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Executive Summary

This study is planned to evaluate the operational predictive skill of KMA’ s GloSeab
subseasonal forecast as well as to diagnose model’ s characteristics and sensitivity of the
initial data and the ensemble treatment, thereby to give feasible guidelines for the
enhancement of KMA’ s subseasonal prediction system.

First, the weekly mean dynamical forecast’ s evaluation frame, named CREDYT
(Comprehensive and Relative Evaluating weekly mean DYnamical forecasT) is developed for
coherent and systematic tracking of KMA’ s subseasonal forecast performance. CREDYT
includes a series of evaluation information in terms of four aspects of the predictions:
climatology, real-time forecast, climate regimes, dynamical coupling. CREDYT also devises the
new methodologies in forecast verification and model diagnosis: rank-based verification
metrics merging (RVMM), earth systems interaction measuring, and the climate regimes’
predictive skill contribution estimation. Yearly produced CREDYT information is designed to be
automatically documented and saved in PDF format. 2019 KMA-GloSea5 forecast/reforecast is
evaluated in the frame of CREDYT. KMA’ s 52 weeks real-time forecast in 2019 shows
moderate performance among 5 model systems and it even ranks 2nd place after ECMWF
when it comes to Z500. From the CREDYT, major discrepancies of the global climate features
in KMA-GloSea5 are identified: winter season Antarctic warm biases, altered earth-system
interaction, disorganized dynamical coupling. Additionally, it is shown that current KMA’ s
climatology estimation methodology can be improved by increasing reforecast samples with no
time-distant weighting.

Next, the characteristics of systematic errors of the subseasonal prediction is investigated
using an ensemble hindcast (1991-2010) and realtime forecast (2017-2018) produced by the
KMA GloSeab system. The KMA GloSeab model is a global prediction system for the
subseasonal-to-seasonal time scale, based on the fully-coupled atmosphere, land, ocean, and
sea-ice model. This study focused on two important aspects: 1) Why are the realtime forecast
(2017-2019) temperature bias patterns different from the hindcast (1991-2010) temperature
bias pattern? 2) How much does the subseasonal forecast performance vary with different
initial condition? The results of model experiments designed to test the sensitivity to initial
data suggest that the forecasts using NWP data tend to have increased warm biases
compared to the forecasts using ERA-Interim reanalysis data, especially over Arctic, East
Asia, and North America. In addition, those forecasts show poorer MJO prediction skill that is
derived from bivariate anomaly correlation coefficient. The large biases growth and very
limited skill in subseasonal real-time forecast is directly linked to the NWP initial data that
features the increased initial errors of soil temperature, cloud amount, radiation forcing, etc.
The distinct initial data between hindcast and forecast may can affect the sign of the
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anomaly field in real-time forecast, which bring about the opposite systematic biases between
real-time forecast and hindcast..

Lastly, the strategy on an optimal ensemble system is proposed to improve subseasonal
prediction in GloSea5. The basic ensemble characteristics of 8-weeks forecast for the East
Asia temperature in operational hindcast are diagnosed and it is found the good availability of
GloSea5 due to consistent and reliable ensemble distribution. The results of estimation of
confidence suggest that there is a potential link between East Asia temperature forecast
error and cooling in the land of higher latitudes and accompanying upper level high/low
pressure system lying east and west. It implies the need of more realistic initialization for
land surface or sea ice. By comparing the accuracy, usability and user-dependent benefit of
three different ensemble sensitivity experiments, we derive guidelines of a ensemble
treatment strategy for better temperature predictions. Basically, current KMA’ s operational
system produces useful forecasts for up to eight weeks, but the forecasts for three and four
weeks still have rooms to be improved in terms of accuracy and usability. For those lead
weeks, increasing the number of ensemble members compared to the operational system
could increase the forecast skill by up to about 3% and lengthen the predictable days by 6
days on average. To produce forecasts once a week as Monday rather than everyday could
make up to 6% in skill improvements and the predictable days longer by 4 to 11 days. It
could also bring about 5~9% economic benefit to forecast users and help forecasters obtain a
more accurate initial guide to extreme weather events. After all, when using the same
temporal and computing resource, having the shorter lead time obviously produces the more
reliable forecast information. And increasing the number of ensembles by bearing expenses
could also help obtain better East Asian temperature forecasts.
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Table 1. Description of subseasonal forecast models used in this study.

Center Time Resolution  Ens. Fcst. Refcst Refcst Refcst.
Range Size Frequency Period Ens. Size  Frequency
ECCC 32 days  0.45x0.45, 21 weekly 1998-2017 4 weekly
L40
ECMWEF 46 days Tco639/319 51 2/week past 20 11 2/week
LI1 years
KMA 60 days T216 4 daily 1991-2010 3 4/month
L85
NCEP 44 days T126 16 daily 1999-2010 4 daily
L64
UKMO 60 days T216 4 daily 1993-2016 7 4/month
L85

() KMA-GloSeab =714 X3 A3 =5
gyt 714A e 2010d I 714" (Met Office)d ti7]-ajofF 23 2dl-S o] &3 A4
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2 el A FRZE Adste] U SR EEH AEY L AHE 4
=, 7% dFs EFete 2BH A-GFA 2" Global Seasonal Forecasting System

version 5 (GloSeab) (MacLachlan et al. 2015) & E=3tR L, 20143 FE @A7MA < AE
Zof| &8 Folth. Y= 71HAH 71* =dE<l HadGEM3 (Hadley Centre Global Environment
Model version 3) o 7]1%3}d FZF¥ GloSeab= Met Officee] Unified Model (UM) thr] =2
(Global Atmosphere model; Walters et al. 2017) 3} Nucleus for European Modeling of the
Ocean (NEMO) (Madec, 2008) s eF= =, Los Alamos sea ice model (CICE) (Rae et al. 2015) 3}
W =4 Joint UK Land Environment Simulator (JULES) (Walters et al. 2017) X 222 4
HH, AE-t7]-sdF 52 23S 3] OASIS AZHZ A=l A (Kim et al. 2018).
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GloSea5 #AA & 7] % (Hindcast) &g 1991dFH 20108714 F 20 F<F wE 14, 9¢
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Figure 1. Model configuration of KMA-GloSeab.
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Table 2. Validated target for the intercomparison of ensemble treatment.
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Figure 2. Overview of ensemble experiment.

Table 3. Used forecast for intercomparison of forecast skill among sensitivity experiments.

Forecast day

Season Weekday Weekend Everyday
Spring 2018.02.15 2018.02.19 2018.02.19
Summer 2018.05.17 2018.05.21 2018.05.21
Fall 2017.08.17 2017.08.21 2017.08.21
Winter 2017.11.16 2017.11.20 2017.11.20

© #% A=

of A7l 29 dAZs Hristy] A% vlw thFeZ ECMWEA Algsh= A4l A
B4 229 ERASE A48tk ERASE 201949 790 A3 2% ERA-Interime tiA|shs
ECMWF2] HAl A&z 5Z, 2d Z7 #A, Fo] 93 94 25 53 7]*Ho] ERA-Interim*:
O A3 2 AAENT 8 4= =3 F4Ed g gE A dtiHersbach et al. 2020).
AbgE Hae= 7]2(T2M), 500hPa A 9] a2 %(Z500), 200hPa vl #&(U200, V200)e]t). 200hPa
vhgt A=+ 200hPa velocity potential(VP200)< AR&gF MJIO X9 HFo &8FHATE A5



(PREC)= Global Precipitation Climatology Project(GPCP) v1.3(Huffman et al. 2001)2 AH&3}3
1, sl £ %(SST)= Optimum Interpolation Sea Surface Temperature(OISST; Reynolds et al.
200N 83t AZEUTH ERASS BEASHAEE 0.25° X 0.25° 2 295 712 <F 30km
Azl A4S 7HA AL QA gE ARE IJA AAGAY A EE JHA L oy, REAe] Hlw
foted mda S ARl 1.5° X1.5° 2 yis & i A5E F Hdst AFEEHA

P AA Bl upRTRR R O S AR dael Tdd Eatel] dfdste

7 d M/ AAAEARRS] F Y HFOoE SR, AN dF ofE
g EF AAZE A FoA 7SS A ABA AR

o] A& AAY dF =
gttt 53], A= AY )|
oscillation, MJO)e] d &4 5< X©s}7] T X®ld MJO A 4~(Velocity Potential
MJO index, VPM)E ®Alo] ARE3lth A4+ 200 hPa &% X=A(VP200)2 200 hPa &A
ul2(U200), 850 hPa w4 wFEAHUBS0)e] thAx 7 sk=(Multivariate Empirical
Orthogonal Function, MEOF) #4& &3l Attt 7+ tlolHe AAHW AR Xs9e 1L
Halr] 9l Ad HEs 9 AE HE5S AAT oYy itEs 1209 o] FW sk 15° N-15° S
A= HIFFE EF3F st AYagE A FE MEOF #4jo] &3tk VPM AFE &y 2A)
(OLR)$} 200 hPa &A1 wblE2-(U200), 850 hPa &4 vFEZH(U8S0)S.2 4t&Est= AAIZE b=
MJO A %(Real time Multivariate MJO index, RMM)ell B3] o] &3 MJO 4 9 =%y Adx
B kel tiR A, thAdFe] dtiA 7St dSge] ddidow vt 4 A Ath(Ventrice
et al. 2013). dF A3 Lo WE AdFHATS FHUlste olW#H A4d AS(Bivariate
Correlation Coefficent, BCOR)&= RMM A|4=2] o|ZHo] Fjx oz o 4A FAHAT, 9=
A Ao mE QAE HUlste oMY W Algd L

Error, BRMSE)&= VPM A|=9] Aso] Fide= o A

and Sun, 2017).
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Table 4. Climate indices verified in this study. * indicates normalized value (anomalies).

Index Definition Reference
Sea Surface Temperature (SST*)
NINO3.4 average (5° S-5° N,
Hydrosphere 170° W-120° W)
Atlantic Equatorial SST* average
Mode (AEM) (3° S-3° N, 30° W-0° W)
Cryosphere | Arctic Temp. index 1 | T2m* average Kug et al.
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(ARTD) (70° N-80° N, 30° E-70° E) (2015)
Arctic Temp. index 2 | T2m* average Kug et al.
(ART2) (65° N-80° N, 160° E-160° W) (2015)

50hPa zonal wind (U50%) average
Polar Vortex (PV) within 60° N-80° N

Stratosphere Quasi-Biennial 50hPa zonal wind (U50%) average g:ﬂ@fr?teili?&
Oscillation (QBO) within 3° S-3° N 200D)
200hPa zonal wind (U200) gradient
. . {{(30° -35° N,90° -160° E)-(50° -6 | ..
I\E/Iiisﬁa g}ig{t/ﬁ) 0° N,70° -170° EYM{(30° -35° N,90 éoal‘g)d Yang
° -160° E)-(5° S-10° N,90° -160°
E)}/2
1000hPa geopotential height Panaciotonoulos
Siberia High (SH) (Z1000)* average o alg (2085)
(40° -65° N, 80° -120° E) )
PC1 of Z1000* poleward of 20° N,
its loading pattern as below
Troposphere _ .

