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Executive Summary

APEC Climate Center (APCC) is a specialized institution of climate prediction based on
Multi-Model Ensemble (MME) and one of their key responsibility is to improve fidelity of the
operational long-range forecast in Korea, which is provided by Korea Meteorological
Administration (KMA). KMA provides roughly two types of long-range forecast, one is
monthly-rolling 3-month forecast and the other is weekly-rolling 1-month forecast. In order
to produce the long-range forecast with high fidelity, an extensive understanding on the
Korean climate variability as well as an appropriate interpretation on the predictions from
climate prediction models is required. Therefore, this project aims to contribute the
improvement of operational long-range forecast in Korea by covering the above mentioned
two components.

The first subject of this project is the analysis on the climate factors in which affect
Korean surface air temperature and precipitation variability based on the observational
dataset. The EI Nifio-Southern Oscillation (ENSO) is the most prominent coupled
ocean-atmosphere variability in the tropical Pacific and is recognized as a major source of
climate variability in Korea. Due to the strong seasonal phase-locking feature of ENSO, the
transition period of ENSO generally occurs during summer, and thus the teleconnection
patterns should be susceptible to the different feature of ENSO evolution. Therefore, the
summer climate variability over Korea that is associated with diverse features of ENSO
evolution is investigated. Meanwhile, the winter season is the peak phase of ENSO, the
ENSO-related tropical convection structures would be important for determining mid-latitude
climate variability including Korea. Thus, the two distinct modes of convection variability over
tropical Indo-Pacific and associated climate variability in Korea, especillay during January, are
identified. The second research subject of the climate analysis based on the observational
dataset is about the recent changes in the predictability of various climate predictors, which
have been utilized in the operational long-range forecast. The predictability of climate
predictors for the summer and winter temperature in Korea is examined. The long term
changes of relation between the temperature and precipitation in Korea and its predictor and
possible reason for relation change are also investigated.

Second, we conducted the analyses based on the operation climate models for producing
optimal climate prediction information. The climatology, which is the reference value of
operational long-range forecast, is updated every 10 years. Therefore, the climatology will be
changed from the period of 1981-2010 to 1991-2020 in the next year (2021). Accordingly, it is
required to identify the change of climate models’ predictability in relation to the change of
climatology period. It is also analyzed climate models’ predictability of the Korean heat wave.
Meanwhile, an expert seasonal prediction system for operational seasonal outlook (ESPreSSO)



based on APCC MME has been developed and utilized in the operational long-range forecast.
In this year, the ESPreSSO has been improved by applying new technology for flexible
manage of EsPreSSO in the changes of model set and period of hindcast.

The third subject is about operating WMO Lead Center for Long Range Forecast (WMO
LC-LRFMME). The WMO LC-LRFMME collected forecast data from global producing center
and standardized forecast and hindcast data and displaying the Multi Model Ensemble (MME)
results including deterministic and probabilistic method through the website. Also the WMO
LC-LRFMME provided the seasonal forecast information to Regional Climate Outlook Forums
(RCOF), Global Seasonal Climate Updates (GSCU) and KMA to a consensus on the state of the
global and regional climate outlook. Meanwhile, The WMO LC-LRFMME’ s seasonal forecast
system improvements have been performed to provide customized seasonal prediction
information and improve system management.

Finally, the research results of this project are direcly applied to the operational
long-range forecast by engaging KMA’ s operational works. We have been supported
1-month forecast every week based on the WMO sub-seasonal MME. In this regard, we are
not only providing prediction results but also developing various prediction contents such as
daily timeseries for supporting forecaster’ s decision making. For supporting 3-month
forecast, we have been provided integrated results every month by combining the forecast
from the climate model, especially from APCC MME, and the influence of climate factors
such as ENSO. We have been also participated in the monthly climate analysis discussion
and provided the characteristic feature of the climate variability in Korea. Likewise, this
project contributes to strengthen specificity of long-range forecast over Korea. We hope that
this research results are acting for the cornerstone of improving Korean operational
long-range forecast.
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2. B KB J|8 7% EA

7}. ENSO (El Nifio-Southern Oscillation) R3}3Ae] Tk w=
$Eyel 484 715 EX4

D 27 "7

El Nino-Southern Oscillation (ENSO)= <&t BB o] 7Hd Fo3 ti7]-sid 29 ¥F
Rg g7] 94 AHs 53 FHE V1E WA & S vt (Alexander et al,
2002). “soprlol AHe] 712, g Al ENSO WHEAol wel i3stA Wetst=d, dE =
d, Ay HE7] 4529 A5 At g2 Al A HA47 A=He AF 71l
=2 Aol FASHA UrE‘r‘JH:‘W A A= A T:‘r (Huang et al., 2012). ENSO$} FolAlo} 71$

e QANAFE F8 A" ENSOR s fr=d AHiE Y A tiFds HI=RE
FEHE FAHEE A9 g == A7t =8 HX=EA, ol Pacific-East Asia
teleconnection patterne.= & <A ok (Wang et al., 2000).

FotAlop TIFA2HY dREA Yy 7|F ®WEAd Al Pacific-East  Asia
teleconnection pattern®] g&F& W=dl, o]& HIFORE ;ﬂ;ﬂfﬂ A ATl Sy EH
4 7|2 Zrel A= ENSO9| B3-S Brtstdth A& &9, fauve 99 Aoe Ik
EUrh o] 44 (57D st dFo] e (Son et al, 2016), 2AL (11¥ F+-~12¢
z2%) 27 A5 Y (&Guvh A7l % 7} (&) st o] Atk (Son et al, 2014). =
g AEHY AF 6Bt 7€ 8ol ENSOS 3ol FASHA vEdel AAEHAT (Yeo
et al., 2017). ENSO<}2] #dAd2 A Y 71“ A Ze o] F8 dF AARA, o]e} & AT
AR v A 715 A5 F8H1 ot o] & FaAdo wel ENSOE $-2vket
7152 #Ag gt olsfol B2 o] UJAIR, AHs] @ F o et 7F
9} ENSO9| ##Ado] Wes] v A A &gkt 53], ENSOt f-Eluet €8 7|, A5 F
AASRE Folgt A¥ #HHAAol 1JrE‘r‘JrlE AHIE 9€ 712, 49, 9¢, 11€, 12¢€ AF=E o
AL dole dY 71Fd S LT Tk ENSO<e] #HAH S #Hsty] &

ENSO<}e] e Aol B gt OH"TE B2 FE ENSO #AHAlS] A, &, 33t 72, 4=,
g Ao thFAdelA 7]1Jdgt} (Capotondi et al., 2015).
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1+ 53] ENSO 23} e] thfdel 23& 5o fevgt A454d 7-84 7]
w32 3ok ENSO9 23ta4g e RE 73 AdAS Jeggsd, A2
< AFst ALHd FAZ71E et (Rasmusson and Carpenter, 1982).
71l dYxer ZUke ol AR HEA veved, tiiEY dus
dE 3 FHolo] ZHUyg Wk W, EH o gyus ol 7HA
T} (Ohba and Ueda 2009). ™9 ENSO At#lEo] €& 2& X344
Hol= ®¥HH, ¥ AP HsAA L Hols AHE %‘%Eﬂ, % =9 Ayt o33l
| ALHE 45, Bv dUUANA a8 dya=E HolH+ A¢ 5, ENSO X334l =

] &A%t} (Chen and Li, 2018). o] AFoAE= o] 3k 1:‘r Fds B 1#ste g
g} 7]1%eko] A S AR A o} 53], vt A45FH 71F A s,
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dgae] A% ENSOS| o] 7|zte|me ENSO sk#gel thadel nsiA wed Aow
%257 ugolt mehd o ATHE ENSO Wstwbge ERetn, 1o me $el
-89 7)€, A% WEAY EAL UTFE S84 54 o Aunm g 715 Zol

A g ke AAstA g
2 A=<+ vy

o] AAFo|A = National Oceanic and Atmospheric Administration (NOAA) Climate
Prediction Center (CPC)ell 4 A &&= Oceanic Nifio Index (ONDZ 7]&#° 2 ENSOE A 93l
k. ONI A7} +0.5 (-0.5) o] (o]sh] A& 7/ld d5o = yed o dyx (Fh=E
Aogt} sl4H &% (Sea Surface Temperature; SST) W4+ Extended Reconstruction SST
version 5 (ERSST.v5) (Huang et al., 2017)& AF&stRom ofr] W42 4% National Centers
for Environmental Prediction/Department of Energy (NCEP/DOE) reanalysis 2 (Kanamitsu et
al., 2002) A5 & AFgstA T =3 AdeF AutEAF (Outgoing Longwave Radiation; OLR)9} 7<=
A5+ 7+ NOAA<9} CPC Merged Analysis of Precipitation A& AF&3t3th Syl 7]
2, AT ARE 7NEAAA AFEeE TRV ISA ~"l(Automated Synoptic  Observing
System, ASOS)¢] 4578 A HS H#3 19793928 201997+A ARE ALt T

(3) ENSO &34 o] g4

Figure 1& A= Th2 ENSO 287bge] we 9% ONIE Uehdth 7+ 199 gae 7
B AEE Y3 AHe o) Adse) #4 B4 A¥E Jepdth 94 dunel sk A
gl Aed (129-19-29) W7 ONIZ 7202 s, 19799 2E 201949 717 59

&<
T 143]19 dYnrt B o F 8319 dUne AF s FUUE o] HIAou
Umz 639 AUz A5 oedlel dUn dHE O ASHAY FH GHE Aol
g, Z+Zte] Al E Figure la 9} 1boll Yel At} Delayed Oscillator (Battisti and Hirst, 1989)
U Recharge/Discharge Oscillator (Jin, 1997)2} 22 ZEZ<Q0 ENSO 93 mgd uw=wd
thermocline feedbacke] °F3} == Ao el < heat contente] WZ(discharge) #A o= Ay
= A guUuke] dolfAo] AHEnt. I8y EE Yk AL o] g gtz AW R A
= %= Figure 1bol YebH A3} Zo] 1987, 2015, 2019 dYx+= 9S3l7FA Y7t A
<51, 1980, 1992, 2003 dUavs FHOE Holste 5A S Uetdln. ol¢k 2 33t #4A
of th3t HEZQ0 HAHL o 7tA = B Gty SAEH G A G4 Kelvin waved] Hi=E
FAAE A4 =3 HA (Chen and Li, 2018), F=2¢FF Zo]o Aol T4 =3k wind
stress (Lee et al, 2014) o] 7Fsd wWAUZTOE A A=A



ajEl Nino to La Nina {83,88,95,98.05,07,10,16) - b)EI Nino to Meutral/El Nino{80,92,03/87,15,19)
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Figure 1. Monthly ONI evolution for the diverse features of ENSO evolution including (a)
El Nifio transition into La Nifia, (b) prolonged El Nifio or neutral condition, (c) persistent
La Nifia or neutral condition, (d) La Nifia transition into El Nifio, (e) El Nifio developing
from neutral condition and (f) prolonged neutral condition. The dotted lines denote the
individual years that comprise the composites and the corresponding composite results are
indicated by thick solid lines.

g, Y A dY= gE2A HAV] desd= Uy AVt ASHeE SAS
Uetfi=d A2 J-o5Hdd Uyt Z=7F oFsizl o]% ALHo| HH oA gy
I3l FEHE BATh o9k 2 multi-year kel e B AYPATFE0] AASFAE
o, o] H& FUkEsE oA okEta, AZoE X$F oyl S e HEA
thermocline feedbacke] ¢FatAl UeEh A& Gyt o] Yetus AL 2 AH3AT
(DiNezio and Deser, 2014; Ohba et al., 2010; Okumura and Deser, 2010). o] #&<& Uik =&
ZHle]l ONI 542 Figure Icol YeERAUH.

Fo2 dUs ¥ A Y IS AHEYT Ay I gAE Eo
HoFoll A FA9IE WA= weather noise€l westerly wind eventol] <& =@ Hr}
(Lengaigne et al.,, 2004). AA=E 1239 Ay F 939 Ayt SHU HFejdA &2 5t
Rl o]= Figure leo] Yet AT v A 3319 A Uk HHoA d&EH0= dynrt
Wl o) Figure 1dol YeRSITh 33, U Aoy dynz B2six] £5a
T8 AHEH7E 191 fAEHs AeE e o] #

7ol o] Hof A& ENSO 23} 39| tharAd
ENSO %13} -2 Figure 1ol £t 71 5 &2 oz 2 dwo] He A< M3} 34
& Figure 19 912 Zo), 228% e vHlHgH



@ ENSO gty e] gdiel mE = t7]-slg <8 54 3 $2vst 454 7% 9%

o] ZolAe kAl Ay B ENSO Xst#A o] thefdoel e ti+=E |- <3 54
7} olq we} YvehtE $Euyet 7-8€ 7|FWHE 5A4S AdrR 1z stk o] u, Figure 19
AX 712 R} AAH F FH AL dukold dunz 13ke] A$ 7z Alg St 43,
3|2 BAA AFAH Ao gy wEe] olE At vl 7FA HstHA | tjEA A HEgL
t}. Figure 25 duxolA gt vz dold Ao 793 99 SST, 2m 712, 7, 850 hPa
uhgh, 850 hPa¥} 500 hPa A|9l1= HAAFe] FA4-ES vehdnt olet &4, SSTe OLR HAF 3
Azl Al A9 (10S-10N) 9y HFd HAE-Ar 12h2 9} OLR¥ 850 hPa A arx=%2
7% (110-130E) H#3 A =-A2r 2P=ZS Jeydoh
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Figure 2. Composite anomaly maps of (a and d) SST (shading) and 2m air
temperature (contour), (b and e) precipitation (shading) and wind at 850 hPa
(vector), (c and f) geopotential height at 850 hPa (shading) and 500 hPa
(contour) for El Nifio transition into La Nifia phases during (a-c) July and (d-f)
August. (g) Longitude-time section of composite anomalies of SST (shading) and
OLR (contour) averaged over tropical region (10S-10N) and (h) Latitude-time
section of composite anomalies of OLR (shading) and geopotential height at 850
hPa (contour) averaged over 100-130E from January to December. The
statistically significant anomalies at 95% confidence level are indicated by
diagonal lines.
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ddS TAHCE Yehtr] AlFete] 89 B FEEIZIT o] o) gyt Ase I A
A=A YERY D, "J oF, A e <, Maritime Continent A% WA o g2 ko] 8H
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El Nino to La Nina (El Nino decaying)
83,88,95,98,05,07,10,16

a)ONI
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Figure 3. The composite of (a) monthly ONI
(b) Korean SAT and (c) precipitation anomaly
for July and August during the ENSO evolution
phase of El Nifio transition into La Nina. The
overlaid open squares denote individual cases
comprising the composites. (d) The composite
of daily SAT variability over Korea. Statistically
significant values at 80% confidence level are
indicated by dark color shading.
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Figure 4. Same figure as in Figure 2 but for the ENSO evolution phase of
persistent La Nifia.
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La Nina to La Nina/Neutral (La Nina persistent)
84,85,89,96,99,00,01,08,11,12,17
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Figure 5. Same figure as in Figure 3 but for
the ENSO evolution phase of persistent La
Nifia
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Figure 6. Same figure as in Figure 2 but for the ENSO evolution phase of El

Nifio developing from neutral condition.
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Figure 7. Same figure as in Figure 3 but for
the ENSO evolution phase of El Nifio
developing from neutral condition.
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Figure 8. Same figure as in Figure 2 but for the ENSO evolution phase of
persistent El Nifio.
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Figure 9. Same figure as in Figure 3 but for
the ENSO evolution phase of persistent El
Nifio
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Figure 10. Schematic diagram showing the distinctive atmospheric circulations in
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shadings and contours, respectively. The anomalous low-level anticyclones (H) and
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Figure 11. OLR and 500 hPa geopotential height
anomalies during January of two different El
Nifio episodes, the (a) 2016 event and the (b)
2019 event.
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Figure 12. The spatial pattern and the corresponding principal component time series
of the (a and b) first and (c and d) second EOF modes of the OLR anomaly during
January from 1980 to 2019.
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Table 1. The simultaneous correlation coefficients of Korean January SAT with EOF PC1 and
PC2 time series for three sub-periods 1980-2019, 1980-2002, and 2003-2019. Statistically
significant values at 95% confidence level are indicated by asterisk

Korean SAT Korean SAT Korean SAT

1980—-2019 1980—-2002 2003—-2019
PC1 0.28 0.33 0.19
PC2 0.01 —0.49% 0.49*
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Figure 13. OLR anomaly regressed onto the Korean
January SAT during (a) 1980-2002 period and (b)
2003-2019 period. The statistically significant anomalies
at 95% confidence level are indicated by diagonal lines.
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Figure 14. A scatter plot of normalized PC1 versus PC2.
The classified categories are designated by colored dots.

Table 2. The simultaneous correlation coefficients of Korean January SAT with EOF PCI1 and
PC2 time series for three sub-periods 1980-2019, 1980-2002, and 2003-2019. Statistically
significant values at 95% confidence level are indicated by asterisk

Years
Positive PC1 1983,1987,1988,1992,1995,1998,2004,2016
Negative PC1 1982,1984,1986,1996,1999,2000,2001,2006,2009,2011,2012,2017,2018
Positive PC2 2005,2007,2010,2014,2015,2019
Negative PC2 1989
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Figure 15. Composite maps of (a) OLR (shading) and 850 hPa wind (vector) (b)
SST, (c) 500 hPa geopotential height, and (d) T2m (shading) and SLP (contour)
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Figure 17. Same figure as in Figure 15 but for the positive PC2
category.
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Figure 18. The spatial pattern and the corresponding principal component time
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Figure 19. The occurrence frequency (black
bar) and the amplitude (blue line) of MJO for
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negative PC1, and (c) positive PC2 categories.
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Figure 20. The occurrence frequency (black bar) and the amplitude (blue line) of
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Table 3. List of predictors for the monthly averaged temperature over Korea in the
summer and winter season.

. Period of
Mon Predictor i Area
predictor
Snow (Snow cover) Mar (103-123E, 45-50N)+(123-133E, 40-50N)
un Precip (Precipitation) Apr (185-200E, 35-209)-(160-180E, 35-25S)
SST (Sea surface
JAn (145-180E, 10S-15N)
temperature)
HGT500 (500-hPa Mar (10-40E, 25-45N)+
geopotential height) (60-90E, 20-50N)-(0-45E, 55-70N)
HGT850 (850-hPa
Jul , . Apr (95-60W, 20-40N)-(105-65W, 50-65N)
geopotential height)
SST (Sea surface Anr (90-120E, 40-25S)+
temperature) P (120-140E, 0-20N)-(90-110E, 10S-5N)
Precip (Precipitation) Mar (110-180E, 20-5S)
Aug Snow (Snow cover) Apr (105-135E, 48-60N)-(50-70E, 45-55N)
SST (Sea surface
Feb (110-145E, 20-0S)
temperature)
SIC (Sea ice concentration) Oct (105-150E, 65-80N)
Oct last-1%
D Snow (Snow cover) (0-180E, 25-60N)
ec week

ASST (Sea surface
temperature tendency)
SIC (Sea ice concentration) Oct (50-80E, 78-82N)
HGT500 (500-hPa
Jan geopotential height)
ASST (Sea surface

temperature tendency)
SIC (Sea ice concentration) Oct (25-55E, 78-82N)

Oct-Sep  (160-140W, 15-25N)+(90-110W, 5S-5N)

Oct (80-120E, 70-80N)

Oct-Sep  (140-100W, 10S-5N)-(145-170E, 155-5N)

SST (Sea surface
Oct (75-55W, 35-50N)
Feb temperature)

ASST (Sea surface

Oct-Sep  (130-160E, 15-2S)
temperature tendency)
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Figure 22. Scatter plots between monthly averaged temperature over Korea in winter
season (x axis) and predictors (y axis). The pink area indicates where the prediction is
correct. The gray area represents the normal range of temperature and predictor.



Table 4. Example of 3x3 contingency table for June
temperature. The plus, zero, and minus symbols
represent above normal, normal, and below normal

respectively.
observed Jun T
Predictor
T(+) T() T(-) Total pred

SST(+) 12 6 0 18
SST(0) 6 6 1 13
SST(-) 2 2 6 10

Total obs 20 14 7 41
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Table 5. List of verification scores, correlation coefficient, and predictability for the
predictors of monthly averaged temperature over Korea in summer and winter season. The
POD greater than 0.6 and the FAR less than 0.5 is indicated with red color. The correlation
coefficient significant at the 95% level of confidence is indicated with blue color and
asterisk. The predictability is represented with A, B, and N for above normal, normal, and
below normal temperature respectively.

Mon Predictor POD (A/N/B) FAR (A/N/B) COR (79-19) Predictability

Snow 06 043 071 029 0.54 0.55 0.53* A

Jun Precip 0.5 043 071 038 0.57 0.55 0.46*
SST 06 043 086 033 054 04 0.57* AB
HGT500 0.63 0.38 0.67 029 0.58 0.47 0.63* AB
Jul SST 05 023 075 043 0.73 0.44 0.48* B
HGT850 0.63 0.23 058 038 0.73 0.5 0.49* A
Precip 054 071 064 042 043 0.13 0.58* N,B

Aug Snow 054 041 036 05 056 0.64 0.44*
SST 062 0.35 064 0.5 0.5 0.46 0.56* AB

SIC 047 031 046 05 0.67 0.6 0.19
SIC dtr. 033 0.62 077 038 0.38 0.5 0.37* N,B

Dec SAI 027 031 054 056 0.73 0.59 -0.19

SAI dtr. 02 069 038 04 067 044 -0.3

ASST 027 046 054 056 0.7 0.42 0.36*

SIC 027 0.29 067 069 05 06 0.07

SIC dtr. 0.33 0.29 067 05 0.67 0.58 0.40*
Jan HGT500 0.33 043 0.75 0.5 057 0.47 -0.35% B
HGT500 dtr. 0.33 036 0.83 055 0.64 0.38 -0.43* B

ASST 047 043 033 053 0.54 0.69 0.40*

SIC 0.36 0.29 0.69 062 05 0.55 0.14

SIC dtr. 0.5 021 0.69 046 057 0.57 0.42*

Feb SST 0.29 0.07 062 069 0.83 0.64 -0.04
SST dtr. 0.36 0.21 092 058 0.67 04 -0.43* B
ASST 029 036 069 06 067 0.44 -0.45* B
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Figure 23. The moving correlations between the monthly averaged temperature over Korea
in summer season and the predictors with 15-year (brown), 21-year (yellow), 31-year
(pink), and 41(39)-year (red) windows. The big dot denotes the statistically significant value
at the 95% confidence level. The gray solid line represents the correlation coefficient
during the 1979-2019.
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Figure 24. The moving correlations between the monthly averaged temperature over Korea
in winter season and the predictors with 15-year (brown), 21-year (yellow), 31-year (pink),
and 41(39)-year (red) windows. The big dot denotes the statistically significant value at the
95% confidence level. The gray solid line represents the correlation coefficient during the
1979/80-2019/20.
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Figure 25. Correlation maps between the SST in January
and monthly averaged temperature over Korea in June
during the (a) 1979-1999 and (b) 1999-2019. Dots
indicates  statistically —significant area at the 95%
confidence level. The box is the area used for the
predictor.
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Figure 26. Time series of the predictor SST (bar) and monthly averaged
temperature over Korea in June (line). The red(blue) dots indicate when the
temperature is above(below) the normal range. The gray area represents the
normal range of the predictor.

(a) Reg. SST(Jan) / SST(Jun) 1979-1999 (b) Reg. SST(Jan) / HGT500(Jun) 1979-1999
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Figure 27. Regression maps of the June (a,c) SST and (b,d 500-hPa geopotential height
with respect to the predictor SST for the June Korean temperature during the (a,b)
1979-1999 and (c,d 1999-2019. Dots indicates statistically significant area at the 95%
confidence level.
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(b) Cor. Tavg(Jul) / HGT850(Apr) / 1999-2019
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Figure 28. Correlation maps between the 850-hPa
geopotential height in April and monthly averaged
temperature over Korea in July during the (a) 1979-1999
and (b) 1999-2019. Dots indicates statistically significant
area at the 95% confidence level. The box is the area
used for the predictor.
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Figure 29. Time series of the predictor HGT850 (bar) and monthly averaged
temperature over Korea in July (line). The red(blue) dots indicate when the
temperature is above(below) the normal range. The gray area represents the
normal range of the predictor.

