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Executive Summary

This project aims to improve fidelity of operational long-range forecast in Korea by
engaging Korea Meteorological Administration(KMA)’ s operational works. 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. These long-range forecasts are produced by
combining the results from climate prediction models and extensive understanding on Korean
climate variability through forecast discussions. Meanwhile, APEC Climate Center(APCC) is a
specialized institution of climate prediction based on Multi-Model Ensemble(MME) and they
have been participating in KMA’ s operational forecast discussion since their initial state.
Also, APCC have been conducted diverse analyses on Korean climate such as a relationship
between major climatic modes, which can be directly applicable to operational long-range
forecast.

As such, this project has been launched for effective management on the APCC’ s tasks
on operational long-range forecast. This project comprises four main research subjects. The
first subject is Korean climate analysis based on observational reanalysis dataset. Especially,
heat wave variability in Korea have been investigated. It is found that most of heat waves in
Korea can be classified into two distinct types based on the spatial patterns of atmospheric
circulation anomalies. The zonal wave type is accompanied by large-scale atmospheric waves
across the Eurasian continent, while the meridional wave type is associated with convective
activities over the subtropical western North Pacific. Next, we also investigate Korean
summer precipitation variability in relation to the western North Pacific anticyclonic
circulation. In particular, their non-linear relationship has been focused in this research,
which provides better insight into the potential impacts of El Nifio-Southern Oscillation
(ENSO) and circulation/convection anomaly over the western North Pacific on summer Korean
precipitation. In order to utilize long-range forecast and post-analysis, the special cases of
extreme winter/summer Korean temperature have been extensively analyzed. The mechanisms
and influencing climate factors of the summer extreme high temperature cases and the
winter extreme low temperature cases are investigated based on the monthly data. We have
also developed a statistical model for predicting Korean climate by using the up-to-date
statistical technique, which can reflect seasonality and trend.

The second subject is about improving prediction skill based on operational climate
models including APCC MME, GloSeab, and World Meteorological Organization Lead Center
(WMO LC). First, the prediction model for Korean monthly precipitation have been developed
based on the close relationship between Korean precipitation and precipitation over tropical
western Pacific. Since climate models have fairly good prediction skill on tropical western
Pacific, Korean precipitation can be inferred from climate models’ prediction on tropical



western Pacific. Second, an expert seasonal prediction system has been developed based on
the APCC MME and expert-guided statistical downscaling techniques. Especially, the monthly
precipitation prediction system has been developed and it has been more elaborated in
technically during this year. Meanwhile, APCC also supports 1-month forecast as well as
3-month forecast by establishing WMO sub-seasonal MME system. 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. Finally, we investigate the
characteristics of subseasonal winter temperature variability during different phase relationship
of Arctic Oscillation and ENSO and also diagnose the climate models’ prediction skill for
supporting 1-mont forecast.

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 redistributed the Multi Model Ensemble
(MME) results through the website. Also the seasonal forecast information from WMO
LC-LRFMME was provided in Regional Climate Outlook Forums, Global Seasonal Climate
Updates (GSCU) and KMA to support a consensus on the state of the global and regional
climate outlook. Meanwhile, the improvements of operational system for WMO LC-LRFMME
have been carried out the various aspects such as providing customized seasonal forecast
information, expanding the service on website for users and improving the management of
seasonal forecast data.

Finally, in order to directly apply the above described research results to operational
long-range forecast, we participate in KMA’ s regular forecast discussions. These discussions
include 3-month and 1-month forecast discussions and monthly climate analysis discussion. We
also provided monitoring information about heat wave during summer season. 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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Figure 1. Daily Tpa variability averaged over
61 stations in Korea during July and August
from 1979 to 2017. The heat wave events
when daily Tpax exceeds 33C at least two
consecutive days are designated by red
shadings.
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of OLR at 95% confidence level are indicated by diagonal lines.
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Figure 7. The 5-day running averaged Tmax evolution over
Korea during 10 days before and after relative to the start and
end day of heat wave (a) for the Z-wave and (b) for the
M-wave. The colored dotted lines denote the individual heat
wave case that comprise the composites, and corresponding
composite results are indicated by thick red line and blue line
for Z-wave and M-wave, respectively. The climatology of Tmax
is also presented as black solid line. Composite of Z-wave and
M-wave are plotted together with climatology in (c).
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Figure 8. Composite maps of 850hPa geopotential height
anomalies (shading) and wave activity fluxes (vector) from 15
days prior to onset up to 5 days after termination of Z-wave
type heat wave. The statistically significant anomalies of 850hPa

geopotential height at 95% confidence level are indicated by
diagonal lines.
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Figure 9. Composite maps of outgoing longwave radiation
(OLR) anomalies (shading), 850hPa geopotential height
(contour), and wave activity flux (vector) 15 days prior to
onset up to 5 days after termination of M-wave type
heat wave.
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Figure 10. Composite maps of 850hPa (shading) and 200hPa
(contour) geopotential height anomalies and 2m temperature
(shading) and 850hPa wind (vector) anomalies (a and b) based on
CGT index and (c and d) for PJ index. The statistically significant
anomalies of 850hPa geopotential height and 2m air temperature at
95% confidence level are indicated by diagonal lines.
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Figure 11. a)The correlation coefficients between precipitation
anomalies averaged over 61 stations in Korea and WNPAC
index from P32 to P49 during the period of 1979-2017 (black
asterisks). The montly mean values from June to August and
seasonal mean (June-July-August) value are designated by
blue asterisks while correlation coefficients between EASM and
WNPAC indices are overlapped with red asterisks. b) Scatter
plot of Korean precipitation anomalies and WNPAC index from
P32 to P49 during 1979-2017. The cases belong to four
categories based on phase of Korean precipitation and
WNPAC are designated by color dots as red, green, blue and
pink for PosKP+PosWNP, PoskKP+NegWNP, NegKP+NegWNP,
and NegKP+PosWNP, respectively.
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Figure 12. Composite maps of (a and d) 850hPa geopotential height
(contour) and precipitation (shading) anomalies, (b and e) vertically

integrated (from surface to 300hPa) moisture transport (vector)
flux (shading) anomalies, (c and f) SST (shading) and 850hPa

and
wind

(vector) anomalies for (a-c) PosKP+PosWNP and (d-f) PosKP+NegWNP,
respectively. The statistically significant anomalies of 850hPa
geopotential height, moisture transport, and SST at 95% confidence

level are indicated by diagonal lines.
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Figure 13. Composite maps of seasonal (3-month) mean SST anomalies for
a-C)PosKP+PosWNP and for d-f) PosKP+NegWNP from the preceding winter
(DJF) to the following summer (JJA). The years that comprise composite is
when the occurrence of PosKP+PosWNP(PosKP+NegWNP) is more than 3(2)
pentads. The statistically significant values at 90% confidence level are
indicate by diagonal lines.
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Table 1. List of typhoon name for typhoon-related precipitation
events in PosKP+PosWNP and PosKP+NegWNP categories

Precipitation event

Category Name of typhoon
(year, pentad)

1979, P48 JUDY
1987, P42 ALEX
1991, P43 CAITLIN

PosKP+PosWNP 1993, P43 PERCY
2010, P45 DIANMU
2017, P37 NANMADOL
1981, P49 AGNES
1984, P49 JUNE
1985, P45 KIT
1985, P46 LEE
1989, P42 JUDY
1990, P35 OFELIA
1990, P36 OFELIA
1991, P47 GLADYS

PosKP+NegWNP 1993, P42 PERCY
1999, P42 NEIL
1999, P43 OLGA
2002, P38 RAMMASUN
2004, P46 MEGI
2006, P39 EWINIAR
2008, P41 ALMAEGI
2011, P44 MUIFA
2012, P48 BOLAVEN
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Figure 14. Composite maps of 850hPa geopotential height (contour) and
precipitation (shading) anomalies from 3-pentad prior to 2-pentad after
the peak phase of PosKP+PosWNP. The statistically significant anomalies
of precipitation at 90% confidence level are indicated by diagonal lines.
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Figure 15. Same figure as in Figure 14 but for the PosKP+NegWNP case.
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Figure 16. Temporal evolution of Korean
precipitation anomalies during 3-pentad before and
2-pentad after relative to the peak phase of
PosKP+PosWNP  (red  bars) and  that  of
PosKP+NegWNP (green bars). Blue nd purple dots
indicate  statistically  significant value at 80%
confidence level.
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Figure 17. Same figure as in Figure 12 but for the NegKP+NegWNP and
NegKP+PosWNP cases.
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Figure 18. Same figure as in Figure 13 but for the NegKP+NegWNP and
NegKP+PosWNP cases. The years that comprise composite is when the
occurrence of NegKP+NegWNP (NegKP+PosWNP) is more than 3 (2) pentads.
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Figure 19. Same figure as in Figure 14 but for the NegKP+NegWNP case
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Figure 20. Same figure as in Figure 14 but for the NegKP+PosWNP case
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Figure 21. Same figure as in Figure 16 but for the
NegKP+NegWNP and NegKP+PosWNP case.
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Figure 22. (Left) The number of days over 90 percentile of the daily maximum
temperature in the month, (Right) the number of days under 10 percentile of
the daily minimum temperature in the month.



Table 2. Extreme temperature cases, and the temperature and rank (based on
1973-2018) of the each case.

Month (climatology Year mean Temp. max/min Temp.
of mean Temp.) (rank) (rank)
Jun (21.1°C) 2005 22.4C (2) 27.8C (4)
Summer Jul (24.5C) 2018 26.8C (2) 31.6TC (2)
Aug (25.1C) 2016 26.7C (5) 32.0C (3)
Dec (1.5C) 2012 -1.7C (2) -6.0C (3)
Winter Jan (-1.0C) 2011 -4.8C (3) -9.8TC (2)
Feb (1.1C) 2012 -0.8C (7 -5.7C (1)
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Figure 23. Spatial distributions of the monthly mean and anomalous temperatures of 45
meteorological stations in South Korea in Jun 2005, and time series of mean, maximum
and minimum temperatures averaged at 45 stations in Jun 2005 (dashed line indicates
90 percentile of temperature).
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Figure 24. 200hPa geopotential height, 500hPa geopotential height, 850hPa
geopotential height and wind anomalies, sea level pressure, 2m temperature, and
200hPa zonal wind in Jun 2005 (shading: anomaly, black contour: mean, green
contour: climatology).
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Figure 25. (Left) Sea surface temperature (SST) anomalies, and (Right) outgoing
longwave radiation (OLR) anomalies in Jun 2005.

ol A7k 7194 dal, 95 fretAlotdde
o

)

offt
N
P

o 1o
W~

i
X,
5
rr

ol\ Iv
I
b
N
rfo
::1,
o

Uelgon 530% ASE 0382 29 ge
0.012 FAHOZ 233
850hPa A1 =9 H7|LAA THlE BZo| X7 |dAd HA7}



(
=

ol
i
& o o

AAPE FF FRAG) ANT A/ AR JFor s AT o
wotth e Fuel AZIgy wWAE Eu 8

(e

FAA o FEHEA YERSEE,
259 F3YLE A T THEAY 257 ul$ =31 Axgom AU|GE &8 9
AMFoR o] AYo=rHE Hiu dxFd 717t fFAUHE G942 F AATH (Figure 26).
20051 6¥€S & & wus T HF AY 2=7F Wl & Hola AF E=I A3
ATt (Figure 27). das=3lolA g tiFZEsol A (Figure 25 A& nigs &=
2 Hol (Figure 28), $ BHAHe =L 5=
.

BENA 5T FeEel et Zo
H

HFEaejol A grdsos U7t

detdEEol o8 =2 g AAE Aoz Hln

T & Wind 850hPa Jun /2005

HGT & Wind 850hPa Jun /2005
| =

30N — <+
20N —
10N —

0

108
60E 70E 80E 90E  100E 110E 120E 130E 140E 150E 160E 170E 60E 70E 80E 90E

50 40 30 20 -0 0 10 20 30 40 50 3 25 2 15 -1 05 0 05 1 15 2 25 3

Figure 26. (Left) 850hPa geopotential height and wind, (Right) 850hPa
temperature and wind in Jun 2005 (shading: anomaly, green contour: mean,

vector: wind anomalies).
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Figure 27. Time series of the area averaged 850hPa temperature anomalies
(100-125E, 25-45N) and zonal wind anomalies (110-130E, 33-43N) over the eastern

China for Jun.
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Figure 28. Vertical distribution of the longitudinal averaged
(105-120E) temperature anomalies (shading) and vertical wind
anomalies (w[Pa/s], black contour) in Jun 2005. Vector indicates
meridional and vertical wind anomalies. Vertical wind(w) is
multiplied by -100.
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Figure 29. (Left) Snow cover anomalies for Mar-Apr 2005, and (Right) correlation
between Mar snow cover and Jun temperature in South Korea.
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Figure 30. Soil moisture anomalies in (Left) May and (Right) Jun 2005.
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Figure 31. Linear regression of Jun 850hPa geopotential height with respect to the
(Left) May and (Right) Jun soil moisture averaged over the eastern China (110-140E,
40-55N). Soil moisture is multiplied by 10°. Areas with black dots denote 95%
confidence level according to the two-tailed student’ s t-test.
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Figure 32. (Left) Composite map of Jun 850hPa geopotential height anomalies for the
case of above than normal Jun temperature in South Korea. (Right) Linear regression
of Jun 850hPa geopotential height with respect to the Jun temperature in South
Korea. Areas with black dots denote 95% confidence level according to the two-tailed
student’ s t-test.

