - gk) (20)
Py, = Py — K5, K, (21)

a priori AlEjo| HBUTEE plogls,,, )2 BEZ FHEUTES Pz, 2 A

233tEl a posteriori &Efe| HEUEZET Pz, )= ool a8 2.1.322 L}

o M

Efd = Ach o] O3 Sdll 38 ZHo| AA Mejgt2 a8 2.1.100A4 2t Zo|

)

hiddenslol ooz HMEs| & 4 ghx|g oSzYe St Abef
I} BE7|2RE P2 BEZS o|8% XNRSHE S EAZH(a posteriori Abef)

Prior density P{xgl21.0-1) = N(Eyi-1. Prje—1) obtained by prediction

Posterior density P{x.}2,..) = N(E g e Prpe ) by analysis

Likelthood PU2g |2 = N(Z,..5,.) obtamed by observation

.06 -

L St NS N S —— £ L t X
1] 10 X0 i} 40 50 ki 80 &0 100

ol

a2 2.1.3 vfZ&ZEHpredicton), =X (observation), =41 & (analysis)2| &5 2 =8 (pdf)

1-8) YAt @do] M5 PFo|AM LETKF Che| LUTKFS| &

_’I’I_



LETKF= analysis ensemble & 2,2 3SA2E analysis ensemble
perturbation X2 Al23}10{ analysis ensemble member&S MEZ2 st a&h Z
ot ZEe{(Kalman filter)7} MOlZ2 = MsS w2|stz{™ process?t observation

model2| noise= MAEXE uzlof stck, 22{2 2 Kalman gaing O|&235H01 Aef

£ FHsot= D HEe| NR/E 7|sS {2 LETKFL Esh MAaHel M52
A7| 2|8l processlt observation model?| noises MHEEZE ul2lol stoh =,

LETKFOllA] M Z2 == analysis ensemble membere MA2%ZE ul2tof stch 1
2L} LETKFOIAM MEZ2%|= analysis ensemble membere &S w=2Xx| 2
= F JAen| ZFAo| A FH 2 F Ach wEtM FEHe| MsS ¥
= dExE W20 20| o FHEX AEF 24 WYY Zest
ct. olofl Etslf, LUTKF= of AtO|Z20flA sigma—-point selection O|2t= M

= AREsSto] A|AEH ZH Meflo| SHEFEZ(DAEE)M ZASHESF  analysis

ensembles MEZ 5t SEAS WEAZ = ch

1-9) 31 AE o] LUTKFSte| xlo|H

F 2.1.2 8 ZE o LUTKFt 7 & LUTKFS| H[

& s IE 9| LUTKF 7= LUTKF
Az s gt = M A2 =5} H OFAF ZHl M K2 =3}
== g_?— A -‘-'-O; A6C> <3E _3_; -u-o; A6C>
(Kalman gain &k ) =S | 3 % SN s %
HALH|E SEtE= HEFC —’FOHLEEPEF AL 71|’;.\_F H;I%% LETKFt H|5HA |
B[ 0| X|+Ho 2 ZIte X35} gt
LETKFEF SUSH AM AlZtoll X2 E | LETKFRF SUst A4 AlZholl X2
CPU core Al 52 sastz{e LETKFECH 108) 0] | 5312 s85t2{H LETKFet SYUst
Ake| CPU coreE 278 CPU core2 Q38
Sstels HEEQ| ol mpat AWH |
eTE= oee 37|18 Q|
ezl ALg Arol e7Ee Bgel 377 zot | 21 oc M=el 3718 LETKRef
5t H|xotA = &Mst &
27| RAA LUTKFe S&t= *_EEFEF JEME 0] LETKFP-I_ A& Es EMTYAS
&5to] YMsfof g ERE =7|2MY Jts
. . . . o s | LETKFO| H{ZARES SAMEROIALS
sigma point selection LETKF Z7|XMEE ol MAMsHof & Yo _l’FJHIx“ct'Q Sl ce=
LETKFECH 33| ©e CPU core?} | LETKFZ} |8t CPU core =2} H|
oM At THsN HzZelE AFSs7| W2 3 XIg | 22| 37|18 QFSIER s A=
S3t A AR ALESH| E & S35t A A-OM ALE TS