(a) Reg. HGT850(Apr) / HGTSSO(Apr) 1979-1999 (b) Reg. HGT850(Apr) / SST(Apr) 1979-1999
Il L n Il 1 1 Il L 1 L L " L

90N

0 30E 60E 90E  120E  150E 180 150W  120W  90W  60W  30W o 0 30E 60E 90E  120E  150E 180  150W  120W  90W  60W  30W o

lj 21 e L unE TN () s
-1 08 -06 -04 -02 0 02 04 06 08 1 -0.02 -0.016 -0.012 -0.008 -0.004 0 0.004 0.008 0.012 0.016 0.02 5%
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Figure 30. Regression maps of the April (a,c) 850-hPa geopotential height and (b,d) SST
with respect to the predictor HGT850 for the July Korean temperature during the (a,b)
1979-1999 and (c,d 1999-2019. Dots indicates statistically significant area at the 95%
confidence level.
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(a) Cor. Tavg(Dec) / ASST(Oct-Sep) / 1979-1999
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(b) Cor. Tavg(Dec) / ASST(Oct-Sep) / 1999-2019
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Figure 31. Correlation maps between the autumn SST
tendency (October-September) and monthly averaged
temperature over Korea in December during the (a)
1979-1999 and (b) 1999-2019. Dots indicates statistically
significant area at the 95% confidence level. The box is
the area used for the predictor.
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(a) Reg. SST(Oct-Sep) / SST(Dec) 1979-1999 (b) Reg. SST(Oct-Sep) / SST(Dec) 1979-1999
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Figure 32. Regression maps of the December SST with respect to the predictor ASST for
the December Korean temperature during the (a,b) 1979-1999 and (c,d) 1999-2019. The box
indicates the area used for the predictor ASST. Dots indicates statistically significant area
at the 95% confidence level.
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Figure 33. Composite of the SST averaged over
the 160-140W for (a) El Nino and (b) La Nina
years September to December. The dashed(solid)
lines indicate the composite before(after) 2000
year.
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Figure 34. Composite of the (shading) OLR and (contour) 500-hPa geopotential height for
the (a,c) El Nino and (b,d) La Nina years. Upper(lower) panel is the composite before(after)
2000 year. Dots and hatching indicate statistically significant area at the 90% confidence
level for OLR and height respectively.
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Figure 35. Time series of the predictor SIC (bar) and monthly averaged
temperature over Korea in January (line). The red(blue) dots indicate when the
temperature is above(below) the normal range. The gray area represents the
normal range of the predictor.

(a) Cor. Tavg(Jan) / SIC(-10ct) / 1980-2000 (SIC_dtr.1979-2019) (b) Cor. Tavg(Jan) / SIG(-10ct) / 2000-2020 (SIC_dlr.1978-2019)
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Figure 36. Correlation maps between the sea ice concentration in the previous
year October and monthly averaged temperature over Korea in January during
the (a) 1980-2000 and (b) 2000-2020. Dots indicates statistically significant area at
the 95% confidence level. The box is the area used for the predictor. The linear
trend of the SIC is removed before the calculation.
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Figure 37. Regression maps of the January 500-hPa geopotential height with
respect to the predictor SIC for the January Korean temperature during the (a)
1980-2000 and (b) 2000-2020. Dots indicates statistically significant area at the
is removed before the

et

95% confidence level. The linear trend of the SIC

calculation.
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Figure 38. Correlation coefficients between the AO index in November to
February and sea ice extent index in October averaged over the (a)
Northern hemisphere, (b) Kara sea, and (c) Barents sea. The linear trend of

the sea ice extent is removed before the calculation. Different color means

the different correlation period.
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Figure 39. Time series of the (brown) monthly averaged temperature over
Korea in January, (yellow) NAO index in January, (red) AMO index in
winter season (December-February), and (black) 21-year moving correlation
coefficient between the temperature and NAO index.
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(a) Cor. Tavg(Feb) / SST(-1Oct) / 1980-2000 (SST_dtr.1972-2019)
L L

90N L

60N — ©

30N

308 ; — ‘:I \‘\‘I"I"I T \‘I"I'-‘\
0 30E 60E 90E 120E  150E 180 150w 120W  90W  BOW  30W 0

L D NEEEEEES
08 06 04 02 0 02 04 06 08 Bk

(b) Cor. Tavg(Feb) / SST(-10ct) / 2000-2020
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Figure 40. Correlation maps between the sea surface
temperature in the previous year October and monthly
averaged temperature over Korea in February during the
(@ 1980-2000 and (b) 2000-2020. Dots indicates
statistically significant area at the 95% confidence level.
The box is the area used for the predictor. The linear
trend of the SST is removed before the calculation.
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Figure 41. Time series of the (a) monthly averaged temperature
over Korea in February and (b) predictor SST. The brown and
red line represent the 21-year moving mean and linear trend of
the temperature and SST respectively. The red dot denotes the
statistically significant value at the 95% confidence level.



(a) Cor. SST(-10ct) / SIC(Feb) / 1980-2000 (dtr.1979-2019) (b) Cor. SST(-1Qct) / SIC(Feb) / 2000-2019 (dtr.1979-2019)

Figure 42. Correlation maps between the sea ice concentration in February
and SST predictor for the February Korean temperature during the (a)
1980-2000 and (b) 2000-2020. Dots indicates statistically significant area at the
95% confidence level. The linear trend is removed before the calculation.

(a) Reg. SST(-10ct) / HGT500{Feb) 1980-2000 (SST_dtr.1979-2019)
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(b) Reg. SST(-10ct) / HGT500(Feb) 2000-2020 (SST_dtr.1979-2019)
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Figure 43. Regression map of the February 500-hPa
geopotential height with respect to the predictor SST
for the February Korean temperature during the (a)
1980-2000 and (b) 2000-2020. Dots indicates statistically
significant area at the 95% confidence level. The linear
trend of the SST is removed before the calculation.
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Prepl = +0.41NA +0.46 NPC — 0.40 CNINO (1]
Prep2 = +0.49NA — 0.49NIO +0.33BS (2]
Prep3 = +0.57NA +0.33NPC— 0.41 WNP (3]
Prepd = +0.54NA —0.39NIO + 0.42EUSC (4]

Table 6. List of predictors for the Changma precipitation.

Variable Predictor Period Area

- (40W-15W, 55-60N)-(80W-40W,

NPC (North Pacific Change) (555 43%  160-210E, 20-35N)

CNINO (Central Pacific Nino) 4.1-4.20 (160W-140W, 15S-10N)
NIO (Northern Indian Ocean)  4.16-5.5  (61-85E, 10-25N)
BS (Bering Sea) 3.12-3.31  (175E-165W, 55-65N)
OLR  WNP (western North Pacific)  5.11-5.30  (110-140E, 0-20N)

SST

Snow _ - —~(100-
EUSC (Eurasian snow cover) 3.1-5.31 (5200—6%?\115) 50-60N)-(100-130E,
cover
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Figure 45. Time series of the precipitation anomalies (bar), predictor
NPC_SST (black line), and moving correlation between the precipitation and
predictor (color line). The brown is for 15-year window and red is for
21-year window. The big dot denotes the statistically significant value at
the 95% confidence level.
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Figure 46. Composite maps of the 850-hPa geopotential height anomalies for the positive
NPC_SST vyears (a) before and (b) after 2010 year. Dots indicates statistically significant
area at the 90% confidence level.
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(a) Compo HGT850 /( JNIO1 (6.15-7.31) (b) Compo. HGT850 / (+)NIO2 (6.15-7.31)
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Figure 48. Composite maps of the 850-hPa geopotential height anomalies for the positive
NIO_SST vyears (a) before and (b) after 2010 year. Dots indicates statistically significant
area at the 90% confidence level.
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7h 1% Jagk Wk @mE )5S 2l q3A4s HE 24
(D d7473

A&t A&HAA 20204 GAE A wES 3d F @ HE s=Hn
2011-20200 & AR} 7bd mE@ 109, 2015-20209S 71 mER 6o 72HAG
(WMO, 2020). 71¥®stZ Qg 7|5 HEgo] F7kste oA 715 Hdgto]l dA9 7%
e AP deES e AL e Fasth /1% Bdge d@xE snoz sk
715 dlolEfdl] gt %7%—2— A FA HZ == A A5 R 5 Ae WA
nha g gk @A NF2RAL AN ZAGFAY old #Agke owst Azt AA A
BHEE A 715 Fdgd nmsts Zolth B, 715 Fdge Folxl ArdA v

o 1__
g 7heddol 7 & =1l tij dFo 2N AHEHTZIE FEHWMO, 2007).

A7 B e @r|dEEY oS Z]xbo] HojA FA|H el @A AR o Fo) AT AT
kA 7 dF B oF FE2 GAE 9S4 YEUE 389 oWl EBelow Normal,
Near Normal, Above Normal)7} #ZojlA TA3t= ¥l L9} B ﬂoi drtrt
@3ttt 713 A AV EAAE BdES
& 7S 3ESE Awdn 713 A
I Jo} AVl RE oK 7|7 whe 1
AS 23ete] Y AdeA s
Bt 712 Aol ts) dxstar Au}(ﬂ 14, 2010).
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TR 715 Hdgke] Mt Ad #S5 Ao 389 AAE WEeHA Ha, 7| FdS 2l
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7] =33 242 NCEP/NCAR (National Center for Environmental Prediction/National
Center for Atmospheric Research)e] €3+ A&EA 2m 7], ¥t 500hPa A 91%E, AT
32 AHOLR), A<=, CMAP (CPC Merged Analysis of Precipitation) €%+ 7<%, ERSST
(Extended Reconstructed Sea Surface Temperature) vb ¥H fFH &5 AEBS AL3A

=

GloSeads ®dof| th3t 7+eksk AR E Table 70 JelAT 2d 259 Ax =27]& 374€
dZ A s 2° x2° , MY =204 1.5° x1.5° ol z+z}+ 270, 570 A7} vt g
st Sl AAe] ¥ S o= A3E AFE3tKFigure 50).

Table 7. GloSeab model information.

GloSea5 Seasonal Sub-seasonal
Time Range M 1-3 d 0-60
Resolution 2° X2° 1.5° x1.5°
Forecast Ens Size 42 28
Forecast Frequency Monthly Daily
Hindcast - On the fly
Hindcast Length 1991-2010 1991-2010
Hindcast Frequency 12 4/month (1,9,17,25)
Hindcast Ens. Size 10 3
a) GloSea5 Grid points b) GloSea5 Grid points
for Seasonal forecast for Sub-seasonal forecast
45N - T 45N | 1
40N # 7 40N # —
36N - L] — 38N - . L
30N — —T 30N —T —
120E 125E 130E 135E 120E 125E 130E 135E

Figure 50. GloSea5 model grid points for South Korea. (a) for
seasonal forecast (3-months forecast), (b) for sub-seasonal forecast
(1-month forecast).

2Ho ST ndo 3B o= AFAE 7 HA|ZH Uig #= ol-ZEl el 3E9] o
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n(F0;)< i-7FHALEY S AS7 St = = -7 E A=
o AA S, 28 v AA QS 3gE yEbdY 329 dSelA 24 7HEatE]l= Above
N

normal, Near normal, Below normal

Table 8. Multi-category contingency table

Observed Category
1j 1 2

w

total

(
Forecast =, n(FQOI) n<F202> n(70,) | N
Category (

total (01) (02) N(Og) N

9l HolES vtg o= Hit Rate$} HSSE ofg 23} o] T3t

K
HitRate = Lzzn(F,O,) (5]
N

HSS = - (6]

2 def e A5 AAT dF54eS UEH 389 dSFelr] wEel

i

HSS= #2h¢] &
Eq. [61914] g—% ALgET)

@ #EA 7% 49 7% Baz ds 24

a1zt @Al meh JeEnde tiegEel WelEg dolrs] 98 19508 o F A AT, 5
olAlo}, $-auete] AWE Lo AAD Leze}l AAY FAHL Figure 519 YRR
1971 o] % 10wl Bd7]zbe] ujolER A HdrlLs of 0204 F4sanh
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Figure 51. Mean annual temperature of
Global, East Asia, and South Korea for the
period of 1950-2019(black solid line: mean
annual temperature, black dash line: time
series trend from 1950, red dash line: climate
normal for the period of 1991-2019, yellow
dash line: climate normal for the period of
1981-2010, blue dash line: climate normal for
the period of 1971-2000). (Data: NCEP/NCAR
reanalysis 2m temperature (land and ocean)).
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Table 9. Annual, seasonal, and monthly mean temperature and standard deviation for each
climate normal period, its difference and monthly temporal trend for the period of

1981~2020.
M ‘81~ 10 Average | @ ‘91~" 20 Average | Difference (@ - @) Trend
Temp. Mean Std. dev. Mean Std. dev. Mean Std. dev. | (iC/40yrs)
Annual 12.5 12.8 0.3
..Spring_ | . S O O 120 L, O TSN T I
Summer | 236 239 L, 2 TSN IO IS
CAutomn [T 7S I 0.3 T
Winter 1.3 1.5 0.2
______ Jan oozl ..06 |06 |06  ...04 ] .00 . .207
_____ Feb Ll L..07 Lo 106 .04 0L 207
_____ Mar |59 . |..04 | .63 .| .04 | .04 | .00 | ..207 .
_____ Apr 122 004 123 L 0s L 000d
_____ May |..172 .02 | 175 .03 1..03 . ..0Ll . . 16
L S 2l2 ] 0.3 ... 216 .. 0.3 . 04 | 0.0 _.|..L2%
______ Jul 240 00 A8 00 0300 08
_____ Aug .2 105 204 00 0300 e
S i 205 | 04 ... 20.7 L. 0.3 . 03 .l..20L . ..12%
Lot 143 ... 04 ... 146 ... 04 1. 0.3 | 0.0 _.|..L2%
..... Nov |76 .06 | .79 . [..05 .03 1..00 | .12 .
Dec 1.5 0.5 1.5 0.6 0.0 0.1 0.0
= trend7b Fo &S A
Climatology Shift
—— B8110Average
0.8 - 9119Average
$ 061 \
20,4-
5 More HOT
0.2
)
Increase in
Less COLD average
0.0 temperature
1150 1175  12.00 1225 1250 12.75  13.00 1325  13.50
Average Temperature
Figure 52. Gaussian fitted histogram of annual mean
temperature.




Table 10. Annual, seasonal, and monthly precipitation median, percentile for each climate
normal period and its difference.

Precip @ ‘81~ 10 Average @ ‘91~ 20 Average Difference (2 - M)
" | 1/3%tile | Median | 2/3%tile | 1/3%tile | Median | 2/3%tile | 1/3%tile | Median | 2/3%tile

Annual 12.5 12.8 0.2
Spring | [ 762 | | 96 | .33 | |
Summer | oag 3 22 D 2 N B
“Autumn TR N Y I

Winter 26.2 27.0 0.8

Jan 19.0 23.4 28.6 17.6 23.4 27 -1.4 0.0 -1.6

""" Feb | 192 | 30.0 | 414 | 274 | 317 | 423 [ 82 | 17 | 09
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Table 11. The monthly climatological mean temperature and standard deviation for
1981-2010, and the monthly temperature anomaly from 1973 to 2020.

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |
Clm -1 1.1 59 12.2 17.2 21.2 24.5 25.1 20.5 143 76 1.5
Std 0.6 0.7 04 04 0.2 03 0.5 0.5 04 04 0.6 0.5
year Jan | Feb | Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1973 2.2 0.7 -0.8 0.6 -04 -04 2.1 12 -0.8 -1.2 -1.7 -2.7
1974 -1.1 -19 -1.7 -0.7 -04 -1.5 -2.2 -0.1 -0.8 -1 -1.7 -0.9
1975 -0.1 -0.8 -1 0.2 -1 -0.6 04 1 1.8 0.8 1.5 -1.3
1976 -1.3 2 -0.6 -1.1 -0.9 -0.7 -1.7 -0.7 -1.5 -0.5 -2.8 -04
1977 -39 -2.5 -0.2 0.3 -0.1 -0.2 13 -14 0.6 1.6 04 1.7
1978 0.6 -1.7 -0.9 -0.1 0.7 04 2.1 09 -0.1 -0.1 0.6 1.1
1979 26 1.1 03 -1 -1 03 -04 -0.1 -1.1 0.6 -1 0.8
1980 -0.5 2.7 -04 -1.6 -0.5 04 -1.9 -3.1 -1.7 -1.3 0.8 -3
1981 -39 -1.6 0.1 -0.1 -0.8 -0.3 1.1 -1 -14 -1.3 -3 -0.8
1982 -0.9 -04 04 -04 0.7 0 -0.6 0.1 -1 0.5 1 -0.5
1983 03 -19 0 09 0.3 -0.2 -0.9 0.5 1 0 -0.8 -15
1984 -3 -33 -2.5 -0.7 0 0.5 0.3 14 -0.7 -0.9 0.6 -0.6
1985 -2.8 0 -0.8 -0.5 0.3 -0.5 0.8 12 04 0.6 -0.6 -2.7
1986 -2.2 -29 -0.8 -0.1 -04 -0.2 -1.6 -0.5 -14 -1.8 -14 1.5
1987 0.1 0.3 -0.9 -0.9 -0.3 0.1 -0.6 -0.8 -1.3 09 0.2 0.2
1988 0.7 -1.6 -1.5 -0.6 -0.1 03 -0.5 0.2 -0.1 0.2 -15 -04
1989 24 1.6 0.1 12 04 -1 -0.6 -0.5 -0.2 -1 -0.1 1
1990 -0.7 24 1.3 -0.9 -0.7 0 0.7 1.3 0.5 0.1 25 0.2
1991 0 -1.2 -0.6 -0.2 -0.5 09 -0.3 -13 0 -0.8 -0.9 1.6
1992 1.8 0.1 1 -0.1 -13 -1.1 0.5 -0.8 -0.2 -0.9 -1 1
1993 0 0.7 -0.6 -1.1 -04 -0.5 -2.3 -3 -0.6 -14 1.1 -04
1994 0.5 0 -1.6 1.5 0.1 0 35 1.8 -0.1 0.2 1.7 0.9
1995 -0.1 0 0 -1 -1 -0.9 0 12 -1.3 04 -13 -1.6
1996 0.1 -1.8 -12 -2 -0.2 -0.2 -04 03 0.1 0 -0.2 03
1997 -0.5 0.2 09 0.1 -0.1 0.7 0.2 0.2 -09 -0.7 13 09
1998 0.9 25 15 2.7 0.8 -1 -0.3 -0.2 1.3 2.1 03 14
1999 1.3 0.6 0.6 0.5 -0.2 04 -0.6 -0.6 1.7 -0.3 03 -0.1
2000 0.8 -15 03 -0.6 -0.2 04 1.1 03 -0.9 0.1 -0.5 03
2001 -0.9 0 -0.3 0.5 1 0.5 1 0.1 0.2 12 -0.8 -0.8
2002 2.3 13 2 1.1 -04 -0.1 -0.1 -1.3 -0.5 -1.5 -2.8 0.7
2003 -0.8 1.3 0.1 03 0.2 -0.3 -2.1 -14 04 -0.8 2.1 0.5
2004 0.1 1.9 0.6 0.7 0.2 0.6 0.7 0 04 0 1.5 1.6
2005 0 -1.6 -1.1 1 -0.2 12 04 0 12 0 0.7 -3.7
2006 1.6 0.1 0 -09 0.1 0.1 -1.3 14 -1 2.5 13 0.5
2007 2 3.1 0.9 -0.5 0.5 0.5 -0.8 1 0.8 0.7 -0.5 1.2
2008 0.8 -14 1.1 0.8 0.2 -0.7 1.5 -04 1 1.5 03 0.6
2009 0 3 1 04 1.1 0.6 -09 -0.6 0.5 1.1 0.2 -0.5
2010 -0.7 12 -04 -2.3 -0.1 1.1 0.9 18 1.3 0.2 -0.5 -0.6
2011 -3.8 0.8 -1.3 -1 0 0.7 0.6 0.1 0.6 -0.5 34 -0.8
2012 -0.2 -19 -0.2 04 1.1 09 1 13 -0.3 0 -1 -32
2013 -1.1 -0.4 0.7 -1.9 0.6 14 1.8 22 0.7 1.1 -0.5 0
2014 15 14 1.8 12 12 0.7 0.6 -1.3 04 0.5 12 -2
2015 1.5 0.9 0.8 0.5 14 0.5 -0.1 0.1 0 0.7 25 2
2016 0.1 0.6 13 1.6 14 1.1 09 1.6 1.1 1.5 0.2 1.6
2017 1.1 0.5 04 1.7 15 0.6 19 03 0.1 1 -0.8 -1.7
2018 -1 -1.3 2.2 1.1 0.6 1 23 22 -0.1 -1.3 0.5 -04
2019 1.3 1.3 1.6 -0.2 14 0.1 0.3 1.1 1.3 1.5 1.2 1.3
2020 38 25 2 -1.3 0.5 1.6 -1.8 1.5 -0.2 -0.3 12




Table 12. The monthly precipitation median, 1/3 and 2/3 percentile for 1981-2010, and the
observed monthly precipitation from 1973 to 2020.

Jan I Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |
Median 234 30 534 694 1059 160 2689 2529 1767 392 372 22
P33 19 192 473 561 779 1329 2404 2201 74 331 28 166
P66 2866 414 598 898 1144 1859 2959 3225 2207 508 558 285
year Jan Feb Mar Apr May Jun Jul Aug Sep Dec
1973 212 9.1 951 1298 1451
1974 228 352 489 1095 1879
1975 18 188 1038 1072 1019
1976 638 36.1 507 1209
1977 52 2 59 769 912 1591 1235 1025 215
1978 248 413 534 314 144 2028 274 595
1979 1725 2889 1417 165
1980 126 563 161.1 306.7
1981 234 325 250.8
1982 20.1 2694 208
1983 19.8 1834 2042
1984 78 2286
1985 17 3035
1986 133 . . 239 1371
1987 547 64 859 397 51
1988 136 106 49 639 92.1 778 146
1989 275 2203 2036
1990 167.7
1991 233 83 . : 2272 1683
1992 231 2% 565 982 418 1746 2549 185
1993 259688 475 496 200281 663
1994 2 192 341 465 106.1 847 2198 378
1995 235 17.7 569 711 678 697 2042 EE 520
1996 1c[f8E 564 409 2102 1101 297 256
1997 146 281 422 617 2198 584 117
1998 47 1099 2727 299 71
1999 173 176 1613 2606 27 9.1
2000 33 221 372 573 1634 2376 287 454 121
2001 14 255 20 2393 100 87 13 282
2002 65 49 109 692 2409 907 165
2003 263 503 1857 27 153
2004 137 414 322 2032 6 547 281
2005 134 339 598 744 786 1588 2838 3016 1997 346 308 172
2006 284 306 134 14806388 1259 588 463 506 227
2007 93 35 1081 90 2442 320 122298
2008 8 52 485 1036 2335 1905 55.3 32 215 183
2009 123 36 547 555 1252 1504 50 41 52.1
2010 894 614 2578 378 122
2011 56 229 2825 714 176
2012 177 104 362 747 2874 55.5
2013 285 597 755 101.1 164 1208 21
2014 10 289 856 562 782 1526 1196 262
2015 25.1 256 406 565 955 1803 1113 55.1
2016 488 se2 984 67.4- 762 2017 346
2017 153 298 241 65 295 607 241 921 127 22
2018 211 25107388237 1321 1723 2821 1365 505 276
2019 8.1 308 387 793 559 141 2158 140 22
2020 28.1 403 1044 1846 210 105 389



Table 13. The monthly climatological mean temperature and standard deviation for
1991-2020, and the monthly temperature anomaly from 1973 to 2020.