Thompson and
Wallace (1998)

Arctic Oscillation
(AO)
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Figure 3. Project structure and execution strategy.
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A@ 7)o Aol =714-S ERA-interim AEAAEE AFL3t1 Y= v, AATE 224 =
717%& NWPalZAS AH83ta e ol FEYPT. Aol AFz 2419 AA

S A% PHOR HAT AZFe] BAL AANYFY AFRE 14T BWAFE B9
B8 H2 S DA A BAA 1S AATAZZAA HAel S0 T
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go] 27]
ol AololA & 4 AL AT + Atk B W] S5 e 2 URE AWL
§510] 2199 Aol ALY Aol BARe WAL Aol ol Foruspeh, BAl AN
dZAe /4o ALHT Y= NWP o347 AAAND/F) 27408 45T
shol MAZ lE Azdol & g5t

ARE 7T 2718 FHe| A ola) 27 o= HHAZF 199 Au=

:l.L

Eds

= ERA-interim A&XAZE Ao 27|Zow A
= A=

B, AW o =HLS AYPAIZE 3-4FE 7|Eo0 2 BASTH

3 A=, 84, BEE SHANAY AQAQEFAS FFE 7MY A 27 AA
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Table 5. Metrics for the diagnostic of ensemble characteristics in hindcast experiment and
forecast skill in sensitivity test.

Metric

Ensemble Type

Ensemble Ensemble Reliability

Characteristics ~ Error-Spread Relationship

Ensemble Uncertainty Estimation

Brier Score

, ) Accuracy Ranked Probability Score
Diagnostics

Continuous Ranked Probability Score

Relative operating characteristics
Forecast Skill Usefulness

Area under ROC curve

Economic Value

Return of Ratio

Extreme Forecast Index

Observation ERAS

O ¢+EE 54

GloSeabd] AW & dEHE MAT + Ae HZHY GAFE Ao A3 7tol=gid<
SE37] fstel WY PR 54 oldsa UHE 29 1 MaE FI ZRE, F84,
g2 Z=HAAY M AEE gyt

HA FolAlo} 7] oS Ug YFE EFS AHEY] 93t Y FRAY Z2Y=EH
E] ranked histogram, A& %= A4, 4L ~Zg = L flow-dependent spreadES &3+ &34

Q4 BAe sasho

(D Ranked histogram

o

PEE 32 F= ranked historgrams F3 I9¥ 4 Q. ranked histogram 4]
il e AT #Zo] AR BAZHCE FEHE F JdeA ARE E F e
A o =90 dAA(consistency)F Al F E(reliability) S ZAHT 4= At F, ZFo] i3k bias
E HoFe A Ao g GAFE oSo] HEsty ranked histogrameo] s Xtk FFEo]
=9 @ dSFshrlel FE3 2zdEvt gle o A3 UAE s|=ET19o] RESoA| AL o]
u $-gl= dAE W Eo] underdispersiondtE 5 7ixtin @ikt ECMWEY GloSeab
T @A gy 2ol e EIPEL dAE FEo] underdispersion st 5ol ATk (e.g



Monache et al. 2006). G3E FFL IA o 7IAZ FEEHD F8E EH o] Table 69 A
Ho ok

Table 6. The meaning and consistency according to ensemble types.

Type Meaning Consistency

ensemble spread correctly represents ,
Flat : consistent
forecast uncertainty

underdispersion
U-Shape too small spread ,
(overconfident)
D sh 00 1 d overdispersion
ome-Shape 00 large sprea
P 8¢ 5P (underconfident)
Asymmetric ensemble contains bias negative/positive bias

@ AH=E A

A E % A4Reliability Index)= 7Hg o4& e FEHA
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histogram©. 2% E A A ranked histograme] <|vly 77k 1

ol o

)
i ok
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(Monache et al. 2006). 218 % A4+ o} Zo] Ao
1 N count, 1
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RI — nn pown n ><100 — Li ><100
1 z; ]\/Tpomt ]V;)in
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Table 7. Cost/Loss Decision Model.
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Figure 4. Four categories and their components of CREDYT framework.
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Figure 5. Schematics of (left) six verification metrics merging and (right) an example of
relative performance of 5 models.
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Connectivity among Climate Regimes (1999-2010, SON)
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Figure 6. (diagonal) probabilistic distribution of individual climate indices for (green) the
observation and (orange) 1- and (purple) 3-lead weeks GloSeab forecasts. Two types of
diagrams showing the relationship between two different climate modes: (lower left)
scatter/regression line and (upper right) correlation coefficients. Dark color bar with black
color value indicates the correlation coefficient is confidence with 95% level.
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Figure 7. Pie charts showing the relative contribution of ten climate regime strength in the
0-lead week (corresponding to -3 to +4 lead days) to weekly mean Z500 forecast ACC skill
during SON season. Top contributor is displayed with a spaced pie and navy color text.

AN A% % mge Uy, AFWT ol oS HE A oy AiUe 2P
s AT Az 2P FHE AL Utk 53 ARY FR oS gojA AW 7,

e AUS A&

=
T 8 A 8§ AEE 84S T84 FAHI i,
3 7 9tk CREDYTS 7} 7)ol

o] Al2El A TheAd tiE gddt AFE0] o] FolA
He URd-A45d-5d3-0A0e) A28 8E KMA-GloSeab Z&ollA H7lslazl, oA A|A|
gk 1070 715 A9 AFes S8 & e IATHE MESAT 712 EYLS A F
kel ZH AT AuigkelH, o s

g} 2ol 1171 A4 Afole] AZAAE=E EE38= Chord tholoj138-S A4+ 4= 9t} (Figure
8). o] W Chorde] WHIZ7} Wi 77t B35 F AT A2 o] 23 ov|dth A3

3%
flo



175h 372) A7 AEZk A5 Auht FARAE Hololad waE Fa FAT F ek
3 7 Ao FUHE DE chorde] $RE TH AR 30 TANREA, o2 F
2 AEel B ASe AL 9d BEE HAASE Wa + Ack

A AZY 3 QRY AEE AN, 1) 1 ASE gse AR 43 0E

A
=
O
=
@]
=
(@
r
=
i o
2
N
M
N
ok
2
)

IRPAPN
Az ge 19e 92 5 Aok
gabe, o] Ao] SHPshe chordt Sels
okl FERE = A5 PR AT A2UU 2 AAE A ad —}F RS
Z, Fd gD, BuF FeAe] 3%, 2y Ay 3FM AsY 1 AE G
Gul e ek AL AT =8l, el AR 4 U 9 B —Eoﬂ
w7 Zo]E o] Roltw, o]t 7o &walE NINO3.4, AEM, VPMIOL, VPMJOZ Abo]e]
A2 ZE AAZ} FHE A FE AT Fe BAHel FHARL HSAE WA F glch
Z

_WL

B %

1(

-

MdE ol 71F A 1 AR BA FE5E JAASA= XS] wwol, ddAdol
marginal$t ¢S50l FHAHA HYg A=7t ofsle AoE HY 5 7| Ao /23|
of 3ttt HY A= ofst= AT Azl B39 sjde S ZRJIEV H 5 e, FF
TH R A2 oFsto] ik AAg 4ol da% ZoE AdHT

CiiRegs
—1 vPMjO1

1 VPMjO2
I NINO34
3 AEM
=3 ART1
= ARTZ
== .e]
. SH
[ EAWM
. PV
. QB0
L1

= [T

Conn
3 HH
. CC
=17
= 55
. H-C
— HT
1 HS
= o
. CS
. TS

NI 1N

Figure 8. Chord diagram showing the strength of links among (upper) 11 climate indices and
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ECCC: Mean biases of T2M, 1999-2010 ECMWEF: Mean biases of T2M, 1999-2010
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Figure 9. Annual and seasonal mean biases for T2M of ECCC, ECMWF, KMA, NCEP, and
UKMO for 1- to 4-lead week during 1999-2010.
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Table 8. Atmospheric initial condition for each S2S model used in this study.

Model KMA ECCC ECMWF NCEP UKMO
atmospheric ~ ERA-Interim  ERA-Interim ERA5 CFSR ERA-Interim
initial (ECMWF) (ECMWF) (ECMWF) (NCEP) (ECMWF)
condition
(source)
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Figure 10. Differences of ERA-Interim and ERA5 for annual and seasonal mean climatology
during 1999-2010.
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Figure 11. Annual and seasonal averaged relative RMSE difference of
climatology of T2M over Globe, Tropics, and East Asia of ECCC, ECMWEF,
NCEP, and UKMO with KMA. The top, left, bottom and right triangles
represent for 1-, 2-, 3-, and 4-lead week, respectively. Gray dot indicates
that relative difference is significantly large.
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Figure 12. (Ieft) Global averaged T2m seasonal cycle averaged
for the period of 1999-2010 for 1- to 4-lead weeks forecasts.
The summer 1is defined the period whose temperature
exceeding top 75% temperature in the observation. The
beggining and ending days of the summber and its length is
displayed as gray box in the left and orange horizontal bar in
the right. Navy arrow shows the value for the year 2019.
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Figure 13. GloSeab long-term (1999-2010) averaged precipitation showing ITCZ/SPCZ pattern
for (Ist row) DJF and (2nd row) JJA season. (3rd row) temporal and latitudinal migration of
Pacific basin [80 degE to 80 degW] averaged precipitation and (bottom right) the pattern
error (RMSE) of five models relative to the observation. (bottom left) timing and latitude of
the maximum ITCZ/SPCZ strength.
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2019: ACC of T2M
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Figure 14. Annual and seasonal averaged relative ACC difference of 2019
real-time forecast of T2M over Globe, Tropics, and East Asia of ECCC,
ECMWF, NCEP, and UKMO with KMA. The top, left, bottom and right
triangles represent for 1-, 2-, 3-, and 4-lead week, respectively. Gray dot
indicates that relative difference is significantly large.
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2019: MSSS of T2M