(h 74 3 71 A 2018 74

= 3 AT BE7E
268C= HdHTG 23C E}ow, H FHir]e 316C, H HA7|L 229C=E HdEo
7247k 28C, 18C Tk 9 ASEE 1723mmz BURG Aew e} dls w2

]

F3EUY 8¥€e A Hv|e 27.3CE HERG 22T =%ow, HHF HarjL 32.2C,
Hi HAA7]L 233CE HIRT Z+zF 24C, 1.8C gt 8Y #A4%e 282.1mm=E Hd
Hl =gtk 2018 792 HEr|2d Hr| Hi 9= 295 71533 (19 19949), 8€2
Bl Hi +H=2 201339 34 19E 7ISdon Hurje2 29, HAAVI2L 39E
7153 w9 Fo Aol 7€ &R dakE V|2WE o 2] & o= FUIE FH
HAdrg F& 7|20 8E7HA AlEA oloFem Hur|d HAAZIEE B
AR s BATH



Mean Temperature / Jul 2018 Mean Temperature / Aug 2018
Mean (°C) (26.8°C) Anomaly (°C) (+2.3°C) Mean (°C) (27.3°C) Anomaly (°C) (+2.2°C)
N —— 3N —— 3N —— - -

3N

BN 5« ES G BN AT s

N o N o

Fa3REEBS8RER

IN o

BN — BN BN

BN~ BN BN~

s 10 : 10 :
34N — 2 aaN | 2 aan |

3N T T T ] 3N 3N T T T ]
125E 126E 127E 128E 129 130E 125E 126E 127 128E 1298 130E 125E 126E 127E 128E 1298 130E 125E 126E 127 128E 1298 130E
Mean Temperature Maximum Temperature
Korea (45stn) 1Jul 2018 - 31 Aug 2018 Korea (45stn) 1.Jul 2018 - 31 Aug 2018
go0 b b b b e Lo b b b b b e Iy g o b il IS FENWE SRV PN

300 —|

280 —|

e REm

260 — /N 7T

240 —|

T vy‘i

220 —|

200 T T T T T T T T T 2K e e e T T T T T T T
1dul 6Jul  11Jdul  16Jul  21Jul  26Jul 31Jul 5Aug 10Aug 15Aug 20Aug 25Aug 30Aug 1Jul 6Jul  11Jul  16Jul  21Jul  26Jul 31Jul S5Aug 10Aug 15Aug 20Aug 25Aug 30Aug
Minimum Temperature

Korea (45stn) 1Jul 2018 - 31 Aug 2018
sl ol ar el e el e e dlns il Lo o i |

16.0 L L L L L I L L Y I R L R R R
1dul 6Jul  11Jul 16Jul  21Jul  26Jul  31Jul 5Aug 10Aug 15Aug 20Aug 25Aug 30Aug

Figure 33. Spatial distributions of the monthly mean and anomalous temperatures of
45 meteorological stations in South Korea in Jul and Aug 2018, and time series of
mean, maximum and minimum temperatures averaged at 45 stations in Jul-Aug 2018
(dashed line indicates 90 percentile of temperature).
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Figure 34. 200hPa geopotential height, 500hPa geopotential height, 850hPa
geopotential height and wind anomalies, sea level pressure, 2m temperature, and
200hPa zonal wind in Jul-Aug 2018 (shading: anomaly, black contour: mean, green
contour: climatology).
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Figure 35. (Left) SST anomalies and (Right) OLR anomalies in Jul 2018.
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Figure 36. (Left) SST anomalies and (Right) OLR anomalies in Aug 2018.
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Figure 37. Linear regression of (Left) Jul and (Right) Aug 500hPa geopotential
height with respect to the OLR averaged over the western Pacific (100-150E,
0-25N). Areas with black dots denote 95% confidence level according to the
two-tailed student’ s t-test.
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Figure 38. (Top) Composite maps of sea level pressure anomalies for the
strongest monthly events of the PJ pattern (Fig.4(c) in Kosaka and Nakamura,
2006), (Bottom) sea level pressure anomalies in Jul 2018.
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Figure 39. Vertical distribution of the longitudinal averaged
(120-135E) vertical wind anomalies (w[Pa/s], shading) in Jul 2018.
Vector indicates meridional and vertical wind anomalies. Vertical
wind is multiplied by -100.
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Figure 40. (Left) MJO phase during Jul-Sep 2018, and (Right) composite maps of
precipitation anomalies for MJO phase in May-Sep. (Bureau of Meteorology
http://bom.gov.au/climate/mjo/, Climate Prediction Center http://cpc.ncep.noaa.gov/)

200hPa A fAEqA FHAE FHu~{F~FGolAo~Folrlote] AR a5 FHE
ko] 291 x= HWx}E= circumglobal teleconnection (CGT) &l #}t FAgIth CGT

He Zuk o2 - YeEhe 9448 deo g 200hPa A=l MEAds By
Ao FotAol A9 AFH V|2 Fro TS vAE AR IHA ok (Figure 41,
Ding and Wang, 2005). CGT #|®la} #HAH A5 &9 A= #HA7E SElvete] 9454
o] @Fs wo} YJa {d=xg AEo] St CCT #HEL A= AY
A=, CGT HHo] YehgS uf S EAZFAA FF7t S71ek=
= | ZAslEs Asrt Ueidt JIE 5AXE Zrt Frtstd AdsE
o] Z3tEa, o] Q3 fFEH AAgo] AR A4S AT ITFE

rlr ofj

:*’é-\i
T
Lo


http://bom.gov.au/climate/mjo/
http://cpc.ncep.noaa.gov/

FHA CGT e A3 = e Aoz dyzn.

(b) July (200 hPa) int:20 (c) August (200 hPa) int:20
& BON

BON
6ON 60N
40N 40N

20N 20N

w9

EQ
6

Figure 41. Composite difference of geopotential height at 200hPa between
positive and negative CGTI years for (Left) Jul and (Right) Aug. Shading denotes
regions of difference at 95% confidence level with positive and negative values.
(Fig.5(b),(c) in Ding and Wang, 2005)
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Figure 42. Linear regression of (Left) Jul and (Right) Aug 200hPa geopotential height
with respect to the CGTI. Areas with black dots denote 95% confidence level according
to the two-tailed student’ s t-test.
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Figure 43. Linear regression of (Left) Jul and (Right) Aug 200hPa geopotential height
with respect to the OLR averaged over the northwestern area of India (70-85E,
20-30N). Areas with black dots denote 95% confidence level according to the
two-tailed student’ s t-test.
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Figure 44. Distributions of the North Atlantic sea surface
temperature anomalies in Jul 2018. Box area is used for
the north Atlantic tripole SST index.
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Figure 45. Time series of (Left) the north Atlantic tripole SST index for Jul,
and (Right) the index from Jan 2017 to Dec 2018.
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Figure 46. (Left) North Atlantic Oscillation (NAO) index and (Right) Arctic
Oscillation (AO) index from Jul 2016 to Feb 2019.
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Figure 47. Linear regression of the Jul 200hPa geopotential height with
respect to the north Atlantic tripole SST index. Green contour indicates
climatology of Jul 200hPa zonal wind above the 15m/s. Areas with black
dots denote 95% confidence level according to the two-tailed student’ s
t-test.
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Figure 48. 200hPa wave-activity flux (vector) and stream function
(shading) in Jul 2018.
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Figure 49. Geopotential height lines of 5820gpm, 5880gpm (yellow),
12480gpm, 12520gpm (red) in Jul and Aug 2018. Solid line indicates
mean and dashed line indicates climatology.
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Figure 50. Hovmoller diagram of latitudinal averaged (30-38N)
200hPa geopotential height for (Left) Jul and (Right) Aug.
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Figure 51. Linear trend of Jul 200hPa geopotential height for (Left) 1979-1998 period
and (Right) 1999-2018 period. Areas with black dots denote 95% confidence level
according to the two-tailed student’ s t-test.
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Figure 52. Spatial distributions of the monthly mean and anomalous temperatures of 45
meteorological stations in South Korea in Aug 2016, and time series of mean, maximum
and minimum temperatures averaged at 45 stations in Aug 2016 (dashed line indicates
90 percentile of temperature).

S AV RR, 43 200hPa A LEFNA ST Fzt woly & PE
BE, A7 wE Fdel W FE el WAL AN
awst fART $BALY =
dehg ot B2l kel WA AFIMY FHn HFOR 245 At 59 BYC
Selueks BA% BB w2 oo mAS A wME F
AxPor sFlME 9 AUDE AR GG XA 35 wige Selu
TG B GEER AVIGH AR FFoE REFARL ARG HE
R fASA Fhan) B RER TN R0 Pt wE YR Loy
A7 AXNBT BIFAME Lo DA debston ]
Bgth dFoA QR dEelA mel: A7 %
Aoz B % glom 20169 s¥el: TS Fol WAREE o F 647t Uw
o}

Tl A WAs QR SRR 4 F9

o
g
ol
o
(e>]
=
Y,
oy

A
do
=

b
b
g
S
(]
=
",
oy

D)
Ao
_‘L_l,
A
N
N
=
=
bt
i
rl
o
02
o
H
N
2
rl
ol
o
\G
N
D)
S
2
2
X



oA el WATF Uehom siav 8 BE STA
Se| g Holugst RENAE FF
Wol A HdRT WAz okin AE)
Fan vige] Ao

o g

al =
Avtge $eue 3
=

HGT 200hPa ) ] HGT 500hPa ) Aug /2016
90N

0 30E 60E 90E 120E  150E 180 150w 120W  90W BO0W 30w 0 0 30E 60E 90E 120E  150E 180 150w 120W  90W BO0W 30w 0

[ [

180 120 80 -40 0 40 80 120 180 180 120 80 -40 0 40 80 120 180

HGT / Wind 850hPa Aug /2016 SLP Aug /2016

T -
0 30E 60E  90E  120E 150E 180  150W 120W 90W  60W  30W 0 0 30E 60E  90E  120E 150E 180  150W 120W 90W  6OW  30W 0

80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 109 8-7-6-5-432-1012345678 910

ST | Aug‘/2016 U-wind‘200hPla | Aug‘/2016

. Inei

0 30E 60E  90E  120E 150E 180  150W 120W 90W  BOW  30W 0
|

5-45-4-35-3-25-2-15-1-050 0.5 1152 25 335 4 45 5

Figure 53. 200hPa geopotential height, 500hPa geopotential height, 850hPa
geopotential height and wind anomalies, sea level pressure, 2m temperature, and
200hPa zonal wind in Aug 2016 (shading: anomaly, black contour: mean, green
contour: climatology).
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Figure 54. (Left) SST anomalies and (Right) OLR anomalies in Aug 2016
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Figure 55. Geopotential height lines of 5820gpm, 5880gpm
(yellow), 12480gpm, 12520gpm (red) in Aug 2016. Solid line
indicates mean and dashed line indicates climatology.
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Figure 56. Linear regression of the Aug (Left) 200hPa and (R1ght) 500hPa
geopotential height with respect to the OLR averaged over the
central-western subtropical Pacific (140-190E, 10-30N). Areas with black dots
denote 95% confidence level according to the two-tailed student’ s t-test.
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Figure 57. Distributions of the North Pacific SST (contour)
and OLR (shading) anomalies in Aug 2016.
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Figure 58. (Top) Time series of the normalized 500hPa geopotential height
anomalies averaged over the Kamchatka peninsula (150-175E, 40-60N) and the
mean temperature in South Korea for Aug. (Bottom) Aug mean temperature in
South Korea for the strongest year of the top panel. Red(blue) shading
indicates above(below) normal temperature.
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Figure 59. (Left) 200hPa and (Right) 850hPa temperature and wind anomalies for
2016.8.5.-8.25 (shading: anomalies, green contour: mean, vector: wind)
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Figure 60. 200hPa wave-activity flux (vector) and stream function
(shading) in Aug 2016.
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Figure 61. Vertical distribution of the Ilongitudinal averaged
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Figure 62. (Left) Snow cover anomalies for Mar-Apr 2016, (Right) soil
moisture anomalies for May-Jun 2016.
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Figure 63. Linear trend of Aug 200hPa geopotential height for (Left) 1979-1998 period
and (Right) 1999-2018 period. Areas with black dots denote 95% confidence level
according to the two-tailed student’ s t-test.
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Figure 64. Spatial distributions of the monthly mean and anomalous temperatures of 45
meteorological stations in South Korea in Dec 2012, and time series of mean, maximum
and minimum temperatures averaged at 45 stations in Dec 2012 (dashed line indicates
10 percentile of temperature).
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Figure 65. 200hPa geopotential height, 500hPa geopotential height, 850hPa
geopotential height and wind anomalies, sea level pressure, 2m temperature, and
200hPa zonal wind in Dec 2012 (shading: anomaly, black contour: mean, green line:
climatology).
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Figure 66. (Left) SST anomalies and (Right) OLR anomalies in Dec 2012.
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Figure 67. Linear regression of (Left) 2m temperature and (Right) sea level pressure
with respect to the 500hPa geopotential height averaged over the Ural Mountains
(40-90E, 55-80N) for Dec. Areas with black dots denote 95% confidence level
according to the two-tailed student’ s t-test.