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |

Clm -0.6 1.5 6.3 123 17.5 21.6 24.8 254 20.7 14.6 7.9 15
Std 0.6 0.6 04 0.5 0.3 0.3 0.5 0.5 0.3 04 0.5 0.6
year Jan I Feb | Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1973 1.8 0.3 =12 0.5 -0.7 -0.8 1.8 0.9 =1 =135 -2 -2.7
1974 -1.5 -2.3 -2.1 -0.8 -0.7 =12 -2.5 -0.4 =1 -1.3 -2 -0.9
1975 -0.5 -1.2 -14 0.1 =1.3 =1 0.1 0.7 1.6 0.5 1.2 -1.3
1976 -1.7 1.6 =1 -1.2 -1.2 -1.1 -2 =1 -1.7 -0.8 -3.1 -0.4
1977 -4.3 =28 -0.6 0.2 -04 -0.6 1 -1.7 04 1.3 0.1 1.7
1978 0.2 =21 =13 -0.2 04 0 1.8 0.6 -0.3 -04 0.3 1.1

1979 2.2 0.7 -0.1 -1.1 -1.3 -0.1 -0.7 -0.4 -1.3 0.3 -1.3 0.8
1980 -0.9 =341 -0.8 -1.7 -0.8 0 -2.2 -34 =18 -1.6 0.5 =3
1981 -4.3 -2 -0.3 -0.2 =11l -0.7 0.8 -13 -1.6 =148 -33 -0.8
1982 -1.3 -0.8 0 -0.5 04 -04 -0.9 -0.2 -1.2 0.2 0.7 -0.5
1983 -0.1 -23 -04 0.8 0 -0.6 -1.2 0.2 0.8 -0.3 -1.1 -15
1984 -34 -3.7 =29 -0.8 -0.3 0.1 0 1.1 09 -1.2 0.3 -0.6
1985 =32 -0.4 -1.2 -0.6 0 -0.9 0.5 0.9 0.2 0.3 -0.9 =27/
1986 -2.6 -33 -1.2 -0.2 -0.7 -0.6 =18 -0.8 -16 -2.1 -1.7 1.5
1987 -0.3 -0.1 -1.3 =1 -0.6 -0.3 -0.9 -1.1 -1.5 0.6 -0.1 0.2
1988 03 =2 =18 -0.7 -04 -0.1 -0.8 -0.1 -0.3 -0.1 -1.8 -0.4
1989 2 12 -0.3 1.1 0.1 -14 0% -0.8 -04 =13 -04 1

1990 -1.1 2 0.9 =1 =1 -04 04 1 0.3 -0.2 2.2 0.2
1991 -04 -1.6 =l -0.3 -0.8 0.5 -0.6 -1.6 -0.2 -1.1 -1.2 1.6
1992 14 -0.3 0.6 -0.2 -1:6 -1.5 0.2 =11 -04 -1:2 =13 1

1993 -0.4 0.3 =1 -1.2 -0.7 -0.9 -2.6 -3.3 -0.8 -1.7 0.8 -0.4
1994 0.1 -04 -2 14 -0.2 -04 32 15 -0.3 -0.1 14 0.9
1995 -0.5 -0.4 -0.4 -1.1 -1.3 -1.3 -0.3 0.9 -1.5 0.1 -1.6 -1.6
1996 -0.3 -2.2 -1.6 -2.1 -0.5 -0.6 -0.7 0 -0.1 -0.3 -0.5 03
1997 -0.9 -0.2 0.5 0 -04 0.3 -0.1 -0.1 =11l =1l 1 0.9
1998 0.5 2.1 1.1 2.6 0.5 -1.4 -0.6 -0.5 1.1 1.8 0 14
1999 0.9 0.2 0.2 04 -0.5 0 -0.9 -0.9 15 -0.6 0 -0.1
2000 04 =19 -0.1 -0.7 -0.5 0 0.8 0 =111 -0.2 -0.8 0.3
2001 -1.3 -0.4 -0.7 04 0.7 0.1 0.7 -0.2 0 0.9 =1l.1] -0.8
2002 19 0.9 16 1 -0.7 -0.5 -04 -1.6 -0.7 -18 -3.1 0.7
2003 -1.2 0.9 -0.3 0.2 -0.1 -0.7 -24 -1.7 0.2 -1.1 1.8 0.5
2004 -0.3 1.5 0.2 0.6 -0.1 0.2 04 -0.3 0.2 -0.3 1.2 1.6
2005 -04 =2 -15 0.9 -0.5 0.8 0.1 -0.3 1 -0.3 04 -37
2006 12 -0.3 -0.4 =1 -0.2 -0.3 -1.6 1.1 -1.2 22 1 0.5
2007 1.6 2.7 0.5 -0.6 0.2 0.1 =11l 0.7 0.6 0.4 -0.8 12
2008 04 =16 0.7 0.7 -0.1 =1 12 -0.7 0.8 1.2 0 0.6
2009 -0.4 26 0.6 0.3 0.8 0.2 -1.2 0% 0.3 0.8 -0.1 -0.5
2010 -1.1 0.8 -0.8 -24 -04 0.7 0.6 15 1.1 -0.1 -0.8 -0.6
2011 -4.2 04 -1.7 -1.1 -0.3 03 03 -0.2 04 -0.8 3.1 -0.8
2012 -0.6 -2.3 -0.6 0.3 0.8 0.5 0.7 1 -0.5 -0.3 -1.3 =32
2013 -15 -0.8 0.3 =2 0.3 1 15 19 0.5 0.8 -0.8 0
2014 1.1 1 14 1.1 0.9 03 03 -1.6 0.2 0.2 0.9 -2
2015 1.1 0.5 04 04 1.1 0.1 -0.4 -0.2 -0.2 04 22 2
2016 -0.3 0.2 0.9 15 1.1 0.7 0.6 13 0.9 1.2 -0.1 1.6
2017 0.7 0.1 0 1.6 1.2 0.2 1.6 0 -0.1 0.7 -1.1 -1.7
2018 -14 -1.7 1.8 1 03 0.6 2 19 -0.3 -16 0.2 -04
2019 0.9 0.9 1.2 -0.3 1.1 -0.3 0 0.8 1.1 1.2 0.9 13
2020 34 2.1 1.6 -14 0.2 12 -2.1 12 -04 -0.6 0.9




Table 14. The monthly precipitation median, 1/3 and 2/3 percentile for 1991-2020, and the
observed monthly precipitation from 1973 to 2020.

2005

2006
2007
2008

2009
2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

134 339
30.6

93
8
12.3 36

5.6
17.7 104
10 289
25.1 25.6
2 s
15.3 29.8
21.1 325
8.1 30.8

52
54.7

229

40.6
56.2
24.1

387
28.1

74.4 786 1588 2838 3016 1997
1486388 1259 58.8
35 1081 90 2442 3201389
485 1036 2335 1905 55.3
555 1211 1252 150.4 50
89.4 614 2578
2825 714
36.2 747 2874
755 1011 3024 164
856 56.2 782 1526 EEE
56.5 955 1803 1113

98.4 67.4- 76.2

65 295 60.7 241
132.1 1723 282.1

79.3 559 141 215.8

403 104.4

6
34.6
46.3
53.1

32
41

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |
Median 234 317 512 812 1063 1398 2667 2823 1287 52.1 422 256
P33 17.6 274 47 66.8 779 992 2387 2198 81.8 36.7 305 207
P66 27 423 57.8 978 1218 1705 3025 3438 2022 63.8 55 292
year Feb | Mar Apr May Jun | Jul | Aug | Sep
1973 212 9.1 145.1
1974 187.9
1975 101.9
1976
1977 ; 1235
1978 24.8 413 534 314 14.4 202.8 274
1979 115.8 1725 2889
1980 126 56.3 161.1
1981 234 287 325 57.4 499 1501
1982 20.1
1983 19.8
1984 7.8
1985 11.7
1986 133 . 239
1987 547 64 859 5.1
1988 13.6 10.6 49 639 92.1 77.8 146
1989 275 2203
1990 167.7
1991 233 415 83 2272 1683 11.5
1992 23.1 26 56.5 982 418 1746 2549 185 336
1993 2590689 475 496 29025731 66.3 406 205
1994 22 19.2 34.1 465 106.1 847 2198 3738 385 15.4
1995 235 17.7 569 711 . ] 2042 [ EEEE 529 30.1 204 53
1996 11.6 | HEE 110.1 297‘
1997 14.6 281 422 2198 584 11.7

29.9 7.1
227 9.1
454 12.1

13 28.2

60.2 16.5
27 15.3

54.7 281
30.8 17.2
50.6 227
142 [
215 18.3
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Figure 53. The number of above, near, and below normal
compared to the previous climate normals (light colors) and
the new climate normals (dark colors).
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Figure 54. Difference of sea surface temperature, 500 hPa geopotential height, 2m
temperature, outgoing long-wave radiation, vertical interpolated moisture flux with
convergence, precipitation with 850 hPa wind between the two climate normal
period. (Data: NCEP/NCAR reanalysis II, CMAP precipitation).
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Figure 55. Regression map of 500hPa geopotential height difference onto sea surface
temperature.
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Figure 56. Difference of weekly temperature climate normal and standard deviation with
changes in determination.
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Figure 57. Weekly precipitation median and the range from 1/3 to 2/3 percentile for each
climate normal period with changes in determination.



Table 15. The weekly climatological mean temperature and standard deviation for 1991-2020, and the weekly temperature anomaly from 1973
to 2020.

1973[1974[1975] 1976 [ 1977] 1978] 1979] 1980 ] 1981 [ 1982 1983 1984 ] 1985 1986 | 1987 ] 1988 ] 1989 1990 1991 [ 1992] 1993 1994 1995 1996 1997| 1998 1999 [ 2000 [ 2001 [ 2002 [ 2003 | 2004 [ 2005 zoos [ 2007 2008] 2009 ] 2010] 2011] 2012 2013 [ 2014 2015 2016 2017] zo1s| 2019 2020

09 18 26 | -69 17 02 38 56 12 1.2 eI RE IRt 17 02 0 -08 -07 06 15 24 08 | 12 25 14 34 [ =13| -06 [ -27 B -05 32 -0.5 =1 -24 27 17 -55 34 05 38 37 =i
13 06 0.1 -18 17 22 51 -18  -36 09 -14 19 -3 -52 02 -0.5 66 29 -16 29 19 26 1 0.1 -14 27 -23 18 0.1 15 -16 2 13 -13 04 37 -16 -36 -35 -12 -32 0.1 03 08 B -22 08 4.2
01-13~01-19 | -11 12| 32 -08 18 15 41 02 -1 -3 -38 41 04 ~ 31 49 08 -07 25 16 03 -1 03 [ =19 04 -1 15 07 17 15 16 IESEN 7.7 24 05 02 41 14 -1 -02 2 5 24 04 07 25 -02 -12 31 17 16

01-20 ~ 01-26 | -14 1.1 5 e 15 -4 -09 1 27 09 36 13 -16  -42 04 -1 -05 03 43 | 62 35 14 05 (=19 14 -03 -1 2 45 11 23 12 05 [ 46 11 1.1 29 08 02 18 32 05 17 21 42 46 19 31 23 53
09| 18 27 -01 07 | -61 27 22 0 24 34 39 35 21| -06 02  -01 =18 07 02 25 -02 0 -28 2 06 0 13 2 03 1 2| 16  -13 41 06 0 4 26 | 28 2 37 58 03 09 11 25 22 57/
111 09 -06 23 14 43| 03  -01 | -68 ~-17 26 1.1 -65 34 51 12 27 09 14 08 -06 29 1.1 04 29 01 04 03 -08 12 29 14 -16 08 | -34 51 -14 48 0.1 2 28 21 -01 -02 01 16 49 23 -03

02-10 ~02-16 | 13 09| 06 = 22 17 32 42 33 17 (38 14  -18 -41 -31 03 [ <15 29 33 12 27 2 -07 12 16 05 18  -13 28 0.1 S8 =25 =] 06 14 15 2 15 =2l 41 -0.7 = -07 21 0 16 27 07 [ 12 12 52

02-17 ~02-23 | 18 11| 22 11 -4.2 13 -37 23 41 -03 27 -48  -15 31 -1.1 1 -17 25 49 52 24 0.6 09 -04 = 35 -1 41 09 -15 19 05 16 5 -16 05 36 -07  -09 03 14 -2 -12 04 22 1 07 -02 1 11

0 1|24 12| 22 -6 -1 14 39 -05 -03 2 -6 06 -09 23 16 43 38 16 22 07 =28 49 81 12 0 =15 34 24 09 [=22 0 25 17 22 =3 03 3 -05 24 51 2 04 16 31 0 -12 07 12 29 4

03-02 ~ 03-08 | 36 08 -21 2 0 1 =il3 12 -01 16 04 -07 -05 37 -02 04 -02 43 -06 13 06 03 0.1 16 05 -04 2 34 29 08 | -1.1 03 <l ESUAEEN 1.8 1 -0.1 07 15 [ -16 16 17 04 -05 45 -03 2 41 14

03-09 ~ 03-15 | 54 08| -1 -44 =i 2 -01 | 37 09 -1 0 24 -07 @ 21 29 -03 -01 03 1.1 .2 2 18 -04 | 36 05 -1.8 26 14 06 -01 -17 34 08 25  -18 -08 -08 31 0.1 -0.1 04 | =25 17 12 17 23 08 36 07 1.1

03-16 ~03-22 | 68 08 -15 36 -05 33 16 13 -02  -08 16 07 04 | 33 0 24 02 | 18 -06 07 -04 = =21 -16 0 21 -03 [ 12 -02 02 29 27 -04 1 -0.1 06 -04 24 62 2 -13 06 05 23 4 27 07 =12 13 27

03-23~03-29 | 74 06| 04 18 21 18 14 05 1 =19 -05 [ 07 09 16 | 06  -01 | 26 08| -04 | 17 05 18 07 =31 | -04 [ 07 05 17 =il 05 -02 13 09 22 07 -05 31 0 21 A5 = -03  -05 58 07 03 -01 42 13 27

03-30 ~04-05 | 91 07| 06 04 -18 23 05 -1 -14 15 -06 0.1 08 -02 | 21 04 -13 03 22 05 -26 28 0 26 22 33 -05 07 -0.1 13 -18 4.1 29 -06 05 0.1 -06 03 -1 -06 -03 | 08 03 18 31 33 14 49 -14 0.7

04-06 ~ 04-12 | 112 09| 16 06 -01 19 02 1 0 06 14 13 27 27 02 -08 -03 -2 0.7 12 18 -05 [ 57 07 16 32 -03 35 -1 19 19 -04 -1 15 15 09 -04 11 34 -07  -01 0.1 -4.1 07 [ 14 18 22 05 -09 | 17

04-13 ~ 04-19 | 122 07| -1 0.1 21 0.1 03 02 26 -29 -11 -13 05 08 07 -01 -5 -03 17 27 -02 [ -24 08 09 02 26 03 2 07 04 14 18 2.1 S22 03 £2 -6 21 15 38 06 07 08 19 -05 15 26 -01 08 -05

04-20 ~ 04-26 | 136 07| 18 24 -02 -03 14 09 13 28 01 1.1 15 -07 -02 03 -03  -21 23 pEas 0 07 1 15 =i -07  -05 45 =Ll 09 09 05 | -16 06 | -06 | 29 08 0 =y = 2 il B 2.1 1 17 06 11 1.5 S

04-27 ~05-03 | 15 07| 07 = -15 04 ' 19 16 03 2 -14 0 -06 06 12 13 -06 | -16 21 -02  -14 -18 -09 2 21 0.1 1.1 15 27 -02 15 -02 -02 08 -07 41 -02 02 19 -02 [ 25 -08 25 -21 02 ] 06 19 09 | -1.1 17

05-04 ~ 05-10 | 163 05| -05 = 16 21 28 -05 06 -02  -16 08 08 -05 05 02 05 [ =09 16 13 -05 | -14 06 -05 -04 | -09 -19 12 1 03 -04 01 -13 <11 05  -16 1 13 06 27 19 07 19 -01 [ 189 -01 08 1 07 01 06

05-11 ~ 05-17 | 165 05| 03 03 -02 = 06 08 21 29 -02 | 21 14 13 05 16 12 -03 04 -11 12 08 13 01 0 -29 01 16 -06 11 -14 17 -0.5 08 0 -02  -02 05 -23 05 -05 0 -03 22 21 17 05 08 32 32 11
05 <15 03 [ 13 07 -04 08 02 -04 19 -05 03 [ 06 -13 -04 04 04 13 IS 21 -03 01 03 02  -02 22 25 07 07 22 02 03 01 [ 08 01 -02 0 0.1 04 03 11 09 14 08 2 24 08" 13 [-14

05-25 ~ 05-31 | 187 05( 02 -01 -03 14 03 13 0 02 0 2 09 11 06| 01 02 0 03 -03 [ 19 26 02 04 | 07 13  -16 -01 [ -15 08 14 0.1 06 12 08 07 09 07 1 CEREEoT 1.1 13 25 23 21 16 15 15 03

06- -07 | 201 05 =21 28 -14 07 03 | -13 0 0.1 -12 08 05 16 -05 -05 21 06 08 -02 -01 04 [ -16 | -02 | -15 09 -13 -36 07 12 15 2.1 -04 12 -03 03 05 [ <18 -03 03 0 15 11 1.1 04 04 08 24 09 18

06-08 ~ 06-14 | 208 05| -04 = 06 =1l =13 01 14 12 09 =il 08 07 05  -08 06 < 12 25 03 2 -19 01 05 -4 03 05 = 16 14 05 05 0.1 04 09 =il 0 05 -0.5 13 08 07 11 -0.1 13 16 -03 -05 | 11 36
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Table 16. The weekly precipitation median, 1/3 and 2/3 percentile for 1991-2020, and the observed weekly precipitation from 1973 to 2020.
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Table 17. The
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climatological mean temperature and standard deviation for 1991-2020, and the weekly temperature anomaly from
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Table 18. The weekly precipitation median, 1/3 and 2/3 percentile for 1991-2020, and the observed weekly precipitation from 1973 to 2020.

Median | P33 | P66 | 1973 ] 1974 | 1975 | 1976] 1977 1978 ] 1979 | 1980 1981] 1982 1983 | 1984 | 1985 | 1986 | 1987 1988] 1989 | 1990 | 1991] 1992 1993 | 1994 ] 1995 ] 1996 | 1997 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 ] 2011] 2012] 2013] 2014 2015 | 2016 ] 2017] 2018 2019 2020
1230~ 01-05| 19 12 32 05 16 00 1 05 17 15 27 21 04 04 15 0 14 08 02 19 12 19 3 K X 1 1
0106 -0112| 23 14 32 02 11 3 . 708 o 28 25 05 18 1304 23 3 07 06 _0
01-13~01-19| 35 15 56 01 19 05 X ¥ Bl o 28 K 36 35 , 36 04 3 12 04
0120 ~01-26| 39 24 84 16 3 : 81 01 23 83 02 y 27 17 1o 18 39
0 2| 24 09 53 . 0 6 2 33 05 . . 22 025 24 0 . 05 39
02-03~02-09| 2 11 54 26 E E . Bl o 12 4 03 1. 37 14 13 24
02:10-02-16| 53 19 114 . . . 05 3 11 : 39
0217-0223| 38 15 59 . s . 43 . ; 09 38 1
3 1] ss 27 74 45 . . . g : 26
03-02-03-08| 87 31 139 TN . 24 !

0309 ~0315| 65 2 152] 3: : . . 1 3! . . 2 184 272 06
0316 -~0322| 109 8 183 8 94 18
0323-03-29| 65 34 97 . . 04
0330-0405| 59 29 152 . g s : . 18
o 2| 214 67 286 168 08 44268 46 11 g
0413 ~ 0419 152 55 211 6 41 ’ 15690EE8 116 161 58 134
0420 - 04-26| 138 69 304 172 173103 116 194 267 02 184
0427 ~ 0503 | 143 86 296 - 259 03 212 28 3 sl -7 se
05-04-05-10| 145 11 225 176 15 1 57 9 108 144
) 195 | 76 33 164 g 281 18! 4 285 28 125 : 195
) 139 | 76 258 sa 214 9 I 154 | 11 50 Y g . 46 47 203
) 67 32 185 18 126 | 95 ; B2 . 3 3 : ’ : 113 27 11
0 16 | 27 223| 97 146 : . ; . . 09 35 49
0 127 | 96 206 89 . . y 98 185 95 71
o 112 88 206 169 128 . y y Wesel <o 193 147
06-22 - 06-28 | 403 299 539 38 416 66 . 215 514389
06-29 ~ 07-05 | 757 55 892 “ 342 ; . ; ; g X . 384 ﬂ-
07-06 ~ 07-12 | 657 439 875 267 3 ¥ y ) | 827 | 212 11
0713 -07-19| 633 479 725 476 438 268 . . : . 2 478 65 321
0720 ~ 07-26 | 412 247 565 9 . : . 2 352 525 124
07-27-08-02| 332 182 551 206 . : . . ) . 5 278
0803-08-09| 38 212 592 388 : g . ! 9 95
0810 ~ 0816 | 417 256 755 y Y 464 267 76
0817 ~08-23| 499 294 72 3 X . ] ) . . . s 80 331 <o
0824 - 0830 | 482 269 633 . . . 585 346 409
o 6| 201 173 504 g 59 ; ; z g . Y X : 398 343
0907 ~09-13| 174 68 4328281 11 203 346 ! ¢ 4 8. 2 . 06 53
09-14 ~ 0920 | 141 84 399| 87 191 [487| 7 04 ; . . ; X X 26
09-21-0927| 114 44 238|141 01 1 14 18 . 28
0928 ~ 10-04| 126 44 26 | 119 2 M2 14 . y . X o6 163
1005~ 1011 | 41 16 154|103 4. 28 [is7
7311 58 07
1019 -10-25| 7 27 135| s 02
~11-01| 68 32 104 58
8| 52 37 125
s| 77 3 122
2| 42 23 115
9] 68 4 92
11-30 - 12-06 | 79 37 131
12-07 ~12-13| 43 24 10
12- 20| 3 15 44
12-21 - 12-27| 22 12 41
12-28~01-03| 17 14 31
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Table 19. Hit Rate and Heidke skill score of GloSeab Hindcast temperature for each climate
normal period and its difference.

8110 | lead 1 | lead 2 | lead 3 9110 | lead 1 | lead 2 | lead 3 DIFF | lead1 | lead 2 | lead 3
7103 | 03 | 045 J ] 03 | 03 | 05 ][00 0 0.05
F |03 | 015 | 03 F |03 | 03 | 03 F 0 | 015 0
M O 05 | 05 M| 06 | 05 | 03 M | 01 | 005 | 015
A 03 | 04 | 02 A 03 | 04 | 04 A 0 0 0.2
M | 03 | 05 | 04 M| 02 | 035 | 04 M | 01 | 01 0

| 7| 0| 035 |04 J 1025 | 05 | 045 J | 015 | 015 0
7] 03 | 03 | 04 J ] 03 | 0% | 05 J 0 0 0.1
A | 03 | 055 | 045 A | 035 | 06 | 0.3 A 0 01 | -01
S | 045 | 05 | 04 S | 05 | 045 | 05 S | 01 | -005 | 015
O | 035 | 03 | 04 O | 04 | 04 | 04 O | 005 | 005 0
N | 035 | 05 | 05 N | 04 | 04 | 045 N | 005 | 01 | -005
D | 03 | 02 | 03 D | 03 | 04 | 03 D | -005| 02 | 005

mean | 038 | 037 [ 040 mean | 036 | 042 | 040

8110 | lead 1 | lead 2 | lead 3 9110 | lead 1 | lead 2 | lead 3 DIFF | lead 1 | lead 2 | lead 3
710071 0 | 0214 J 0 0 | 0286 7 [ 007 | 000 | 007
F | 0071 | 0.214 | 0071 F 0071 | 0 | 0071 F | 000 | 021 | 000
M [OBEN 0357 | 0.286 M | 0429 | 0.286 | 0.071 M | 014 | 007 | 022
Al 0 | 0143|0143 Al 0 | 0143 | 0143 A | 000 | 000 | 029
M | 0 |-0071] 0143 M | -0.143 | 0.071 | 0.143 M | -014 | 014 | 000

s | 4| 0143 | 0071 | 0214 J | -0.071 | 0286 | 0214 7] -021 | 02 | 000
J 0 | 0071 | 0143 J 0 | 0071 | 0.286 J | 000 | 000 | 014
A | 0071 | 0357 | 0.214 A | 0071 [NOSIN 0071 A | 000 | 014 | -0.14
S | 0214 | 0286 | 0.143 S | 0357 | 0214 | -0.071 S | 014 | -007 | 021
O | 0071 | 0071 | 0143 O | 0143 | 0143 | 0143 O | 007 | 007 | 0.00
N | 0071 | 0286 | 0.286 N | 0143 | 0143 | 0214 N | 007 | 014 | 007
D | 0071 | 0143 0 D | 0 |0143] 0071 D | -007 | 029 | 007
mean | 0113 [ 0101 | 0143 mean | 0.083 | 0.167 | 0137
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Table 20. Hit Rate and Heidke skill score of GloSea5 Hindcast precipitation for each climate
normal period and its difference.