_’|2_



X ANRSSE ?sH AFSEQ2 LETKFRF AHEAH 1otEl LUTKFE MEiMo=z A
7 25l LUTKF &32|EE MEFE |utkf_core()22 ZHMSIFCE LETKFE
AlSHAIZ|Z] 25 MEFEl |etkf_core()& S&5HH 11 LUTKFE AldA|IZ|2{H M

HE2El |utkf_core() & =&SIH =lct a8 221 MEFE |utkf_core()Li g

LUTKFS| & =ME 2Eo{&ErCt 2540l Z™(nobs /= 0)5tH BiAZT Y&t 3
=& Py, BESUOIMe BATY SEL 5, cross o2l 34 £, ZTE A2

K,, @M% das "8 7, 24T SaE ZEL Py, sigma point ME o=

Ad=zo{ ZEZtol o|EX(nobs == 0)5tH P, _,, sigma point MEH(UYAS HH

Pk|k—1 j:” ’:L"“

v
o 0

o «

Sk j1|‘i’l|'“

K,T( }‘:{l'ﬂ'u

!

fk'k /_"':Il‘;\'n_l—"J

v

Py HlLte

~

Sigma point {4EH .

a8 2.2.1 lutkf_core()LHe| LUTKF A&l =ME

_’|3_



E=D'¢

L

Al (10)9] Py, = i columnO| a priori AMEf ofl2f ef, 2l

0
mu
ofm
zog

ofgfel 2ATFEE AFESHo| ALtE £ Ak 2AFEOM dgemme HB=S F
#ote B40|1, n2 Al #o| & npE AlaolEelES] £ x ptbsE BF X
p= WH p, = 242 LjEAC
call dgemm('n' ,'t ,n,n,np,1.0d0/ real (np,r_size),x_ptb,n,x_ptb,n,0.0d0,p,n)
doi=1,n
p(i,i) = p(i,i) + covq3d(i)
end do
2-2) HESZIoM ol AT SEL g AL
Al (14)e] s,&= ™M columno| E=Zke| residual (innovation) z,ol & Z&

call dgemm('n' ,'t" ,nobs,nobs,np,1.0d0/ real (np,r_size),z_ptb,nobs,z_ptb,nobs,0.0d0,s,nobs)
do i=1,nobs

s(i,i) = s(i,i) + r(i)/rw(i)
end do

2—3) cross ol2f S&4F p o A4t

I

Al (15)e] p,,= iHMW columnOl a priori AEf oflzf HE ¢f, 2 H xf ;H

W columno| ZZte| residual (innovation) HlE| 7.9l sid z=2 E3| ofafe] A4

;:-s

FEE ALR5I0] AAE £ ct AATEOA dgemme MHEZS F3lst= &4,

ne &Ef B2 &= nobs® &HZF4t 2.2 T, np= A|OOMZEQAES £ x_ptbse=

_’|4_



0%
n

#H x, zptbs #H 7, pxze= pr,_E ZtZt LIEpHCEH

call dgemm('n' ,'t" ,n,nobs,np,1.0d0/ real (np,r_size),x_ptb,n,z_ptb,nobs,0.0d0,pxz,n)

2-4) Z8t Al K AL

Al (19)e] K= UM AH(SE p 3t 5o HMHES Sl ofefie] AATEE ALE
5t01 A& £ Act 5o B S AH M| fls HAX = dgetrfE S5l 5,2
LU factorizationg &8s chs &= d
Aots &, n2 MEl BFo| = nobs2 BEFLL 2l T, pxze E p,., ke
H g & Z2t2b LIEtHC

I3 Y XA=EssolAM ofE s U

| =74 ™ol =

P
5 LIEl = M nobse A7|7F HMHA

O
o
=
=2
)
o
i
a[
o
10

2Z7holl ol & = UZ| mWZoll &=

O
lo

AMHS AHdtst= & dgetrfel dgetriel A& 82 &Es| ZItECt

s inv=s

call dgetrf(nobs,nobs,s_inv,nobs,pivot,errorHandler)
call dgetri(nobs,s_inv,nobs,pivot,work,nobs*nobs,errorH andler)

call dgemm('n' ,'n" ,n,nobs,nobs,1.0d0,pxz,n,s_inv,nobs,0.0d0,k,n)

w2t 2= dgetrfet dgetrie| At 452 F0/7| flof dHoM H==Hs 24

or

st 2lo|22{2|9l MKL(math kernel libariry)2 AFE3IFCH MKLE $stetsE
Alsis mff o] AA =2} CfE MEEE ALESIo] HE X2 JtsstESE AA
2o ot O 2E2 MKL TEtete-E AtSstH "ol "HHs bt £A35t glo| &