DJF MAM

SON

KA -0.08 -0.60 -0.88 -0LBTF| |-0.0E 0TI
ECCC: 4 0.17 052 -0.B6 001 083
0 EcCMWF {o 041 0.4 -0.91
MCEP - 005 56
UKMO -0 008 049 078 059 001 <069
KMA -EI.N.-Q.BE -0LE3| |-0.42 -D.48 -D.84 -D.ﬂﬂ;
ECCC -0.35 0062 -0.76 -0.BS| |-0.53 -0.89 .53 -0.B5 -0.80 -0.88 o
= ECMWF 048 -0.05 -0.32 0.41) | 032 -0.06 -0.30 -0.36] 033 -0.10 £.30 045 0.40 -0.03 -0.28 -0.35
MCEP - 053 083 -0.96 -0.ES| -0.56 -mn- 094 089 -0.96 -0.88 -0.90 0.1
UKMO - 0.03 040 -036 -043| |-0.12 0.3 -058 070 |aaa.-.- 0,68 079 082|037 061 066 071 0.5
KhA -0.18 063 -1
ECCC -2
ﬁ ECMWF 47 0. -3
MCEP {-0 0.27 044 -0.96 -0,

L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4 Lt L2 L3 L4 Li L2 L3 L4

T Prediction Research Department! APEC Climate Center

Figure 15. Annual and seasonal averaged overall MSSS of 2019 real-time forecast of T2M
for 1- to 4-lead week over Globe, Tropics, and East Asia of KMA, ECCC, ECMWF, NCEP,
and UKMO.
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Figure 16. Annual and seasonal averaged relative MSSS difference of 2019
real-time forecast of T2M over Globe, Tropics, and East Asia of ECCC,
ECMWF, NCEP, and UKMO with KMA. The top, left, bottom and right
triangles represent for 1-, 2-, 3-, and 4-lead week, respectively. Gray dot
indicates that relative difference is significantly large.
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Figure 17. (Left) daily ACC of 2019 real-time forecast for KMA, ECCC, ECMWF,
NCEP, and UKMO for T2M, PREC, and Z500 over Globe, Tropics, and East Asia.
(Right) ACC predictable day for each models that is the lead day number when ACC
falls below the threshold. % indicates the case when predictable days cannot be
estimated.
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2019: Predictable days (MSSS) of PREC
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Figure 18. (Left) daily MSSS of 2019 real-time forecast for KMA, ECCC, ECMWF, NCEP,
and UKMO for PREC over Globe, Tropics, and East Asia. (Right) ACC predictable day
(orange) for each models that is the lead day number when ACC falls below zero. Gray
dashed bar indicates the lead day for each models.
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Figure 19. The cases that ECMWF fails to capture the
Southeast China on February 17, 2019.
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Figure 20. The time series of overall MSSS value of ECMWF for PREC over East Asia for
2019 real-time forecast using 624 samples (52 weeksx 12 years; blue line) and 4380 samples
(365 daysx12 years; orange line) of MSEc calculation. The gray line indicates the difference
between blue and orange line.
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Figure 21. The time series of MSE(blue) and MSEd(orange) of ECMWF for Z500 over Northern
Hemisphere (north of 30°N).
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2019 skill summary
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Figure 22. Six verification scores for 1- to 4-lead weeks 52 weekly
mean real-time forecasts in 2019 over the Globe, Tropics and East
Asia. Five models including KMA-GloSea5 are displayed together
with distinct colors.
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Figure 23. (the leftest two columns) ranking of KMA-GloSea5 out of five models at each grid
for 52 weekly mean forecasts in 2019 and (3rd column) regionally summarized ranking of
KMA-GloSea5 for the Globe, Tropics and East Asia domain. (4th and 5th columns) top
performing model at each grid and (the rightest column) the grid fraction of individual
models getting the first place over three regional domains.
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2019: MJO freq
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Figure 24. MJO statistics for 52 weeks in 2019 for observation and 1- to 4-lead weeks KMA-GloSea5 forecasts: (upper) phase and
amplitude of individual weeks, (middle) three amplitude categories frequency of 8 phases for the observation and different lead
weeks, (lower left) 8 phase frequency of 1- to 4-lead weeks for three amplitude categories, and (lower right) the frequency biases

summary for different combination of phase, amplitude and lead weeks.
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Table 9. The correlation coefficients of VPM1 and VPM2 for 2019 KMA real-time
forecast. * indicates that the correlation coefficient is statistically significant at the 95%
level using two-tailed Student’ s fr~test.

All year NDJFMA MJJASO
VPM1 VPM2 VPM1 VPM2 VPM1 VPM2
L1 0.78% 0.81* 0.70* 0.87* 0.85* 0.80*
L3 0.03 0.12 -0.17 0.70* 0.12 -0.23

2019: MJO (Velocity Potential based)
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Figure 25. (Left) weekly VPM1 and VPM2 time series of observation and KMA for 1-, and
3-lead week for 2019 real-time forecast. (Right) bivariate correlation of daily VPM for
2019 real-time forecast and reforecast during 1991-2010. The numbers indicate the
predictable days of MJO, respectively.
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Figure 26. Bivariate correlation of daily MJO index of KMA, ECCC, ECMWF, NCEP, and
UKMO for reforecast during 1991-2010 and 2019 real-time forecast. Gray dashed line
indicates the predictable days of MJO (0.5 that is usually being used as the threshold of
skill(Rashid et al. 2011).

- MIO & 7]% A AALE A5

Tyt 53] & 3 F
o] & st tHFigure 27).
7 Aa HAHE) WEke 7%
, NINO3.4 A2 H-zdo] uj-9-
d FrodA Aol #EH FASH
o] ¥t} ART13 SHe A3 F7}

CREDYT-2 MJO o]glelx= 97 715 23
Qke] week-to-week A|AIE 9 @A EAS
THo) sgsl= NINO3.4, AZ5Hel slFst= PV A
g A9e TCC 2=Zo] vj-g &} 3
AA HA99-10) Hthr] 2=ZFo] v} PVY
2019@ A5 St Jar, A FFoHl 2ol

ot &
et
)

oo oy
e ml°

g o ofy

ol
N
Oﬁ o HJE ‘b‘
U _lo
ich

O]

ol
B
2
DN
(e}
—
T

O
k£%>

2

ol

ol
o

¢

ano !
o{ﬂ

soldrs 23 art FEEta, 53] ARTIY 3-4F Ao A7 HoRo dA3 Yt 7]
T gA A o] H3 =Y ~Zo 7|FO = persistent RS AAsIF o, o AT
A5 NINO34 A8 175 A3t tiFiE I 7|&S 5343 A4S ¢ F Uth



2019: NINO34 2019: ART1
2019 weekly NINDI4 timeseriss TCC of weskly NINGZ4 2008 weskly ARTL timeseries TCC of wenkly ART1

i — -— e ¥ -'l,

i — I| 1 - . I-

f
-".llllll JI|| \\’"'. J\J},\ lll"l II‘I ll A m_‘ . I| }Ir.l 1 K
| 5] ! ' - [ i G
W I L‘. I'\\_] .‘. I\\\ A I'I.I1I.r\l J J IL.I/‘ V‘Q‘J"\fh‘_fj\‘{ H\. || 1 \‘\ -

~ / ~

¥t

201%9: 5H 20159: PV

20LE weekly SH limaseried TCC of weskly 5H 2000 weskly PV timeseries TCL af weekly PV

e .__.f\ NG e

b

I\ ,"I \ IIr'.I kj\ Ilf*ﬂl I.f“““a_,.l'vﬁl| ||I'-.||| h \hx~ \II M{ \\ mﬁ_a
) I( m‘l \<I .V S I %

ke o~ R
| ||I e W S R

Figure 27. Observed and forecasted timeseries of weekly mean climate index in 2019 and
TCC score of 1- to 4-lead weeks forecasts: (upper left) NINO3.4, (upper right) ART1, (lower
left) SH and (lower right) PV. As the reference, TCC scores of persistent forecast and the
values averaged for 12 years (1999-2010) are also displayed.
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Figure 28. T2m predictive skill (ACC) variation with the phases and amplitude of MJO for
different seasons and regions.
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Figure 29. Stacked bars showing the strength of links among four earth
systems for the observation, 1- and 3-lead weeks forecasts during all year
round, and four seasons. Inter-(intra-)systems connectivity is derived from
the total number of chords connecting two different systems (within an
earth system) as in Figure 6.
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Weekly SST-PREC Corr. during 1999-2010
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Figure 30. Air-Sea coupling: maps of lead-lag correlation coefficients between weekly mean
SST and precipitation anomalies at each grid for (left) the observation, (middle) 1-, and (right)
3-lead weeks forecasts. Line plot next to the map displays the zonal average [80degE -
80degW] of the map.
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Weekly VP200-EA(T2m) Corr. during 1999-2010
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Figure 31. Tropics-midlaitude coupling: maps of lead-lag correlation coefficients between the
weekly mean East Asia T2m (navy box) anomalies and velocity potential anomalies at 200 hPa
at each grid for (left) the observation, (middle) 1-, and (right) 3-lead weeks forecasts. Line
plot beneath the map displays the meridional average [10degS - 10degN] of the map.
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Weekly T2m-PV Corr. during 1999-2010
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Figure 32. Troposphere-stratosphere coupling: maps of lead-lag
correlation coefficients between the weekly mean polar vortex
(PV) anomalies and T2m anomalies anomalies at each grid for
(left) the observation, (middle) 1-, and (right) 3-lead weeks
forecasts.
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Table 10. Comparison of climatology production methods.
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KMA: Mean biases of T2M, DJF, 1999-2010
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Figure 33. Mean biases for both of T2M of KMA(UKMO), EXP1, EXP2, and EXP3 for 1-,
and 3-lead week during DJF 1999-2010.
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KMA: Ciim diff of T2M, DJF, 1999-2010
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UKMO: Clim diff of T2M, DJF, 1999-2010
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Figure 34. Climatology difference for T2M between EXP1, EXP2, and EXP3 and KMA(UKMO)
for 1-, and 3-lead week during DJF 1999-2010.
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Figure 35. Annual RMSE of climatology
of T2M for 1-, 3-, 5-, and 7-lead
week over Globe, Tropics, and East
Asia of KMA(red) and EXP3(blue)
during 1991-2010. White dot indicates
the average value for each case.
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Figure 36. Annual and seasonal averaged relative ACC difference of 2019 real-time
forecast for 3-lead week of T2M, PREC, and Z500 over Globe, Tropics, and East
Asia of EXPl(green line), EXP2(orange line), and EXP3(gray bar) with KMA. The
unit is %.
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Figure 37. Annual ACC difference range between upper and lower 25% of 2019 real-time
forecast for 1-, and 3-lead week of T2M, PREC, and Z500 over Globe, Tropics, and East
Asia of EXP1, EXP2, and EXP3 with KMA. White dot indicates the average value for each
case.
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East Asia region (30° -65° N, 105.5° -145.5° E).
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Figure 39. Box-whisker of ACC for BN, NN and AN groups at
different 4 lead weeks. The three categories are based on
lower (33.3%) and upper (66.6%) terciles of ACC at lead week
1 (displayed with texts). Green triangles indicates the mean of
ACC.
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Figure 40. W3 mean ACC of 9 categories based on two different indices’ tercile criteria of
(top) W1, (middle) W2, and (bottom) W3. For the tercile categorization, anomaly of each
index is calculated then it is normalized by its standard deviation. Upper and lower tercile is
-0.43¢0 and 0.43 o, respectively. ACC average value and sample size within parenthesis are
displayed in each box. Bold blue (red) color denotes the category of distinguished large (small)
ACC average value greater (less) than 0.43¢ (-0.43¢) of all ACCs, having the sample size
20 and over and the sample spread less than 1o of all ACCs. Bold black color denotes the
category of ACC average between -0.43¢ and 0.43 ¢, having the sample size 20 and over
and the sample spread less than 1o of all ACCs. Here, only the cross-conditions whose 9
categories include at least one of all three blue, black, and red categories are displayed.
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Figure 41. (a) scatter plot between simulated PC1 stability and EA T2m
ACC and (b) violin plot of EA T2m ACC for three PC1 stability categories
for lead time of 3 weeks from 240 samples (12 weeks for 20 winter
seasons). X-axis displays the stability which is defined as an inverse of
PC1 standard deviation for 4 lead weeks divided by absolute value of their
average. The first and second order least square fitted lines are
delineated (black solid and gray dash) in (a). The three categories in (b)
are based on Upper (0.43) and lower (-0.43) tercile of standardized PCl
stability. Horizontal lines and white circles in (b) indicate median and mean
values of samples for three stability categories.
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Table 11. Verification of estimated ACC categories for 12 weeks during the 19/20 winter
season utilizing three metrics (Proportion Correct, Hit Rate and Post Agreement). Numbers in
brakets indicate the sample size considered in the score calculation.