HGT 500hPa (red) / Kor_Tavg (black) / AO (blue) Dec
A T TN S N SN AR I B

7| HGT 500hPa <40-90E 55-80N
20 —

0.0 —

20 |

B B I L IR L LR LS L R
1980 1985 1990 1995 2000 2005 2010 2015

‘ Dec 1984 | 2005 2008 2011 2012|2017 | 2018

T -06|-37 |06 |-08|-32|-16 ‘ -0.4

AO | 04 | -21 |B06 |n221 -1.7 | -0.1 01

Figure 68. (Top) Time series of the normalized 500hPa geopotential height
anomalies averaged over the Ural Mountains (40-90E, 55-80N), mean
temperature in South Korea, and AO index for Dec. (Bottom) Dec mean
temperature and AO index for the strongest year of the geopotential height
anomalies in the top panel. Red(blue) shading indicates above(below) normal
temperature and greater(less) than 0.5(-0.5) AO index.
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Figure 69. Time series of Arctic sea ice extent anomalies for (Top) Sep-Nov
mean and (Bottom) Dec. Left axis is for the each Arctic sea region and right
axis is for the NH, the whole of Arctic region.
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Figure 70. (Left) Arctic sea ice concentration anomalies and
(Right) 2m temperature anomalies in Dec 2012.
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Figure 71. Correlation maps for the (Left) surface air temperature, and
regression maps for the (Middle) sea level pressure and (Right) 300hPa
geopotential height on the ART1 index during Dec-Feb for the period
1979/1980-2013/2014. Shading denotes significant values at the 95% confidence
level based on a Student’ s t-test. ARTI1 index is the average of surface air
temperature over the Barents-Kara sea region (30-70E, 70-80N) (Fig.2, Fig.3 in
Kug et al., 2015).
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Figure 72. 300hPa wave-activity flux (vector) and stream function
(shading) in Dec 2012.
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Figure 73. Linear regression of (Left) 850hPa and (Right) 200hPa geopotential height
with respect to the OLR averaged over the eastern Indian ocean to the western
Pacific (70-120E, 10S-15N) for Dec. Areas with black dots denote 95% confidence level
according to the student’ s t-test.
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Figure 74. (Top) Time series of the normalized OLR anomalies averaged over
the eastern Indian ocean to the western Pacific (70-120E, 155-15N) and mean
temperature in South Korea for Dec. (Bottom) Dec mean temperature and
Nino3.4 index for the strongest year of convection in the top panel. Red(blue)
shading indicates above(below) normal temperature and greater(less) than
0.5(-0.5) Nino3.4 index.
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Figure 75. Oct snow advanced index for Eurasia and
winter AO index. (Fig.6.26 in 7|43 7] & =3}, 2018)
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Figure 76. Snow cover anomalies in Sep to Dec 2012.
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Figure 77. Spatial distributions of the monthly mean and anomalous temperatures of 45
meteorological stations in South Korea in Jan 2011, and time series of mean, maximum
and minimum temperatures averaged at 45 stations in Jan 2011 (dashed line indicates
10 percentile of temperature).
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Figure 78. 200hPa geopotential height, 500hPa geopotential height, 850hPa
geopotential height and wind anomalies, sea level pressure, 2m temperature, and
200hPa zonal wind in Jan 2011 (shading: anomaly, black contour: mean, green line:
climatology).
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Figure 79. (Left) SST anomalies and (Right) OLR anomalies in Jan 2011.
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Figure 80. Time series of East Asian winter monsoon
index for Jan.
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Figure 81. Linear regression of 500hPa geopotential height with respect to the OLR
averaged over the subtropical western Pacific (110-150E, 0-20N) for (Left) Dec and
(Right) Jan. Areas with black dots denote 95% confidence level according to the

two-tailed student’ s t-test.
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Figure 82. Precipitation (shading) and 850hPa wind anomalies
(vector) in Jan 2011.
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Figure 83. Composite maps of Jan 850hPa geopotential height anomalies for
(Left) the strong Indian ocean convection cases and (Right) the strong western
Pacific convection cases. Areas with black dots denote 95% confidence level
according to the two-tailed student’ s t-test.



OLR (bar) / Kor_Taw Jan
bl s b by i by b [ I PR I

2.0 —

0.0

20 |

-4.0 LI LI A B A LB S B L I
1980 1985 1990 1995 2000 2005 2010 2015

‘Jan 1984 | 1999 2001 2011 2017‘2018 Jan | 1981 1996‘1999 2009 | 2011 2014 2017

7 |08 09 a8 [l 0 T |88 o1 W8] oo |38 SN

‘N3.4 -0.7°| 1.7 | -0.7 | -1.5| -0.4 | -1 N34 | -04 | -09 -17‘-09 -1.5 | -05 -04

Figure 84. (Top) Time series of the normalized OLR averaged over
the Indian ocean (80-100, 5-15N) and western Pacific (110-140,
0-20N), and mean temperature in South Korea. (Bottom) Jan mean
temperature and Nino3.4 index for the strongest year of the (Left)
Indian ocean convection and (Right) western Pacific convection.
Red(blue) shading indicates above(below) normal temperature and
above(below) 0.5(-0.5) Nino3.4 index.
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Figure 85. Composite maps of 500hPa geopotential height anomalies (contour) and
standardized anomalies of surface air temperature (shading) under different combinations of
the AO and ENSO. (Fig.12 in Cheung et al., 2012)
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Figure 86. Time series of AO index (bar), NAO index (orange
line), and NPO index (green line) from Jan 2009 to Aug 2011.
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Figure 87. Time series of Arctic sea ice extent anomalies for (Top)
Sep-Nov mean and (Bottom) Jan. Left axis is for the each Arctic sea
region and right axis is for the NH, the whole of Arctic region.
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Figure 88. Arctic sea ice concentration anomalies in (Left) Dec 2010 and (Middle) Jan
2011, and (Right) 2m temperature anomalies in Dec 2010-Jan 2011.
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Figure 89. Time series of sea surface temperature anomalies
averaged over the northwestern Atlantic (65-45W, 45-70N) for
Dec and Jan, and North Atlantic Oscillation (NAO) index for
Jan.
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Figure 90. (Left) The 15-year moving correlations between the ENSO and four
East Asian winter monsoon indices. The black solid curve indicates the averaged
values computed from four moving correlations and horizontal solid line denotes
the 95% significant level. (Right) The standardized PDO (solid) and AMO (dashed)
indices. The shadings at the top and bottom are positive(red) and negative(blue)
phases of the PDO and AMO, respectively. (Fig.2(b) and Fig.12 in Kim et al., 2017)
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Figure 91. Spatial distributions of the monthly mean and anomalous temperatures of
45 meteorological stations in South Korea in Feb 2012, and time series of mean,
maximum and minimum temperatures averaged at 45 stations in Feb 2012 (dashed line
indicates 10 percentile of temperature).
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Figure 92. 200hPa geopotential height, 500hPa geopotential height, 850hPa
geopotential height and wind anomalies, sea level pressure, 2m temperature, and
200hPa zonal wind in Feb 2012 (shading: anomaly, black contour: mean, green
contour: climatology).
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Figure 93. (Left) SST anomalies and (Right) OLR anomalies in Feb 2012.
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Figure 94. Linear regression of (Left) 2m temperature and (Right) sea level pressure
with respect to the 500hPa geopotential height averaged over the Ural Mountains
(40-90E, 55-80N) for Feb. Areas with black dots denote 95% confidence level
according to the two-tailed student’ s t-test.
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Figure 95. Time series of daily mean temperature anomalies in
South Korea and area averaged (100-120E, 40-50N) sea level
pressure anomalies in Feb 2012.
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Figure 96. Time series of Arctic sea ice extent anomalies for
(Top) Dec and (Bottom) Aug 2011-Mar 2012. Left axis is for
the each Arctic sea region and right axis is for the NH, the
whole of Arctic region.
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Figure 97. Arctic sea ice extent anomalies in (Left) Dec 2011 and (Middle) Feb 2012,
(Right) 2m temperature anomalies in Feb 2012.



Wave-activity flux & stream function / 300hPa Feb /2012
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Figure 98. 300hPa wave-activity flux (vector) and stream function
(shading) in Feb 2012.
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Figure 99. Linear regression of 500hPa geopotential height with respect to the 2m
temperature averaged over the (Left) Barents-Kara sea (30-90E, 65-85N) and (Middle)
Bering sea (150-210E, 65-85N) for Feb. (Right) 500hPa geopotential height anomalies in
Feb 2012.
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Figure 100. Time series of (Top) monthly AO index during Feb
2010-Sep 2012, and (Bottom) daily AO index (bar) and NAO index
(green line) from Jan 2012 to Feb 2012.
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Figure 101. MJO phase during Jan-Mar 2012.
(Bureau of Meteorology http://bom.gov.au/climate/mjo/)
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Figure 102. Time series of the normalized OLR anomalies (bar) averaged
over the Indian ocean (65-105E, 5S-15N) and western Pacific (105-140E,
0-15N), and mean temperature (line) in South Korea for Feb. (Bottom)
Feb mean temperature and Nino3.4 index for the strongest year of the
(Left) Indian ocean convection and (Right) western Pacific convection.
Red(blue) shading indicates above(below) normal temperature and
greater(less) than 0.5(-0.5) Nino3.4 index.
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Figure 103. Composite maps of 850hPa geopotential height anomalies for the
strongest year of the (Left) Indian ocean (65-105E, 5S-15N) convection and
(Right) western Pacific (105-140E, 0-15N) convection.
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(ch) =7}

EAZ FAHo AHzA tid == MSEMean Squared Error), RMSE(RROOT Mean
Squared Error), biasE AM&3sIATH 7t HAEE dS3H A #AZ3kel U GdF AUEE

Uebi, 1 ko] FHe4E2 Adxrt £t MSEE Zxte AlFol ds HTFe FHIAolx
RMSE= MSEel FEZ 3 Zlo|th. RMSEE AH&-std &ape] @9l & A= fAR 9 =2
Al &ste] M S g4 & o ok biase dFE ol ATAN AEE UEhdY. ol ¢
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ratex= 38 oHA HAFES YEW I HSSE 3EY B ZAFEA ¢4 =g 3
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Figure 104. ASOS 45 stations
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Table 3. climate indexes

43t o Table 37 Zt.

indexes indexes

NINO12 WP(Western Pacific teleconnection pattern)
NINO3 NP(North Pacific Pattern)
NINO34 AO(Arctic oscillation)

NINO4 AAO(Antarctic oscillation)

ONI(Oceanic Nino Index)

NAO(North Atlantic Oscillation)

TNI(Trans—Nino Index)

SOI(Southern Oscillation)

PACWARM((Pacific Warmpool)

NOI(Northern Oscillation)

EOFPAC(Tropical Pacific)

QBO(Quasi Biennial Oscillation)

EMI(El Nino Modoki Index)

WYI(Webster—Yang Index)

DMI(Indian Ocean Dipole Mode Index)

AUSMI(Australian summer monsoon)

TNA(Tropical North Atlantic index)

SAMI(South Asia Monsoon Index)

TSA(Tropical South Atlantic index)

IMI(Indian Monsoon Index)

ATLTRI

WNPMI(Wstern North Pacific Monsoon Index)

PNA (Pacific North American)
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Korea temperature and yearly trend

15

it Jd 1 Lt 1

temp

505

1992-05 1=

126 130

trend

118 122

Figure 105. Detection of Korea temperature
change points using Prophet model
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e 72 MY d=S 9% 713 AFE AO(Arctic Oscillation), PACWARM(Pacific
warm pool), TSA(Tropical South Atlantic Index), SOI(Southern Oscillation Index)& ©]-& 3} T
Ot E¥t+ A 99 €3+ 1000-hPa o}x=Ze]E EOF(Emperical Orthogonal Function)d}ed
oAA = 1HA REolth. AOv Hubkg: o] YIS vAe dE 7|5 sjdo|n k9
AdH 9o el WHZol yeidd. HT ZIFHEE Qs WHIsles A9 FIFol
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Figure 106. Cross correlation between Korean temperature and climate
indexes



Table 4. Cross correlation between south Korea temperature and climate indices

Index A AAAHE) FHA S Sk A AAAHE) FHA
AO 4 0.118%* TSA 9 0.110%*
SOI 3 —0.081x PACWARM 5 0.084%

*+p<(0.05, *p<0.1

Table 5. Parameter estimation of south Korea temperature prediction

w4 2 ¥4 w5
AO 0.0003 TSA 0.0051
PACWARM 0.0028 SOI —0.0048

Table 5= 2018 12€ 3Hle= 7|2 AFo i3 ReFd Aoty wapdd A3l
Zo] AO, TSA, PACWARM 3t <A o
71 o A8Es Ve Ae & F Ad 2Hy 2

d °]

Atk L olfrE WRE see AP FUF AADeln ARAe o5 Fus 7)o
R3o] Mysox7] ujFelch



Table 6. Comparison of third quartile predictions between MME and Prophet models

date OBS MME Prophet
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Table 7. Model validation of 3-month temperature prediction in south Korea

(2013~2018) (2017~2018)
MODEL , , OBSvsFCST
MSE RMSE bias Hit rate hss
Cor.
Prophet 1.094 0.968 —-0.175 0.625 0.438 0.550%x
MME 1.069 1.034 0.216 0.521 0.313 -

Table 72 3% 7Y 712 odF A dis HS5 38 Aoty 2013dFE 2018
717vel e wxpA = A3 Prophet AlAE =99 RMSE7} 0.968, bias7} -0.175% ve}with.
MMEE 7128 =4 dZ3sh= 4ol %, Prophetd 7]2S WA o33t Ao Ao
20173 H-E 2018 ~]Zko] oigt Hit rate= 0.6252 YEMS HSS= 0.4382 UERST
S BATE 055002 FAdATE A FolF AL & F Aok AWH S = Prophet
AN AL E‘“OI T As UTH

o)

o}
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Figure 107. Comparison of anomaly temperature between Prophet
model and MME(1-month Lead forecast)
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Figure 108. Comparison of anomaly temperature between Prophet
model and MME(3-month Lead forecast)
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Figure 109. Result of temperature Prediction with trends and
seasonality in south Korea
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Table 8. Selected indices without multi collinearity among
December 50 indices