8110 | lead 1 | lead 2 | lead 3 9110 | lead 1 | lead 2 | lead 3 DFF | lead1 | lead 2 | lead 3
J 0.35 0.2 0.4 J 0.4 0.15 | 0.35 J 0.05 | -0.05 | -0.05
F 0.5 035 | 0.3 F | 0.35 0.4 0.3 F | -0.15| 0.05 0
M | 0.45 | 0.55 | 0.25 M 04 | 045 0.3 M | -0.05] -0.1 | 0.05
A 0.6 0.25 | 0.45 A | 055 | 0.25 | 0.45 A | -0.05 0 0
M | 035 | 0.25 | 0.35 M 0.3 0.25 0.3 M | -0.05 0 -0.05

IR J 0.3 0.5 | 0.45 J 0.3 0.45 0.5 J 0 -0.05 | 0.05
J 0.3 025 | 0.4 J 0.25 | 0.25 | 0.35 J 1 -0.05 0 -0.05
A 0.3 055 | 0.2 A | 025 | 0.55 0.3 A | -0.05 0 0.1
S 04 | 025 | 05 S | 045 | 0.25 | 0.55 S 0.05 0 0.05
O 0.3 055 | 04 O 0.3 0.6 0.55 O 0 0.05 | 0.15
N | 045 | 0.35 | 0.25 N 0.4 0.4 0.2 N | -0.05] 0.05 | -0.05
D | 0.35 0.4 0.2 D | 045 | 0.35 | 0.25 D 0.1 | -0.05| 0.05

mean | 0.39 0.37 0.35 mean | 0.37 0.36 0.37

8110 | lead 1 | lead 2 | lead 3 9110 | lead 1 | lead 2 | lead 3 DIFF | lead 1 | lead 2 | lead 3
J 10071 | -0.143 | 0.143 J 10143 | -0214 | 0.071 J 0.07 | -0.07 | -0.07
F | 0286 | 0.071 0 F | 0071 | 0.143 0 F | -0.22| 0.07 | 0.00
M | 0214 | 0357 | -0.071 M | 0143 | 0.214 0 M | -0.07 | -0.14 | 0.07
A | 0429 | -0.071 | 0.214 A | 0357 | -0.071 | 0.214 A | -0.07 | 0.00 | 0.00
M | 0071 | -0.071 | 0.071 M 0 -0.071 0 M | -0.07| 0.00 | -0.07

1SS J 0 0.286 | 0.214 J 0 0.214 | 0.286 J 0.00 | -0.07 | 0.07
J 0 -0.071 | 0.143 T 1-0071 1] -0071| 0071 J |1 -0.07 | 0.00 | -0.07
A 0 0.357 | -0.143 A | 0071 | 0.357 0 A | -0.07| 0.00 | 0.14
S | 0143 | -0.071 | 0.286 S | 0214 | -0.071 | 0.357 S 0.07 | 0.00 | 0.07
O 0 0.357 | 0.143 O 0 0.429 | 0.357 0 0.00 | 0.07 | 0.21
N | 0214 | 0071 | -0.071 N | 0143 | 0143 | -0.143 N | -0.07 | 0.07 | -0.07
D | 0071 | 0143 | -0.143 D | 0214 | 0.071 | -0.071 D 0.14 | -0.07 | 0.07
mean | 0.125 | 0.101 | 0.066 mean | 0.095 | 0.089 | 0.095

2014'3d JASH-E] 20201 ASO7ZFA] GloSeab forecast ol ZA%S H7lsldch Hd717 WA
AEZ Ygus 2do o3i% WH3lE hindcastRth forecastol A ol WA veRdT
Forecast 7|3 7|& Hddv] #= 7|9 38HE vind AAddAes 2, 7, 9, 12€S A9
gt 25 oA HR 0.6 o], HSS 0.5 o]de] &2 dSAdse BHoFAHTable 21). 53] 5¢
forecast 7|13+ Wl #5 HA7} 25 %‘Lﬂit‘r = YEsed, REdE HdEn 7] 2o
S RAeE = ﬂlis}oiﬁ}(HR 1, HSS=D). &y Bd7|zte] vt HA EE lead-timeo A oS
s 3 53] 5, 6€3 108 oA S5l & Fo= &3t Forecast <5459 shet
7 % W@dgko] At #E HAkY 39 BAHo| vAHA YEldo HdR
*d Ao 2 AAHEHIJY At Eo] Wdgke] viAHEA BHd FFEOE BHo| v
2} 25 584 | Aolth



Table 21. Hit Rate and Heidke skill score of GloSea5 forecast temperature for each climate
normal period and its difference.

8110 [ lead 1 | lead 2 | lead 3 9110 | lead 1 | lead 2 | lead 3 DIFF | lead 1 | lead 2 | lead 3
J ] 0.667 0.667 = 0.833 J ] 0667 | 05 | 0.667 J 0 | -0167 | -0.166
F 0.5 0833 0.667 F | 0.333 | 0.667 | 0.5 F | -0167 | -0.166 | -0.167
M | 0833 0.667 NI M | 0667 | 05 | 0.667 M | -0.166 | -0.167 | -0.333
A | 0667 B 05 A 0.5 | 0667 | 0.5 A | -0167 | -0.333 0
M F 0.833 0.5 M | 0.667 | 0.5 0.5 M | -0.333 | -0.333 0

IR J ] 0833 0.667 0.667 J 0.5 | 0.667 | 0.667 J 10383 | 0 0
J 10429 0.714 0.429 J 1 0571 | 0.714 | 0.429 J | 0142 0 0
A 10714 028 0.571 A ] 0.714 | 0.286 | 0.286 A 0 0 -0.285
S 0.5 0.667 0.667 S 0.5 | 0.333 | 0.667 S 0 | -0.34 0
O | 0.667 0.667 0.667 O | 0333 | 0.667 | 0.667 O |-034] 0 0
N | 0667 05  0.667 N | 0667 | 0.5 | 0.667 N 0 0 0
D 0.5 0.5  0.667 D 0.5 0.5 0.5 D 0 0 -0.167

mean | 0.665 | 0.667 | 0.653 meen | 055 | 054 | 056

8110 | lead 1 | lead 2 | lead 3 9110 | lead 1 | lead 2 | lead 3 DIFF | lead1 | lead2 | lead 3
J 0.5 0.5 0.75 J 0.5 0.25 0.5 J 0 025 | -0.25
F | 025 | 075 0.5 F 0 0.5 0.25 F | 02 | 02 | -025
M | 075 0.5 M 0.5 0.25 0.5 M | 025 | 025 | -05
A 0.5 0.25 A | 025 0.5 0.25 A | =025 | 05 0
M 0.25 M 0.5 025 | 025 M | 05 | 05 0
J | 075 ] 0.5 J | 025 0.5 0.5 J 0.5 0 0

i J 0.2 0.6 0.2 J 0.4 0.6 0.2 J 0.2 0 0
A 0.6 0 0.4 A 0.6 0 0 A 0 0 04
S | 02 0.5 0.5 S | 025 0 0.5 S 0 -0.5 0
0 0.5 0.5 0.5 0 0 0.5 0.5 O | 05 0 0
N 0.5 0.25 0.5 N 0.5 0.25 0.5 N 0 0 0
D | 025 | 025 0.5 D | 025 | 025 | 025 D 0 0 -0.25
mean | 0.504 | 0.508 | 0.0438 mean | 033 | 032 | 035

Fewge 7lennt 389 Wy WEol 37 oo} o=
WETHTable 22). 712 Bt #3 Z5Fe] 389 B4t )

3 WY 2d gFdes AR
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Table 22. Hit Rate and Heidke skill score of GloSeab forecast precipitation for each climate
normal period and its difference.

8110 | lead 1 | lead 2 | lead 3 9110 | lead 1 | lead 2 | lead 3 DIFF | lead1 | lead 2 | lead 3
7 1 0333 | 0667 | 0167 7 10333 0833 0167 J | 0 |06 0
F | 0167 | 05 | 0333 F 1033 | 05 | 05 F o6 | 0 | 0167
M| 05 | 05 | 05 M | 05 | 0333 | 05 M | 0 |-0167] o0
A | 0667 | 05 | 0167 A | 0667 | 05 | 05 Al o 0 | 0333
M | 0167 | 0333 | 0.333 M | 0167 | 0333 | 0333 M| 0 0 0
71 o5 | 05 | 03 7 o8| 05 | 03 ;o3| o 0
BR 1y | o571 | 0429 | 0286 710571 | 0420 | 0286 1o 0 0
A | 0571 | 0143 | 0143 A | 0571 | 0286 | 0143 Al o |03 o
S | 0333 | 0167 | 05 S | 0333 | 0167 | 05 s | o 0 0
o 033| 05 | 05 o033 05 | 05 ol o 0 0
N | 0333 | 0333 | 0667 N | 0333 | 0333 | 0667 N | o 0 0
D | 0167 | 0167 | 05 D | 0167 | 0167 | 05 D | 0 0 0
mean | 0.387 | 0.3% | 0369 | | mean | 0428 | 0407 | 0411
110 | lead 1 | lead 2 | lead 3 | | %! |lead 1 |lead 2 | lead 3| | DIFF | lead 1 | lead 2 | lead 3
T 1T 0 [ 05 | 05 T 0 0B 05 T 1 0 [05 | 0
F |05 05 | 0 Fl 0 | 05 | 0% Flos | o | 0
M| 05 | 05 | 02 M| 05| o | 02 M| o0 |95 o
AL o0s | 0 | 05 AL 05 | 05 | 0% Ao 0 | 05
M| 025 ] 0 0 M| 025 | 0 0 M| 0 0 0
ms| J | 05 | 0% | 0 ] om0 |0 7 Los | o 0
7 oa | o2 | o 7L oo4 | o2 |0 7o 0 0
Al o4 | 02 | 02 Al 04 | 0 | <02 Al o |02 | o
s | o0 | 05| 0 s | o0 | 0| 0 s | o 0 0
ol 0 |05 | 0% ol 0 |05 | 0% ol o 0 0
N | 0 0 | 05 N | 0 0 | 05 N | o 0 0
D | 05 | 05 | 05 D | 05 | 05 | 05 D | 0 0 0
mean | 0.088 | 0.104 | 0.067 | |mean| 0015 | 012 | 0.3

(6) GloSea5 =d o] AldYd = o4 W3}

T g FA HIE fal WA 2de] dE s Hdgko] sttt GloSead AlH W 4=
9] hindcast= wig 1, 9, 17, 25¥ A4t=E7] & <¢HZ 7 77k Ex¢] 5 hindcast #f
5o JEAE Fo ¥ 7|EHdS :rL st Ao dFEH dAad7tA e = HES AL
Hindcast 713+ 1991\d H-E 2010W@7FA] = ZOLﬂ forecast 717+ 2017WdH-H 2019@ 714 F 3
dolH, #3539 v 2 F 537 o FHEH A3 5s 47 Hrtstdth dS 150A 65
7hA1e] F Al Bl o FAd5S AASHATH

i

GloSead Ald W o= hindcaste] 7|2 ASA TS Bd7IZEe] WMAH dARlC] 125 A=
oA HR2 0.5 o], HSS= 0.3 oldo= =A yekwtil, 3~45F dZdA+= HRe| 04 °l4,
HSS= 0.1 o] @ o2 U, 565 dZo tsirs dSAd 50l ol 2def o= Z34E 4

37 gk BA71 WAel B =4 Wt 2A AR, 179 65 ASA olZ



Aol 712 Hdou] 3890 3t Gloseas A- W) dlZe] S5 I
wHth 27 WoldT, RE dZ Fol4 HRE 03 A= Jehju, d= 159 dZ4o] 7
4w olZ 379 o240l b Bk HSSE pH AR o2 1764 714 &1 o3 3%
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Figure 58. (left) Hit rate of GloSea5 subseasonal hindcast temperature (right) Heidke skill
score of GloSeab subseasonal hindcast temperature.
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Figure 59. (Left) hit rate of GloSea5 subseasonal hindcast precipitation (right) Heidke skill
score of GloSeab sub-seasonal hindcast precipitation.

GloSeab AE W 4 =< forecastd] &A% hindcastol] vlws] €53 A Yehve=
o, A3 ASS A3 22 AFrt FEE 201794 20199744 & 332wl A Jo
frojste] A#fE Ay Hotof gtk 1-2F o FolA F Bdr|te] 7 v‘i‘—% A gk o
ZX4%2 HR 05 o], HSS 0.3 o422 2 d345S Ui, 359 55 o ZFddA



R& ¢F 05, HSS= ¢F 0.2 Hxe d=AFo] YERT 459 6579 dS&As0] 7 BA
‘/}E}‘drl’%. Hd7|zke] vt A 2o 7 o F4d 5ol T stEste EgS Holed 53
55 dZFolA dFA5 stk Fo] 7H Atk (Figure 60).

Ao oEA%e AMud HRe AS oF FE2 2 o] glo] HR o 0.3 AEo o
ZA4% o] YetdthFigure 61). 2318 5 FRboA Aol MAEe EES HoledH ole
Ae FE g7 FAE FFE v AR HAT HSSE EE oF FoA -0.1~0.1 Ako]
2, d= vk 3F0A4 29 2, A= FTuk 3Fo) A ko] e yelkit Hydr|to] WA E
A g 3FE At BE FoAA dF5A0] bi JidEE a7 YEhd . a8y 954
H7bE A%t 22 M7t wig Aol B FAH TS WU o ofERo] Atk

0.8 0.7
0.75 0.6
07 5
0.65
04
0.6
03
0.55
05 0.2
0.45 0.1
04 0
W 2W 3W AW 5W 6W W 2W 3w AW SW 6W
—e—HR[81-10] —e—HR[91-20] —a—HSS[81-10] —e—HSS[91-20]

Figure 60. (Ieft) Hit rate of GloSea5 sub-seasonal forecast temperature (right) Heidke skill
score of GloSeab sub-seasonal forecast temperature.

05 01
04 0.05
. W |
0 1W 2W 3W 4w 5W 6W
' -0.05
0.1
01
0
1W 2W 3W 4 5W 6W 015
—e—HR[81-10] —e—HR[91-20] —e—HSS[81-10] —e—HSS[91-20]

Figure 61. (left) Hit rate of GloSea5 sub-seasonal forecast precipitation (right) Heidke skill
score of GloSeab sub-seasonal forecast precipitation.
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d &AL 2¢€9 A sEsta, 12929 A5t o, lead-29 A= W23 4=, lead-39 A
= 893 10¥€ o =Ao] /MAFHAY. Forecast dZA5olAdE Hd7|7ko] WstAA 7129 4

dsol aA stErelksd, 53] H 1093 2433 @40 F3H5HA vElgd 593 6€, 10
29 AFAF stgol woll "t A9 forecast oS85 W= FHsA &

A

;

/RE =9 hindcastll A= 712 AF9 B¢ HA7ZE WA wE JF4 W3yt =24
L, A dEe] Ass "drizt 23

4% < hindcaste} Hlasile o €53 =A YElus A
& FE9 Vgt vlg Aol R dFA TS HUFsr|ol ojHEo
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H 71FHstE Qe FNEE o] }r]E o] FUketAL floH, ol 4, I, Jhw, T
I, 24 Fo AAANE DAYANA & FE ZHste AoE 4#HA UckHam et al, 2017,
Lee and Lee, 2008; IPCC, 2007). IPCC(IntergovernmentalPanel on Climate Change)= 20A417] <
Hl o] A X PAHo g EHo] wruier} Z/kgitty E I THIPCC, 2014; Heo et al 2019).

53] == A 1000d937H1912-2008) A, 1A, AE, i+, FxE, B4 67 -] Ht
71e AEgo] 1L.7CE A XHL Hi7E FsEA vHlEdEon, 1990dtE 7HeE & Fo
2 ALy, 1 olTox HE3] 7]&o] =71t JTHNIMR, 2009). $-2luiele] A =
g 19944, 20134, 2016‘:1, 2018% ZAS E F Uk 19949 Z2HFS A9t FAg 4
o] Hto o] FAZII YTh= FELS FEL 1S Apgolth

o=
< B9l 1] 4= 3’_71‘?&91 z7] e "L%%GH X]‘*‘A ZV]‘?J ‘%“*Oﬂ °|3k Zo]

= Z4

2= A F(Park and Schubert, 1997)7F 9tk Z28]x 20130 WAy3 X He =&EF ] 1179
o] FFoE B2 o] AFHIUL, stF trloA 2T FIF AKSHOE INEE FAEHIU
7] wjEolgt 8Fal AF(Kim et al, 2014)7F Yt} Bul olygl 3T EHFe s|AQ Ao A
A T2 W] JgFS W% 3tk 1 o2 Lee and Lee 2016)= 3% EHo] A AT It
2o WEAN & A4S 7RI =7 @Rl g § & 33 FRA Fdo] EATS A
A8t Zds BRI &

AL, Yeo et al. (2019)& 850 hPa 1% #a £4S Fa Folr ol £
A G A E A2l 850 hPa HAl #E7F Fotrof FH3 FAAAT dwe Wit

L2}
TolAE 2018 A AakE ECMWES GloSead + 71
dl FE AEARY 4R 1FRE 677129 Hi]
, A7, duzte] A5 S HrretAth 183 (Yeo et al, 2019)¢] %4 gl PJs}
F 1% S 2do SIS T4 = LY
Uiro] F 7154 S mdo) 14FH 29 qSuHs B
2 ERAS A&A2A2E ARESET o] dT-olA ERASS| =7]%3}
ECMWF¢] Z71%o] 27] w&o ECMWFS] <=4 %5°] GloSeabth F& <+ U2 AtsfoF

o] A9 T AQl 2F A= A SA Hrlol] AHEE EAUHI B
3ANA = 7] 39 8 Hur|L, HAVL, 4zt 9=
o] = A B gisll, Al 5NA =

FANE FE PR A% 2 A7 Azl vl o
FEE S
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713 o= ndo o4 H7EE 98] RMSE, BIAS, PCC, TCC, MSSSE A}&3F4t}h. RMSE,
BIAS, MSSS+= ol &gk¥ AA &=kl g dF Ag=E Uedy, I o] &e5E A4
7F Foh HojEAAB/AE F O2FY AY ABAEES JEI #ol =E5E ARABAV =
th. PCCE 71% #=3 d=9 9 4#AS Yea, TCCx 715 #=33 =49 7+ 7—31
A ANALE ABAAES Yepdth PCCe TCC BF doje AdaAA 2o 93] Atdch
MSSS(Mean Squared Skill Score)&= dl&gke]l #SFOZHE] VA= A EAS TFHo=E
gotd ¢ e AFolth. MSEE dEgte]l dSHSERE VA e AE AFdte] Hsia
MSE = #5330 #S7193 e B+ Ag 4ot Fste AA A 7 4 =
O & HATZIS(costh)s st AT & =9 FadolA 1749 s 7HAH
12 9H3g qRE ou|sta, 4o #e 7Hd AF dF 4%l E5&, 29 #s M AR

| Gwe ojmay. #d Ae ofsh 2

]

o

_l]}i‘

T
i

RMSE= %Ey Y, ) B[ASZ%(Z@}Z.—%) (7]
1

(2, — )y, —y)

V=2 VY —y

(8]

Correlation(x,y)

_l" o _ln 0 :_MSE
MSE= nlg(fz Oi), MSE, = nigl(oi of MEEE=1 MSE, Y

h 24 A=

A5E 7FdS 2dY F4Y 434 HUHE AT ARE SEFE 8¥€7tA ECMWFS
GloSeab5e] S2S o =7 HForecast; FCST)® 7] &4 (Hindcast; HCST)S AM&3tdth F =2d 2%
2018 AAE AEE AHEEEI B AAE=E 15° x 1.5° o]tk ECMWF Hindcast 7]7H-2
1998~2017\37bA] 20 d o] a7, Hindcast717t 448 74+ 1170, Forecast717r dAHE 7= 51
7Weltt. GloSea5 Hindcast”]gF-2 1991~2010L3_77}X] 201 do]ar, Hindcast 713t 4&E 7= 370,
Forecast 713t 4738 & 4/holth. #3 #t5= ERAS xﬂfa A25 AH83+SITE ERAS 3
BEE 0257 x 0.25° o FFEEEE JHAIAIRE 7F oS ey BlwEAsty] s 7]$4
= 2l ol g3 1.5° = AHAS stof A8



Table 23. Characteristics of climate prediction models and reanalysis.

RS 1.5%
HINDCAST 7]z}t 1998~2017(20)/59~
ECMWF A
FORECAST 7]z} 20183/5¥~84
G5 HINDCAST 1178, FORECAST 517
A= 1.5%
GloSea5 HINDCAST 7]z}t 1991~2010(20)/54~8<
FORECAST 7|%F 2018d/54~84
GAE HINDCAST 370, FORECAST 47}
= 0.25%
ERAS HINDCAST 7|3}t pdy 74
FORECAST 7]z}t 20183/5¥~84
GAE HINDCAST 1170, FORECAST 5171
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Figure 62. (left) East Asia area (right) South Korea area.
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Table 24. ECMWF TMAX predictability evaluation.

Area Period Verify 1week 2week 3week 4dweek Sweek bweek
FCST RMSE 0.048 0.178 0.257 0.277 0.306 0.304

FCST BIAS -0.009 -0.063 —0.060 —0.052 —0.080 —0.086

FCST PCC 0.939 0.663 0.379 0.230 0.159 0.193

Global FCST MSSS 0.658 0.197 —-0.116 —0.215 —0.250 —0.237
HCST RMSE 0.082 0.204 0.264 0.283 0.291 0.283

HCST PCC 0.963 0.728 0.477 0.386 0.352 0.429

HCST TCC 0.794 0.761 0.671 0.628 0.607 0.580

HCST MSSS 0.499 —-0.099 —0.343 —0.419 -0.432 —0.437

FCST RMSE 0.138 0.382 0.616 0.526 0.580 0.596

FCST BIAS —0.076 0.085 0.193 0.120 0.169 0.236

FCST PCC 0.883 0.672 0.365 0.299 0.257 0.146

Bast Asia FCST MSSS 0.208 —-0.125 —0.578 —0.559 —0.522 —0.444
HCST RMSE 0.172 0.441 0.585 0.627 0.651 0.664

HCST PCC 0.961 0.710 0.387 0.244 0.168 0.112

HCST TCC 0.785 0.738 0.631 0.584 0.505 0.455

HCST MSSS 0.188 -0.329 —0.555 —0.657 —0.669 —0.674

FCST RMSE 0.643 1.170 1.744 1.639 1.912 1.832

FCST  BIAS 0.353 0.270 —-0.037 —0.324 —0.405 —0.347

FCST PCC 0.881 0.679 0.264 0.384 —0.015 0.157

FCST MSSS 0.438 0.246 —-0.057 0.066 0.020 0.118

HCST RMSE 0.543 1.168 1.315 1.443 1.377 1.337

HCST PCC 0.917 0.569 0.340 0.084 0.070 0.120

HCST TCC 0.800 0.690 0.688 0.444 0.369 0.356

HCST MSSS 0.197 —-0.425 —0.664 —0.952 —-1.022 —0.924

Korea

Table 24+= ECMWF TMAXd &4 B4 zFo|ty AAF o FoA4 FCST 7]1ZF RMSE= 0.4°]
slo]ar 9] BIAS7} &A%kt PCC7F ol X 15 oA 0.90]| 0.2 o SAo] ofF o1} o H
3F5E 040)5t2 "otk MSSSE om 125014 %o e 7R MSSE Bfold T
AZAHE 7= AL = Eroh HCST 713t d 342 RMSE+= B+ F594 0.3 o]sto|tt. PCC
7F B 15 A 090|402 o FAdo] ol E4. Iy dXH 3FHE (0.50]32 "ozt
TCC= FAa7F gl d4= 0894 0.6 "ol MSSS+= o B 1Fo]Aq o] #s 7k
o,

FoAlof o Soll A FCST 713k RMSE+ 0.6 o]dte]a B 1504 3¢ BIAS7} &A%t}
AR 255 E= 4ol BIAS7E A%t PCC7F B 15 oA 08822 o F4do] Foh. 12u
AE 3FHE 040]st= Hojnr. MSSSt 2FHE &9 e 7Ht. HCST 713 A5
RMSE+& 0.7¢]3Fo]az PCC7F ol B 15+ oA 0.9 o] o2 oo Foh 18y o i 3F5E
0.4c]3t=2 Hojzlty TCCx= 0.8°14 0.52 Hojth MSSS& 2FHEH &9 e 7o & &

HA URo] FoRAOIAF L AT Hs| Fgo] oA Ae & 5 Ut
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W o Zo A FCST71XF RMSE+ ol B 275 1o]do|th. o B 1254 <] BIAST}
TABtAL AR 3FFE = 9 BIAS7F EA3th PCCoF B 15 oA 0.882= < F/4do] F
o 22y d® 3F5E PCC7t 0.40]8t2 Eojt}. MSSS= 3548 <9 #& 7Fn. HCST
712t RMSE= ol B 2578 1o]delty. PCC7F i 15 o4 0.9 ooz oqFAo] Fu. 1
Hu d B 3FFE 040]8tE "oty TCCx 08014 04% "otk MSSS& 2FHE 29
e 7HH

Table 25. ECMWF TMIN predictability evaluation.