A

Aol ALBE= EEL MY E IS HESID ddstH o|MErCt gharE ALt

0x
or
o

"S5 UL

_’|5_



AtE[E = g(moisture)oll CHSHM = glevo|ste| HAZlz|Hol M2t Xtz S571 O|R X =

do j=1,nobs
doi=1,n lu, v, t, q (qis assimilated below glev)
if (ilev<=glev .or.j/=iv3d_q) then

x(i) = x(i) + k(i,j) * z_rsd(j)
end if
end do

end do

Al (21)e S22 Py= Py 2t 0IA AME K, 5,2 Soff ofele ~ATE

o [ )

of Zto| AohE = Act 2AFENAM pe Pyt Py, N2 Bl HEo
nobs2 HEZtf 2.2 4, k& Kalman gain k&,, p_tmplE &.S,, p_tmpls K.S.K"

£ 242+ LiEHdCt

call dgemm('n' ,'n" ,n,nobs,nobs,1.0d0,k,n,s,nobs,0.0d0,p_tmp1,n)
call dgemm('n' ,'t ,n,n,nobs,1.0d0,p_tmp1,n,k,n,0.0d0,p_tmp2,n)
p=p-p_tmp2

2—7) Sigma point MEH(QUAIS BH{ M

s

)

_16_



Al (5)2F & (B)e] Aot ZRIE 4, = 2% P2 S8l CtSe &AFE
£ AR8stol & £ Ach ©N Jap o, 2 03 gHo=Z AME 5 UX|TH
LUTKFOlM= Xl ZIE X 35k= Cholesky decompositionS SEall Totct
(Van Der Merweet al. 2004). &< dpotrf= Cholesky decompositionE T3 st=
oIl MKL #=olo ool ZI= WHEH  sigma_mtxo| MZEECH  AEfE g
a(moisture)ol| A= glevolste| AR HMBH XRS5} O|FXEE Foist
Xt 2AFEAM pe A (21)2 BME SEL Py, n2 MEf HEol £ x=
Al (20)2] zy,, xie A (5)T Al (6)e] A|ODIZRQIE 2z, ,,_,, np= A|DIERIE

2t

of 2|

2} LbEpdCH,

A
T=

_’|7_



I cholesky decomposition in lapack (sigma_mtx: lowe r triangular matrix)

sigma_mtx = real (n,r_sngl)*p
call dpotrf( L' , n, sigma_mtx, n, errorHandler) I cholesky decomposition
doj=2,n
doi=j1,1,-1
sigma_mtx(i,j) = 0.0e0 l'in order to become a lower triangular matrix
end do
end do

I Sigma point selection

doj=1,n l'u, v, t, g (g is assimilated below glev)
if (ilev<=qglev .or.j/=iv3d_q) then
doi=1,n
xi(i,j) = real (x(j) + sigma_mtx(j,i),r_size)
Xi(n+i,j) = real (x(j) - sigma_mtx(j,i),r_size)
end do
else
doi=1,np
xi(i,)) = real (x(j),r_size)
end do
end if
end do
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U (m s-1) Background at 850 hPa V (m s-1) Background at 850 hPa
(avg=-0.12300, min=-21.76396, max=20.73025) (avg=0.33953, min=-20.04695, max=23.76047)
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U (m s-1) Background at 850 hPa V (m s-1) Background at 850 hPa
(avg=-0.12300, min=-21.76396, max=20.73025) (avg=0.33953, min=-20.04695, max=23.76047)
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SLP (hPa) Analysis Error Reduction
(avg=-0.02261, min=-3.12213, max=5.94269)
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Vertical profile of U RMSD Vertical profile of V RMSD
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Vertical profile of T RMSD Vertical profile of Q RMSD
(letkf_bias, lutkf_bias=-0.10014, -0.08255; letkf_rmse, lutkf_rmse=1.28708, 1.33728) (letkf_bias, lutkf_bias=-0.00057, -0.00071; letkf_rmse, lutkf_rmse=0.00181, 0.00199)
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U (m s-1) Zonal Mean Error Reduction
(avg=0.19238, min=-1.45589, max=2.85370)

V (m s-1) Zonal Mean Error Reduction
(avg=0.26081, min=-0.97169, max=3.26819)
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