No. indices IncNodePurity
1 WP Oct 4.112
2 NAO May 2.420
3 NINO3 Nov 1.856
4 WNPMI Apr 1.512
5 NINO34 Jul 1.483
6 PACWARM Nov 1.309
7 WP 11 1.293
8 AAO Oct 1.266
9 PNA Feb 1.149
10 TSA Feb 1.024
11 AUSMI Sep 1.018
12 TSA Mar 0.951
13 DMI Apr 0.908

Table 9= Prophet =22 o]&3 12¢€ 7|2 EFFA Aol 10€WP, 5¢€ NAO,
11¢€ NINO3, 11€ WP, 2¢€ PNA, 3¥€ TSAe= 3$HHlx 7123 4o AAAAE 71A L, 4
WNPMI, 72 NINO34, 11€ PACWARM, 10€ AAO, 2¢€ TSA, 9¢ AUSMI, 4D€¥ DMI= 3$HetH
7123 o] FAAAE 71z

Table 9. Parameter estimation of south Korea December temperature

bl

indices Estimate indices Estimate
WP Oct 0.0803 AAQO Oct —0.070
NAO May 0.0573 PNA Feb 0.0822
NINO3 Nov 0.158 TSA Feb -0.173
WNPMI Apr —0.0283 AUSMI Sep —0.047
NINO34 Jul —0.091 TSA Mar 0.160
PACWARM Nov -0.117 DMI Apr —0.075
WP 11 0.0528
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Figure 111. Correlation between OBS and FCST in
December prediction

=

Figure 1112 1983~2010¢ @wie= 12¢ 7] #3334, Prophet =@ o 5%, MME
dlZgte] ohw@d w@ATolth ABASE Prophet EHol 0514, MMEZL 039022
et} Prophet mdle] AaA47} B 2o AL & 5 Q)

Table 10. Hit rate and hss in December temperature forecast

Hit rate hss
Prophet 0.464 0.196
MME 0.464 0.196

129 7] =0 th3+ Prophet =23 MME®S Hit rate$} HSSE wlwstch 1 2w
Prophet =23 MMES] Hit rate’} 0.464, hss7} 0.1960.2 2t} 7|EXAF=2 3] =223
prophet E@olA MME<} Hls:gt A& F= Aol Yu|7t U
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Table 11. Selected indices without multi collinearity among
January 50 indices

No. indices IncNodePurity
1 PNA Aug 5.990
2 WP Dec 4.615
3 AQO Dec 3.365
4 NAO Nov 2.585
5 DMI Jul 1.875
6 NOI Feb 1.667
7 AO Jul 1.606
8 WP Nov 1.376
9 WP Oct 1.355
10 AAO Jul 1.352
11 TNA May 1.305
12 WNPMI Aug 1.275
13 NAO Apr 1.110
14 NAO Dec 0.952
15 NP Apr 0.904

Table 12. Parameter estimation of south Korea January temperature

indices Estimate indices Estimate
PNA Aug 0.086 WP Oct 0.065

WP Dec 0.082 AAO Jul —0.075
AO Dec 0.202 TNA May —0.048
NAO Nov 0.102 WNPMI Aug —0.045
DMI Jul —0.064 NAO Apr —0.064
NOI Feb 0.065 NAO Dec —0.132
AO Jul —0.064 NP Apr —0.060
WP Nov —0.134

Table 12+= Prophet =€ ©]&3 1€ 7|2 2454 Aaiolty. 82 PNA, 12€ WP,
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12¢€ AO, 11¥ NAO, 2€¢ NOIL 10€ WPe 3t: 17|23 o] AAAAE 7HAL 74
DM, 7€ AO, 11¥ WP, 7¢€ AAQO, 5¢ TNA, 8¥ WNPMI 4€¥€ NAO, 12¢ NAO, 4¥¢ NP+
= 14 7123 5o dudAE 7
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Figure 113. Correlation between OBS and FCST
In january prediction

Figire 113 1983-20109d @hitx 19 7]€ #3333}, Prophet 29 o3z, MME
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o =A Jebsth a2y 35S Prophet Bdllo] o & mojsteE AL & F Qlth

n
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Table 13. Hit rate and hss in January temperature forecast

Hit rate hss
Prophet 0.429 0.143
MME 0.357 0.036

19 7] =0 T3t Prophet =23} MME®] Hit rate$} hssE w®lwstEc. 2 Az
Prophet Z@ 9] Hit rate’} 0.429, hss7} 0.1432.2 yErSkar, MMES] Hit rate”} 0.357, hss7}
0.036o.= uyetstty 71$AF2 s 23 prophet mdo] MMERG ¥ 5% ZA34E

= [e) 2~
F= A4S ¢ F Uk
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Figure 114+
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Table 14. Selected indices without multi collinearity among
February 50 indices

No. indices IncNodePurity
1 SAMI1 4.4761
2 NP4 4.0028
3 IMI10 2.9435
4 IMI3 2.0493
5 NOI3 1.8658
6 QBO12 1.1481
7 NOI6 1.1454
8 TNI12 1.1244
9 AAO6 1.0930
10 AO5 0.9884
11 AUSMI11 0.9533
12 IMI11 0.9147
13 WP1 0.8627

Table 15. Parameter estimation of south Korea February temperature

indices Estimate indices Estimate
SAMI1 0.110 TNI12 —0.148
NP4 —0.101 AAQ6 —0.158
IMI10 0.081 AO5 —0.083
IMI3 0.109 AUSMI11 0.049
NOI3 0.123 IMI11 0.110
QBO12 —0.090 WP1 —0.087
NOI6 —0.066

Table 15& Prophet Zd& o] &3 29 7|2 w433 ZAsxpzolth 1¥€ SAMI, 10€ IMI,
3¢9 ML, 3€ NOL 11€ AUSMI, 11€ IMI= SHHts 2€97]23 <o AAFAAE 7HA 21 49 NP,
12€ QBO, 6€¥€ NOI, 12€ TNI, 6¥€ AAO, 5¥€ A0, 1€ WP+ 3= 29 7|23 &9
FBB/AE 7HT
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Figure 115. Correlation between OBS and
FCST in February prediction
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Table 16. Hit rate and hss in February temperature forecast

Hit rate hss
Prophet 0.500 0.250
MME 0.464 0.196

29 7)o =0 g Prophet ®d3 MME® Hit rate®} HSSE wlwstgch 1 A3
Prophet =& 2] Hit rate’} 0.500, HSS”7} 0.250°.2 YElgar, MMES] Hit rate”} 0.464, HSS7}
0.1960.2 YElgth 713X FE b3 2|3 prophet Edo] MMERTH U $4:3F Ay=

FE AL ¢ & Uk
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APCC MME FORECAST TABLE
019 = =
03 04 05 03 04 05
Forecast SCM ANO[NNR] 10.97[0,24] 0.56[0.17] 0.59[0.15 1202,
PMME(B/NA) 06/26/67 15/28/57 17/29/54 30/32/38 39/34/27
TCC OBSwvs SCM | 0.63* 0.29 0.32° 0.09 0.22 0.10
RGG(B/N/A) OBS vs PMME |  0.79/0.66/0.92 0.60/0.53/0.71 0.63/0.62/0.64 0.75/0.56/0.45 0.65/0.51/0.60 0.46/0.47/0.48
HSS OBS vs PMME | 0.29* 0.20* 0.13* -0.00 0.00 -0.04
Trend 0BS 163" 0.64 1.20° -6.49 25.00 8.15
SCM T850 0.83* 0.80" 0.90° -1.71 6.30 6.23
Cor TvsP OBS 0.12 0.23 -0.15 0.12 0.23 -0.15
SCM 0.49* 0.59* 0.05 0.49° . 0.05
NINO3.4 C:OBS/SCM 0.06/0.13 0.05/0.01 -0.31/-0.36* 0.04/0.08 0.06/0.05
TCC/ANO 0.98°/1.03* 0.94°/0,75" 0.92*/0.42* 0.98°/1.03* 0.92/0.42*
WPC C:OBS/SCM -0.19/-0.10 0. 3* -0.16/0.00
TCC/ANO 0.68"/2.29 0.85%/2.18 0.24/0.27
Total
Forecast
NN EC coLD WARM WARNING R WET
“:Significnat at 80% level, Above/Below 0.43sigma [1983-2010] Giob OBS.. OISSTv.2, CAMS-OF}
SGM: Simple Compostie Mean MME
NNR: Near Normal Range (0.43sigma) [1983-2010]
TCC: Temporal Correlation Coeflicient [1683-2010]
Linear Trend T & P [1983-2017]
Correlation T vs P [1983-2017]
C:OBS/SCM: TCC between OBS/SCM index & Korean T/P
TCC/AND: TCC between OBS index & SCM index / Forecasted Anomaly
NING 3.4 index [190E-240E, 55-5N]
Westem Pacific Convection area M4 [110E-180E, 00S-20N]
Figure 116. APCC MME forecast table for Mar-May 2019. Issued in Feb 2019.
dr Eqme] & 5 WA APCC

2 A 1-22F A=A W& IA HEA Frh

MMEZ®] Deterministic MME (DMME), Probabilistic MME (PMME) SHitE &% 7 o= AR E
FAIEEA, o]E9 o= 27 Temporal Correlation Coefficient (TCC), Relative Operation
Characteristic (ROC)& H ot} oyt MMES] hindcast 7]7Fo] 2016-20173 9= 1983-2005,
23do® nAHo gIloyt 2018'd 11€%¥ hindcast 71%to] g we} o]& WFg st
mjY  AAElE= hindcast® o] 83EE F£ASYPTE 2019dol=  FE  hindcast  7]%Fo)
1983-20100.2 28 d o2 A= At}

=3 FA MM+ PMME o= ~Z

e Heidke Skill Score (HSS)E F7tsted TCC
273 ¥Rz sk HSSE 7HA

so BB oZH: AHLYE DFAS WA,



Se FEY 82 A3 JHuIE DEUL W05 HFE Fol AFE ES
3 Y5s AAT of W A AZASE westy $dd olZo] Re F9E
Aslstel HEE WA 0 olsfeld AFe oeish flar, P4 AFol Fe AL 1o
A,

Table 17. TCC and HSS hindcast forecast skill for temperature/precipitation of South Korea
for different lead times. Hindcast period is 1983-2005 for Jan-Oct and 1983-2010 for
Nov-Dec. Red shading indicates 90% confidence level in TCC and positive value in HSS.

T2m 1 2 3 4 5 6
1-mon-lead 0.62* 0.47* 0.59* 0.45* -0.02 0.21
TCC 2-mon-lead 0.22 0.50* 0.35* 0.28 0.06 0.15
3-mon-lead 0.20 0.24 0.51* 0.25 0.19 0.21
1-mon-lead 0.08* 0.09* 0.24* 0.36* -0.11 0.20*
HSS 2-mon-lead -0.02 0.07* 0.08* 0.21* -0.08 -0.03
3-mon-lead -0.01 0.07* 0.26* 0.21* -0.01 0.18*

PREC 1 2 3 4 5 6
1-mon-lead 0.28 -0.05 0.03 0.37* -0.02 0.08
TCC 2-mon-lead -0.06 -0.13 0.27 0.37* 0.15 -0.10
3-mon-lead 0.19 0.16 0.01 0.01 -0.04 0.05
1-mon-lead 0.05* 0.03* 0.01* 0.02* -0.09 -0.10
HSS 2-mon-lead -0.05 0.08* -0.02 0.06* -0.08 -0.10
3-mon-lead -0.02 0.03* -0.03 -0.10 -0.02 -0.09

T2m 7 8 9 10 11 12
1-mon-lead 0.13 0.27 0.41* 0.35 0.33* 0.39*
TCC 2-mon-lead 0.18 0.07 0.48* 0.19 0.11 0.30
3-mon-lead 0.17 0.05 0.60* 0.20 0.20 0.24
1-mon-lead 0.04* -0.08 0.05* 0.02* 0.04* -0.01
HSS 2-mon-lead 0.13* -0.24 0.17* -0.01 0.21* 0.15*
3-mon-lead 0.17* -0.12 0.26* 0.10* 0.28* 0.16*

PREC 7 8 9 10 11 12
1-mon-lead -0.04 0.06 0.46* 0.00 0.48* 0.38*
TCC 2-mon-lead 0.15 -0.11 0.47* -0.07 0.43* 0.40*
3-mon-lead -0.20 0.17 0.55* -0.21 0.40* 0.65*
1-mon-lead -0.08 -0.12 0.14* -0.14 0.01* 0.07*
HSS 2-mon-lead -0.15 -0.09 0.11* -0.10 0.06* -0.03
3-mon-lead -0.08 -0.04 -0.04 -0.08 0.07* 0.21*
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2018 hindcast AEE ol &3te] YH= TCCY HSSE Table 17¢] Aestdnt. ¥Hz
AT RE HSS7} TCCRTE folvah 497 o 81 a9 gax e TCCr #olvd oe
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Hlzshy SEEF E7E T ¢ AT weit. dEz dyEgte w 53] 44, 999
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dFgd-sol o &FAS 7] fd s 8o 2018d0l= °] T 53 #BEA 0
FHT 99 MEEY cddH sy Feecke] ddde IEREE, GloSeadbE HIB o=
AEsta olo] digk HshE A A 2019dol= olel dal 4, 11, 12€e] AME|H Yk