Proportion Hit Rate (HR) Post Agreement (PA)
Ingredient Comeat () | ACCo | Acce | ACCO | ACCR | ACCF | ACCF
Low Moderate High Low Moderate High
Clim. Regimes
cross-condition 0.50 [12] 0.60 [9] 0.50 [4] 0.33 [3] 075 [4] | 050 [4] | 025 [4]
EATpcl stability 017 12] 0.00 [5] 0.00 [4] 0.67 [3] 0.00 [4] 0.00 [2] 0.33 [4]
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Figure 42. Anomaly Correlation Coefficient of surface temperature over globe (left) and East
Asia (right) Blue shading indicates all ensemble member of hindcast data (1991-2010). Blue
solid line means averaged all members.
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Figure 43. Root Mean Square Error of surface temperature over globe (left) and East Asia
(right).
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Figure 44. Monthly averaged Anomaly Correlation Coefficient of surface temperature over
globe (left) and East Asia (right) for initial month. Black, blue, orange and green lines
indicate averaged lead weeks 1-2, 3-4, 5-6, and 7-8, respectively.
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Figure 45. Temporal correlation coefficient (TCC) of the 2m temperature between ERA
interim reanalysis data and GloSea5 hindcast with (a)-(d)1-4 week lead for DJF. Dots in
(a)-(d) indicates the area statistically significant at the 95% level.
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Figure 46. Temporal correlation coefficient (TCC) of the precipitation between ERA interim
reanalysis data and GloSeab hindcast with (a)-(d)1-4 week lead for DJF. Dots in (a)-(d)
indicates the area statistically significant at the 95% level.
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Figure 47. Distribution of averaged surface temperature from lead day 1 for JJA (left) and
DJF (right) of hindcast (1991-2010).
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Figure 48. Distribution of averaged surface precipitation from lead day 1 for JJA (left) and
DJF (right) of hindcast (1991-2010).
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Figure 49. Vertical profiles of temperature (left) and specific humidity (right) error difference
between GloSeab hindcast and ERAS.
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Figure 50. Distribution of averaged surface sensible (left) and latent (right) heat fluxes from
lead day 1 for JJA of hindcast (1991-2010).
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Figure 51. Distribution of averaged total cloud amount (left) and 850 hPa specific humidity
(right) from lead day 1 for JJA of hindcast (1991-2010).
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Figure 54. Distribution of averaged shortwave radiation fluxes (left) and longwave radiation
fluxes (right) from lead weeks 3-4 for JJA of hindcast (1991-2010).
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Figure 55. Distribution of averaged sensible heat fluxes (left) and latent heat fluxes (right)
from lead weeks 3-4 for JJA of hindcast (1991-2010).
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Figure 56. Vertical profiles of temperature (Ieft) and specific humidity (right) error difference
between GloSea5 hindcast and ERA5.

80N 80N
40N 40N
EQ EQ
408 408
80S 80S

0 60E  120E 180 120W 60W 0 0 60E  120E 180 120W  60W 0
80N 80N
40N 40N -
EQ EQ
408 408
80S 80S

0 60E  120E 180 120W 60W 0 0 60E 120E 180 120W 60W 0O

I [ [ | [ .
10 20 30 40 60 70 80

Figure 57. Ratio of large-scale precipitation and convective precipitation from total
precipitation. Red (Blue) indicates that large-scale (convective) precipitation is dominant.
Bold black line means precipitation biases (over 5mm/day).
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Figure 58. Histogram of precipitation for JJA over tropics (left) and East Asian (right) regions.

Dashed (shaded) bar indicates values from GloSea5 (observation).
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Figure 59. Root Mean Square Error of surface temperature over globe (left) and East Asia
(right).
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Figure 60. Monthly averaged Anomaly Correlation Coefficient of surface temperature over
globe (left) and East Asia (right) for initial month. Black, blue, orange and green lines
indicate averaged lead weeks 1-2, 3-4, 5-6, and 7-8, respectively.
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Figure 61. Distribution of averaged surface temperature from lead weeks 3-4 of hindcast
(1991-2010) (left) and realtime forecast for 2018 (right).
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Figure 62. Difference distribution of averaged surface temperature from lead weeks 3-4
between anomaly (left), original raw (right) data and ERAbS.
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Figure 63. Horizontal distribution of 500hPa geopotential height mean (solid
line) and anomaly (shaded) for December to February from observation.
Fioures from KMA.
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Figure 64. Anomaly distribution of surface temperature over Korean
peninsula for 2017/18 winter. Figures from KMA.
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Figure 65. 1st to 4th PC time series of EOF analysis from ERA5 reanalysis, GloSea5 lead
weeks 1-2, and lead weeks 3-4.
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Figure 66. Surface temperature regressed on ERAS5, GloSea5 lead weeks
1-2, and lead weeks 3-4.
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Figure 67. Mean biases (top) and Mean Square Errors (bottom) of zonal mean geopotential
height in GloSea5 at lead weeks of 1-2 (left) and 3-4 (right) in DJF.
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Figure 68. Difference of Mean Square Errors of zonal mean geopotential height between cold
year and warm year cases in GloSeab at lead weeks of 1-2 (left) and 3-4 (right) in DJF.
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Figure 69. Anomaly Correlation Coefficient of 500hPa geopotential height over globe (left) and
East Asia (right) Blue line is for warm year cases. Pink line is for cold year cases. Black line
is for all year cases.
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Figure 70. Sea level pressure distribution from 1st to 2nd mode of EOF
analysis from ERAS5 reanalysis, GloSea5 lead weeks 1-2, and lead weeks
3-4.
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Figure 71. Difference distribution of sea level pressure at lead day 1 between NWPIF
and ERA5 (left), ERAIF and NWPIF (right).
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Figure 72. Difference distribution of sea level pressure at lead weeks 3-4 between
NWPiF and ERA5 (left), ERAIF and NWPIF (right).
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Figure 73. Horizontal distribution of 500hPa geopotential height at lead
weeks 3-4 from ERA5 (top), NWPiF (middle), and ERAIF (bottom).
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Figure 74. Difference distribution of surface temperature at lead weeks 3-4
between NWPIiF and ERA5 (left), ERAIF and NWPiF (right).
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Figure 75. Difference distribution of surface temperature at lead day 1 between
NWPiF and ERA5 (left), ERAIF and NWPiF (right).
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Figure 76. Difference distribution of surface precipitation at lead day 1 between NWPIF and
ERA5 (left), ERAIF and NWPiF (right).
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Figure 77. Difference distribution of surface solar radiation fluxes (top-right), outgoing
longwave radiation fluxes (top-left), surface longwave radiation fluxes (bottom-right), and
cloud amount (bottom-left) at lead day 1 between ERAIF and NWPiF.
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Figure 78. Difference distribution of surface solar radiation fluxes (top-right), outgoing longwave
radiation fluxes (top-left), surface longwave radiation fluxes (bottom-right), and cloud amount