Area Period Verify 1lweek 2week 3week 4dweek Sbweek bweek
FCST RMSE 0.048 0.174 0.254 0.288 0.307 0.324
FCST BIAS -0.028 -0.078 -—0.076 —0.071 —0.088 —0.119
FCST PCC 0.944 0.697 0.431 0.253 0.187 0.237
FCST MSSS 0.644 0.195 —-0.128 —0.245 —=0.270 —0.247

Global HCST RMSE  0.075 0.196 0.270 0.290 0.304 0.298
HCST PCC 0.970 0.763 0.472 0.377 0.323 0.388

HCST  TCC 0.796 0.769 0.685 0.635 0.608 0.576

HCST MSSS 0.493 —0.086 —-0.350 —-0.429 —-0.456 —0.469

FCST RMSE 0.176 0.326 0.509 0.441 0.526 0.526

FCST BIAS —-0.127 -0.015  0.020 —-0.049 -0.034 —0.001

FCST PCC 0.892 0.694 0.407 0.304 0.211 0.165

Fast Asia FCST MSSS -0.089 —0.359 —0.755 —0.850 —0.912 —0.858
HCST RMSE  0.144 0.353 0.471 0.517 0.541 0.550

HCST PCC 0.961 0.746 0.470 0.322 0.246 0.180

HCST  TCC 0.786 0.767 0.630 0.568 0.545 0.461

HCST MSSS -0.233 —-0.784 —0.995 —-1.149 —-1.254 —1.357

FCST RMSE  0.460 0.972 1.386 1.251 1.552 1.405

FCST  BIAS 0.034 0.087 —-0.108 -0.322 —0.365 —0.393

FCST PCC 0.877 0.611 —0.041 0.132 —0.352 0.011

Korea FCST MSSS —-0.756 —1.158 —1.446 —1.452 —1.589 —1.657

HCST RMSE  0.531 0.960 1.121 1.252 1.235 1.223
HCST PCC 0.907 0.630 0.376 0.108 0.145 0.179
HCST  TCC 0.796 0.712 0.684 0.605 0.596 0.459
HCST MSSS —-2.226 —-2.493 —-1.991 -1.976 —2.193 —2.330

Table 25> ECMWF TMINo| &4 40|ty A o o4 FCST 7]%F RMSE+ 0.4 ©]
sto]al 9] BIAS7F &A1ttt PCCoF ol i 15 oA 0.90]4 o2 dSAo] Fou oK 3577
Bl 0.50]8t2 "ozt MSSS& dE 2714 &9 < 7. WA F oS4 HCST713h
RMSEL B FoA 0.3 olstelth. PCC7F o|lBH 15 oA 0.90] 302 Ao Fo1 on

FHE 0.50]3t2 "ozt TCCx= 0.89A4 0.602 Hojxlth MSSS&= o|lBH 15047 49
%k:% 7HzIt

ZolAlo} o= A] FCST7]Zt RMSE: 0.6 o]3to]x Huwbx o= Lo BIAS7} ZA)stt).
PCC7} o|® 15 oA 08922 d&Ao] Fou 4K 3FHE 04052 HojFth MSSS& &
T 89 Z+& 7Fzith HCST 717F RMSEE 0.60]8Fo|th. PCC7F olB 15 oA 0.9 ooz o
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Table 26. ECMWF DTR predictability evaluation.

Area Period Verify 1week 2week 3week 4dweek Sweek bweek
FCST RMSE 0.026 0.057 0.063 0.073 0.069 0.076

FCST  BIAS 0.018 0.016 0.015 0.019 0.008 0.033

FCST PCC 0.797 0.498 0.258 0.183 0.143 0.121

HCST RMSE 0.036 0.064 0.084 0.087 0.091 0.093

HCST PCC 0.907 0.655 0.295 0.241 0.116 0.059

HCST TCC 0.730 0.595 0.479 0.414 0.367 0.346

FCST RMSE 0.091 0.179 0.266 0.277 0.315 0.344

FCST  BIAS 0.051 0.100 0.173 0.169 0.203 0.237

Bast Asia FCST PCC 0.793 0.577 0.319 0.238 0.122 0.009
HCST RMSE 0.107 0.225 0.270 0.290 0.297 0.306

HCST PCC 0.925 0.599 0.324 0.111 0.052 0.069

HCST TCC 0.736 0.576 0.494 0.423 0.339 0.307

FCST RMSE 0.563 0.864 0.846 0.794 0.951 0.881

FCST  BIAS 0.319 0.182 0.071 —-0.002 —0.040 0.046

FCST PCC 0.788 0.495 0.367 0.432 0.057 0.163

HCST RMSE 0.499 0.777 0.757 0.782 0.791 0.797

HCST PCC 0.833 0.423 0.327 0.209 0.118 0.080

HCST TCC 0.773 0.613 0.724 0.537 0.379 0.559

Global

Korea

Table 26= ECMWF DTRIZA #4 . AR A S A FCST 7]t RMSE+ E+
0.1 o]&tolt}. o]= DRTAA gtol 27| wjiolth. Mwkzlo=w <fe] BIAS7F &A%kt PCCot
B 15 oA 0.8% dFAo] Fo oKX 3FFE 0.3°]st2 "Hojxlth. HCST7|ZF PCC7} <
B 15 oA 090]4o 2 dFAdo] Fou 4R 3FFE 0308t "Woxity. TCCx 0.7 A
0.308 "ozt

k
o

EokAlo} g Zo A FCST71ZF RMSE&= 04 o]3kal el BIAS7F &A1ttt PCC7F dlx 15
o5 0.798 dFAo] £ HolAT K 3FHE 0.40]5t=2 "Hoxt}. HCST~|%F RMSE+ 0.1
ojgtolt}. PCC7}F ol B 15 oA 0.9 o]d o= oFAo] Fou oK 3F7E 0403tz Eolxl
. TCCx= 0.794 0302 "ojxit.

PREE o Fo)| A FCST7|ZF RMSE= ol 1-250A 05 FEo=2 FAF 3 FopAjolet



= It} ol B 1-3F0A] k2] BIAS7F =A%t} o]= BIAS 324 =
ol FEFE W Y F-0 Fol FFLE Ansta ol BdoA duarl BS54 %ﬂi}
Ho}p Aths A& ov|dith PCCe oB 157 oA 0.7922 o F4do] & Hou dr 33

E] 0.4°]3t= "ojzity. HCST7|XF RMSE= =5 0.1 o]3te|th. PCC7F X 15 of A 0.832&
A Sdel Fou oK 3FFE 0.40]st2 Hojxty TCCx= 0.8914 0602 Hojxit

Table 27. GloSea5 TMAX predictability evaluation.

Area Period Verify lweek 2week 3week dweek Sweek bweek
FCST RMSE 1.422 1.460 1.460 1.437 1.455 1.464
FCST BIAS -—1.413 —1.437 —1.428 —1.403 —1.422 —1.429
FCST PCC 0.682 0.392 0.131 0.039 0.044 0.048
FCST MSSS -1.118 -—1.742 -—2.111 -—-2.173 —2.128 —2.098
HCST RMSE 0.199 0.272 0.315 0.314 0.311 0.318
HCST PCC 0.788 0.554 0.393 0.408 0.422 0.402
HCST TCC 0.780 0.698 0.627 0.599 0.565 0.530
HCST MSSS -0.494 -0.860 —0.988 —1.021 —1.041 —1.024
FCST RMSE 2.349 2.282 2.151 2.054 1.925 1.808
FCST BIAS -—-2.281 -—2.153 -1.977 -1.913 -1.783 —1.688
FCST PCC 0.407 0.232 0.048 0.010 0.032 0.087

Fast Asia FCST MSSS -—-2.590 -—3.022 —3.749 —3.885 —3.927 —3.857
HCST RMSE 0.445 0.530 0.606 0.652 0.684 0.706
HCST PCC 0.778 0.658 0.534 0.455 0.397 0.381
HCST TCC 0.797 0.749 0.654 0.615 0.569 0.553
HCST MSSS —-0.028 —0.348 —0.589 —0.727 —0.874 —0.922
FCST RMSE 2.810 3.117 3.337 3.364 3.248 3.176
FCST BIAS —2.685 —2.710 -—2.698 —2.809 —2.665 —2.538
FCST PCC 0.796 0.510 0.186 0.117 0.171 0.158
FCST MSSS -0.768 -1.217 -1.561 —-1.750 —1.875 —1.803
HCST RMSE 1.043 1.246 1.401 1.567 1.612 1.630
HCST PCC 0.752 0.611 0.470 0.280 0.153 0.103
HCST TCC 0.800 0.800 0.782 0.655 0.565 0.508
HCST MSSS 0.353 0.132 —-0.066 —0.343 —0.528 —0.704

Global

Korea

Table 27+ GloSeab5 TMAXd &4 A 3ko|th. AA|F o SFolA4 FCST 7]k RMSE& 1.5 ©]
stolal 73k &9 BIASZF EAgtth. PCC7F ol B 15 oA 0.70]a o B 3F5F 0.20]3t= ¥
o]t} MSSS+= B5F 9 S 71Zth HCST 713 RMSE= EE FFol4 04 o]sle]t}. PCC
= B 15 oA 0790131 B 3FFE 0.5°]8t= Hojxty TCCx 0.8°A4 0.5% HojXth
MSSS&= oli ®F 59 @S 7HXth

FOoFAloF dlFol A FCST7]ZF RMSE+ 2% FFolth. BE FolA 2% 59 =9 BIAS
7} ZAFTH PCCrF B 15 oA 042 240 %u o)n 35RE= 0108tz "ol
MSSSE 25 29 z+& 71zt HCST7]7F RMSEx= 0.79]3)e]2 PCC7} o X l—zr ol A 0.78°]
3 o B 3FHE 0.60]5t=2 Ho]Zth TCCx 0.8914 0.55=2 HojZth MSSS+ 25 29 #*S
=



SIS o ZoA FCST7|ZF RMSE= 2~3% FFo|th. BE FFoA4 2% o449 &9
BIAS7} A3ttt PCCx dlX 15 oA 0.80]u} o B 355 (0.20]8t= "oty MSSS= =
T FoAA &9 #E& 7FRo HCST 7]z RMSE+= 1~1.6% Fo|th. PCCr7F 4R 15 oA
0.750]4} d B 35FE 0.50]3t2 "Hojzlth. TCC+ 0.89]4 0.52 "Hojzlth MSSS& dX 125
ANA & FS 7T AF o2 ECMWFRT oS4 5] Bolxlth ol #5 AEAFL
% ERASE AHEE HS aefsfior gt

Table 28. GloSea5 TMIN predictability evaluation.

Area Period Verify 1lweek 2week 3week 4dweek Sbweek bweek
FCST RMSE 1.627 1.664 1.690 1.730 1.710 1.692
FCST  BIAS 1.621 1.647 1.665 1.700 1.683 1.662
FCST PCC 0.743 0.466 0.206 0.109 0.111 0.107
FCST MSSS -0.530 —-1.140 —1.597 -—-1.709 -—1.620 —1.540
HCST RMSE 0.194 0.273 0.320 0.327 0.323 0.330
HCST PCC 0.805 0.564 0.381 0.376 0.400 0.379
HCST TCC 0.769 0.693 0.622 0.594 0.552 0.516
HCST MSSS -0.516 -0.912 —-1.048 —-1.091 -1.106 —1.085
FCST RMSE 1.872 2.007 2.143 2.140 2.248 2.360
FCST  BIAS 1.839 1.937 2.045 2.056 2.156 2.261
FCST PCC 0.654 0.496 0.235 0.127 0.104 0.058

Fast Asia FCST MSSS —4.625 —4.922 -6.194 —-6.263 —6.171 —6.309
HCST RMSE 0.364 0.447 0.499 0.555 0.588 0.606
HCST PCC 0.786 0.662 0.562 0.463 0.409 0.389
HCST TCC 0.788 0.726 0.620 0.589 0.546 0.530
HCST MSSS -0.798 -—1.007 -—1.183 —1.316 —1.443 —1.483
FCST RMSE 2.078 2.252 2.491 2.243 2.360 2.487
FCST  BIAS 1.944 1.922 1.908 1.729 1.806 1.900
FCST PCC 0.786 0.564 0.023 —-0.048 —0.051 —0.051
FCST MSSS -—2.222 -—2.064 —2.605 —2.002 —1974 —2.125
HCST RMSE 0.848 1.011 1.157 1.384 1.454 1.489
HCST PCC 0.770 0.655 0.519 0.284 0.194 0.145
HCST TCC 0.800 0.800 0.779 0.634 0.652 0.623
HCST MSSS -0.299 -0.464 -0.701 —-1.069 —1.230 —1.433

Global

Korea

Table 282 GloSead TMINe| &4 EA 3oty AT o FollA FCST 7]+ RMSE+= 1.6~1.7
T FFola &9 BIASZE EA1gty. PCC7F dl® 15 oA 0.740]1 X 35=5-E 0.20]5l=2 @
ojZth MSSS&= EF &9 @S 7FHo HCST7|ZF RMSE= EE&E FFA4 0.4 o]3tolt). PCC
7F dlB 15 oA 0.810]a oH 3FHE 0.40]st2 Eojxn. TCCx 0.8°14 0.5 Hojxid.
MSSS& BE FolA &9 #e 7o,

FOoFAoF S A FCST 717k RMSE& 2% FFolth BEg FollA 25439 49 BIAST}
EAgt. PCC= ol® 15 oA 0.650]3L ol 35FE 0.20]st2 "otk MSSS& =F ¢
#= 7kxlth HCST7]%F RMSE& 0.70]3to]th. PCCx= olX 15 oA 0.79¢0]a o1 65714 0.4
]’Folth. TCC= 0.8014 0.52 "ojZth MSSS+ EF &9 @& 7HXth
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Table 29. ECMWF DTR predictability evaluation.

Area Period Verify 1week 2week 3week 4dweek bweek bweek
FCST RMSE  3.037  3.085  3.094  3.104  3.106  3.092

FCST BIAS —3.034 —3.084 —3.093 -3.103 -3.105 —3.091

FCST PCC  —0.005 —0.011 —=0.021 —0.023 —0.017 —0.008

HCST RMSE  0.067  0.081  0.086  0.084  0.090  0.092

HCST PCC  0.631  0.391  0.232  0.236  0.089  0.072

HCST TCC  0.580  0.439  0.370  0.310  0.274  0.251

FCST RMSE  4.158  4.127  4.051  3.993  3.960  3.971

FCST  BIAS —4.119 —4.090 —4.022 —3.969 —3.939 —3.949

. FCST PCC  0.104  0.130  0.138  0.133  0.163  0.170
Fast Asia poop RMSE 0221 0.256  0.298  0.307  0.325  0.317
HCST PCC  0.688  0.509  0.256  0.159  0.094  0.183

HCST TCC 0570  0.435  0.353  0.283  0.280  0.282

FCST RMSE  4.766  4.759  4.725  4.638  4.565  4.538

FCST  BIAS —4.629 —4.632 —4.606 —4.538 —4.471 —4.438

FCST PCC  0.163  0.057  0.031  0.028  0.037  0.090

HCST RMSE  0.709  0.813  0.829  0.831  0.841  0.843

HCST PCC 0552  0.282  0.224  0.185  0.137  0.119

HCST TCC  0.722  0.498 0596  0.563  0.541  0.546

Global

Korea

Table 292 GloSead DTR oS4 B4 Eoltt. MAF o FolA FCST 7|13+ RMSE+= =5 3
5 F¥2E ¥ BIASE 3% 59 9 BIAS/F &A%tk PCCy EF 9 @< 7HAA
o SA4de] ¥rh. HCST7|ZF RMSEx= =& FFolA 0.1 olo|th. PCC7F A® 15 oA 0.60]a
X 3F7H 0.3°]st2 Holxt} TCCx= 0.5914 0.22 "oz,

BOolAo} oA FCST7]ZF RMSE+ 4% FFolal 9] BIASZF EA1%t. PCCE 4R 1
F oA 0.2 olstz oF4do] ok HCST 71t RMSE:= 0.3°]8te]th. PCC7F o H 15 ol A
0.68°0]3L PCC7} olx 35FH 0.30]3t= Ho|xith.

S o =0 1 FCST7]7F RMSEE 4% 43o]a £9] BIAS7F &3tk L9 BIAS o] £
o| Soll A <Fe] BIASS] F@Folth =3 Yl BIAS

W WV E—-0 #ol &5FYe ojusla o= &
T 1 Lx}iﬂ‘r ZtkE AL 9u|gith PCC7F ol® 15 olA] 0.2E <
t}. HCST717F RMSE& 1o]3felt}. PCC7F olB 15 oA 0.55¢]2 oJx 35HE 0.3
o] 21t} PCCE o B1Fo|A 0.550] 3 3F22E 0.3 o]3t= Holxth TCCE 0.7914
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Figure 63. PCC of ECMWF S2S and GloSeab S2S at forecasting the TMAX, TMIN and Z500 of
lead time from May to August.
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Figure 64. RMSE and BIAS of ECMWF S2S and GloSea5 S2S at forecasting the TMAX, TMIN
and DTR of lead time from May to August.



(4) ECMWF S525¢} GloSeab S2S @ 43E A= AS9 F4 Ad &4
(b PJ €3} CGT e 27 dit= FF At 24

zt 71% 299 Hindcast 713t &<F PJet CGT o] o3k Z o] dojd Ex+= ofgf x9}
2. AdgdFoA "R &3 dA4H #HY F Pl(Pacific-Japan) 3 ¥ 2}
CGT(Circumglobal Teleconnection) HjH 2 o FH Folrlo} A F 7|3 Fho] FaFs &
= Aol w3zt CGT dWyHe gxzed od=2d FHY= 35 =Z Indian Summer
Monsoon(Ding &Wang, 2005)2] €€ ##o] Ayt (Lin et al, 2016 ; Wu et al, 2016). o}<&
o A& ElE G (WNP)S thi &5o] oF Fotrlol 7] 2ol m X &2 Nitta(1987)
osf EBF-LEP) HHoE LTfFEHAT o] F HEHS AR & FAH =23 WAUE
< 7 YA o] d7)FE T4 BT SRR $1X] g tH(Yeo et al, 2019).

)

Table 30. List of Korea Heat wave in PJ and CGT categories.

ECMWF GloSeab
Heat wave Type . )
(HCST Period: 1998~2017) (HCST Period: 1991~2010)
2001-08-03, 2004—08—-10
2006—08—-03, 2006—08—13 1996—07—-30, 1997—07—22
PJ 2012—-07-25, 2015—07-30 2001-08-03, 2004—08—-10
2015—-08—-05, 2016—07-30 2006—08—-03, 2006—08—13

2016—08—-05, 2017-08—-04

1994-07-12, 1994—-08—-04
2004-07-29, 2010-08-20

CGT 1995-08—-14, 1996—-08—-12
2013-08—-07, 2017-07-20
2004—-07-29, 2010—-08—-20

7 AgEde E¢ Ul @ WY BAL Figure 6578 UEhRith 7 el
grel 9% o] FWE F Abelo] @ ERAS ARMARS] F44S Ehla

N

Z Aot G 157 2L A A%Y

AR Fol 1 F2 154 dZo2 wyth oF S|, %4

Z2o 89 3YA A Al dol ALE 22l 84 1
ZAo] 174 oZo] k. 1

7418 AtE AFA, AFH A F

e oo e
ox o ¥
ALY

)

o}

)

27 52 7€ 25¢ A4kE A=A, 3
& 79 110 AR o] Sabolry,

HA Pl 9Jgk ZHAEE dolR Ut ECMWE 1~65% o= 500 hPa =7 ok 3
37 Figure 655 X ZFap7pit=el ws) Fol A7t Fef okmErh fAsta 1 o=
9] ofx=gg7l fAst o]Z nry} FAHE= AL E 4 )l tho]E = 500 hPa
: 9t} Figure 662 H17]e o= &

2] = w93t} Figure 672 GloSea5 500
A3 o] ofwEl7t FAAHUL FHEE oo


https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018JD030170?casa_token=Fiax_PTlY7cAAAAA%3Au0xBJVmGUAY9unTcOhsMw6y42hwgEd4kNnddlFZLGJ0bbL_6wkJ3-UD7PBouKWGt8im_FFGzcT4Dff3X#jgrd55589-bib-0023
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018JD030170?casa_token=Fiax_PTlY7cAAAAA%3Au0xBJVmGUAY9unTcOhsMw6y42hwgEd4kNnddlFZLGJ0bbL_6wkJ3-UD7PBouKWGt8im_FFGzcT4Dff3X#jgrd55589-bib-0041
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018JD030170?casa_token=Fiax_PTlY7cAAAAA%3Au0xBJVmGUAY9unTcOhsMw6y42hwgEd4kNnddlFZLGJ0bbL_6wkJ3-UD7PBouKWGt8im_FFGzcT4Dff3X#jgrd55589-bib-0028

Enst Asia Composite map of PJ w East Asia Com map of P leadt East Asia Com| map of P lead2
e "y L _— =
- 1 » 1 ; [ ey — W
J S - , e EL— ,ﬂ i

i =N _ \ T "
i?: Tl L“\ e p i::
mnll, LS li‘-'»'?’_h e

Horea nnor;.l.g'-ﬂﬁ.i;i ' Woroa Anomaly=16.40 Korea Anomaly=6. 04

Elll Asla Composfte map of PJ_leadd Eant Asla Composite map of PJ_loadd &

Ty, -

S R TSy P T T
- ot "4, . - i il
= Fo L r e : b -
3w F *.” \;Ji, e idw_ - b - ]
W | = W = % s
K P
oA = g [T A =
R T T T - LI i
Karea Ammlwﬂ-i.ll Keren ﬂﬂﬂmlh’"n'“
East Asih Composite map of PJ_leads East Asia Composite map of PJ_leodh
d S v
- y —— | Nt = 1=
W : =77 d: " Fy— -
e P e 4 _— w7 e
P gr.i:’. te ; \:}T:,
i P < e
¢ 2w F L
| "\_}{ r .* ey
P A -
3 _.k_:?#'. L 1"\' ; el
" Korea Anomaly=266 norunnomarr-u: R

Figure 65. Composite maps of Z500 at lead 1~6 of PJ heat wave case
during ECMWF Hindcast period.

flll Asia CHHIMM map of PJ l, Elll Asia cumpnm map of PJ_leadt EIII Amt:ompmlla-mpm PJ_lead2

T T

e,
L T - - - . r 2
EIWI'M iruuﬂuly-l?z' = Kores Annmab.--l.:ll’ Kmq Annrnuly-tl 42
East Asin Composite map of PJ_lead3 ; East Ania Composite map of PJ_leadd
.tu_l s - l 'm.. ~ I
» e = N -
3w T "t T A (S "
o 5 7 ’ -~
b ¥ -L X ¥ | . ‘
T it =% " FW A ey ¢
(O . oty | -, Y -
o ,_."_ e s 1 a4 ._'I’ H - S
Korea Ancmaly =i 10 " Horoa Anomaly=0,02
East Asia Composita map of PJ_leads Eant Asia Composite map of PJ_loads
i}‘_.q..,__;:.— e 'W":—_,;;_- =
Sw - . el Bw- | e il |
f t" - - ., — o 3 el 3 1
- F e 1 o i _..".' )
""‘ . \ b tT'F'"
ot [ Tl ettt [ e /2 e
e N & e E
HKorea Ancmaky=0.08 H.'urua Anomaly=0.2

Figure 66. Composite maps of TMAX at lead 1~6 of PJ heat wave case
during ECMWF Hindcast period.



East Asla Composite map of PJ

Easl Asia Composiie mlE of Pd Eﬂ -
. - —

“Korea Anomaly=10.04

2 East Asla Composite map of PJ_leadd
-, o
I .-“ “Jil
I *4w p'-"" T N

g
? -
- *-a'-.-‘«'.

‘Warea Anomaly=t48s | Kotea Anomaly=t@

“Woren Anomaly=2i b4

ey

Easl Asin Compasite map of PJ_loadh

.;-ﬂ!"r::j"" S e

.
i W e a1
K. T 2k . .
s w
b J . "
F A S €
}'-' .'I} N "
: % it R
Korﬂ ﬁnumihl' -1l 32 Korea Anomaly=T.28

Figure 67. Composite maps of Z500 at lead 1~6 of PJ heat wave case
during GloSea5 Hindcast period.
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Figure 68. Composite maps of TMAX at lead 1~6 of PJ heat wave case
during GloSeab Hindcast period.
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Figure 69. Composite maps of Z500 at lead 1~6 of CGT heat wave
case during ECMWF Hindcast period.
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Figure 70. Composite maps of TMAX at lead 1~6 of CGT heat wave
case during ECMWF Hindcast period.
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Figure 71. Composite maps of Z500 at lead 1~6 of CGT case
during GloSea5 Hindcast period.
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Figure 72. Composite maps of TMAX at lead 1~6 of CGT heat
wave case during GloSeab Hindcast period.
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Figure 73. PCC boxplot of Z500 and TMAX at lead
1~6 in PJ heat wave.
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Figure 74. PCC boxplot of Z500 and TMAX at lead
1~6 in CGT heat wave.
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Table 31. List of Korea Heat wave in short and long term categories.