F2EH syt Aol AFaA tel BYsta gete vl aA It

Ob @ g A9 AR @)
O 49 U A5 Y A3 A4S TAF BH AF

44 syt Aok AFBAZE =4 dEus MEEG A A9 [110E° -180° E,
0° -20° Nlelt}. ¢-gjuetel A<l Mg e A9 A4 #FS5ZCAMS-OPDe| daaA <=
-0.412 #9551 a1(1983-2010), APCC MME®] AMEejg¢f o A ddA A 0412
o rstR Tt Foizl AeBE g AS Ao TCC oA F 2722 08622 w-% &oh 2019d 4
gt g A S A o] AY FEFe -7.93 mm/monE Fd HlE FEOE (0430 ©]W))
Gﬂzﬂoi 01]27‘# vt et vAASRAA-04DE 1¥etd, vt Aae Hd
Hl Y Aolgt & = Utk ol8d &2 20199 4€ B B2 A FstAdtt (Figure
117).
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APCC MME FORECAST TABLE

201904

06 04 05
Forecast SCM ANO[NNR] [ 0.51[0.18] 3.94[4.26] 3.72[3.77]
PMME(B/N/A) 17/30/53 30/34/36 28/34/38
TCC OBSvsSCM | i 017 0.22 -0.02 -0.18
ROC(BIN/A) OBS vs PMME | 0.71/0.68/0.71 0.56/0.57/0.74 0.55/0.49/0.61 0.47/0.47/0.48 0.56/0.47/0.31
HSS OBS vs PMME 025 | 012" 0.08° 018 0.04
Trend |  oBs 064 128" 25,00 | -8.15 | -77.29°
SCM T850 1.14* 218 .97 -0.47
Cor TvsP 0BS 0.23 0.23 -0.15 -0.22
SCM 0.56 0.56 0.30° 0.06
NINO3.4 C:0BS/SCM 0.05/0.02 -0.31/-0.28 -0.05/-0.00 0.06/0.10 -0.15/0.04
TCC/ANO 0.914/0.78* 0.91°/0.35" 0.86"/-0.06 0.91*/0.35* 0.86"/-0.06
WPC C:0BS/SCM -0.41%-0.41° -0.16/-0.06 0.34"/0.03
TCC/ANO  086Y-793 | 052°-12.28" 0.37°1-9.48"
Total
Forecast
NN EC coLD WARM WARNING DRY WET

*:Significnal at %0% level, Above/Below 0.43sigma [1983-2010] Glob OBS.: 0ISSTv.2, CAMS-OPI
SCM: Simple Compostie Mean MME

NNR: Near Normal Range (0.43sigma) [1983-2010]

TCC: Tempotal Correlation Coeflicient [1983-2010]

Linear Trend T & P [1883-2017]

Gorrelation T vs P [1983-2017]

C:OBS/SCM: TCC betwsan OBS/SCM index & Korean T/P

TCC/ANO: TCC between OBS index & SCM index / Forecasted Anomaly

NING 3.4 index [190E-240E, 5S-5N]

Western Pacific Gonvection area M4 [110E-180E, 00S-20N]

Figure 117. APCC MME forecast table for Apr-Jun 2019. An asterisk indicates
significance at 90% level or above/below the climatological value.

Figure 1182 APCC MME 2019'd 4€ Z< oAtk 3 &2 A3 492 APCC MME
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Figure 118. 1-month lead APCC MME precipitation
forecast for Apr 2019.
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@ 4€ APCC MME ¥ 718 24 35 ¢S 272

44 ARG A9 dFdsd sdud At 52 AEAAE i ezl bl
FEver A dS 22, B A Ao dF 27, A3 58 APCC MME, 718
24 GloSeabS 23l Arsldtt o= ~2& TCCe Pattern Correlation Coefficient
(PCOZE A A4rsly T Figure 1195 201993 49 3 &2 A3y ¢ o= ~Z2 %=,
22 UeHKOR), FoFAIOHEA) A¢ [110° E-150° E, 25° N-50° NI, AJe} <H(WP) =< o) A]
APCC MME, GloSea5, SCoPs, 1#]3l GloSeab2} SCoPsE& A|¢js+ APCC MME 7j¥ =49 ZF
7 =& #ol e+ best =dlol TCC, PCCE AAtatdt. welvtet et Aeigef A

=

445 (K/WP)e] A3 A (Relationship) E=3gF S5HA o] WASIEL 74 AF A4 B2

-

AR AFEE AL GPCP v.2&, Figure 1170|4= CAMS-OPIZ} AH8¥® A tt=th 90%
FFANA Foud H9 5 FAF L

o)

[201904 L1] Prec. Forecast Skill Table

GPCP | MME |GLOSEA| SCoPS | BEST | name
KOR TCcC 0.99" 0.22 0.57° 0.23 0.49° | NCEP
EA | PCC 017° | 019" | 0.12* | 024° | POAMA
EA | TCC 016 | 0.17 014 | o.16 MSC
K/WP R 028 | -041" | -040° | -043" | 043" | JMA
wp | Pcc 0.56° | 0.08 037 | 051" | POAMA
WP TCC 052 | 0.40° 0.37 048" | POAMA

“Significant at 90% level

Western Pacific Convection Area [110E-180E, ON-20N]

KOR: Korea, EA: East Asia, WP: Western Pacific

TCC: Temporal Corr. Coeff., PCC: Pattern Corr. Coeff., H: Relationship (TCC)

Figure 119. 1-month lead precipitation forecast skill table for Apr 2019. An
asterisk indicates significance at 90% level.

SZuet Fre o= 272 APCC MMEE BI&3le] 7|8 mdEo] Fojndl =Folt)
E3] GloSea59] TCC o= ~Zo] 0.57=2 wl$ =3, APCC MME 7' =& % NCEP mdo]
0.499] &2 AHBAE Ho 499 Ae vt Ao AR dF FEE o= A=
2= 0] ok oRt fEvet Fee A 2T ARESE] sl o] Ao g TCC o=
272 mdol gyt ZAgol oid AFAPe dEste AL AV At #dEo
$Hygs Z233 Folr ol G o= A2 AP EH, FolAol A Y] o= AL
fFomEAl =& EUTh FolAor AYe syt A4 WHEAT ARBAVE =&

[110° E-150° E, 25° N-50° Nl AHA 3Tt Fotrlol A& d 4 Fdsitt

- 115 —



© 4€ AEBIF A A5 71 FAAY] 95 w7

s WA & & dn AA #5 AFeA=RGPCP v.2)ek -yt Aokl
Al AxoM e Foprlol A9 sejue} Fao] dadArt FastA vetyy, APCC
MME$}  GloSead <HetEdoM= ZdAAZE o ofsith. MEEd AH Aol
dAAE dgRdorr Eosty tha Hof Rofdte= FIFe] Anh 53] diFEe
ZdoA 180° E Ho] FHHYG du-s9E FIolA Hdx-5& dHo]l yehy=d,
BSoME FomlstAl (oh &, 2o #HFFo] A= A= vty GloSeab= ©] <l
W Zwksl Maritime Continentoll A A% sj€o] #AZ=o| n|s) #3HA YEUYE= HAEEo)

D 5 A MRS A Aok vt Aok dadA= Figure 1209 /a3

A=

b

W~
Mo b

[e]

A

O:

ox
g

o @ o 1@ T
08 ot

- 116 —



CORR PRCP. KOREA vs. W. Pacific APR L1

TCC PRCP. KOH vs. OBS APR_L1 CORR

05

03
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o1

0.1
0.2
0.3
0.4
.5

1
60E S0E 120E 150€ 180 150W 120W

Figure 120. Correlation maps for the (a) GPCPv.2, (b) APCC MME, (c) GloSeab
precipitation on the South Korea precipitation in Apr. Box area indicate East Asia
[110° E-150° E, 25° N-50° N] and western Pacific [110° E-180° E, 0° N-20° N]

region.
My 259k £ dd/otddl XY dREE, ArE AHWT 7 A T8
olztolt}, 4 % AATA 9" (Figure 1213 850-hPa w3 a4 i€ (Figure

122), 500-hPa A 9jaixe} 200-hPa whga A si®d (Figure 123)& KW, |
Augre d5w o= Jate o AY 3 FF Fust A ANHTH $H). o=
QAs) 3 whgFol WASL, WFBF A, A= Ao WYFE AS UAY

FEANE AARY dUAAAA AT W ols) HABA AZYY sl W,

FUZAA TA] 7 3ol BASIE Gill-type WFSoE2 =& FEE 7|UA
&3lo] Ao T &g LU %%94 FEFS BT

#5342l B o)8 e Hs HoFuy, RAoxE 4o AY $F9 AsE £ o
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F Utk B3 FAE HEHEGNA sled 2xme AAS fASHA 2oshd, g
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Figure 121. Correlation maps for the (a) NOAA OISST v.2, (b) APCC MME,
(©) GloSeab sea surface temperature on the South Korea precipitation in
Apr.
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R KOR prcp. vs.

OBS_APR_L1 _wnd850
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Figure 122. Correlation maps for the (a) NCEP R2, (b) APCC MME, (c)
GloSea5 850hPa wind (vector) and wind speed (shading) on the South Korea
precipitation in Apr.
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R KOR prcp. vs.
OBS_APR_L1_z500 R
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Figure 123. Correlation maps for the (a) NCEP R2, (b) APCC MME, (c)
GloSeab 500hPa geopotential height (shading) and 200hPa wind (vector) on the
South Korea precipitation in Apr.
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Figure 124. Correlation maps for the (a) SST, (b) 850hPa wind (vector) and
wind speed (shading), (c) 200hPa wind (vector) and 500hPa geopotential height
(shading) in POAMA model on the South Korea precipitation in Apr.
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TCC GPCP vs.
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Figure 126. Distributions
precipitation percentile in

130.4 (Namhae )
90.7 (Uljin )
Percentile : 57.7

of total precipitation and
Apr 2019.
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Figure 127. Distributions of (a) GPCP v.2 total (contour) and anomalous
(shading) precipitation, (b) NOAA OISST v.2 total (contour) and anomalous
(shading) SST, (c) NCEP R2 850hPa wind anomalies (vector) and wind
speed anomalies (shading) in Apr 2019. Climatological period is 1983-2010.
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Table 18. Forecast and verification of South Korea precipitation in Apr 2019. AN, NN, and
BN indicate Above Normal, Near Normal, and Below Normal.

Index ] Forecast ]
Correlation Observation
forecast for Korea
Korea grid 3.94(NN) 79.3(NN) correct
Nino 3.4 index 0.78(AN) 0.39* AN 0.61(NN) incorrect
Climate
; Western Pacific
index “793NN)  -0.41* NN 171(0NN)  correct

convection index

(3) 119 NU%Y dResH v 25 FHeA
Ob @ @ A9 ARAR 119)
O 119 $eue 2% A4 A33 AFAA DAF 27 dF

11¢ sevet e A+ d < [70° E-150° E,
20° S-20° Nlojt}, QI=of IR RE7 %3t 433 FEAST Aoty vzl 11¢
—’FQ‘r Fol AHESF AY ZFg AA BS54 (CAMS OPDe] wWhg#AA= -0.682 4o 3]
11(1983-2010), APCC MME . ZolA AEgor
10—4 4 TCC A& =2
mm/mon®. 2, FHHT EA AZFHUL, dF7H Tﬂurﬂ‘r Freke] Wt 71](—042)E
v, Evet Aae 3 20183
119 dx BEMEZ AFsAdct (Figure 128).
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APCC MME FORECAST TABLE

201811
Forecast SCM ANGNNR] [T = ; = | 24[31 2.90[2.8 1.61[1.90]
PMME(B/N/&) | o ‘ 3437130 28/35/36
TCC — O3/ | i 0.19
ROG(BIN/A) 0.67/0.55/062 | 0.67/0.55/0.76 | 0.49/0.50/0.54
HSS 00 0.01 -0.03 002 |
Trend OBS[utd] . -18.86(2.85] 0.97[13.15] 2.81[-10.22]
SCM[utd] 0.79°[1.107] 071 “[o: s 290[421] | 398[248] | 0884557
Cor TvsP 0BS[utd] 0.53%[0.577] 0.36°(0.22] 0.4370.417] 0.537[0.57°] 0.36%0.22] 0.437[0.417]
SCM[utd] 0.41°[0.30°] 0.56°[0.49'] 0.43'10.54'] 0.41°[0.30°] 0.56'[0.49] 0.43°[0.54']
NINO3.4 C:OBS/SCM 0.30/0.27 0.31/0.32" 0.08/-0.07 0.25#0.10
TCC/ANO 0.99/0.99° 0.98°/1.04* -0.3571.04° = |
WPC C:OBS/SCM .
TCC/ANO | . -0.29/12.88°
Total
Forecast
NN EC coLD WARNMITT  WARNING DRI ET
*:Significnat at 80% level, Above/Below 0.43sigma [1583-2010] Glob OBS.: 0ISSTv.2, CAMS-OPI

SCM: Simple Compastie Mean MME

NNR: Near Mormal Range (0.43sigma) [1983-2010]

TCC: Temporal Correlation Coefficient [1583-2010]

Linear Trend T850 & P [1983-2010] / up-to-date [1983-2016]

Correlation TBE0 vs P [1983-2010] / up-to-date [1883-20186]

C:OBS/SCM: TCC between OBS/SCM index & Korean T/P

TCC/AND: TCC between OBS index & SCM index / Forecasted Anomaly

NIND 3.4 index [190E-240E, 55-5N]

Western Pacific Convection area M11 [TOE-150E, 205-20N] M12 [FOE-160E, 205-20N]

Figure 128. APCC MME forecast table for Nov-Jan 2018/2019. An asterisk
indicates significance at 90% level or above/below the climatological value.

o} Figure 129+ APCC MME 2018 11€¥ 74 d&Ao|th. oAl AEHHY
Adel A Az AEzh Ad FEHFSIAE Fa AE7E AdFH Iumd A
frlkgel Uehdth % olgd A5sk Bd HE FES @ SAW 20 BeAs
7] WE MEBFeIY IURE o g3 SeUt FF dZlA Fosjor st oz
nth AAE APCCAME ol mHse 119 24 2% dus B Wk Fzo=

ESA .