(bottom-left) at lead weeks 3-4 between ERAIF and NWPiF.
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Figure 79. Difference distribution of surface precipitation at lead weeks 3-4 between NWPIF
and ERA5 (left), ERAIF and NWPiF (right).
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Figure 80. Difference distribution of surface temperature at lead weeks 3-4 between
NWPIF and ERAS (left), ERAIF and NWPIF (right).
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Figure 81. Improvement rate (¥*100%) of the ERAIF compare to the NWPiF using RMSE of
surface temperature at lead day 1 (left), and lead weeks 3-4 (right).
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Figure 82. Monthly averaged Anomaly Correlation Coefficient of surface temperature
over globe (left) and East Asia (right) at lead day 1.
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Figure 83. Monthly averaged Anomaly Correlation Coefficient of surface temperature
over globe (left) and East Asia (right) at lead weeks 3-4.
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Figure 84. Anomaly Correlation Coefficient of surface temperature (left) and 500hPa
geopotential height (right) over globe (shaded bar) and East Asia (dashed bar).
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Figure 85. Difference distribution of sea surface temperature at lead month 1-6 between
ERAIF and NWPiF.
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Figure 86. Spatial distributions of mean field (shading) and variance field (contour) for 850
hPa zonal wind (U850), 200 hPa zonal wind (U200), and 200 hPa divergence (VP200) in
observations (OBS) and GloSea5 model (GL5). GL5 is classified by the forecasting 1-2 weeks
(W12) and the forecasting 3-4 weeks (W34).
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Figure 87. Power spectrum results of 850 hPa zonal wind (U850), 200 hPa zonal wind
(U200), and 200 hPa divergence (VP200) in observations (OBS) and GloSea5 model (GL5).
GL5 is classified by the forecasting 1-2 weeks (W12) and the forecasting 3-4 weeks
(W34).
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Figure 88. Wavenumber frequency results of 850 hPa zonal wind (U850), 200 hPa zonal
wind (U200), and 200 hPa divergence (VP200) in observations (OBS) and GloSea5 model
(GL5). GL5 is classified by the forecasting 1-2 weeks (W12) and the forecasting 3-4

weeks (W34).
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Figure 89. MEOF (Multivariate Empirical Orthogonal Function) results of 850 hPa zonal
wind (U850-black line), 200 hPa zonal wind (U200-red line), and 200 hPa divergence
(VP200-blue line). (OBS-line, GL5-dash line).
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Figure 90. COR (Bivariate Anomaly Correlation Coefficient) for
Velocity Potential MJO indices in GloSeab HINDCAST (green
line : 0.5).
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Figure 91. RMSE (Bivariate Root Mean Square Error) for
Velocity Potential MJO indices in GloSeab HINDCAST (green
line : v2).
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Figure 92. Spatial distributions of mean field (shading) and variance field(contour) for 850
hPa zonal wind (U850) in observations (OBS) and initial sensitivity experiments (ERAIF) and
controlled experiment (NWPIF).
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Figure 93. Hovmoller diagrm of 850 hPa zonal wind(U850) in
observations (OBS) and initial sensitivity experiments (ERAiF)
and controlled experiment (NWPiF) during the winter (Dec
2017~Apr 2018).
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Figure 94. PCC skill of hovmoller diagram for 850 hPa zonal
wind (U850), 200 hPa zonal wind (U200), precipitation (PREC),
and the mean of all variables in initial sensitivity experiments
(ERAIF - filled bar) and controlled experiment (NWPiF -
patterned bar).
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Figure 95. Lag time-longitude correlation (.e. MJO propagation
diagram) of 850 hPa zonal wind (U850) in observations (OBS)
and initial sensitivity experiments (ERAIF) and controlled
experiment (NWPiF) during the winter (Dec 2017~Apr 2018)
(60-180E, 10S-10N, 20~70 days filtered).
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Figure 96. PCC skill of MJO propagation diagram
(60-180E, 10S-10N, 20~70 days filtered) for 850 hPa
zonal wind (U850), 200 hPa zonal wind (U200), 200
hPa divergence (VP200), and the mean of the
variable in initial sensitivity experiments (ERAIF -
filled bar) and controlled experiment (NWPIF -
patterned bar).
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Figure 97. Distribution of specific humidity on middle atmosphere (850-500hPa) in
observation (black) and ERAIF (red) and NWPIiF (blue) experiments by the forecasting
1-2 weeks (left) and forecasting 3-4 weeks (right) (10S-10N, 20~70 days filtered).
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Figure 98. Distribution of equivalent potential temperature on middle atmosphere
(850-500hPa) in observation (black) and ERAIF (red) and NWPiF (blue) experiments
by the forecasting 1-2 weeks (left) and forecasting 3-4 weeks (right) (10S-10N,
20~70 days filtered).
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Figure 99. MEOF (Multivariate Empirical Orthogonal Function) results of 850
hPa zonal wind (U850-black), 200 hPa zonal wind (U200-red), and 200 hPa
divergence (VP200) in initial sensitivity experiments (ERAiF) and controlled
experiment (NWPiF) for the forecast 3-4 weeks.
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Figure 100. Bivariate Correlation coefficient (BCOR) for Velocity Potential
MJO indices in GloSeab HINDCAST (grey), initial sensitivity experiments
(ERAiF-red), and controlled experiment (NWPiF-blue).
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Figure 101. Bivariate Root Mean Square Error (BRMSE) for Velocity
Potential MJO indices in GloSea5 HINDCAST (grey), initial sensitivity
experiments (ERAiF-red), and controlled experiment (NWPiF-blue).

o GRAE AL e BE AZY 72 45 173 E 371
W) ARY FRoAA WA 57 F4E ST

d Az"olAe] dgF Jfde fste] M2 ZS HAY HFE TAS 7] HAsiAME
ﬁ_ =]

A S9H 3 A= GloSeas Al z=Elo| Ao Yol 7] ) o} Aol =43}
1i‘r. fFojnet A3 =& 98 MEFUF B2 GloSeab @Y FERAP S AMEstY dE 54
< Fopstaz At dFE EHoEE GFEY §F, A¥E B ESAA A olEA

R A

G F3S a8 ranked histogram 48 3T GloSeas ©¢ FHAH 9
e JMolBnE #AZ9 AAE st 19FH 497149 =95 W2 F AT HE=

- 109 —



1d i 94714 9] ranked histogram-g Z}e+A =2 Figure 1020 YEATE 2= Znto
FUAE BES Ho YAEo] underdispersionsttid 2= 3FAHE-EH = HHAS AL oF

Hlolo] 28 73T},

UIO (:,\1 —lE

Lo rOl‘

o

Y
o
fu
o
2,
W
2

ri

TS Adstr] 9k 3z thaka FAAE fittingAl A 3| 2E13 9

2 o2 3~EIWF 7 Figure 102014 A A3HA T
o AAE AREStA Ul 7HA FE FES BYsAt o
GloSeaS«] GE F8-2 Figure 103014 Z+ A- G gl=gldel s & A=A

)

ot 2

N

of
ok
38
:L
e
=,
o
rl
e

o ol &Y
i
2

D
r o rx
ﬁ
r_L,
E
>
ol-N
)

-
ol

U T

Flgure 1032 ranked histogram-& 7+ A-AEE AA g T1Ho|th
22Y e BE A-ANA LA UEldE @4l gE HAdnke] A ALEH dRr
=2 Hpolo]2E JHA AL U= Aol A A ot

o0
ox
iz
W
“
m

[

Al = GloSead FHAF L] 7|2 dFol Slo] &2 = Zubdle 11 2=z =7t &
& B 7F FEI] IA Foy 25 o|FREHE dE EFLAS FH A FEE &
XE A duta Btk ©, ALH PFES B AF oF 2F FHE= 9] Hioloj~
£ 7HA= A el o

- 110 -



Frazaon

i

Frncioe

[

Frachan

L

=i

i

Flairi

Fracion

]

Frachan

Ct

AiSor

c

Loadd

AR

r

Lead5

Ao

C

L

]
E

[

C

LeadT

F I

L
L

M :..r R =T e SHES S et | e e =l S
Leads , [ Leads _; _ [Leadio , [Leadna [Leadi2  JLeadia | | [leadia
g o § o § § o &

# s l XY I ¥ o i l T I T

2 B3 4 ' T o F oo 3 Ll ' LoF 4 4 ' 2 % 4
. Flars ) (L1 ; Flarm 1 Fara y Fliara Fans [P
Lead15  leadie | [Lead17 ., [Lead18 . lLead19 x |Lead21
§ o § o : §
8 a 5 o 5 ’ g o 3

l

H_'.n: I e i.um - F‘I:r. Park ‘-“m :
, [Cead22 ., [Lead23 : , [Leaa2s , [Lead26 Lead28
T E s T E s E aa E
o § g ; - :

n
1

LiLiL

Flards

L

Piarm

|I'IJ||-I. Rars s
Lead36 [Leada7 . |[Lead3s X
‘.. i 2

i
¥

.l‘ g l g l‘
& & St

fel

L

,\
[+

L

Faia

e Rars Hara Bara Fmm
Lead29 ., |Lead30 = , [Lead33 , ILead34
B as S = wa % - T £

Flam

L'l

Pl

eaddl

Plark

Fraction

Leadd1

¥ racfumn

|

[Leadsz

L

:
&

L

Flars

Feartos

LiL

Fam

Frac

Figure 102. Ranked histogram
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Figure 103. Same as Figure 102, but for each season, spring (green), summer (red), autumn

(orange), winter (blue).
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Figure 104. Tile map for ensemble type and reliability index in regard to 2m
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Figure 107. Spatial pattern of ensemble spread for winter (DJF) temperature
hindcast with 1 to 8 weeks lead time in GloSeab.
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Figure 108. Uncertainty of winter temperature (upper panel) and geopotential height at
500hPa (below panel) with 8 weeks lead time in GloSeab. Uncertainty with 5 spread interval
comes from flow-dependent spread analysis and spread increases from left to right.
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Figure 109. Uncertainty of winter temperature (left panel) and geopotential height
at 500hPa (right panel in the largest spread section.
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Figure 110. Reliability diagram for weekly probability forecast of 2m
temperature over East Asia.
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Figure 112. Brier skill score of 2m temperature probability forecast in each category
(below normal (blue bar), normal (yellow bar), above normal (red bar)). The effect of
increasing ensemble size (left panel), changing issuing date in weekdays (middle panel)
and weekend (right panel) are shown.
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Figure 113. Improvement ratio of brier score for 2m temperature probability forecast
in each category (below normal (blue bar), normal (yellow bar), above normal (red
bar)). The effect of increasing ensemble size for the experiment issuing every day
(left panel), weekdays (middle panel) and weekend (right panel) are shown.
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Figure 115. Difference of brier score between experiments
regarding issuing date, Thursday or Monday.

gE R HIEE dE FlEE] A tiEiA FTFHoE AR 98] ranked
probability score (RPS)E FalAE AHEJTE o] 9 GA &3 o|He] RPS+ 00]|m=2 &
4 d X tiH] RPS 7Hd &S ol 2ol Ae|star Figure 1160 =213} AT
Rp‘gi'mprouement =1- WOPER

A9 RPS+= 02 A= oz Aol AZEHAGIE olF 5d 4 v43 F7Hsho
0.4~0.5 9] < 717 gl=r7F dojd42 A3 =7} "ol A} brier scored] Ao} vzt
7HIAZ A Al2H g8 GAE FE 0% S7HAE A AA B2k 77%l A4 RPS 7l

& =BG 5 Ytk @Y ¥ burst JPETS oW FRU 49 WY ouel Ya=sh
FHHUAT FFAL AM BAE B 5 ek 53 FFUY AP vl 2w 10974
£ @AY dnel ws 40% FEe] AFEE FAAIIER @Y o A% Y A welsord
Holth. g 27] ZHolAE Faelo] WulF Frhnck § Eddolw MY ek
F ZRAAE W F/bh FRURG o Bl

- 123 -



000 020 040 060 080 000 020 040 060 080 000 020 040 060 080

[ Fann == ——1F———
23 7 63 37 % | i
{-461 |
50.0 - 500 ! - 500 ‘ -
|
I:
40.0 L 40.0 . - 400 :I. L
|
{ s
» |
E L E o 2 l|I
E 300 - = 30,0 4 - = 300 | i
B 2 : 2 |
L 3 ' L \
| ]
20.0 4 o 2000 i o 200 I| o
: ] -
|
| B
t. il 1
10.0 4 . = 100 o ; - 10.0 o [ -
4 | '
|
| e'
1 I T II ] 1 I ) L]
40 20 0 20 40 40 20 0 20 40 40 .20 0 20 40
Improvemant (%) Improvemant (%) Improvement (%)

Figure 116. Same as Figure 112, but for ranked probability skill score (yellow bar). Red
asterisk indicates RPS itself for OPER.
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Figure 118. Improvement ratio for AUC of 2m temperature probability forecast (yellow
bar) and the value of 0.5 subtracted from AUC itself for OPER (red asterisk). The effect
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and weekend (right panel) are shown.
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Figure 120. Improvement ratio for 2m temperature probability forecast in week3 and 4.
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Figure 125. Spatial pattern of temperature anomaly for a
cold surge on the third week of December in 2017.
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rate of temperature for the cold surge forecasts in
each sensitivity experiment.