ECMWEF GloSeab
Heat wave Type ) )
(HCST Period: 1998~2017) (HCST Period: 1991~2010)
2015—-08—-05, 2017—-08—-04
2006—08—13, 2010—-08—-20
2006—08—13, 2004—-07-29
2004—-07-29, 2004—08—-10
Short 2010—-08-20, 2004—-08—-10
1995-08—-14, 2001-08—-03
2017—-07-20, 2016—07—-30
1996—-08—-12, 1997—-07—22
2015—-07—-30, 2001-08—-03
L 2016—08—-05, 2013—-08—-07 1994—-07—-12, 2006—08—-03
ong
2012—-07-25, 2006—08—-03 1994—-08—-04, 1996—07—30
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Figure 77. Composite maps of Z500 at lead 1~6 of short term heat

wave case during ECMWF Hindcast period.
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Figure 78. Composite maps of TMAX at lead 1~6 of short term heat
wave case during ECMWF Hindcast period.
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Figure 79. Composite maps of Z500 at lead 1~6 of short term heat
wave case during GloSea5 Hindcast period.
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Figure 80. Composite maps of TMAX at lead 1~6 of short term heat wave
case during GloSeab Hindcast period.
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Figure 81. PCC boxplot of short term heat wave for the (a)
ECMWF 7500 (b) ECMWFEF TMAX (c) GLoSea5 Z500 (d) GloSea5
TMAX at lead 1~4.
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Figure 82. Composite maps of Z500 at lead 1~4 of Long term
heat wave case during ECMWF Hindcast period.
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Figure 83. PCC boxplot of long term heat wave for the
ECMWF 7500 at lead 1~4.
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Figure 84. Composite maps of TMAX at lead 1~4 of Long term heat
wave case during ECMWF Hindcast period.
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Figure 85. PCC boxplot of long term heat wave for the
ECMWF TMAX at lead 1~4.
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Figure 86. Composite maps of Z500 at lead 1~4 of Long term heat wave
case during GloSeab Hindcast period.
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Figure 87. PCC boxplot of long term heat wave for the
GloSea5 7500 at lead 1~4.
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Figure 88. Composite maps of TMAX at lead 1~4 of Long term heat
wave case during GloSeab Hindcast period.
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Figure 89. PCC boxplot of long term heat wave for the
GloSea5 TMAX at lead 1~4.
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Date: Thu Jul 16 1@:27:29 2020 +@900
3.0.7 - Minor aesthetic touches for pdf, HPC compatibility Author: wanﬁoé <l<;vrr.\5k'ii;'@naver...c0m.>
f.ooskipping. .. Date:  Mon Jul 6 16:24:15 2020 +8900
T A le45a9¢301 148741 (HEAD -> master
Auther: WonMoo <kemski7@naver.com> 3.8.5 - Severe bug fix - lon<->lat switch corrected in selecto
Date: Wed Oct 28 16:26:42 20820 +0%900
3.8.8 - Check point Author: WonMoo <kwmski7@naver.com>
. : . Date: Mon Jul 6 13:16:59 2028 +0900
Author: WonMoo <kwmskiZ@naver.com> 3.8.4 - Important bug fix in selecta - multiple expert selection
Date: Fri Oeft 16 123-37-51 QA6 +AQAR

Figure 91. An example of the operational environment support: git-based version log.

@ A4 AH 45 A

ESPreSOCt 30l 1, 2 3 1Y 419 B A RS AU, o
Uete] Ales Aol A A9 ) Be
stk thg 1ge WY wee Espressovu W% A5 F el

2o
ol o
EN )

P

- 120



Ay ESPressot? AR g ESPress0™ T S IS fl ESPreSS0™ b A L]
Climate Outlook for October [Lead+1] Psum 2019: GyungGi_Seoul_Inchon: GangEast: Conceptual Diagram of Climate Drivers and Responses:
" AN AN £7%, N85, BN 6] Wi HES ol 2% ANTN (EAL 375, .57, BHL 265 M HES Al 46 3 N
N, Y
I I ! Ll Lt finpssaat
ChungNam_DaeJeon_Sedong: GangWest:
A AN %, 4%, BN | et S 01 0.7% AN CARE 5%, O A5, 21 S o 1515
A Sl
JeonBuk: ChungBuk:
A AN 435, N B4, BN 1) it HES 01 .65 RN (ANt N 35, BN 155 i S o025
= Lyt b g e ) 'u" USRI RN Verification Information:
Predictor information: Map: " N ¥
5 Aesd Cast Jun Feb Mar Apr May Jun Jul Aug Sep Oct Nov. De
b = i 4 @8 18t At 20 26 74 WA A1 le8 188
JeonNam_GwangJu: GyungBuk_DaeGu: . =
A AN 3% M 245, B 2056 et S 04755 AN (AN 3%, NN e, DM 200w 35 10 G 175 Br 43 a7 187 e on A1 A4
LY ; 2
Ukt bttt &
P
=
Jedu: =
- N AN: §1%, NN, 32%; BN 185} it HES 01 59%
- e
i
s ¥

Figure 92. An example of the ESPreSSOv3 integrated climate outlook report. (Left) Main
climate outlook with tercile probability, natural language outlook, time series verification,
highest density intervals, active main predictors and their impact, as well as the regional
outlook summary. (Middle) Regional climate outlooks. (Right) Schematic diagram for current
climate condition and its impact on local Korean climate, and the verification score table.
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Figure 93. Operation schedule for APCC 1 month forecast.
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Figure 95. Content description for model prediction trend analysis.
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Figure 96. Sample of model prediction trend analysis.
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Figure 97. Sample of 1-month forecast verification table each model.
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Figure 98. Content description for 1-month forecast verification table each model.
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Figure 99. Final result table of APCC 1-month forecast.
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Figure 100. Additional content of subseasonal model output for APCC 3-month forecast.
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() 2m Temperature (01 Jan 2018 to 30 Dec 2019 | 105 fest) (b) Precipitation (01 Jan 2018 to 30 Dec 2019 | 105 fest)
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Figure 101. Difference between 4-grid points and 5-grid points average prediction Heidke skill
score from 2018 to 2019 for each model and lead time.
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Figure 102. Anomaly correlation coefficient of weekly mean prediction of Z500 for the period
Jan 2019 to Jun 2020 over the East Asia.
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Figure 103. Difference of anomaly correlation coefficient of Z500 between all hindcast period
and common hindcast period method for each model and lead time.
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Figure 104. Difference of anomaly correlation coefficient of Z500 between ERAS5 average
periods for each model and lead time.
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Figure 105. Heidke skill score of weekly mean prediction of T2M for the period Jan 2019
to Jun 2020.
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Figure 106. Difference of Heidke skill score of T2M between all hindcast period and
common hindcast period method for each model and lead time.
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Figure 107. Heidke skill score of weekly mean prediction of PREC for the period Jan 2019

to Jun 2020.
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AA ECMWF, NCEPE ®IZd vkt A 718l MME 7[WH& &8 A-GS A
2E AFstal Ao+ (Palmer et al., 2004; Min et al., 2009; Wang et al., 2009; Kirtman et al.,
2014). A|A71’¢71++ (World Meteorological Organization, ©]3} WMO)o| A= oo tfdt a4
S AJst WMO HAATF A7) @]ZX}E A4 E (WMO  Global Producing Centre for
Long-range Forecast, ©]3} GPC)7te] dES &3] =719 Arldr AxE Z73ta MME 7]
TASAzEES APt AHAS Aess FAAZIA A 14z WMO 7] EA A9 A 3
(Commission for Basic Systems, CBS)9lA WMO #A7]o® MZ=AlE (WMO Lead Centre for
Long-Range Forecast Multi-Model Ensemble, LC-LRFMME)E <%¢1&t¢th o]o] wa} GPC =
shuel sk 714 (GPC SeouD3} w]=r 71743 (GPC Washington)e] WMO #7]dl® A =AlH
3F wFA k. WMO A7dlH AEAE = 2 GPCollA Aitste A7dE A5E
F338tal, MME 7R & 7Hdste] Anj2star, 2 GPCY oF5A 59 MME o SA 55 dad
Fel 2 AF3= ‘one-stop shop’ °] HE AL FFZFA EZIEE o FHI Ut}
(Graham et al., 201D).
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=9g SR AEr|dolA 713 -E = EH’\‘O}Oq inbs il 7l FiEAA dedes 2
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kAl Am e nkel o], ‘one-stop shop’ 2249l WMO A7|dE A=Ay TS 3
371 Y3l Zt GPCEZHEH 7FdSARE £33 MME SA5E AJ4kste] WMO A=Al
o] 3ldzol FHo|AE B3l tAE Amet O FAow AFsta vtk (Figure 109). 1
# 1} 7zt GPColl Al Aabkste Al dEA S+ 39 2 (Binary, GRIB1, GRIB2, NetCDF), 47d&
, AE SolA zelzh ok wEld WMO Arldr Az AE e 25 w3 A3 (data
exchange policy)oll we} GPCEZ 67 W 2m 712, 2, e, siHr|et, 850hPa &
%, 500hPa A=, &, slFHexe] F$= AFEE GPCol| H3hHvhe E3Hsh= GRIB1 3
2ol 94 ML YFE BHF ASE EF3} st Uk
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Figure 109. Functions of WMO LC-LRFMME.

137} GPCY| forecast®} hindcast A}zl g EF3E 453 3, 49 AHEZ MME
71¥  (Simple Composite Method, SCM; Simple Linear Regression, SLR; Singular Value
Decomposition, SVD; Genetic Algorithm, GA)¥} &&&2 MME 71¥ (Min et al, 200922 wj
4 MY A-G=H(EE AYAetA Aok Hindcast 717+ GPC 7+e] F% hindcast 7]%Fel
1993-2009 & 7= &2 gt 7zt 7ol digh AAg A2 oot 2

« Simple Composite Method (SCM)
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SCML mE o= mdd Y3 7EXE Fo] T HAFstsE gHoz H1 s
SAE A= GPCE=E forecastoll A &% 717FQ] 1993-2009W ¢ tist 715
#S AAZ forecast anomaly (F)E Aete] ©ld ¥ GPC A5+ (ME Uro] F=THEq.
[10D. o] 712 dA AdASE f3 oAy Y 7oA de ARHIL AT (dE &
APCC; Development of a European Multi-model Ensemble System for Seasonal to Interannual
Prediction project (DEMETER); North American Multi-Model Ensemble (NMME); WMO

LC-LRFMME, &) (Kim et al., 2016; Kirtman et al.,, 2014; Min et al.,, 2014; Palmer et al,
2004).
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N
Mw:izm [10]
N=

e Simple Linear Regression (SLR)

D=3 A7 HE o] 83 MMEE 3% hindcast 71zkol thsl] 31zl GPCE A& 3 AA
T (a;,)& 7 forecast anomalyol| 3 % T BT+ #HHolth (Eq. [11D.

N
M@aiZMQ [11]
N3

 Singular Value Decomposition (SVD)

o] 71" 7} GPCel| 3F3st= 7A€ F3t7] fsiA oFg] Eq. [12]9F 22 SVD %4&
Abg3te] GPC zte] mxt 284k 8-S Yz &9tk (Krishnamurti et al., 2000; Yun et
al., 2003).

N
Cij= (UVWTL',J‘ = lekUik Vi [12]

olgA Fa|W GPCE ABIAAFD,)E forecast anomalyol] F3+ & ol#l(Eq. [13D<}
Zo] Ha|Fo2A dF AARE 45 F Utk
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« Genetic Algorithm (GA)

= ze] W3, oA FaFgel o HAdEA, HldSEde
10 FAMRHcEE dSAHS FEA7I= do AV Ad. wEkA
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HAEAS 183 MME B 5 H 9 AMSE T e /3 dagFe] WMO A7ld R
AZAE S 93 MME 71 & U2 AH2E 1 ok WMO A7 B AEAE oA A=
MME 7|¥ 5 H4dd 7IHoz2E #d dagFo] Fdsit.

F dugEe FRY FHAARRE ALY FAAE A FAAAAH AdSHE £
o Y E FW We g Eoltt (Holland, 1975). 4 dxagl&e 2713, A= H7t
oF ALY, wrl, EdWo]), = A AFE Brte 4GAE FREE Fd 34 ZEA
25 B3 M =2 AYEE VIR (&, #5HY At AUdor AL) vt ETe] ¢
= Ad AAEE flsl AdElEo] BAlEE 3 S dhEste] HAH 9 7tFXE Zolle WHolth
AddZe] Fd LduglEs SCME o] 83 MME 7IH<S vludls u, 3 dug&e o &
3k MMEZ} SCM 71 9] d2Arntt v =t ¢4 971% 3t} (Ahn and Lee, 2016).

* Probabilistic Multi-Model Ensemble (PMME)

20123 ET-ELRF 3]¢& &3l APCColA 7IdE &&&2 MME 7]'*Ho] WMO A7|dx A
SAIE of EdEHAH (Final Report of 2012 CBS/ET-ELRF meeting,
http://www.wmo.int/pages/prog/www/CBS-Reports/documents/Final-Report-ET-ELRF-March2012.p
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hindcaste] H+#&< FGEEZHAFEDANA  HAH(wWH EiHo)s  ol&sted  33.3%
(z, = p+0430), 66.7%(zx, = n—0.430)° HF3t= F Mo 7IEkES 2
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Forthe middlie/upper tercile boundary: .
:mean plus 0,43 times the standard deviation

: probability of above-normal

NN ¢ probability of near-normal
Forthe lowernmiddle tercile boundarny
maan minus 043 times the standard deviation - | AN probability of below-normal
Falrlml | Peligsried 3 Feltrpiond i
=N LiLU] Ay L] rni ] L] L L

A
P(E) =% P(Model Y~ P(E | Model |}
L =] J L J

model welight forecast probability of an event
1 A
PUEY= —— % [ PLE Model ) n:Ensemble size of { model
o S M: Total number of participating modes in MME

=l ]

Figure 110. A parametric Gaussian fitting method for estimate of tercile-based
categorical probabilities.

GRIBl1e.2 %F3ld GPC A&7 MME 9325+ WMO A7]d R AZAEH Ed oA
(https [lwww.wmolc.orgNE T3l AFdct HAEArt £F8% GRIBlI AEE S o|Add H=2
© 3} GRIBl1 A&7} A5 o2 GRIB2 AA5 =2 3=, AH8A= GRIB1 =+ GRIB2 Fo A

gste] GeRE ¥ 4 Utk FIE, 7 GPCS ARAMe| wet AME FAE FE 9
°omg BE GPCY ZARE BHEE We & 9t AL ohith WMO 47ldn H=Ag
Fo0)AO|A TERE W 4 & GPC ARE Table 320 AAGAT. EF dZAE
JRgoRs AFHI gow, SR} ASY, WA GPC, A 5L MUY % Ak 53,
SOMel el A8} 5712 (671 DE QAT G A 484 LEY AU AT
shi 9Tk el olel@ ASARES WMO HUelw AgH o AgHa vk

WMO 7] B AxAlE] EHo]|Add&= AdFAR By ol AAEH HSH FEEZF

= AFd. Fx forecast AFAI}= WMO A7|dr A=zAEA A-Fsta,
hindcast AsAAN= ST A A =gt WMO 7] B HEAE
(http://www.bom.gov.au/wmo/lrfvs))ell A A-gstH o}, 2016155 WMO #7|dE A =AlE
A= forecast %+ ofy} hindcastol]l W3t HESAAE A ATz AAsATE whebA
201613 ©]ZRE] WMO A7]d B HAEAMEe ASFH B5F 3 HdollA forecaste} hindcast 7
FAE7E AFHIL Aok & F G FUIHE FAEHE WMO AR A=A AAd
= Yo th3t d&de] FAL Figure 1110 7HeFstAl £28ke] JeRA AT
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Table 32. Characteristics of seasonal forecast model from GPCs.

<2020 10€ 7|&>

GPC Beijing CPTEC ECMWF Exeter Melbourne  Montreal Moscow  Offenbach  Pretoria Seoul Tokyo Toulouse Washington
Institute BCC CPTEC ECMWF UK Met BoM MSC HMC DWD SAWS KMA JMA Meteo- NCEP/CPC
Office France
. ‘ United United . . ‘ .
Country China Brazil ‘ ‘ Australia Canada Russia Germany  South Africa Korea Japan France  United States
Kingdom Kingdom
System Coupled 2-tier Coupled Coupled Coupled Coupled 2-tier Coupled Coupled Coupled Coupled Coupled Coupled
Digital data
0 0 X X 0 0 0 0 0 0 X 0 0
download?
Forecast
Data format  NetCDF GRIB1 GRIB1 GRIB2 GRIB1 GRIB2 GRIB1 GRIB2 GRIBH1 GRIB2 GRIB2 GRIB2 GRIB1
FS;E}ZSI 13month gmonth 7month gmonth smonth 12month 4month gmonth 9month gmonth 7month 7month 9month
E”Z?Z”;b'e 24 15 51 4 11 20 20 50 40 2 51 51 40
Hindcast
le)ne(:;?t 1991-2010  1981-2010  1981-2016  1993-2015  1990-2012  1981-2010  1981-2010  1990-2019  1982-2009  1991-2016  1979-2014  1993-2016  1982-2010
E”fz”;b'e 24 10 25 28 1 20 10 30 10 12 10 25 20
U8h0 V850 Ugh0 V850 U8s0 V850 U850 V850 U8s0 V850 U8h0 U200 U8h0o V850
= Hi A -
ot He U200 V200 U850 VEs0 U200 V200 U200 V200 U200 V200 U200 U200 U300 icfre U200 V200 U850 VeSO
a2 FTP FTP Web FTP Web Web FTP FTP FTP FTP Web Web FTP
T63L35 1.125lat x
oA T T106L26 T126L42 Tco319L91 N216L85 N216L.85 14544 L79 1.40625lon, T127 T421.19 N216L85 TL159L60 T359L91 T126L64
' o 28
29Y: 5= 2Tier, EZM-1Tier

& M3Iste Zol otd kg 7[a SollM 2x MI0| JhsEtXlol ek o . x2 EAIE GPCE WMO E7|o2 MEMH &
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(Bvariabias, GRIBL) Daterministic Forecast Dstarministic Varificatlon Display graphics on Website of
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i3
Frobahilstic Forecast - B5 and BSS
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Figure 111. Forecast procedures at WMO LC-LRFMME.

WMO #7]le® AZAH A5e HAIFTLS WMO A7ldE xF HIS AA (WMO
Long-Range Forecast Standardised Verification System, WMO LRF-SVS)ol o] A3s}le] 43§ = a1
AT AAHEH o= HAFoe oty @A SFEA(Anomaly Correlation Coefficient, ACO),
B A 2 2HRoot Mean Square Error, RMSE), MSSS¢} Gerrity Skill Score (GSS)7F AM-&% 11
85 o =9 #HZo|+= Reliability Diagram, Roc Curve 3 Score, ROC map, Brier Score (BS),
Brier Skill Score (BSS)7} ©]-& % a1, AAgH &2 F-5 Dol et 3l

WMO A7l B AzAE A 3ost= /¥ GPCI PMMES] AAIZE 8& o= 455 AH
Bt} (Figure 112, Figure 113 ). 2+ 7}e|la2g]® ROC Score?] AlAIE B4 AL&H =73t

J

£ 20173 JFME-E 2020 ONDeolt}. Figure 1129} Figure 113014 &S 24 MMEES e
U, 2+ &L /I8 GPCE 9udith gadozw AHE H& ECWMFe o= A%5S et
Aok T2me 735, WMO #7]dli AEAHA Aitsts Ald S MMEE 202008 o &3 o
ANe} BN 7ZHE|Zg]ol A 1 g &4 50l 343 SA YHeEwt o83t 42 GPCY d34%
NMHE T3 EHAES Kol Utk =G Aoz L3 E4ES Hola Ak 2020 A F
A 7] A FA dFATol EA UERG Aol thdk Boh dAg AFSE Z4o] 38T o=
Bt Table 35¢ 362 ATFHH sokrlol FYel et A= ROC Score?] &4
(AN, NN, BN7He|28]¢] H)S Yepdth Aol H3] Folrol FH dFAdso] A
B, Adxd 7] 9 ZA4o] o =82 ENSO9 oes} ##E o] Q7)o ENSO9 dg &4

% = 5{ 2ot

< 3 FA A58 £4o] asttt (Wang et al, 2009; Min et al., 2014). ©]q] EH
2% B WMO 712 A=AE A gikEl= MME AlddSe] SA4<

ojof gt NS EAgH B 842 MME o A2"S /MEd & g Bt ofyg
} ER N 5 90g Ao nalth
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Table 33. Reanalysis data used for verification of real-time forecast.

NCEP—-DOE Reanalysis—1 CAMS OPI OISST v2

Source NCEP/CPC NCEP/CPC NCEP/CPC

50hPa GPH (gpm),
. Sea level hPa), .
Variable ea level pressure (hPa) Precipitation (mm/day) Sea surface temperature (K)
2m temperature (K),

850hPa temperature (K)

Table 34. Reanalysis data used for verification of hindcast.

ERA—interim GPCP OISST v2

Source ECMWF NASA NCEP/CPC

50hPa GPH (gpm),
Sea 1 | hPa), C
Variable ea level pressure (hPa) Precipitation (mm/day) Sea surface temperature (K)
2m temperature (K),

850hPa temperature (K)
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Figure 112. Relative Operating Characteristic (ROC) score aggregated over globe
of probabilistic real-time forecast of 2m temperature for three terciles, i.e., a) the
above normal, b) near normal and below normal for the period JFM2017-OND2020.
ROC score for PMME prediction is indicated by red line. The grey dots indicate
the ROC score of the WMO LC-LRFMME individual GPCs and the blue dot
indicates ECMWF.
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a) Above normal
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Figure 113. Relative Operating Characteristic (ROC) score aggregated over globe
of probabilistic real-time forecast of precipitation for three terciles, ie., a) the
above normal, b) near normal and below normal for the period JFM2017-OND2020.
ROC score for PMME prediction is indicated by red line. The grey dots indicate
the ROC score of the WMO LC-LRFMME individual GPCs and the blue dot
indicates ECMWF.
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Table 35. Yearly Relative Operating Characteristic (ROC) score aggregated over globe of
probabilistic real-time forecast of 2m temperature and precipitation.

2015 2016 2017 2018 2019
no- Ghe T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC
1 Beijing 0.57 0.49 0.58 0.52 0.58 0.51 0.62 0.53 0.65 0.54
2 CPTEC 0.54 0.53 0.56 0.52 0.55 0.51 0.57 0.50 0.56 0.51

3 ECMWF 0.72 0.60 0.65 0.57 0.56 0.52 0.65 0.54 0.66 0.57
4 Exeter 0.73 0.60 0.68 0.58 0.63 0.54 0.65 0.55 0.67 0.56
5 Melbourne .67 0.58 0.62 0.56 0.57 0.52 0.60 0.53 0.61 0.55
6 Montreal 0.66 0.57 0.64 0.57 0.61 0.53 0.64 0.55 0.66 0.57
7
8
9

Moscow 0.61 0.53 0.60 0.53 0.58 0.50 0.57 0.51 0.60 0.52

Offenbach - - - - 0.64 0.53 0.64 0.54 0.67 0.56
Pretoria 0.59 0.55 0.55 0.54 0.53 0.50 0.55 0.52 0.55 0.53
10 Seoul 0.73 0.60 0.68 0.58 0.63 0.54 0.64 0.55 0.66 0.56
11 Tokyo 0.71 0.60 0.69 0.59 0.66 0.55 0.66 0.56 0.69 0.59
12 Toulouse - - - - - - - - 0.68 0.56

13 Washington ~ 0.66 0.59 0.65 0.58 0.62 0.53 0.63 0.56 0.64 0.57
MME 0.74 0.61 0.69 0.59 0.65 0.54 0.68 0.55 0.70 0.58

Montreal : 2014JJA~2016DJF9] 749, Montreal33} Montreal42] ROC 3%k
Offenbach: 2017SON©°] % =}&

Pretoria: 2015AMJo| 3 =&

Observation: PREC/CAMS—0PI, T2M/NCEP—-R1

20160NDo] AL 7§¥ hindcastAH-&

20160ND el -] ¥ %Fhindcast”]7H(1993~2009)AF&

AR A= 7heA 48

ROC%-& AN, NN, BN¢| H#zS 2n|
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Table 36. Yearly Relative Operating Characteristic (ROC) score aggregated over East Asia of
probabilistic real-time forecast of 2m temperature and precipitation.