— 126



Precipitation for NOV 2018

Unit:mm/day
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Figure 129. 1-month lead APCC MME precipitation forecast
for Nov 2018.
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[201811 L1] Prec. Forecast Skill Table

| GPCP MME | GLOSEA | SCoPS | BEST name
KOR | TCC 0.99* 0.48* 0.60* 0.39* | 0.54* CWB
EA | PCC 0.09 0.04 0.01 | 012° | NCEP
EA TGGC 0.18 0.07 0.08 0.13 JMA
KWP | R -0.59* | -0.42* | -0.55* | -0.33* | -055° | CWB
WP | PGCC 0.31* | -0.07* 0.18* | 031" | POAMA
WP | TCC 0.38* 0.38" 027 | 0.37° | POAMA

*.Significant at 90% level

Woestern Pacific Convection Area [F0E-150E, 205-20N]

KOR: Korea, EA: East Asia, WP: Western Pacific

TCC: Temporal Corr. Coeff., PCC: Pattern Corr. Coeff., R: Relationship (TCC)

Figure 130. 1-month lead precipitation forecast skill table for Nov 2018. An
asterisk indicates significance at 90% level.
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CORR PRCP. KOREA vs. W. Pacific NOV L1

TCC PRCP. KOR. vs. OBS NOV_L1 CORR
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90E 120E

TCC PRCP. KOR. vs. SCM NOV _L1
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Figure 131. Correlation maps for the (a) GPCPv.2, (b) APCC MME, (c) GloSeab
precipitation on the South Korea precipitation in Nov. Box area indicate East Asia
[110° E-150° E, 25° N-50° N] and western Pacific [70° E-150° E, 20° S-20° NJ]
region.

sl = (Figure 132), }%(850-hPa) <874 (Figure 133), 4% <=#7(200-hPa)7
%3%(500-hPa) A% (Figure 1358 AEEY tiids3d 8y
AT F de 994 dAE Hoed. ddi/obdd AMEB G sed
]

A

&
o
o &
©
o

ola, dul FHHE YA sFH L=7F 2dstE 2 ), & dYnrt @
B FdM = ez tFdsol FfHAM ity «fe] yehvta Az

J

FdMs i/obdt] MEE Gl MFol AAL AT oA FEiH e A7
T, HEHOE THAE AHFGIME L4 =S oI olHd JeiA = 4d3 =
A3 FARSHARE IZ=FelA e dEe] 2, g AN s dadA] A= 4dET

- 129 -



R KOR prcp. vs.
OBS_NOV_L1_sst R
60N - L " , )

30N —

60E 90E 120E 150E 180 150W 120W
SCM_NOV_L1_sst R
60N . L o

(c)

60E 90E 120E 150E 180 150W 120w

Figure 132. Correlation maps for the (a) NOAA OISST v.2, (b) APCC MME, (c)
GloSeab sea surface temperature on the South Korea precipitation in Nov.
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Figure 133. Correlation maps for the (a) NCEP R2, (b) APCC MME, (¢
GloSeab 850hPa wind (vector) and wind speed (shading) on the South Korea
precipitation in Nov.
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Figure 134. Correlation maps for the (a) NCEP R2, (b) APCC MME, (¢
GloSeab 500hPa geopotential height (shading) and 200hPa wind (vector) on the
South Korea precipitation in Nov.
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Figure 135. Correlation maps for the (a) SST, (b) 850hPa wind (vector) and
wind speed (shading), (c) 200hPa wind (vector) and 500hPa geopotential height
(shading) in POAMA model on the South Korea precipitation in Nov.
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Figure 136. TCC skill map of POAMA compared with GPCP v.2 in Nov.

(b 114 AF FEA A5H A 45 v

2018\ 119, $gvet 3 #4E= 50.5 mm/mon® E 58.6 percentiles 7|23t Hd
oAtk (Figure 137).

. Korea
Precipitation
(01Nov2018 ~ 30Nov2018)
Total(mm) o Lercentile
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38N 3 38N
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35N T e 60 35N H 50
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— 1 451",4/' 10
338 33N
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Total 3 15.0 (Yeongcheon ) ~ 207.4 (Sokcho )
Percentile : 33.3 (Yeongcheon ) ~ 95.9 (Sokcho )
Area Mean : 50.5 (median : 37.2) Percentile : 58.6
Q

Figure 137. Distributions of total precipitation and
precipitation percentile in Nov 2018.
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Figure 138. Distributions of (a) GPCP v.2 total (contour) and anomalous
(shading) precipitation, (b) NOAA OISST v.2 total (contour) and anomalous
(shading) SST, (c) NCEP R2 850hPa wind anomalies (vector) and wind
speed anomalies (shading) in Nov 2018. Climatological period is
1983-2010.
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Table 19. Forecast and verification of South Korea precipitation in Nov 2018. AN, NN, and
BN indicate Above Normal, Near Normal, and Below Normal.

Index ) Forecast )
Correlation Observation
forecast for Korea
Korea grid 0.24(NN) 50.5(NN) correct
Nino 3.4 index 0.99(AN) 0.55* AN 0.99(NN) incorrect
Climate
; Western Pacific
index “13.96%(BN)  -0.42* AN ~16.8(NN)  incorrect

convection index

@ 12€ MR Y 7853 iy A 3adA
Oh & g2 Ay Adgr (129)
O© 128 vzt Z A ASFH 71FAA 13T Y A=

129 $euet A5sh FRBAZL B4 dehbs AHBY F5 A9e [70° E-160° E
20° S-20° Nlojtt. 11¥€3 up7ix2 JIEY71A] E3sles A9
ele ek Fold MUY Ao AF AA BZFCAMS-OPDShe] WAl
0.630.% TH1983-2010). mho] AElHY A B4 = QR

=3, o] W MElEY AY Hre oS TCC 242 0772 o AHE Y A9 20183 12%J

7&—’? =2 -957 mm/monE HEERGD AHJx, AdFHpH v Aot
T A#A(-0.62)5 1#3tH, 8y e HdRY B Aot 95T 4 o o]y
82 2018 12¢ oK FA3Fol Al-F3t thFigure 139).
£ dYxe] Syt Al tid 93-S aEste] 458 & Aded, 229 Nifo 3.4
Aot Syt A4 0.559 Fovls A@dArE 9, =9 Nifo 34 433 116C o=
HERT Fof dYnrt g5, o 1dsd Sgvet e BdRt B8 Aol
5

o Z¢ 4 Aot (Figure 139). F3 = Nifio 3.4 A4 dF TCC 2ZL2 092 wi-% =th 34,

sedel el AR e AMEd dre A4S WY Sz, HE 43 Equa
chance2 WFE wAel} ArW LEe wAMBEAY OB 0d AFAE O

o 57k BT

- 137 -



APCC MME FORECAST TABLE

02
Forecast SCM ANG[NNR] [Fo#f[oT8] =il 3[0.13 0.50[4.03]
PMME(B/N/A) 19/35/46 1 54 im 34/31/35 131/46
TCC OBS vs SCM 039" | 0.22 0.24 0.38 -0.06 0.16
ROC(BIN/A) OBS vs PMME 0.57/0.47/0.73 0.61/0.63/0.46 0.69/0.47/0.67 0.6110.44/0,75 0.52/0.44/0.43 0.70/0.45/0.61
HSS OBS vs PMME -0.01 ; fi (7 0.07° -0.05 0.03
Trend OBSutd] 0.32[-0.04] i 0.97(13.15] -2B1[-10.22] 1.33[1.19]
sCMud] | 0761047 | 0.4870. Uil 0 0312 | 1.09/056] | 587330
Cor TvsP OBS[utd] 0.36°[0.22] 0.43'70.41°] 0.55°[0.54°] 0.43°0.417] 0.55'[0.54]
SCMutd] | 0850567 | 0.57°[0.447 | 05770437 1| 057044 | 05770437
NINO3.4 C:0BS/SCM 0.31/0.32* 0.08/-0.07 0.15/0.09 0.25/0.07 0.18/-0.01
TCCIAND 0.99°/1.18" -0.31/1.13" -0.32°/0.99" -0.31/1.13" -0,32°/0.99°
WPC C:0BS/SCM -0.00/0.13 -0.347/0.07
| Tcomno | | -0.45-11.07° | -0.53'-10.84"
Total
Forecast
NN EC coLp WARMIT  WARNING DRI ETm
*:Significnat a1 90% level, Above/Below 0.43sigma [1983-2010] Glob OBS.: QISSTv.2, CAMS-OPI

SCM: Simple Gompastie Mean MME

NNR: Near Normal Range (0.43sigma) [1983-2010]

TCC: Temporal Correlation Coefficient [1883-2010]

Linear Trend T850 & P [1983-2010] / up-to-date [1983-2016]

Garrelation TB50 vs P [1883-2010] / up-to-date [1983-2016]
C:OBS/SCM: TCC between OBS/SCM index & Korean TP

TCC/ANO: TCC between OBS index & SCM index / Forecasted Anamaly
NING 3.4 index [190E-240E, 55-5N]

Westaim Paclfic Convection area M12 [70E-160E, 205-20N]

Figure 139. APCC MME forecast table for Dec-Feb 2018/2019. An asterisk
indicates significance at 90% level or above/below the climatological value.
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Figure 140. 1-month lead APCC MME precipitation
forecast for Dec 2018.

- 138 —



@ 12¢€ APCC MME 2 /¥ =g 7% €2 22

12€o] tisiAiE= APCC MME 2 7|8 =do| tiglk o F 2~Zd-& vla &4ttt (Figure
141). 129 AMEfHEHFHWP) A+ X9 [70° E-160° E, 20° S-20° NI, &o}AoHEA) X ¥ 44,
11¥€93} 22 [110° E-150° E, 25° N-50° NJ] o]t}

[201812 L1] Prec. Forecast Skill Table

GPCP | MME |GLOSEA| SCoPS | BEST | name
KOR | TcCC 0.96' | 038 | 037 039 | 039" [ CwB
EA PCC 0.14* | 023 009 | 020" | NCEP
EA | Tcc 0.19 0.29 015 | 021 | NCEP
K/WP R 068 | -062° | -0.62* | -053" | -0.62° | POAMA
wP | PCC 033" | -004 | 016 | 030" | POAMA
WP TCC 0.33 0.40" 0.14 | 034 | POAMA

“:Significant at 90% level

Woestern Pacific Convection Area [TOE-160E, 205-20N]

KOR: Korea, EA: East Asia, WP: Western Pacific

TCC: Temporal Corr. Coefi., PCC: Pattern Corr. Coeff., R: Relationship (TCC)

Figure 141. 1-month lead precipitation forecast skill table for Dec 2018. An
asterisk indicates significance at 90% level.
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2 o= Eoh AARE o AMEEY A9 ZAgek vt F
-0.68°]tH(1983-2010).
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TCC PRCP. KOR. vs. OBS DEC_L1
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Figure 142. Correlation maps for the (a) GPCPv.2, (b) APCC MME, (c) GloSea5
precipitation on the South Korea precipitation in Dec. Box area indicate East Asia
[110° E-150° E, 25° N-50° N] and western Pacific [70° E-160° E, 20° S-20° NI

region.
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R KOR prcp. vs.
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Figure 143. Correlation maps for the (a) NOAA OISST v.2, (b) APCC MME, (0
GloSeab sea surface temperature on the South Korea precipitation in Dec.

Fets «¥FY AR=EE T iyt Aedl dEFe Fe dYel 93
7RkeS AHE £ Jded (Figure 144,145, o7k 24 B 24 ddd 2HH
Aol Sty Edi MBS YAt vEtde, diids Az dd MEEY stsolA=
A7 e dx AETE YEgaL, ol ASelMe AFol AstE L, Gil-type Whg o=
&% A7Idd <] aEn. fHytE EFste FoMAor AYL T EE Y
YFez 2HdFET 77 AAEHA B2 At AT A yus SAAA=
dojA oz REe] sgsHgE wr|gA 8ol Yehuesd, <23 935S APCC MME 5
ol 7]Fmdo] & meolgitt o 12¢ fElut 71Fel dFS 7A= Ayt 53 7%
EeoA 2 mojsts o)) WEQd Aem Hn.
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Figure 144. Correlation maps for the (a) NCEP R2, (b) APCC MME, (c) GloSeab
850hPa wind (vector) and wind speed (shading) on the South Korea precipitation in
Dec.
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Figure 145. Correlation maps for the (a) NCEP R2, (b) APCC MME, (c) GloSead
500hPa geopotential height (shading) and 200hPa wind (vector) on the South Korea
precipitation in Dec.
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R KOR prcp. vs.
POAMA _DEC_L1_sst
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Figure 146. Correlation maps for the (a) SST, (b) 850hPa wind (vector) and wind
speed (shading), (c) 200hPa wind (vector) and 500hPa geopotential height (shading)
in POAMA model on the South Korea precipitation in Dec.