- 132 -



EOFAloF 347 712 9
M Figure 1272 Jehd & A
AE QEY FE SFE A7) ST A g sk SHo
Zo] o= /\}%% AR ~ZEFo] et IF e
BA AT} 624 Ajddo] Bad 34F 71 oo thajA U
o B tful Ho oF 3% 27 /MAF Ho 139, H 6€9 4
ARG dFdo] & W ARE Ailsta 7o) dadol
4~11¢ 9] Y= B9 NS 7tAHE Aok A5 2E AF
zto]l W7t E vS AFENS o F ARE YT 5 9 v

| 2

Folghd YL +8 5L A o G FopAo} 7] o

=2

=

e

rg

oy

kr

1

o

)

2

f

Y

o

i fi
f

£ ru{m

%ﬁsﬂ Hog u JJ_OHE
27 A& A
FA. 2+ boxe] L&
o] 2Zolt}. FF
7INZ A5 dd
Zlgg & Sl
6%<] 27 A}
< A w Ad3A
W FA7F 7hssE A

o 555 & F Utk

ol [-]I,

L S
N

w

N
it oly
r_VE

nﬂnsg—f
Jﬁrﬂ,m%
rirrﬂ“"kﬁiw
Qﬁogr:z
tlo ofN

il
e

20

15

IIIIJ
——1

10

T

-9

-1

| I | | |
-10 score day score day
[ % day ]

Size Ini. Time

JAPS ALIC EY
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Table 2 Climate indices of four earth systems simulated in GloSeal

Index Definition FReference
NMORA Sea Surface Temperature (S5T") average (5°5-5°N 170°W-
Hydrasphere 120°W)
Atlantic Equatorial Mode (AEM) | S5T" average (3°5-3"M, 30°W-0°W)
Mectic Temp, index | (ARTY) | T2m" average (T0°N-80°N, I0°E-T0°E) Hug e al. (2015)
’ Arclic Temp index 2 (ARTZ) | T2m" average (65°N-80°N 160°E-160°W) Kug et al. (2015)
Palar Vortex (PV) 50hPa zonal wind (L50%) average within 40°N-BI'N.
) 200hPa zonal wind {LU200) gradient
A B | {[00°-3TNIO- 600N TO- IO Li an Yang (2010)
35NI0*-160°E)-(5°S- 10N 90°-10°E) /2
i 1000KPa geopotential hefght {Z1000)" average (40°-65'N, | Panagictopoulos et
Siberia Hioh (5H ar-120m al. (2005)
PCl of Z1000* poleward of 200, its loading pattern as
below
Troposphere
§ Thornpson and
Arctic Dsaillation (A0) / isllace (199)
1
*indlicates 7 value fies) —
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Table | East Asia temperature variability
~ Anbr EATa EATpc] EATpe2
Defirition T2m" average over PC timesaries of 1* EOF of T2m" over {30°- | PC fimeseries 2™ EOF of T2m" over (30°-
P LEN 0TS, | SR HETIATE) ST B RSTR
Tem refers 1o air | (@) EOF1 (b) EOF2
temperature at 2 meters | | -
above the surface.
note
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Figure 1 () scatter plot between simulated POI stability and EA T2m ACC and (i} violin piot of EA T2m ACC for three PCI stability
categories for lead time of 3 weeks from 240 samples (12 weeks for 20 winter seasons). X-axis displays the stability which Is defined
as an inverse of PC1 Standard deviation for 4 lead weeks divided by absolute value of their average The first and second order [east
square fitted lines are delineated (black solid and gray dash) in {a). The thres categories in (b) are based an Upper (D43} and lower (-
043 tercile of standardized PC1 stability Horizontal lines and white circles in (b) indicate median and mean values of samples for
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Figure 2 W3 mean ACC of § categories based on two different indices’ tercile criteria of {top) W1, (middie) WE, and (hottom) W3, For the
tercile categarization, anamaly of each index is calculated then it is normalized by its standard deviation. Uber and lower fercile /s -

0430 and (43 respectively. ACC average value and le size within par is are displ

d in each box, Bold blue (red) color

denotes the calegory of distinguished large (small) ACC average value greater (less) than 43 (-0430) of all ACCs, having the

sample size 20 and over and the sample spread less than 1o of &l ACCs Bold back color denotes the category of ACC average

between -0.43c and 0.430, having the sample size 20 and over and the sample spread less than 1o of all ACCs. Here, only the cross-
displayed.

conditions whose 9 categories include at least one of all three blue, black, and red categories are

Table 3 Verification of estimated ACC categories for winter season 12 weeks i n 2019 ulllzmq thres metrics EPropnrﬂm Cormect, Hit

Rate and Post Agreement). Mumbers in brakets indicate the sample size

Ingr oportion Correct (PC)
as0 2

017 [12] 0.00[5] 0.00 [4)
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(LH KMA 4 QA2 OIS (HHI ACC X101 BE
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31 ALE S FUCASE STUIIIT e i e 3
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13 GloSeab MO 537 2t B ] conmmi s e §
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3) GloSeah MJ’O L al {LH = :‘;;ag ................................................................... 10
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%ﬂ%fa .................................................................................................................................... 14
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I | ME

APEC 71534 E(APEC Climate Center, APCC) 7| FAE ER A& 20194
BE 7]y ZIFdSA 22 (KMA-Met Office Joint  Seasonal  Forecasting
System) 4! GloSeab(Global Seasonal Forecast System versiond) ZEd& ZlE
(Subseaszonal to seasonal) d5E 32 oFA4%® 7t € 23 B4 2% 4 A
4 JRE 23 Stk e B9 87 B9 GloSeabs 242 HF U
AT E AYHzm slon, oF By E £ A 4B 23 A9 A=y e
o Wk GloSead AW @471 22ld 2 Agsisich B2, Add A0
B fFEHe 4 dF dAPoz defAd e dE-F A% (Madden-Julian
Oscillation, MJO) E4€ Wdaz 23 A9 BE F45, 438304 w2
GloSead Zde] Addg Wz 54 9 22 B42 &84 s

GloSead HE W HA7IvHMIO) 2.3 2l B& 1991d 2 20108 & 7l
L2 HAEHde HAAHAGEHNDCASTIH 206453 4y 4% A5z Aed
+ 434 9 (FORECAST), 282 GloSea5 Z W3} 7/e} 525 2dl, =+ 4/l
g B e GloSeab Ry dla F4o| FIEg At#sF(CASE STUDY) 2 &57%]
o, AlgAle] dad BE g3t Zlge] ZisEEE dAzldd. A9 w2 g =
2 HINDCAST, FORECAST, CASE STUDY B4« ZEad ==z A2 43
MIO AW dEgd B4 ZEHe 28 ATt GloSead 9y sid0g
Bag g g AEly 454 B 2a) zldd AfxEoes gasiax) f@ob

- '| -
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1. 22 ¢ AEAAE Az #44
1) GloSeab #1 & A=A =
GloSead AdY «F ZFaps2sis " 1, § 17, HY 424 7222
15%15° FHAd=e 60" 5 ARE AFIYH, #AF Ams 242 3
HINDCAST 7| ZH1931-2010)8 7| T3 (climatology) 71Z22 3l lanomaly)&
&St A e FYEn

= Aok oA - GLS {VAR} HCST 1991-2010 (MMDD} ANC.ne
s H FHY VAR [vear(20), ume(60), 1at{121), lon(240)]

2) MEH A2 AAHY
GloSead AHWH 4F Faef 22 AGg sl AL2E ARY 2 5 A
& ERAS(ECMWE)2F GPCP(NASA)el® Edaty sag HE FUfidzet A
Tl dg H(HE FEPG, A4S N8 E 15 FUALERE AdAgd o
@5 ARE WPsle], GloSead AF Y o3 Fabsl TLT 45 7| 2 60Y A=
& A0stm, B4E 98] HINDCAST 717H(1991-201008] 7] ¥ Flclimatology) 71 &
22 HARg (anomaly)€ &3 E AAA HAHE S

= 28 WA : ERAS (VAR]_HCST 1591-2010 (MMDD]_ANC nc
» W HE ) VAR [year20). time(80), 1at(121), lon{(240)]

3) GloSeaS % ARA zAw FA=
GloSeaS A9 F5(Lead week)®] WE A&l dA54d 24& Hf 24 4
AR 59 71 608 HAE ASF WWe ¥ (e YIS 48 F
F(lead week 1-4)] W& &4 2z 4GS E 1o AAE A3 2o ¥ [F
(Wie 4d5Y9nital time) 7IE2= -89 AxE A9 25(W2le 4549 7
9-169 ARE 27 sl B4 (¢ HINDCASTS A% 209)2f 3654 o
BARRE Hd5e] E4o 830

» Aot o4 © GLS {VAR} HCST_1991-2010 POST_Wlnc
» < A VAR [umer(20+365), 1at(121), lon(2400]