2015 2016 2017 2018 2019
No- Ghe T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC
1 Beijing 0.53 0.51 0.50 0.50 0.54 0.50 0.56 0.56 0.59 0.56
2 CPTEC 0.45 0.54 0.50 0.49 0.54 0.51 0.51 0.51 0.47 0.50

3 ECMWF 0.57 0.62 0.52 0.57 0.60 0.51 0.58 0.56 0.59 0.57
4 Exeter 0.62 0.63 0.54 0.56 0.58 0.49 0.62 0.58 0.60 0.56
5 Melbourne (.57 0.59 0.55 0.54 0.53 0.50 0.58 0.53 0.58 0.54
6 Montreal 0.56 0.59 0.49 0.57 0.54 0.50 0.59 0.57 0.57 0.55
7
8
9

Moscow 0.47 0.55 0.51 0.52 0.56 0.50 0.51 0.52 0.50 0.51

Offenbach - - - - 0.56 0.51 0.59 0.57 0.60 0.56
Pretoria 0.55 0.59 0.48 0.55 0.50 0.50 0.50 0.56 0.54 0.56
10 Seoul 0.64 0.65 0.55 0.56 0.59 0.51 0.59 0.58 0.58 0.56
11 Tokyo 0.58 0.61 0.55 0.59 0.61 0.53 0.62 0.57 0.58 0.58
12 Toulouse - - - - - - - - 0.62 0.57

13 Washington ~ 0.55 0.63 0.56 0.56 0.58 0.50 0.59 0.58 0.61 0.57
MME 0.62 0.67 0.54 0.57 0.59 0.51 0.61 0.58 0.60 0.58

Montreal : 2014JJA~2016DJF9] 749, Montreal3¥} Montreald2] ROC %k
ECMWF: 2015~2016\ #HZSA=5 A4

Offenbach: 2017SON©°] & =&

Pretoria: 2015AMJo| 3 =&

Observation: PREC/CAMS—OPI, T2M/NCEP—R1

20160NDo] A& 70 hindcastA}&

20160ND el -8 ¥ %Fhindcast”?]7H(1993~2009)A}&

AAZIE = 7hsA] A&

ROC%-S AN, NN, BN¢| B3-S 9]
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Figure 114. Improvements of operational system at WMO LC-LRFMME in 2020.

(b GPC Add&2d HUlo|E AR

WMO 2716l MEAE o] Felaia gl GPCE ARAZe] ARE F42 98] A5
o2 AEAzY AASI Uk 7 GPCY ALAZA2Y AHOE AT a5 A% T4
) p=N o)

< WMO A7|dE AEAH tF 2d GHFE d348%5 s 7IdE & A& Aol 2020
Woll= GPC CPTEC, Melbourne, Offenbach®] A& S Al2gle] sjA=Eo] WMO A7]oH A
SAE gFrd GAE dF Ax"HaxE gkgE AT, GPC CPTECS 2020 6€5EH 7 3o =
zdo] A= or, GPC Melbourne= 7€ 5E POAMA-2.40| A ACCESS-SZ /MA=ATE =

3l GPC Offenbach 11€%E 7|3 = mdo] HAE T} (Figure 114).

GPC CPTEC AlAdZ =do 20202 6o /HAEo] WMO A7|dr M=AE o3

PFE A=A 2" ZLHQk MAE GPC CPTECY AAA= mde 7|&E3 F

Tier-29] 7R 2d"olu, 1 4 =7t T62L28o A T126L428 Z71atgom 7]

o] %7]A< NCEPo|lA ECMWFe] ERA5 =2 wWA39ch hindcast 717+e 7]

1979~20101d o1 A 1981~2010d .2 WAE o™, Ho) HPAZE 671 L7kA 2] AH o=
E AF3} oo ik AAF AR = Table 3704 &1 4 Utk

N T
fone

- N U )

&2 r

e GPC Melbourne Aldo|& =22l ACCESS-S+= 2018 8€HH 7/EEo A|HEYE HA
U, WMO #A7]¢li A=AlEfols 20200d 79HE] ACCESS-So| A-AZ 255 AF3t
WMO A7l A=A tderd HdE dSA 2" AL&HAn. 7]E& POAMA-2.4 A
Ao S Al2glo A 7HdE ACCESS-S AlA oS A|2"lE thr]e} iR =7t 2
A ZF7Fetd e (7129 . T47L17-N216L85, sjeF=<d : <F25km), hindcast 7|3t=
1980~2010 3ol A 1990~2012\d 0.2 o] 7| THFTAH S WYstaA it girjmde =
7172 hindcasti= ERA-interim< forecasti= NWP ACCESS-GAIEE o] &3t} AdE2 7
S 7129 337094 1178 (10 Perturbed run, 1 central rum® WAEJ o™, ) 670<L
o] APAZY ARE AFTTE o]o] et GAE BR = Table 380 WEH AT

£ o

» GPC Offenbach Al- & 22 2020 11€95E WMO A7]|dE AEAE el 4
E AdSA 2" 485U
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Table 37. Improvements of long-range forecast system from GPC CPTEC.

December 2009

May 2020

Is it a coupled forecast system?

No

Is it a Tier—2 forecast system?

Yes. It is an atmospheric model withe presisted

SSTs
Atmospheric model resolution T62L28 T1261L42
Ocean model (if applicable) NA
Source of atmospheric initial conditions NCEP ERA-5
Source of ocean initial conditions NA

If Tier—2, what is the source of SST

Persisted SST anomaly

from NCEP(Reynolds
SST OI v2) of the

Persisted SST anomaly
from NCEP(Reynolds

. SST OI v2) of the
predictions? . .
previous month of lead previous month of lead
0 0
Hindcast period 1979-2010 1981-2010

Ensemble size for the hindcasts

10 ensemble members

How is the hindcast ensemble configured?

10 different atmospheric

initial conditions(lagged

approach using 10 daily

initial conditions from
NCEP)

10 different atmospheric
initial conditions(lagged
approach using 10 daily
initial conditions from
ERA-5)

Ensemble size for the forecast

15 ensemble members

How is the forecast ensemble configured?

15 different atmospheric
initial conditions(lagged
approach usgin 15 daily

initial conditions from

15 different atmospheric
initial conditions(lagged
approach using 15 daily

initial conditions from

NCEP) ERA-5)
7 months, from lead 0 6 months, from lead 0
Length of forecasts
to 6 to 5
Data format Grib 1

What is the latest date predicted
anomalies for the next month/season

become available?

Around the 15th of

each calendar month

How are the forecast anomalies

constructed?

Anomalies are not
constructed. All
individual forecast
ensemble members and
the corresponding
climatology are provided
for each forecast month,

from lead 0 to 6

All individual forecast
ensemble members and
the corresponding
climatology are provided
for each forecast month,
from lead 0 to 6, so
that anomalies can be

computed.

URL where forecast(maps) are displayed

http://climal.cptec.inpe.br/gpc

Point of Contact

Dr.Caio Coelho (caio.coelho@inpe.br)
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Table 38. Improvements of long-range forecast system from GPC Melbourne.

March 2013 August 2018
Is it a coupled forecast system? Yes Yes
No No

Is it a Tier—2 forecast system?

Atmospheric model resolution

N216 ~ 60km horizonal

Spectral, T47L17 )
and 85 vertical levels

Ocean model (if applicable)

ACOMZ Ocean model
based on GFDL MOM2:
22 in the zonal direction

and in the meridional

direction it is 0.52 at

25km horizonal and 75

vertical levels
the equator and

gradually increases to
1.52 near the poles, 25

levels in vertical.

Source of atmospheric initial conditions

POAMAZ2.4 is Initialised

through an
ERA —Interim for the

hindcast and operational
NWP ACCESS—-G for
real time

atmosphere/land
initialisation (ALI)
scheme based on
'nudging' atmospheric
fields from Bureau NWP

system.

Source of ocean initial conditions

The ocean model is
initialised using an
ocean data assimilation
scheme based on the
POAMA Ensemble
Ocean Data Assimilation
System (PEODAS; Yin
et al. 2011).

UKMO

If Tier—2, what is the source of SST

predictions?

N/A N/A

Hindcast period

1980—-2010 1990—-2012

Ensemble size for the hindcasts

11 members for each
99 restart time for the

hindcast

How is the hindcast ensemble configured?

A hindcast set was
produced from
1960—2010. Initialised
on the 1st day of each

10 perturbed members
and one central member
to the atmospheric

calendar month, a 10 model

member, 9—month

— 151 —



forecast has been
generated for each of
three model
configurations of
POAMAZ2. Each
member's initial
conditions differ only in
the ocean state (the
atmosphere is the same
for all ensemble
members) by taking the
10 different initial
conditions from the
PEODAS assimilation

scheme

Ensemble size for the forecast

33

11 members for
seasonal forecasts in

real time

How is the forecast ensemble configured?

The real—time forecast
system of POAMA?Z is
similar to that of
POAMA1.5, but instead
of the single version of
the forecast model used
in POAMA1.5, there are
three versions of the
model with different
configurations
implemented in
POAMAZ. Each version
of the forecast model
produces an ensemble
of 10 members, and the
forecasts from the 3
models are combined to
form a 30 member
multi—model ensemble.
The forecasts are
generated twice per
month using initial
conditions that are valid
on the 1st and 15th of
the month

10 perturbed members
and one central member
to the atmospheric

model

Length of forecasts

9 months

6 full months
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Data format

netCDF

netcdf

What is the latest date predicted
anomalies for the next month/season

become available?

The POAMA M24
forecast is updated

twice a week.

Two days after the

beginning of each month

How are the forecast anomalies

constructed?

Departures from the
model climate estimated
by the hindcast

integrations

Based on hindcast

climatology

URL where forecast(maps) are displayed

http://poama.bom.gov.au
http://www.bom.gov.au/si
lo/products/poama/

(registered user site)

Poama.bom.gov.au

Point of Contact

Aihong Zhong
(A.Zhong@bom.gov.au)

Dr Shuhua Li
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W ASA 2" AL 8%

WMO A7]dxE A=AE AF JS5A7 HFS2 WMO Z7|dE 2F A AA (WMO
Long-Range Forecast Standardised Verification System, WMO LRF-SVS)ol| ¢]A3sle] 3= a1
Anoy, FEEZ AT, 53], 4 IYE=EE VIEeE s sty gez A= ROCS
Curve®} Score, Reliability Diagrame] ZA-$¢= % 71532 2 &34 &kth ¥kA ACCF MSSS
of Z& AAHEZ dF AFoe A= VIeAE A& AFS FHAR. 1H FEES
ASHANAE AT D I9 HH AF @ 22517 AsliAe A5 7HsAE F&3loF B
O ABAR] AF S 4 F Ut dE =9 WMO A7]dn d=AE A AFste 715
dZ A5 o] AWE EY (equal rectangular projectionH o2 A FHE 2 Fo i)
¥ HAsS FHsH HH SAQe A 2Fo)7r I9F gkl
T ASHE 275 2 AZ JheAel duh AA7EA AFEH A
9 AT #Hge] ROC score ¥ Reliability Diagramell= ©l& A &3tA &1 HFo| T35
stk old & EARES Mt ARAHQ 2l AFES Fdstr] s ROC score, Reliability

2 95l 7155 A8 BERS Jebith Figure 11674 Figure 1170 9548 715X5 A&
Z 3} F o] ROC score map3 Reliability diagram-g e AT}

=

wlat probvag0_lat 1

nlat = zes {probvagl_lat 1)
nlon = dimsiz=s(probvag0_ lon 2)
obs_a on = (! /nbin,nlat,nlon/|,
obs_n on = ({/nbin,nlat,nlon/,
obs_ b on = ((/nbin,nlat,nlon/,
obs_a_off = (! /nbin,nlat,nlon’ |,
obs_n_off = (! /nbin,nlat,nlon/,
obs_b_off = ((/nbin,nlat,nlon/ ),
hit a = ((/nbin,nlat,nlon/ |,
hit n = (! /nbin,nlat,nlon/|,
hit b = ((/nbin,nlat,nlon |,
fal_a = ((/nbin,nlat,nlon/ ,
fal n = (! /nbin,nlat,nlon/ |,
fal b = (! /nbin,nlat,nlon/|,
Latwgt = form(obs_a on, (3.1415*wLat/180.),1) ; Latitude weighting

ibin = 0, nbin - 1
obs_a on(ibin, :

here ((obs_terc 0.43) ( ismissing(fest a)),1.0,0)

|
obs_a off(ibin, :,:) ere (obs_terc 0.43) ( T ing(fest_a)),1.,0)
obs_n on(ibin, :,:) re ((obs_terc -0.43) {obs_terc 0.43) ( issing (fest n)),1.,0)
obs_n_off (ibin,:,:) = where ( ((obs_terc -0.43) (obs_terc 0.43)) ( ismissing(fest_n)),1.,0)
obs_b_on(ibin,:,:) = where((obs_terc ~0.43) ( ismissing(fest b)), 1.,0)
obs_b_off(ibin,:,:) = where( (obs_terc -0.43) ( mi g(fest_b)),1.,0)

obs a on = ocbs a on * Latwgt
obs_a off = obs a off * Latwgt
obs non =ocbs non * Latwgt
obs n off = obs n off * Latwgt
obs_b_on = obs b on * Latwgt

obs_b_off = obs b off * Latwgt

Figure 115. Example of NCL script for applying the latitudinal weighting.
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Figure 116. Improvement of verification system (ROC Score).
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Figure 117. Improvement of verification system (Reliability diagram).
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3 month Outlook (2020Dec-2021Feb)

Issued Date : 2020.11.15

2m Temp. Prec.
GPCs
Dec Jan Feb Dec Jan Feb
0/+ + + 0r- 0 0
Seoul
43% (0) 60% (+) 55% (+) 46% (0) EQ EQ
- + + + or- 0/+ 0/-
OOWN® 1™ 2% (1) 67% (+) 54% (+) 52% (0) 51% (+) 51% ()
W 0 o/+ ¥ ol- 0 0
42% (0) 41% (+) 58% (+) 48% () 45% () EQ
Vontreal 0 0/+ ¥ or- 0 0/-
EQ EQ 44% (+) 44% () 41% () 45% (0)
Mo - 0 0/- - 0/+ 0/+
o 62% () EQ 48% () 51% () 44% (+) 44% (+)
0 + + or- 0 0r-
CPTEC
48% (0) 54% (+) 45% (0) 52% () 44% (0) 45% ()
[&] -
o Beijin
g jing
y ¥ + + 0 0 0
oulouse
53% (+) 52% (+) 58% (+) 42% () EQ EQ
Washington 3 * i ¥ _ L
56% (+) 52% (+) 77% (+) 49% () 64% () 43% (+)
o + + + 0 0 0/-
o 60% (+) 49% (+) 49% (+) EQ EQ 42% ()
0 or- 0 0/- 0 0
Tokyo
EQ EQ EQ 48% () 46% () 44% (0)
Pretoria
Siechech ¥ + ¥ or- 0 0
noa
SEe 49% (+) 50% (+) 47% (+) 48% () 43% () EQ
SCM 0/+ + + 0/- 0 0
+ + + -
PMME
40% 46% 51% 46% 41% EQ
A|l S5 | A| 7| A] s ]| Alo|A]o]| AloOo
+N 1 +N 2 +N 0 +N 0 +N 2 +N 2
Summary of GPCs
xcopiorocmeme|l N [ 4 [N [ 1 [N 1 [ N[22 N[5 ][N]S
N| o | N| 1] N|] 1| N[8]N]| 3| N]|a
B | 1| 8| o8| o8B | 18] 18] o0

Figure 118. Example of seasonal outlook table.
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3 month Outlook (2020Dec-2021Feb)

Issued Date : 2020.11.15
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Figure 119. Example of precipitation probability forecast based on WMO
LC-LRFMME.

3 month Outlook (2020Dec-2021Feb)

Issued Date : 2020.11.15
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Figure 120. Example of temperature probability forecast based on WMO
LC-LRFMME.
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TG, WMO A7dR A=EAEH= WMO 3o 2 A9d 73447 dE7Fse] 949 7]
T HAWs AAska, olef AHHE et & EoF (BY, AU, A4, FFERA )Y
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=
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8 71FdSHdA el FHste] dSAHEE EESAUH. sHH7] = ASEANCOF-15
9} EASCOF-8o MME d&x5& AlgstAth. o] 5 ASEANCOF-15&= WMO Z7]or A=Al
oA 23 22 oo Fajste] WMO A7|dx A=AE A Add MME Ald 954
HE Txsty A qo| Z= 7143 YAt AAl el AA G5 AL 713 A A
o] 715l e AAE TRt AdAS AR ZE ARE et s wskid
tt. EASCOF-8& WMO #7|d X HA=4E e MME Add S ARE AAHAIRE A Fste] A9
o VAR EEe AT FuARE 28T F AES .

Table 39. The list of participating RCOF in 2020.

RCOF Place Date

Thirteenth Session of the Forum on
Regional Climate

li 7 2020
Monitoring—Assessment—Prediction for Online May,
Asia (RAII) (FOCRAII)
Eighth Session of East Asia winter .
| 5N 2020
Climate Outlook Forum (EASCOF-8) Online ovember,
Fifteenth Session of ASEAN Climate Online 93 November, 2020

Outlook Forum (ASEANCOF-15)

(b GSCU

WMOAA = AAAS ZFAE 918 X 1063 dZF El Nino/La Nina UpdateE 23tste] &
o Bl sl 2% Wl #Ag A - AW ARE AEH o AFaytt a3y AAH
71%o that ®Ho}p £Z2l A & "ol A=A, A 153 HA 7144324 H
< 71504 " d= ARE AFT 5H o2 GSCU (Global Seasonal Climate Update)e] 3t
< AAsIAT olF AYstr] fadl WMO A7|dE AsME = v 7] 29, 5¢, 84, 11¥)
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ol 715 =HRE Y5kl GSCU 71BA Zeke AFstm glch GSCU Z9ke] U §& of
o} 7ot

AREZ 2 FEEZ MME 7|HS 83 o x5 2 Consistency map,

ACCE o] &3 GPC ¥ AAHEZ MME® #Z(SST, 2m 7], 74, 500hPad] A 9|alx,

ROC map, ROC curve and score, reliability diagram ©]&3% GPC % &&&% MME<]
ASAEE AF@m 712, 2=, 500hPad] A%, 3713

* Nino 1+2, Nino3.4, 10D, NTA, STA A&

2020d 10¥€FE & 7]|Ed v Z71EE AFstd GSCU =<+ ¥ 1b of
GSCU #zte] 71z A8 5 F71 AlFs+9 . interim GSCU2 7|2 AzgE 2AF
zZ 71HS 283 MME d =279 Consistency map, sisH % Ago|H
£ EUE AE7F AFAA 2 713A 2 SR g oHS AREA Fol AlEst
I o AAkE HIA e oAl Figure 1219 YeER A 20200 11958 GSCU¢} interim
GSCU HF HiAe WMO A7dr AxAlE FHo|AE T3 A% A (Figure 122), 7]
TN} dSFAHR e HE7F gHS T AATFo] i Bk xFZHQ HJRE AL
b A BEo f4A FAEE F AES skt ol T GSCU Iz ©3e] &gt wR7L
o] Fo]x] 1, APCC& WMO 7o i AAE S YAI7F A= AS Byt ofy e} A 247 2o}
AdS AR IFo s ZRE AFT & AA HATH

o
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o Ensemble Mean 2m Temperature Forecast Probabilistic 2m Temperature Forecast

Interim GSCU Updates
(JFM2021)

)

WMOLC-LRFMME

Consistency Map for 2m Temperature Ensemble Mean Precipitation Farecast Probabilistic Precipitation Forecast

Censistency map fer Precipitation Ensemble Mean SST Forecast Nifio 3.4 Forecast

v 8 g

Figure 121. Example of GSCU interim.

WMO Lead Centre for

Long-Range Forecast Multi-Model Ensemble
Home Aboutus News Seasonal Related Sites WMQO Lead Centre Tor ADCP

Home > News > GECU

News GSCU
News
The WMO Global Seasonal Climate Updates (GSCU) provides the world community global-scale expert assessments of the ongoing and
Gl upcoming seasonal climate along with information on robustness of the available forecast signals The GSCU is Intended as guidance for
System Requirements Regional Climate Centres (RCCs), Regional Climate Qutiook Forums (RCOFs) and National Meteorological and Hydrological Services

(NMHSs), [t does not constitute an official forecast for any region or nation. Seasonal outfooks for-any region or nation should be obtained
from the refevant RCCs or NMHS:

AlLZ {Now 1/1) Subject v |+ Search

No  Subject Writer Date fFiIes fCuunls
2 WMO Global Seasonal Climate Updates {GSCU) for JFM 2021 Hyun-Ju Lee  2020-12-22 H 159
1 WMO Global Seasonal Climate Updates (GSCU) for DJF 2020121 Hyun-Jules  2020-11-27 H 41

1
r List

Figure 122. Addition of a bulletin board for GSCU on WMO LC-LRFMME
website.
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Figure 123. The number of monthly visitors of WMO LC-LRFMME website in
2020.
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4. WMO Z71dl R HEAE AdY 95 A2d AE &9
(D WMO A7 B A=Ag A-W 4F A== 7o /Aa

=3 71 @4 55 Boh Agsta AAEA ASE7] St Al dSAHERE AEY
ANz RE FAstE 877F A AEolA AKZFH oz AZHE Yrh. 2011de] E™
Sixteenth World Meteorological Congress (Cg-XVDolA = AAW AZF 7FE27HA dZA 82 A
Fote A st WMO A7|dE AEAE Y o] g4dE F JESF GPCEY Ad&
L33k ol&F 20120 /MAY ET-ELRFe] AE7} 3¢ @ Expert Team on Operational
Predictions from Sub-seasonal to Longer-Time Scales (ET-OPSLS) o} Task Team 3 (TT3)<]
Heol 58 T3 B A AFY MME =S 213 Aol FHEAG.

olg]gt =AA Fo 93] WMO A7 B HATAE S Foo|A s A-AS A5
MME A3 =87 oidzt AdW MME ASA3E 3712 AFstr] Ad AAdS AdPsH
Aok 2014d0= AW MME Al2®loA AFd Fl=E BFste 5 A ZAE 59
st om, 2015¥ )= 3709 GPC (ECMWF, Tokyo (JMA), Washington (NCEP))¢] «&ZA8E
Heto s gdgl A2ES 7, FHolAA = MME oS AEY 253 v Utk
20163 = AFFolA= MME ¥1t olyzl z GPC ¥ o= ZA34E FrHH o2 &5t 934
5o B4 A Ho bgYgs ARE 5 & F USRS ATk TS, 2016 49 wo]AH ol A A
HA WMO A d R A&7 39 (the meeting of WMO Joint Commission for Basic
Systems (CBS)-Commission for Climatology (CCl) ET-OPSLS)®] TT3 3]¢] Axto] wat 5709
GPC (Beijing (CMA), Exeter (UKMO), Melbourne (BoM), Montreal (ECCC), Seoul (KMA))e] o
7F A= o, ST F7 Fol AAHHAT 2017d = hindcast 713t AR 2d &
AWAC mE 74, &87lole @ FH o)A hfFolA] A, 71F AEE WA 55 &

¢

AE F33gh 20183 = AES5A &5 FAS 93 =z a8 AT GPC Seoul o =A¢
S7F AR o2 A|ZFEHHEA MME o =9 GPC Seoul d|ZZHHE E3stg Tt 20193 = Al4F
A AHZ A 2=EHE o] A3

202080 = A &Aooz AFd MME dSAz=dHe ALKHOZ AWMLY st on,
Hindcast &&713= A, FoAmdef 7o) @& tigo=z AR dYeFol ol Fof

A= s,
@ WMO A7ldR M=AE AW o= N2de] Fomd 54

A-dY MME 7S ZAme ik HQ3F 7z GPCY dEdZFAs+ A ECMWF
Sub-seasonal to Seasonal (S2S) data portal (Vitart et al, 2017)EX¥ S48 ok 201943
102 7}#] Beijing®} ECMWF, Exeter, Melbourne, Montreal, Seoul, Tokyo, Washington <=2 4d
S A-AY MME| ARg3slom, A Beijing®} Melbourne, Tokyo & 371 o292 MMEe]
ARE3LA] 23t 9t} Beijing =22 20193 11€4%-E hindcast 7]3Fe] 2004 oA 201813
2 WA en, O& Qs MME &%&7]%te] &obA A MME FrofoA A £stth. Melbourne
2d2 20200 9¢ 25¢FE AU ASAE AW TSI Tokyo &2 20206d 3L
2d8 /fAEg o, hindcast AA5 2] ARZE7F aHA] grolx A 0 F Tokyo Bl o=
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A8 & gt

A AEEt . e BEel 542020 10€ 719 Abgol FEETY] H7MA AMSH
g (Beijing=} Melbourne, Tokyo)e] E4& o} Table 409 z}=Fs] YeF It} Table 40
GPC ¥ = forecast A5 E A4tst= F719F d=71%L, forecast 7S W 4=, hindcast =}
To] AYAFF7], hindcast YAHE @MW o] 4= hindcast +3717+S YERA Aot AFEU MME
of| Zo] AtgEE wdo] Ho A dWE& ECMWFE S2S data portal si#|o]x]o] mdl M
B A (https://software.ecmwf.int/wiki/display/S2S/Models) &<18 4= St

I

£

Table 40. Characteristics of GPC data for WMOLC-LRFMME subseasonal prediction.