)—l
[\]
0
rlo
t
Z.
wn
@)
N
)
2,
)
ol
rlr
N
iy
o
K
12
=
2
)
ro
bl
lo
o
2
)
o
=Y
N
-
kY
lo
fu
of
ot

7N X+ Al7]o]7]el, ENSOE Z =Eojst=

o T odo

e oY ©

¥
o
N
52
kv
2
©
o
I

)\E'_ 1l

4 TCC 272 A= (Figure 1475 B9 ot 4 A9 2742
=0 BHEH G FAENAE A o] HojX 1l sk N 4€oju 11¥el Bl&) = w&
oA e 27l Aol frofulsith. FolA oA E FMEE I
G&o A Fae] 7o) Fon]sit),

X2 o2
o 12 o p

- 144 -



TCC GPCP vs.
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Figure 147. TCC skill map of POAMA compared with GPCP v.2 in Dec.

(b 12€ AF FEA A5F A 45 ¥

2018\ 129, S Elugt ¥& A4E 27.6 mm/monl &, 65.6 percentiled 7]E3ate] <kgh
E2 Holl AR Hd vl FFE 7S5 o (Figure 148).
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Figure 148. Distributions of total precipitation and
precipitation percentile in Dec 2018.
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Figure 149. Distributions of (a) GPCP v.2 total (contour) and anomalous
(shading) precipitation, (b) NOAA OISST v.2 total (contour) and anomalous
(shading) SST, (c) NCEP R2 850hPa wind anomalies (vector) and wind
speed anomalies (shading) in Dec 2018. Climatological period is 1983-2010.
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AezAs Fd A5 HouATt A= AetA e Zoz ddsty fdust e T
o 52 NN/ANZ 3911, 2E82 o2 o] Fedurl sttt Mea S AY Hd=x A7}t
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Ly
EEA arike FAHASH, ol A% ¥ FUL FHuE A I¥FE € UF
Aot obA 129 eyt e B 5 AeE 71580 (Figure 149).
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Table 20. Forecast and verification of South Korea precipitation in Dec 2018. AN, NN, and
BN indicate Above Normal, Near Normal, and Below Normal.

Index ) Forecast )
Correlation Observation
forecast for Korea
Korea grid 0.50(NN) 27.6(NN) correct
Nino 3.4 index 1.16*(AN) 0.55* AN 0.99(NN) incorrect
Climate
; Western Pacific
index “957*(BN)  -0.62* AN 18.6(NN)  incorrect

convection index

(5) APCC MME =% 719t NEH Y 74 71502 QoF

$guet Ao A-dARE AYs] s 713 mdo] bk st gyt ol
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del A AZFel Z&snh e olHd FHAAT ory] w 2o 49, 99,
114, 12€& A3 o] F 44, 114, 12€] dia) AF B8tk
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AA 2018 114, 124, 20199 44 fElyet s AS5E W 210 7]FAAeE o)
gk Ase sdcH, 2'AoE Asde 1S wWe 20199 42o= AMEiE et
F&dEel o3 eyt A oA So] gkl 2018\d 114, 1242 BHx] ettt shA R o]
?i:rllﬂ%% v oz dAGABAE skl iyt A SRARJ AEE TEIT AL
CicEl Sttt (Table 2D. webA 71 $AAE 1HE o) @<es] ARt & Zo] olye}
ol %P%é}‘é el dEes duiEy mdol oy dF4de aHsorditt. Fu=
11¢ kia=s

129 A1FQA SI% A AUk A o W ENSO #d® BEol mY o3
AsHA kol A A,

Table 21. Comparison of observation and forecast for South Korea precipitation.

NOV 2018 DEC 2018 APR 2019
APCC forecast 0+ 0 0+
Observation 0 0 0
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A 7IHE S8 NtE WEVF A o= A2l ESPreSSO-KR (Expert Seasonal
Prediction System for operational Seasonal Outlook for Korea)2 3lolEe|= os-5A AA
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Figure 150. Newly added 1-—month lead precipitation outlooks generated by ESPreSSO—KR for
2019. Upper panels in the outlook shows forecasted monthly precipitation distribution (error—bars)
and the observed monthly precipitation averaged over 49 stations (lines). The natural language
outlook is found at the bottom left corner, while the regional outlooks are provided at the bottom

right.
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Figure 151. Same as Figure 150, but for 1—3 month lead temperature outlook.
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Figure 152. Observed and predicted monthly precipitation. When observed category

falls into the ESPreSSO prediction, it is colored green; near—miss yellow, and
wrong red.
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Figure 153. Observed monthly mean temperature and 1~3 month lead predictions
from ESPreSSO—KR.
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Figure 154. Temporal correlation skills of ESPreSSO. Note that the predictors are

identified from the former MME configuration.
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Figure 155. Correlation coefficient between ECMWEF hindcast MSLP and ASOS temperature
each MAM, JJA and SON.

SHAIRE A FH S At UmA A-AE volZs B FAS F dF174Y
oA A= A A 9F Figure 155004 H<lule}

e et slese] FRRA} ®E Ao
2ol BUE HHuGE IWE A% 2o Wil JBLE Ay S e
FUBAT B AR GEbith olAe A g b4 e Ao sHskn. A,
dEIItel $F dRAAA s AdY A Feldeel HAFl mo B

— 155 —



o] 7129 s=Eo] Am, ol#e AtdldAe R dSAHE vuF w& Aot A,
HEari e = Z|2WI7bA 2-3de] AR A el e, o E4elM=
SAEES AR Aol wolzs Ro| V|tAek f-Euet Z2ke] AaRdAE dNtE

FoEG 9 U2 o Aok A, dFa7|eke] TEEt ofyz hit: g&o R |]bEo]

=
st A et 7180l FFSHEE oleld ol FuBAC] FAHAL. vhAFoR
TR WEAGORE B5E U ASHol olHA HA BEAske] FBBAL
SolAE JFE 9E ot

Time Correlation Coefficient (ECMWF Hindcast MSLP vs ASOS Tavg over Korea)
__select forecast time step : +1 day ECMWE

I T I T I I I T
-1 09 08 07 06 05 04 03 02 01 0 0.1 02 03 04 05 06 07 08 09 1
(issued date : Mar 2018 to May 2018)

Figure 156. Analysis domain for Hovmollder diagram (Red box).

oyt BAS nlErO 2 Figure 156004 H2Mo 2 FAIF (30~36° N, 105~141° E)oll
3l time-longitude Hovmoller diagram< % &3} th. Figure 1562 ECMWFE E 2o A] o =3t
MSLP w9 339 Hovmoller diagram¥ &7 9 =29 Sguet 99 571 AA
HAg T2M W59 d=Z2xe) A 71434 ASOS 7|2 HAZAA}E o] vlusg Zolth
dAZ H A5 d=7|zk2 2018 59 7Y o3 AFo|tt. Figure 156004 €&
FEAMoZ AME 5¥ 199FH 5€ 2087HA dF"E d9es BEAH T2M ASFEFAE=
ALsA $Evel AYGoz 7)o B Zo =z oZ3x|qt A #ZoAE 7353k i
710l @FAY w3 AE T skAIRE A= F7FgE o] Hovmoller diagram oS4 3E&
HH, RtE A Zo

= |
FHuet 712o] ¥e FE S A5E F AT olAH d AR Al dEAANA N2

— 156 —



AZAPREA oF ZAxIl BEP & UL FA T & AUk

Mean Sea Level Pressure (hPal Anomaly (30N-36N)
Crebosr - FUSTUmL 2 Shsding | Aromady (FCST - HCST)

A AT Tirg Amesmady

i i !
L EREE S T8
b Lt d
L L A ]

g
] - - :

.

1My :

I}

:- B ] ) I

== . - v =y

ey | O g o %‘-_) o

A h T s
file] 5 g

hed | ey )

h ity 15

o b =~ S ;| W

T}_.If __H"" i | BT

AT, ] N .

g " |
t1dun --.&-

B [ -] L] 28 4 4 0 4 B
Taengrsiungy |Daly, acderaty) Tirwg 01}

Visllall Cads | 300 |- S0IT « 2301 00 T HOKT | e e
Hamns Do - H1BESET

Figure 157. (eft) Time-longitude Hovmoller diagram of ECMWF
forecast on 7 May 2018, (center) ECMWF T2M forecast over Korea
area and (right) KMA ASOS temperature.

HAEAHo7 3t F& x| MSLP Hovmoller diagram <]=ZAx}+= Figure 1573 #-&
FHoE DY ARE AT drRES A AFs Utk Ay ' F d3F4do] HluF
% SCM3 ECMWFe| dZAxE AAsH, ztzhel rdo 1331 452345 I
AA st A SAAY] W3t B & 5 A ST ol F Fal RIS e FEo &35
Z14A BEo) U mdo q=ARE 44 4 5 JS Aoz stk

— 157 -



Rl S Lrvel Prossee ihFa) Amomaly ECMWE
Combas | FCF T8 uting iy SCRT AT

R 0 ’ JEERE ALtz 0% UEERE
(12.16~1.26) (12.23~2.2) (12.16~1.26) | l (12.23~2.2)
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Figure 161. Sample of PMME and each models probabilistic forecast table
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2018, pp.189-19D ARE] - AAA df HAZHE 9] Ad Z2 Ald W AR oS5l
ek ARE A art wobAAL e, AAIRoRE /7S BEde FE CdFA Fl
BAlo] Fopxa JTHWMO, 2012). @7]d 53 A S| Abolol] sigste A- W =2
¢ FHFI EHZQ AR ReY. £A 45 2ES 283 J|ddEeE 27 29
ket oA S50 AlRtel wel F43] AasAl Hol 7-102 o] oA Fe st
Foud ARE AFste=d ofE ol JrHWhite et al, 2017). T i3t o] =g/
Aslets 1Az FEFS Tl Ad Wl dSe AqtREe Aoz 7] wEol
717 S 2dz AE W A5 Fdss e AP dok(Vitart, 2014). AlA 717717+ World

Meteorological Organization; WMO)= Al Wl dlZ 71&9 43 7)4d R 7] Fo 17t
A ZEA s Q9] Yl 2013WdH-E]  Subseasonal-to-Seasonal (S2S) ¢ IZRAEES
FPsta 9o 1 &FA F YR ‘MIOS AR o] Utk dAATL FELT
FYollA WEZHoZ Yelys iR d7] 8 P22 Ad/ES AAFRAR dEAes
Tl Y S A oo ARERAME YEhrl= &-ATHHikkinen et al, 2011)
dutxlo g 1-3F9 A ERE JPAEE S2S ZRAHEA  dZAAE FEa
21 tHFeldstein, 2000).

52153 dYs-$xES =
Ao E zZ dEA ok A HARE E53Fo] 39 HAEY AT o fEpAer dA4H
HE(EU pattern)e] o] 73w o(Wallace and Gutzler, 1981; Liu et al, 2014) Zo}A]o}
I9E AYgog 3y whafo] ZropxtHLiu et al., 2014; Wang and Zhang, 2015a, 2015b).
HARE 5532152 Aldgol 7|ety wEs T3l soMAor As EEd ¢S FUI=
3}1(Gong et al., 2001; Wu and Wang, 2002; Jeong and Ho, 2005), $-ZAt# 3 FH x]g o=z
227 WS of7|skAHCheung et al, 2012; Cohen et al, 2014; Takaya and Nakamura,
2005), &2 AMlglol 17|t H FE EEZFH o] FA Fotrol AFH Ao FEFS
F7|1% drHDing, 1990; Gong and Ho, 2002; Lee and Jhun, 2006; Tang et al., 2013; Overland
et al, 2015 Luo et al, 2016). Al MAE |9 EFX5E 5 &&Folet A AETF
ksl E ofr|sle] AEZ]F ARdo] 33| AW A (Thompson and Wallace, 2001; Screen and
Simmonds, 2014; Francis and Skific, 2015; Francis and Vavrus, 2015) Fo}Alo} Zo] F&}3}A)
Ha1, o]2 A3 FolAlof A Yol Hgt gtatE @AY A7 7] A (Chen et al., 2003, 2005; Takaya
and Nakamura, 2013), = & &=°|7F WA HAY v oi-qMitchell et al, 2013) H4FH 71
ofel7} FHOE HoletHA FopAotdl gyt WA JheA e E<QIthBaldwin et al,
2003; Baldwin and Dunkerton, 1999, 2001; Nakagawa and Yamazaki, 2006; Wang and Chen,
2010; Park et al, 2011, 2014; Song et al., 2017; Yoshida and Yamazaki, 2011; Wei et al,
2015; Wen et al, 2013). dYx 7|Ftolles 2933 Ed T4 HIYGY IdFo= giFA
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Zhang et al, 1996; Wang et al., 2000, Sakai and Kawamura, 2009), sfyudu= <
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iAol ¢kstATia 3k ar, Chen et al. (2013 ALH BEIAEFH dYn-dixEo)
out-of-phased W, H=3F FT= 55, dUE-EUsS T5 EH 723 A5

A

Ahn, 2016; Huang et al., 2017)
17 ¥ HT Z2 AE HT9
o o dAFdAE ESEH
2 A5t v ALSE UIE AW 71 oS
< ot S-S FEA7IeH 71ostaat g
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A+ A5 7IHE A= 1983 FE 2018W7HA] NCEP/NCAR — Reanalysis 2
(Kanamitsu et al., 2002) #=2] 500 hPa X911 %, d|H7], 850 hPa HlEA& o] &3¢ 11,
wd 2g 7HE BXoAs WMO S28 Z2AEE 93] +3Ex JdE ECMWFE S2S AR E
o] &3tHth ECMWF S2S A5+ F¥ HE Multi-Model Ensemble (MME) o|&Z23 A4k
98] Y =E 1.5° x1.5°, Hindcast 717He 1999328 2010802 ®F3 HUt) =
FEYvet ALH 7|2 AsE 19739 o|F A&KFHOE #SF gho] EAsta 7| FEAJo] Aol
AFAGE A A= 457 ASOS A Mg Fog 1983dFE 2018d7bA1 o] dBH 7=