<H 1> GloSess A HEY 240 2= FAHE 24 2lge 2717 FE ol

T T

I o101 0109 0147 0125 0201 0209 0217 0225 - 1209 1347 12-25

[ w2 | o101 0109 0147 0125 0201 0209 0247 - 1201 1209 1217

[ w3 | 0101 0109 0117 0125 0201 0209 : 1125 1201 1209

[ wa | 0101 0109 0117 0125 0201 : 1147 1125 1201
- 2 =
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2. GloSead A& W¥4d MJO &4
1) A4 A494 94 (HINDCAST)

GloSead HINDCAST Zalel Add digdel 23 2iad o FH7 1
g T ANT HH F2(Wi-4) B4 2S5 E ARSI #53} GloSeadb 54 2]
A [T2F(WI2) e A8 374F(W34) Y E ol 2®d BAd AlgEHE Fi i
= Usst(sts =3 digd), U20003F =3 ugd), VPOEE £5 £94),
PREC(Z=ra)on, Add A5y & oag #Ha 20070%Y band pass filter& 3
£dc "Hed ¥ d4F3dy B0 2E g3, gy ~#HE #(Power spectra) &4,
T AP (Wavenumber frequency) 84, Multivariate EOF 24& WI12, W34
Zlges #BEFIH] AAEd, MIO AFVelocity Potential MIO Index, VPM)2
Bivariate ACC ¥ Bivariate RMSE BH a2 48 4= 7lgoz #24 AT

2) o 454 ¥ (FORECAST)

GloSead FORECAST Zade| Add HEAde 23 Algdg o Fxe 1
HE Bl AT s F2(W1l-4) 24 2EE ALESl BE3 GloSead Edg
Al [T2F (W12} A4 374F(W34) FHE o ngd, B AlRHE Fa ds
= USSH(stE =3 oidal), UZ0G3E <=3 uga), VPUEsE £ E942),
PREC(Z=aF)oln], HHdd HEyd 57 gag& Ho 200709 band pass filter& 3
£d9c #®HEd 9@ ¥EFe FI OEX dgm, A A-AE T Y@(Lag
time-longitude cross comrelation) 4, 35 ZE5 (Wavenumber frequency) &4,
Multivariate EOF &4 WIZ, Wid 7lFo =2 #FH5H AA &, MO AF
(Velocity Potential MJO Index, VPM)2 Bivarate ACC 2 Bivanate RMSE £
ge dY d 7l2ez $5I A4 o

3} A9 £ (CASE STUDY)

GloSeab CASE STUDY Zbo HAEd d34Y 23 A2 38 FHe
HGHE B 208 44 F5HWIi-4) B4 A5 E AMESle $53} GloSeab 29,
Ha Wi Ede A8 m2FWI2)e d9 345 (W34 ZaE 8 @g. 244
AR e F2 d5e UBSHEHE =9 vE3), V200083 53 B3, VP20
F £= ZH4), PRECFEHF=)-v, Add dF3d F4 ooz #Hf 207704
band pass filter® HETD, HOF ¥ EEREY FH OEX a3, AIN-FE
Hovmoller diagram %4, A A-7E 22 4P (Lag tme-longitude cross
correlation) B4, Multivadate EOF 2A-2 WIZ, W34 7§22 #F3 A A &,
MJO A (Velocity Potential MJO Index, VPM)S Bivariate ACC 2 Bivariate
RMSE A& 49 dF 7§22 #5334 AAgch

,.3‘
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1. fq¥9E& 72 ¥ 3= A9
N HaEyd =

[ HOME ]——{ SCR HINDCAST
FORECAST
.
'| CASESTUDY
- RAW |
—-{ DATA } { winpcast |- PRE ]
POST |
CASESTUDY
~{ NCFILE
| OUTPUT HINDCAST 1’ R—
—{ F

FORECAST

CASESTUDY
13 1. GloSea5 ARUOIS HAZIM LA B g 72

GloSead AdH oz JHAA7I(MIO) 23 g 2 AANELH
(HINDCAST) oS4 F(FORECAST), 12zl GloSead R 93} 7[E} 328 B4
e Hdo1gE eide GloSead Zde #m E4e] rhe§ Atdd F(CASE
STUDY)Z ER8te, AtEate Fad ©wE 4 A3fe 23 Ase| slesio.
[BCR] #=° 29 2 #54 AxAz a2c=s 4y 95y £4 =71 44
2R o# Ao AsAH m=e FAEL [DATA] A== AddHz, A
f HEd 24 2E ZREES [QUTPUT] 22 A FdEo,
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2) me Mg
= HINDCAST
= HTHOMEYSCR/HINDCAST

I~0.Pre_process_data.csh

CHINDCAST 49 844 2d 9 HEYxs 4g 52| 4 ==

- A3t FHOMENDATA/HINDCAST/FRE(POST)
1-0-1HCST_GLS_ANOnNcl
1--2HCST_GL5_POST by_LWnd
1-0-3HCST_ERAS_RAWIDAILY nal
1-0-4HCST_ERAS DAILYZANOncl
1~0-5HCST_ERAS_FORMATTING nel
1-0-6 HCST_ERAS_POST _bv_L'W ncl

¥ 78 | 89 4 FYa HPC CPU & E#e 37 s&o PES A& #F

1=1.Cal_mean. vanancefield.ncl
D EEA 2d(WIZ W3 e HE-dF FOEE 7HAE ==
- Za FHHOMEOUTPUT/HINDCAST/FIG

1-2.Cal_power.spectrum.ncl
D@5 ZE(WIZW34 e S B4 1A g
- A3 HHOMEVOUTPUT/HINDCAST/FIG

1=-3.Cal_wavenumber.freqg.nel
RS EE(WIZW Y w Hl e 24 A E
= A3 HHOMENOUTPUT/HINDCAST/FIG

1-4.Cal_MEOF.ncl
D @ES 2d(WIZWide MIO B s Adaags g ==
- 43t ${HOMEYOUTPUT/HINDCAST/FIG

1-5.Cal_ACC RMSE ncl
- 2de 63 Y3 WE MOANS d54% 2 22 $4 s
- A3} SHOMEOUTPUT/HINDCAST/FIG
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2) me Mg
= FORECAST
= STHOMEYSCR/FORECAST

2~ Pre_process_datacsh
CFORECAST A% 244 2d ¢ AE2475 48 a7 4 2=
- A3 FHOMENDATA/FORECAST/PRE(POST)
2-0-1FCST_GL5 _ANOnc]
2-0-2FCST_GL5 POST_by_LW.ncl
2-0-3FCST_ERAL RAWIZDAILY ncl
2-0-4FCST_ERAS DAILY2AND ncl
2-0~5FCST_ERAS FORMATTING nel
2-0-6FCST_ERAS POST by _LWmncl
® o | 24 4 Fga HPC CPU L Eske] 37| o & PRS AH: 3

2-1.Cal_mean. variance.fieldnel
D EEI EEY(WIZW3E HE-dE FUEE FHAE B=E
- A3 FHHOMEVOUTPUT/ FORECAST/FIG

2-2.Cal_time-lon.correlation.ne
P RED Ry WIZWad e Ad MI-Ax mal 4 BA AE 2=
- A3 HHOMEOUTPUT/FORECAST/FIG

2=3 Cal_wavenumber.freqnel
PSS Y (WIZW34) Y ni IS 4 JMAE 5=
- A3 $HOMEVOUTPUT/FORECAST/FIG

2-4 Cal_MEOF ncl
D EHED EY(WIZWadle MJO ¥ U ® AdaAags fiaE 2=
- A3 HHOMELOUTPUT/FORECAST/FICG

2-5.Cal_ACC.EMSE.ncl
tEde o & dFe] BE MIOAS qE4d% € 23 £4 A g B2
- A3 $HOMEVOUTPUT/FORECAST/FIG
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= CASE STUDY
= HTHOMEYSCR/CASESTUDY

30 Pre_process_data.csh

: CASE STUDY 49 44 29 9 AEA2E I8 A 4 2=

- A& FHHOMEVDATA/CASESTUDY/PRE(POST)

¥ 4 | gd 4 A9 HPC CPU £E &= Z7] & PBS AR #F

3-1.Cal_mean. varance.fieldncl
@5 Glp, slx 2dg HEdF FJAEE HAE 2=
- A3} FHOMENOUTPUT/CASESTUDY /FIG

32 Cal_time-lom.hovmollernc]
D@5 GILS, slm ED(WIZWa4le A I-FE hovmoller 7HAE 2=
- A3t HHOMENOUTPUT/CASESTUDY /FIG

3=3.Cal_time-lon.correlation.ncl
P EE Gl vl Ed(WIZWade A AR 48 24 #hAE 2=
- Aa FHHOMENOUTPUT/CASESTUDY/FIG

34 Cal_MEOFncl
&5 GLS, vz Rde g FPIAaPSs A E 2=
- A HHOMEYOUTPUT/CASESTUDY /FIG

3-5.Cal_ACC EMSEmnc]
c QL5 Bl B2de MIOA T 4S54T B 22 £4 7P E
- 23} ${HOMEYOUTPUT/CASESTUDY/FIG 2=

[#5 9 A24As d& A 4 m=]
~ S{HOMELSCRHINDCAST/1-0.Pre_process_data.csh
- H{HOME)/SCR/FCSTCAST/2-0 Pre_process_data.csh
- STHOMEYSCR/CASESTUDY/3-0 Pre_process_data.csh
RS 9 ARNEAE 48Ae J 5=
w e | ot 4 Zga HPC CPU 2E®e| 37| wiof PBS AR H7F
(HINDCAST 718 2 30243 248)
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2 3855
= STHOMEYSCR/Miagnosis_GloSea_MJO.csh

SCR
Diagnosis_GloSea_MIO.csh

4[ HINDCAST ]— 1-0.Pre_process.data.csh

Sset EXP = “HINDCAST" 1-1.Cal_mean.variance.field.ncl

1-2.Cal_power.spectrum.ncl
1-3.Cal_wavenumber.freg.ncl
1-4.Cal_MEOF.ncl
1-5.Cal_ACC.RMSE.ncl

—{ FORECAST ]_ 2-0.Pre_process.data.csh

Sset EXP = “FORECAST" 2-1.Cal_mean.variance.field.ncl

2-2.Cal_time-lon.correlation.ncl
2-3.Cal_wavenumber.freq.ncl
2-4.Cal_MEOF.ncl
2-5.Cal_ACC.RMSE.ncl

—{ CASE STUDY ]" 3-0.Pre_process.data.csh

Sset EXP = “CASE STUDY" 3-1.Cal_mean.variance.field.ncl
3-2.Cal_time-lon.hovmoller.ncl