GPC name Forecast Forecast Forecast Hindcast Hindcast Hindcast
(Center) Frequency Time range Ens. Size Frequency Ens. Size length
Beijing dail 0-60 d 4 dail 4 1994-2014

al - ays al -
(CMA) Y v v
ECMWF 2/week 2/week past 20
0—46 days 51 11
(ECMWF)  (Mon,Thu) (Mon, Thu) years
Exeter ) 4/month
daily 0—60 days 4 7 1993—-2016
(UKMO) (1,9,17,25)
Melbourne 2/week 6/month
0—62 days 33 33 1981—2013
(BoM) (Sun, Thu) (1,6,11,16,21,26)
Montreal weekly weekly
0—32 days 21 4 1998—-2017
(ECCC) (Thu) (Thu)
Seoul ] 4/month
daily 0—60 days 4 3 1991-2016
(KMA) (1,9,17,25)
Tokyo weekly 3/month
0—33 days 50 5 1981—-2010
(JMA) (Wed) (10,20,last day)
Washington ) .
daily 0—44 days 16 daily 4 1999-2010
(NCEP)

) WMO Z71d i A=A AZdH MME 9% 4

AW MME <& sdst7] 98l 2 GPCo| oASA=9 o}
Table 40°] WeRd nie} o] ZF GPC B ASAZ= Tt AR 3=, & 271,
5571 T= 7HAAL 7] dEeltt. 53] wiF AW MMEE 74 st 4 229 A= A
2 Azte] gelstrz AU MME < SA12 Aldle Askes 20 2% ole7 "t WMO
7R A=A AdY o5 AN2"lE As 758 ZACE MME Fojxde) APzt
EdES HLse] fal MME 3A4 42 H8d= AT vf ok A MME o2 A
o] daod®m Ashe Zo] AA AXY AFARY &E ®HolM ¢ Zasita ddHo
20168l oS A FAIZEE WASAH. webs] WMO A7 i A=A A= A-W MME
dSFe dodel AFSEE AHedon mF 18] oSS AT ol AdY MME <=
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o o
N
e

etk Exetere} Seoul ¢S85 = 18] o= A g W =7 4712 vi$- Fow, 7
Hudle] ggd3F 58 483 A4 HSH 143t dF5A9RE EF AHEsiATh S AA
Ul MMEel AF8== Exeter} Seoul dSA5= MME o Zo] AIZE7] 2549 EQYUFEH 1
T4 g8Y 959 A5E Bt /\}%?&E‘r.

A-dW MME o &g 33 oA = sty 83 o]sr= hindcast A5 9] A&z}
g o] 7157k A4k W ot Table 4004 RolE niel o] z+ GPC B & thakdk F7]9} 7]
9] hindcast A5E& AF3stal JT. forecast AEZH-E anomaly A4S 8= ARzl
GPC ¥ = 7|53 Tsliok gttt wiF d &S Fdst= A-YW 59 4% hindcast A=
g+ forecast oS AlFEAQ} FLT o ARTE uiF ARIEE Ao] oA ol 1A
A X GPC (Exeter, SeouD® A wig nAHH EXAIHNE 7|Fo 2 A4HE hindcast AR S A
% ol g GPCIHe X}OW A= EFsta MME o5& faixe AN FASE HHo=E
Zk GPCe| 71%3k& AlLtefor stH, A-Y MME o ZeA= forecast A2 @5, )k 7¢
2 JW7ke €9 hindcast ASE AHIE=E AT uwElAd  ECMWFE, Montreal,
Washington®] #t=+ forecast AlZE#el 5dd @59 hindcast A&7} Ag =™, 1 9
Exeter®} Seoule] 7% forecast AlZrE#o} 713 7b7te Ex9 hindcast A5 7} A=t}
Exeter2} Seoul o|&At59} o] 7 7&4 ASANE FHA ARESH= 4-F hindcast #F=9
A 71E2 7 v @R (15d F89)9] forecast A& AlRPERE A E=S 7%
i AR 7172 AA GPCAA F5FH o2 AFH+= 20008 FE 2010@ 712 11132020 @ o] A
dS2aAs+ 1999958 201087kA 12v)e] A5 & AFE3th. Table 412 Al-AW MME o =
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Table 41. Operational setup for subseasonal MME prediction system.

GPC name Forecast Forecast Forecast Hindcast Hindcast Common
(Center) Init. Date Time range Ens. Size Init. Date Ens. Size Hind. period
2 weeks
Beijing 4(10)—45(51) Same date as
ago Sat - 28 (4%7) 4 2000—2010
(CMA) ) days fcst
last Fri
ECMWF Same date as
last Thu 5—46 days 51 11 2000—2010
(ECMWF) fest
2 weeks
Exeter 4(10)—45(51) Closest date to
ago Sat - 28 (4%7) 7 2000—2010
(UKMO) ) days fest
last Fri
Melbourne Closest date to
last Thu 5—46 days 33 33 2000—2010
(BoM) fest
Montreal Same date as
last Thu 5—32 days 21 4 2000—2010
(ECCC) fcst
2 weeks
Seoul 4(10)—45(51) Closest date to
ago Sat - 28 (4%7) 3 2000—2010
(KMA) ) days fcst
last Fri
Tokyo Closest date to
last Wed 5—32 days 50 5 2000—2010
(JMA) fcst
Washington Same date as
last Thu 5—39 days 16 4 2000—2010
(NCEP) fest

Table 4004 X<l wie} o] Z} GPC RElEE MME o Fol AH871s3t dS439 4ol
= 450l A 6F7HA sttt WMO A7 B A=AlE AdY o5& Hof 657319 =
Tyt glon, MME 952 Forde Jdade fAss HdFEtds AUt B2 229
SAHRE AESteE WFoE TS ST I 23 20199 11€ ool 4F A SFoAM =
878 GPCe] dZ43E BF AHESIAIRE 65 o SollA= Table 42004 2 o] 5749 A3
o} 20200 10€ o] FZ & Table 439} o] 3719 mdo] FII2 FoE0] 4F d =9 5

At FofsiA H AT

2

Table 42. Participating GPCs in subseasonal MME prediction each forecast before November
2019.

TiiqoererC:nS;e Participating GPCs in subseasonal MME prediction

1~4 weeks Beijing, ECMWF, Exeter, Melbourne, Montreal, Seoul, Tokyo, Washington
5 weeks Beijing, ECMWF, Exeter, Melbourne, Seoul, Washington
6 weeks Beijing, ECMWF, Exeter, Melbourne, Seoul
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Table 43. Participating GPCs in subseasonal MME prediction each forecast since October
2020.

Ti';noererce?r?;e Participating GPCs in subseasonal MME prediction
1~4 weeks ECMWF, Exeter, Montreal, Seoul, Washington

5 weeks ECMWEF, Exeter, Seoul, Washington

6 weeks ECMWEF, Exeter, Seoul

WMO A71dr AZAHAAM= A-dY MME oS3y e=z SCM Wiy PMME =
§@th SCM W& Eq. [14], Eq. [15]8} 2] 7} GPCe] ol=@vte] the 10 4<%
HolAg 2 mHo] AL Yt ATH 0B ARHOE Fo dZ4L

(Krishnamurti et al., 2000).

o

A, = WZI<FW ~F) [14]
1 N
SCM = ]—Vi;(Ai) [15]

0 ztzre] A Gl ZAztolv, Fe oA AW z+ GPCo| Z1Fgtolth ol =Al TR SCM
AFghe WMO A7]dlB AEAME &3o)AE Fa) olvx|3} skl EZ5 71} GRIB edition 1
sy Ao AFAT

Zste o|HIE
(PREC)ell o3l
o2 FEEE H 2] = =
fitting Al T2M<2 normal distributionE w21, PREC+= gamma distributiongE w2 = Ao =2 7}
ARt olgA F3iz ] S VI=o 2 ZF GPCY forecast 237} 7+ categoryoll

2] A 249l g5 9= ko] A4Et. PMME+= Eq [16]3%
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P(E) = if}(p(zaj/mdm) [16]

A7 Pe <% EEeW, EE AN, NN, BN Z42te) &8¢ oudch M2 PMMEd] %
4% GPCY “relw, mdl& i4# GPCE owdth. =3, P(E/mdl)= NE GPCY 7z

A%l Og e ovd

(4) WMO A7 i A=Y ALY AF A55,4] R Al=H 29

A WMO A7ldr A=AE e AdY odF Al2'e ALY solth A-EY oA SA 2~
do dg3 95 f3l, APCC= A= 4 ZHs AAtes BUHYs, 700 tig
g-g<S ALEHO 2 £33t T Pl Fdhe &9 3t Aok WA Al2H &Y 7] & 0]
= Z GPCY forecast @ hindcast A8+ A EAE F7]o @3 F713 ®=E vH|F7|Z o=
FAT. B3 g FA Sl TR dS Ause AU dSEAH Aol BEH Fr|Ho=
T2 A-EW MME oS Al 2="oA 4l FQl Azl gk Bop ZpA|gE AR Table 44

B2y 7, 2A¥g Fstdeh odd AAES T +AY AR o= Aus
WMO A76ln M=AE $d®me olge}l APCC, 7144, 183 7143etge] = 1714 A
oZ g ALE B4 A5 2 o]&HM, AFY MME 95 A

TolE AHEEAL AT

Figure 124& @4 WM "
HRIVFSHEHIL Ae AHEES AT O
9ol /¥ GPCe ¢l&=AHH =3 MME
X = hindcast MME®] ot ZA7hS A

o
o3
N
£

Covering Periods Charts Verification scores
S s ROC Curve
Probabilistic +  Precipitation + Weeks 1,2 3,4,5,6, I .
MME +  2m Temperature 345636 Probabilistic maps . ROC Score map

Reliability Diagram

Precipitation

2m Temperature *  Pattern Correlation
Mean Sea Level Pressure Coefficient

Deterministic | ?Sgnhppo;enhal Height at * Weeks 1,2 3,456, |+ Eachvariable anomaly | = Root Mean Square
MME . 850hPa Wind 3-4, 5-6, 3-6 map Efror .
200hPa Wind *  Time Correlation
200hPa Velocity Potential Coefficient
200hPa Stream Function
MJO Need:
OLR, U850, U200 ¢ Henderoand Wheelee | Root Mean Square
Intraseasonal | +  BSISO Need: G adsE Disciam Error
Oscillations OLR, U850 Y H 9 sller di Correlation
«  Qutgoing Longwave oymolleraiagram Coefficient
Radiation

Figure 124. The variables and covering periods of graphical products for subseasonal
prediction.
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Table 44. Used data list for subseasonal MME prediction system.

Data . Download
Variable Purpose
Name frequency

- Sea Surface Temperature
- 2 metre Temperature

- Mean Sea Level Pressure - weekly :
GPCs - Total Precipitation ECMWEF, Melbourne, - Subseasonal
Forecast - Qutgoing Longwave Radiation Montreal, Tokyo, Washington MME prediction
- Geopotential Height at 500hPa - daily : Beljing, Exeter, Seoul

- U/V wind component at 850 hPa
- U/V wind component at 200 hPa

- Sea Surface Temperature

- 2 metre Temperature - First one time :
- Mean Sea Level Pressure Beijing, Tokyo, Melbourne,
GPCs - Total Precipitation Washington - Anomaly and
Hindcast - Qutgoing Longwave Radiation - weekly : PDF calculation
- Geopotential Height at 500hPa ECMWEF, Montreal,
- U/V wind component at 850 hPa - non periodical : Exeter, Seoul

- U/V wind component at 200 hPa

ERA-Interim - 2 metre Temperature _ month . Verification
daily - Total Precipitation y
- 2 metre Temperature
NCEP - Mean Sea Level Pressure - Verification
Reanalvsis 1 - Geopotential Height at 500hPa - weekly - 1SO monitoring
y - U/V wind component at 850 hPa and prediction
- U/V wind component at 200 hPa
NOAA - Verification
Interpolated - Qutgoing Longwave Radiation - First one time - MVEOF mode
OLR calculation
NOAA - 1SO monitorin
Uninterpolate - Qutgoing Longwave Radiation - weekly L d
4 OLR and prediction

() WMO #7131 A=A ALY 4523 AF

WMO #A7ldr A=A oA ALY < A-d MME Z3to] gk AS5e A5
o A= 717 20169 1€ 11¥9HE 2020d 8€ 31¥€ Alolo =3t Aoy, AF
¥ GPC % MME o= ZA3lo|t}. 2020 @ o]% AU MMEe] #ojshx] &
AAZIZY T 5 F&E ASAE7F e Aeole s Extel g F
st EAskA T 2 Eaxel 4 hindcastell tid AFES AASHA &= olf= 2 GPC
hindcast A2t @571 b2 o dFvith EAEE A3PA o] HtE 7] o
o] o ZAS BA3ly] o]g 7] W&ol HkA forecast dl&A 3= MME %o
Al AYEE 27 AYAzre]l dAsta, 2dd ztolrt Hr] wjEo|th ESE,
forecast o Zol Ar&sle RO Z7|Fo] dRbAo R 27 AAEHo 7 WHo AHA dF

)
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(a) 2m Temperature (Jan 2016 to Aug 2020} (b) Precipitation (Jan 2016 to Aug 2020)
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Figure 125. Anomaly correlation coefficient (ACC) of weekly mean real-time subseasonal
forecast of (a) T2M, (b) PREC, (c) MSLP and (d) Z500 for the period Jan 2016 to Aug 2020
over the globe. ACC for SCM prediction is indicated by black line.
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Figure 126. Anomaly correlation coefficient (ACC) of monthly averaged 1 week real-time
subseasonal forecast of (a) T2M, (b) PREC, (c) MSLP and (d) Z500 for the period Jan 2016 to

Aug

2020 over the globe. ACC for SCM prediction is indicated by black line.
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Figure 127. Anomaly correlation coefficient (ACC) of monthly averaged 3 weeks real-time
subseasonal forecast of (a) T2M, (b) PREC, (c) MSLP and (d) Z500 for the period Jan 2016 to
Sep 2020 over the globe. ACC for SCM prediction is indicated by black line.
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of (@) T2M, (b) PREC, (c) MSLP and (d) Z500 for the period Jan 2016 to Aug 2020 over the
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Figure 129. Root mean square error (RMSE) of monthly averaged 1 week real-time
subseasonal forecast of (a) T2M, (b) PREC, (c) MSLP and (d) Z500 for the period Jan 2016 to
Aug 2020 over the globe. RMSE for SCM prediction is indicated by black line.
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Figure 130. Root mean square error (RMSE) of monthly averaged 3 weeks real-time
subseasonal forecast of (a) T2M, (b) PREC, (c) MSLP and (d) Z500 for the period Jan 2016 to
Sep 2020 over the globe. RMSE for SCM prediction is indicated by black line.
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Figure 131. The improvement for manager in WMO LC-LRFMME in 2020.
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Figure 132. The improvement for website users in WMO LC-LRFMME in 2020.
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Figure C1. Example of APCC integrated forecast analysis table
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Table C1. Result summary of decision tree test for August temperature.
Testl Test2
Input variable prec, sst, snow SCM, prec, sst, snow
Training period 1979 ~ 2008 1983 ~ 2005
Test period 2009 ~ 2020 2012 ~ 2020

25
100%

prec <0.13

Decision Tree

order of priority sst-prec-snow prec-sst-snow

AAAUR o= B AHsE & AAE Ao w mdo oFAze} J?J_r%— A5
Z1Hke] o) EFR1Ate THEAE HEYEY dESAHRE ALAEHE

Ao} BF o EAAe JMEXE dFHOE HEY 5 gly] wiEed ot ngi 7}?;;4%—
Uiro] & AAA A thdk EA-o] A=A =3 2 4
7] ol Rd¥ A5 ARE UE THE] AHtgeE A= AU :1':”01] Alﬁl%i
AESRAAZE G2 F A& BEA AV Jdon HAH

o 7ATES %%H o] FAES 7IRES =
ol 3|oE FI AdE oHEe] FF AHAHA AP o
2 g WE 711’41'51@

R c} = Xﬂ/\lEl"iE‘r

— 206 —



22 D. WMO Z7|d2 MEME HEHoFoll AIZE AS
7|

ol ute] AWASF BAS o3 Wed Y 9= 99 2 3L FF ol 2 A
skl 2ETH ACC BAe =3 =9 wjE A@REA oA AHe off Eq [D1]
s} 2o,

N _ J—
> w,(F—F)(0,— 0)
ACC= . [D1]

A71H Fe o=z 0% BERE o|ulahn) 79 0 7247t =3k 8= @ol ma Az
HEe UERAT ACCE &3 B34 Abolo Wde] dnh} fARA ZHss HEw -
1-+1 Afolo] gh& Zrom, wep ACCH} +lojgtel 6% Awr} Aeshe ofm @,

4

T T

(

=

-

}. Root Mean Square Error (RMSE)

BHAFEZTLLARMSE) = G583 #5% Aol eaE YEh= 3

b

=, ob#l Eq. [D21s} 2

o dlZgto] BE FORRE ZE 0AE T IT YAAFLAE AFTOE Fdsh
M one] Aye Avni: Az AgEh
1 N

RMSE= TVE%(E—OZ-)Q [D2]
i=1

o] 2o|A F= &%, O &= &, v, AEE 7HA, We v & YeldY =

7+ AR L oAy wek dZ ATyl e 49 RMSEE 0o]th.
t}. Mean Square Skill Score (MSSS)

Mean Square Skill Scorew= d&&3 #AZH Atole] HEAH Ak, A=A AAe 4, 4
I #ESF AtolY AT AE Uehlle HZolt. dSgke] AA| #5 HOoEHE Ze
A EAS THHCE T £ e AFE MSSSE 7+ AR fro g Ao ExE 99
A B AAEE T3 A¥g= g <
714 . MSSS9] gko] 1o 7W7h25 dSA 0] H

—

% fo
r

93#

4>L11m
‘J&m

kS
[}
AN

MSSSjel Alske Thed 2 AAE T FAAL 2,9 f,5 AR o B3 g3 B

- 207 —



B4 A Fgkl EH?TL i 2 /\171]%% =3 A7 ] o sk over bar
51 7 ﬂ_

[D3], [D4]e} #Eo] Al4t=

n
AZA joll thgk MSEje} MSEcj= 2+ 2+ ofefj o} #Zo] Alztdnt.

n 2
MSEJ-:%Z(fH—wU)% MSE.:( z )5.2 [D5]

MSEj&= 2+ Aol thdk AAIE X A5 #F g XolE Auste] HFHd ZlolH
MSEcj= 713#E AdSHo =z AEE AL 7|33k o= tigh mean square errorg <9 u| gk
T} MSSSj= MSEje} MSEGE ©| &3] olge} e 2032 A4tHAT

MSSS; =1———— [D6]

MSSSjE= 2t Aol tid A%F e Jusiez O B¥E B 2y A9d o= AFF

= E4% st ¥ & ok

T3k MSSS+= 912 2 2HAnomaly Correlation), %1% Q_X}(Amphtude Error) ¥ njo]oj2 @z}
(Bias Erron)& Zgsk= 7dol™ o= Z4 2t ofgfo] A& A 3713l sidE

MSSS = (D7]
2n—1
1+
{ (n—1) }
1 & . o
Egl(fy_ Z)(xtj_xl)
T = L (D8]

2}. Gerrity Skill Score (GSS)

Gerrity Skill Score= 389 olXe} 2 7HH g dHAY dFAH HAEE Yepdt 3

— 208 —



29 o 1ol #AHRIFE (contingency table):= Table D13} 211 7)o Yehd Z

o} TZ2] YA AHHE B3t GSSE Al4He

Forecast
Below Near Above Total
Below nii n21 n31 ne
Observation Near ni2 n22 n31 nez
Above ni3 n23 n33 nej3
Total nie ne e n3e N
S 7 el meldl hE dlmsk BEL fi9) 2@ FIon e R 19 B2 she e
o AgHE 5 vidth 4 AHnd NEse HEL
N
Py=— [D9]
2 yehd £ glon dust #&0] 7 st neel @ g Bue 24
3 -~
=30 = i i =103 [D10]
j=1
=Y p;=p; i =1,..,3 [D11]
j=1
olth. 7|4 GSSe] A4t T3 2
GSS= Zﬁ] [D12]

i=1j=

(zamza)

r=1

Eail— (j—1 +Ea

r=1 r=j

aF(l—Z]lpr/ 2_]129,«

1
U§

— 209 —

1<i<3,i<j<3)



2.

Lol

22X dF2 4

=

A
0f

7}. ROC Curve ¥ Score

ROC+ Hit rate (HR)®} False alarm rate (FAR) Ajo]e] Bx = A
St g ze FHo R YERH ASE o B QX WI7HELR] 7] W&o A Eel= T3S

Table D2. 2x2 contingency table.

HR = H/(H+M) Observed
FAR = F/(F+R) Vi No
ves Hit (H) False (F)
Forecast
No Missing (M) correct Rejection (R)
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table)o]tt. ROC&= 0~19] ks 7FA1a, @¥sk ox® o uwf HR=1, FAR=0, M(missing)=0,
F(false)=0 #& 7}¥t} ROC =41& HRI} FAR Abole] Bxx g 7} 88 FHEE F 7S A
Aete] 3 agze] FAo® yeRhdth HR=1o]1L FAR=O%1 7} 9493 oRol=2 ROC =
Aol S Ao E JHto] X EFE dHe £ FHol Frn & 5 Yok hAAE skill
7o AALNSE A otgiF o' ROC =40 ﬂxl 3t FARZ} HRET AABE B
3 sgo] "ol oustal FAlo] tjtdel XA 7+ d i g&E=E HRe FARVF &
Ystr R B SHo] gtk FH3th ROCE ZA olgle HAL Fale] =X A=
AFE3H o]Z ROC scorezbar dhar, h¥3k oA 49 ROC scores 10]al, oK o] 7]&o]
NS A9 ROC score= 0.5°]t}.

L}. Reliability Diagram

Reliability Diagram- <®.¢] A2 =& FA 3=
E AAE oWIEVL BT NS S5 AHA e
Eol AA= dvivt AF doju= 7HE dotE = Aot
28l AFHE7 RAE ok} sFA| 9 AF T 2t 3 il =
A= Ae otk $HE R W AFT= 0o e zr=r) 4\_1 = :1%,(Rehab1hty
Diagram)®] 7t2%2 o® & 7he122)(0.0~1.0001™, M=% 7 7iH e 44 #54
oJHIES] gEoltt. Yz B FE JHH Y ol JAE AA 4B FE Fo o
gt Zkzte] o B gE JhEl g elA JAE FE 9 vlojth Ao It E SEd 4
SA 7P, AR YFd Uetde Ad-edds AodS 3 Aola A RT off&
of Yetu= ASolle HadS g Aot

N
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t}. Brier Score(BS)} Brier Skill Score(BSS)

Brier scorew & AR AR HE= 7P A AREEHE Agolth BSE of# 9
23 o] BE QxS AFatd HAI FXE 1) AF E(Reliability), 2) 3= (Resolution), 3)
=34 d(uncertainty)®] 371#] 302 o]Fo|X BSe W= 0914 1ot Thek o By 24y
stthd 09 s 7HAH, dRe Aol FerE Z S et AIEE Fol AFETE

= P
gol 24% vk BRUNS FF Fo #e /AN o Fo IFL A4

_1
il
g

A A A ie FEAS7HE 28](0.0~1.0=0~100%), n WA oHE 4, N+ 7zt dF &
I R F oy 2 dF FE JEIE, ok 7 92 FE e nEE H4 B39
oMIES] W%, o= HA & st oA #ZE oWES] WIS Yehdith

Brier Skill Scorex= of&fje} o] #+& &4 JomH

BS

B’S;‘ef

Brier Skill Score (BSS) = 1— [D14]

4714 BS, & AF5Hse] 7158 FES or|sta o= Resolution¥} Reliability o] 2}o]
o] thgk Uncertainty®] HIZ oA Yetd 4+ 3
thafA o Se] 7|84 gE9 ’“Eﬂx—i‘d TEs ¢ T Utk BSS #h2-co A 1742 ] H
E 71 & dor 00]H dH FHo] glas Yr|gth
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