3-3.Cal_time-lon.correlation.ncl
3-4.Cal_MEOF.ncl
3-5.Cal_ACC.RMSE.ncl

[Zt=8 m=]
~ ${HOME}SCR
Diagnosis_GloSea MJOecsh
PR AE 8 2HYHE (BA JHE[EXP] 4¥)
# 2 | 2YA HPC CPU 223 I7] dfEof PRS ALE #7
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3. FEu
1) GloSeas MJO ¢4 Agd & 44

> cp Diagnosis GloSea MIO.tar ${HOME}

> cd ${HOME}
> tar —xvf Diagnosis_GloSea_MIO.tar
> s

DATA Diagnosis_GloSea_MJOtar OUTPUT SCR

2) sy HA

> cd ${HOME}/SCR
= i OParameter.Users.ncl

begin

wtees e e e koo o o e o o ol ool e o ool el o e ol ool o oo ke e ool koo e ok ok ool ol ol sl e e sl ol sl ke el ool de ol ke ok
r

; Set Parameter
ahdkddih Ebdd bR bRk hbdbAdbbbhbbddhbhddAdakbtbAsdhbbddddbeh i bid AdhAbdhehdabdah Sbddhhiid
;
- “Date mformation for HINDCAST
sHYear = 1991
eHYear = 2010

; “Date information for FORECAST”
sFYear = 2016

eFYear = 2019
i ‘Date information for CASE STUDY"
sCYear = 2017
eCYear = 2018
sCMon = 10
eCMon = 12

R e R B R i bRl A A bR e R bRl R e e R ek AR ek
r

; Set Directories

Ao g e A Ak By o R kR A A A A R kR Ak kR AR ke R e ok A
DirSCR i
DirDATA = "./DATA/”
DirQUTPUT = " JOUTPUT/

ATEAREN FEARENTAERNAR A EATRA TR AT AT AT RO EEAR AR OAT R AR AT AR RN AR AR AT AT R e hid R dd hh ks
v

Set Subseasonal data | No need to change

AREER AR SRR RV R AR A E AR RN AR AR AR AR AR RN AR AR R R AR A AR R R A AR AR R R Rk A
v

s s
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3) GloSeab MJO 23 g & 8

> ed ${HOME}/SCR
> ¢sh Diagnosis_GloSea_MJO.csh

££8 1. User Option 2288484 BREHUUBBBBRLLLLRLRU S fegss
set EXP = "HINDCAST" # ("FORECAST"/“CASESTUDY")
set SYear = 1991
set EYear = 2010

#it# 2. Set Directories H##@aaatt Sai i & 8 SR f I R A
set DirSCR = J${EXPY/
set DIrDATA = ./DATA/S{EXPY
set DirQUTPUT = JOUTPUT/${EXPY
set DirFIG = JOUTPUT/${EXPY/FIG/

#4#4 3. Run script by EXP ###d4ssisiddaanyd s 44444 Es g3 s s

if (${EXP} = “HINDCAST" ) then
echo “[step 1-0] Pre-processing for HINDCAST"
csh ${DirSCRY1-0.Pre_process_data.csh

echo “[step 1-1] mean & variance field for HINDCAST"
ncl — QO ${DirSCR)/1-1.Cal_mean.variance.field.ncl

echo “[step 1-1] powerspectrum for HINDCAST"
ncl — Q ${DirSCR}/1-2.Cal_power.spectrum.ncl

else if (${EXP} = *FORECAST" ) then
echo “[step 2-0] Pre-processing for FORECAST”
csh ${DirSCRY2-0.Pre_process_data.csh

echo “[step 2-1] mean & variance field for FORECAST”
ncl — Q ${DirSCR}Y/2-1.Cal_mean.vanance.field.ncl

echo “[step 1-1] powerspectrum for HINDCAST”
nel — O ${DwSCRY/2-2.Cal time-lon.correlation.nel

. e .

end if
echo "--- END ---"

- 10 -
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4) GloSead MJO 27 gt & HF FA4E 44
- o4 : HINDCAST 2342

(D) FIG.1-1L.mean.variance. field
GloSeas FHAHAdYe H= WHEHe FT BE 54 B4zir] 94
oS ¥ 2ds HE FTEZ(shading)s 4B FIEZ(contour) & A A EHE o
Rue g8 1-25 HF(WI2)3} 43 3-4F FF(W3HE 24 7gez 38y
ok Aldd w34 B4 e 207709 band pass filterE HESIg AAE 2
& 5F A bR UBNY AEA01E - 4¥) HF € AE3AH FUEEe|Dh

ugsy  [GLS W2 14850 ]

|GL‘F|W31-
an
" B
IS I:
9
i an
"i‘:k’ a0
£ = |

L

< GloSead MJO QA Y B ZEIrE oA FIG.1-1.mean.variance field >

& FIG.1-2 power.spectrum
GloSead MAH A EAHe HAdY WEgHe A velvdes sz 9= AY
g B2 ¥ 2dy nis 24y 24 FAE AAsigd 2dE 48 1-2F H
TIWI2 48 3-45F HT(WiE 24 7oz 354 AAd a9 35
F M ol R30S AH1E - 44) oy 24EdY FHajfeo

my L a1 s Pt o
T4 # §

s W ko
m 8 * B B

Prrsrar 5 Mo

o

o L ® m * .
Paice ilamy)

< GloSeab MJO X}

a4 [ o
Forad (i)

i
v
it

2 ofA] FIG.1-2.power.spectrum >

-‘l"....
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4) GloSead MJO 27 gt & HF FA4E 44
- o4 : HINDCAST 2342

& FIG.1-3.wavenumber.freq
GloSead AAANELEs w5 3 2dg FzA49 g IAFS B4 Za
g AMEsiD. 2d2 d8 [-25 HWidal A8 345 HTWi4E €4 7
FTog ARG AAE 28 5 A eR2 Uit AEH(LE - 44)
o= FES Faeid,

— - [t e L "

e “
- 3. - . - - e
- s e
o o el
o oot s L . war
o e o
an P 38 s 36 o
| i - oo
) BT ¥,
g I.w. g I $ee e
) i [ 4 Ky a * Rl
o e -
™ ! %0 e
W PP —— W O oo e

b A M A

ey oy lmqury |cycaes i I pency CyRan R

< GloSead MIQO 24t 2t § 23t ojA] FIG.1-3.wavenumber.freq >

@ FIG.1-4MEOF

GloSea5 HAAMEAY 78 HE HFHE YHuEr] 48 MJO AL
(Velocity Potential MJO Index, VPM) 4o ALEHE 3515 34 o3 0850),
aF BA uhARU200 ¥ AF O EOBVPANY oddw IaPgs 24
(Multivariate Fmpircal Orthogonal Function, MEOFEF] 3 #H# 2= ARE A AH
4. B85 ¥ Fde Faes Hdx Hdoz 7 B4 g Jeldo, 2dE 4
B o1-25% Ha(WIZah A3 3-4% FH(Wi4) 7leaz AAstda, #5334 A
£ 9 & (shading) 22 Yepdict

- [GLs|wiz e [GLsw3s [ COR :0:08, 547. 1.00]

< GloSea5 MJO @&} Tt & ZiF 9A] FIG.1-4.MEOF >

-12;.
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4) GloSeab MJO 23 g & HF A2 oA
- oA : HINDCAST @32

© FIG.1-5.ACC.RMSE
HoSead AAANHLE ol MJO AF(Velocity Potential MJO Index, VM)
o =4 ={Bivarate Anomaly Correlation Coefficient, COR)3F 2 2HBivariate Root
Mean Square Eoor, BMSE)E o & oo el #4515,

Wiskocity Polardin MUCH indexvIFR] GLS Velocity Potontal MO indes{'v g

B 11 L] 24 26 M ' [ n L] 2 £ »n
Foracast Laad Time (Daysi Favalast Load Tims (Dlyi}

< GloSeal MJO Q& FT § FohE 9jA] FIG.1-5ACC.RMSE =

_‘|]d
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=

4) GloSead MJO 27 gt & HF FA4E 44
= dqA - HF ZAE

.
| Final products of diagnosistool |
| casesmuor | \
B
hoereter thagram L ﬁ‘* %%ﬁg&; v |
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£ 5 D. Met Office-KMA Wiki science page &1} 3

How important is it to have consistency between the initial condition of the hindcast and
real-time forecast?

Purpose and current status

Hindcast: Cold Biases! Forecast: Warm Biases??
HICET - EHA (W4 T FOST - ERA (W4 ™™
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®  "Why the forecast (18-19) temperature biases show to different with hindcast (92.10) temperature bigses?
® How much can be differeat initial condition impact the sub-seasonal forecast?
* Aunosphere mnitial condition - Hindeast: ERA-interim  Forecast: KMA-NWP forecast

Experimental Dezign
* For Forecast case (Oct2017-Dec2018 initial with 4-ensemble), N216L35/ORCAQ2ILTS GC2 version:
®  NWPIF: KMA-NWP initial data (Current operation system)
® ERAIF: ERA-mnterim initinl data (Same as Hindcast system)
= Only different to atmosphenc forcing

Rezults for Sub-seasonal prediction (Weeks 3-4)

® NWP initial data can lead 1o the mcreased temperature biases m subseasonal forecast especially Arctic,
East Asin and North America. (Fig. 1) [DJF dataset]
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Figurs 1 Diffarance dimnbution of surface tamparators of lsad weak 34 betuwwen NWPF and
ERAS (left), and between ERAF and NWPIF (right)
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®  Ancmaly correlation coefficients of surface temperatine and 300 hPa geopotential height from ERAF
are generally higher than those from N'WPIF. (Fig. 2) [All dataset]
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Figure 1 Anomaly comelation coeficient of surface temperature (lefl) and 500 hPa geopotential
beight (night} on lead weeks 1 to 8 1 global and Faet 40a domoen

® Forecast using NWP inutial data can leads to poor MJO prediction skill from brvanate anomaly
correlation coefficient compared to the forecast uamg reanalyms initial data (Fig 3) [NDIFAIA dataset]
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Concluding remarks

® In realtime forecast, imitial data vaing NWP prediction (not reanalyms as hundcast) leads to decrease m
subseasonal prediction skall due to the fact that includes increased initial errors of soil tempersture, cloud
amount. radintion foreing, ete.

® The discrepancy of the imtial data between hindoast and forecast can affect the nformation of the anomaty
field i realtime forecast due to the difference i systematic error

From Suryun Ham and Yeomin Jeong at APEC Climate Center (with NIMS/HKMA), Korea
(suryun0]l & gmail.com)
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