AEERT BE ARE AM W) #8712 BAS Avns 98 8 gastel RaSA

o o ot o

BIA5A 4= 1979~20008 ko] B9 20= o)A €¥ Buly uryg A85E AFFH
2] W $+<=(Empirical Orthogonal Function; EOF)Z #43le] A WA w2 A o] 3ti(Thompson
and Wallace, 1998, 200D. #= F¥ JHS%xl% A+ NOAA C(Climate Prediction Center
(CPOE ¥ H=35 ATE FE FHdste o= a%x, 2l FH E5W5AF
=S fE 59 205 o] I ERE 3H7|S leading HE FFstd I ES5XF
AdE Aty FE HE sAT. dYa-dHxE AgE Nino 34 AY(G° S-5° N,
120° W-170° W)ell o3l Optimum Interpolation Sea Surface Temperature v2 (OISSTv2)
(Reynolds et al., 2002) AR 2XE sj+HLE oyl 8 FFS 3t o] o|5H i+
e Ao E 39T

ndlol BESXE RY AHee Hrietrl fel 2P hindcast AsE YA FdE
EFXE5ATE #5 FE E5X5AFd AAE ABEA(Temporal Correlation Coefficient;



TCOS FdqstAt. + AAE AsIHe] &3
AEY J4E UERT E dYn-$itlE
Q FH fTH 255 AAdbsta oY AR
v 2xHRoot Mean Square Error; RMSE)
A= 2 [15]9F o] 78 4 Qo

v FANH Zo] 78 + dom, N
9] MH%& »d hindcast At=2] Nifio 3.4
(Pattern Correlation Coefficient; PCC)3 3
T3t o= Hriedt H AES

"
o

£

i

TCC = [1. / (N-D] * sum [ (X(t)-Xave) * (Y(t)-Yave) ] / (Xstd*Ystd) (14]
RMSE = /MSE (0,,0,) = /E ((6,,6,)?) = %Xn](xl,i—xmf [15]
i=1

= .
g trjesde] 54 AYEgtS ),

AO (EP), La Nina + Negative AO (LN), Positive AO (PA), Negative AO NA)E
/17331 oH(Figure 163).
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El Nino + S LaNina +
Negative AO Negative AO Negative AO

Figure 163. A schematic diagram for taking the role of AO and
ENSO into consideration.
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(a) 500hPa HGT Anomalies
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Figure 164. Composite maps at lead-0
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Figure 165. Same figure as in Figure 164 but for LN case.
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Figure 166. Same figure as in Figure 164 but for PA case.
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Figure 168. Mean temperature anomalies averaged over
45 stations in Korea with standard errors (green lines)
for each case.
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Figure 169. Negative AO index with mean temperature
anomalies averaged over 45 stations in Korea.
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Figure 170. Atmospheric circulation composite maps at lead-0 during negative
AO (NA). (Top) mean geopotential height at 500 hPa. Black solid lines denote
lower quartile (cold events) and blue dash lines denotes upper quartile (warm
events). (Bottom) mean sea level pressure anomalies (shading: lower quartile
(cold events), contour: upper quartile (warm events)

@ AR W d= 2doA =4 7}

AEA AEE 7Rt E Ay 73128 tr]esd Y
3)

= Exq0] Ad W AZERH =
9% 2 As:

FAA melsex dolmglth AW V) o3 & WMOS| S25 E2AEdA
#7571 )= ECMWF Hindcastd 25 o839y m&e =3¢ Table 220 ehlch
2y d3AHe HdAFdde AEH AR T EAoA AHESIAY NCEP A&AAEE

o]-&-3t At

Table 22. Configuration of ECMWF seasonal-to-subseasonal prediction.
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Ad W dSFolA 55315 ATy 4347 ddd ATES AVEA ALH <
5335 AFe= oF €A 147 }X] AZA4e Hebdt &3zl vk JokBlack et al., 2017;
Zou et al, 2016). APAFE F a3t ECMWF A W o= hindcastoll A lead timeo] w&
AEd H5FHWF ATy 29 }‘o%‘% 2b B okth(Figure 171). A& 79418 CPCol A w3
E53E Aget A A5E QA4 5531F A5 TCCE, FH(EIHA-2 CPC(R 4]
Ag)e] B33%F A4 ECMWE AlZ W <= hindcast Z}Ei AiE 55315 A5
TCCE uYetd™. ECMWF AlFd W o= hindcast A= A2k :‘?‘1— As e A=
B2 X0EA e 15 A d S oF 0.8, 25 A o SolA 9$ 0.5, 3F A A=A °F 0.39
et 45 A oA SFEE = ABAFIE 02 olstE v Flgure 1729 Nifio 3.4
o™ % HAAtY disle] ECMWFEF Al”d W o= hindcaste] lead timeol] w&
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Figure 171. Skill of ECMWEF S2S at forecasting the
AO index as a function of lead time during winter.
The blue (red) line indicates TCC between ECMWF
S2S and CPC AO Index (persistence forecast of
observation of AO Index). The black line refers to
TCC between CPC AO Index and persistence
forecast of observation of AO Index.
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Figure 172. Skill of ECMWEF at forecasting SST
anomalies over Nifio 3.4 region as a function of
lead time during winter. The blue (red) line
indicates PCC (RMSE).
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Figure 173. Skill of ECMWF at forecasting the geopotential height anomaly pattern at 500 hPa
over 20~90°N, 40°E~120°W for EP case from lead—4 to lead—1. Numbers on the top right of the

panels indicate the pattern correlations and the dotted area denotes 95% of confidence level.
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Figure 174. Same figure as in Figure 173 but for LN case.
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Figure 175. Same figure as in Figure 173 but for PA case.
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Figure 176. Same figure as in Figure 173 but for NA case
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NA case.

FElvhel ASOS 4570 #S A W 7123 mF e, 183l ECMWE Al W o Soll A
gl afget= 570 AA™o] thete] lead timeeol wEl BT 719 AEE HId
FFQAE Figure 1770 YERSITE EPSF PAQI AS dHxe] 7|22 #AZH =P
hindcastell Al 2% HdRT & Aol ZsiAl Uebwta, LNQI Afde HdEt 7|20
o Adko]l 73tA vEbth EP, LN, 183 PA AtElolAE 4F & o Zo] A
7 7Y AFEE ZF d3Fsidoud, NA AgldAds AfAzte] wet B3 7129
FAdol 24 vehuw gFeate] W9 =3 =24 vehdd.

oY of
ot

©) 8 51 A&

o] AL BIUEAF A n-URTA 57
ol T AU Aol GE Ta»}a}
Az oS4 e BHSRAT. WA

- 178 —



A whol

3}

,m_w_wc

g

= Yend 7132

o]
™

)
qr

ql

]

fFolskA A
Z1tE = A 23U NAQ

£

-

2l

_]

o
B
mﬂ

1l
R

el

o
‘uAIO
,Z:i
\q

7123 et L2p7F A

NA7EA
NA7AA o) 54

=
=

EAECMWEAA H5382 oF 25 A o

=
=

AW e

YERA AT

o
=

=
=

A el
o thrlw@g AP oF 37 A o

==
-T-

ol A 744

=
=

g ool Ao

Q7o) 9ol o

re
T

L

ToR

il
—t—

il

T
o
ad

~L

X
]

0

_fOO
ﬁo

o}

o iyt Fd 7]

3R

—_
o

o
=

X

)

.
file)

™

of &gdAdo] A

=
=

4 = A- W 712 49

1
| .

sqxow e

o
60

wr

=84 o] M= FHAAY =4

o7

A=A

=
=

S 4

2

]

7

74

- 179 -



4, WMO ZE7|o2 MdEdE 2

7t WMO Z7]dB A=AH A dqF A" &9

(1) WMO #A71dE A=AE A 45 A" 299 w7

Z|1FdE5e AT RIS JIMHAR FEs] ddEo i, udd 7]TelA
AR E S o] &st] 7|FA S-S st vk 1y A RE AAo x3E AlFTH oA B
z71z19 EFHUA & AHs] JTRY g4 FEY ZHEE Fokdth olHd EAE
A5t g WH F SHUE YT ARy FAZK FAHYUE F&ste ueERAGEGE
(Multi-Model Ensemble, ©]&} MME) 71 o] d&] AF&% 3 Aot

A ECMWFE, NCEPE #HIZ3 tad 49 7I#oA MME 7|HES 283 A=
Au| 25 AFsta Atk (Palmer et al., 2004; Min et al., 2009; Wang et al., 2009; Kirtman et
al., 2014). AA717$717+ (World Meteorological Organization, ©]3} WMO)o| A= o]o] w3t
FTaA S U4 WMO AAT A7 SAs A4HE (WMO Global Producing Centre for
Long-range Forecast, ©|s} GPOZte FHES a3l =7te] Arjdr AxE Ffstal MME
71ZA SA 2] et AddS Aees FEATIA A 143 WMO 7] 2A A 91 ¥ 3)
(Commission for Basic Systems, CBS)ollA4] WMO #7]ox A=A (WMO Lead Centre for
Long-Range Forecast Multi-Model Ensemble, LC-LRFMME)E <%¢1&t¢th o]o] wa} GPC =
shubel = 714 (GPC SeouD¥ W= 7]147  (GPC  Washington)e] WMO  Z7]o| &
AEAEE 35 &Il At WMO A7 B A=Ae = 2 GPColA A4kste 7] x5

2 FHsa, MME 71H-E 72ste] Mulzsta, 2 GPCo d=x79 MME < &A8E
A7AH FelE A Fst=  ‘one-stop shop’ ©] HE AL FIFAC Eg=E sl 951 Yt
(Graham et al., 201D).

Ty AEd 7171 d4F 2 dd 3 5 Tt Jde 71EHY 5N
WMO A7|dr MATAEHE A8t Ao Z Ysta, 53 WMO = == WMO
A7l B HEZIYE (WMO Expert Team for Extended and Long-range Forecasting,
ET-ELRF)2] &7 t-$3l= 59 dF5 7 FIdsrlde tha e ool ©wE F
ATt WA TlEdes R Ar|dddA 713AEES dAlstd &d9g Ae 71sFd
FioA AEdes Adste 5 BARE 718 2 =4 dY dFol JFsH WMO
A7l ARAE S F - A7 EANES ddste 9 AUA ERE ZESE 7 A7)l
APCCE WMO #A7dr A=AEHE 93t #d A7 WIS Adste 9 A

st gk,

APCCE A 109 d 2+ T3t MME 7S &83te] ofAlo} - i Ao MME
AdA S ARE Astste] Agele AEZ|RORZ, 20119FE 201613702 APCC7F “WMO
? 5

S A&HHoT FE ASHA AT JF EE 2
Pz} ol FojHom, WMO 3ld=9] g7 Fedste 1FE ARLE AR or AT
DA HAh © Yoyt WMO A7 E AEAE 9 94 Aushes Aol d=xsnh wheta
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lo
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=
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=
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o] A& Fall 20199 APCC/F 433 WMO #A7]odl® H=AE &
ANz=ge] A AbkS Aelstaat .

(2) WMO #7145 A=AH Ad 4= A2d 29 A8

e
o

ok w3 mpel o], ‘one-stop shop’ SEZA Sl WMO #A7]dH AZAEH o
Fst7] 98 72t GPCEZFE 7|$d3A5E F33t MME o 3AsE Azlste WM
AEAE O 3= FHOIAE Tl HAE ARt 1 FAo 2 AFsta Aok (Figure
178). 1=yt Z+ GPColA Ailst= AddSAmE= 3 3P4 (Binary, GRIB1, GRIBZ,
NetCDF), ¥/dE <=, W4 5ol Aozl vk wekxd WMO A7|er A=AHe 25 ud
A A (data exchange policy)el @} GPCHEZ 67] W4 2m 7|2, 2, SIFALE, sH7|<
850hPa =%, 500hPa A%, &, |THXEY A9+ AF=H+= GPCo d3hrks E3et=
GRIB1 #2lo] 4 /€ Y35 H AS2 EF38} sta Yo

O

WMO A71dr Ad=AE e ZF7]ol= 11719 GPCEREH A-AZFASE FHIAH
2010 6¥<) Betde]l CPTEC (Centre for Weather Forecasts and Climate Studies, GPC
CPTEQ)®] FoAstdA] 1270 GPCE dSARE thdxt &35 2urt 20179 =9 71734
(Deutsche Wetterdienst, GPC Offenbach)e] GPC7} HWA dA= F 13719 GPCZEE
AddESA5E A& tKTable 23).

WMO CBS/CCl ET-OPSLS
(Advisory body)
v

Lead Centre
for LRFMME
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e
Figure 178. Functions of WMO LC-LRFMME.

1370 GPCe] forecast$} hindcast #Atseol] gk EFSE 453 &, 4719 2 EZFH MME
71¥  (Simple Composite Method, SCM; Simple Linear Regression, SLR; Singular Value
Decomposition, SVD; Genetic Algorithm, GA)Z} &&EE2 MME 7] (Min et al, 2009)°.=
e 3MY A-dgZAEE Y454 @oh Hindcast 7]13He GPC 7He] &% hindcast 7]7FSl
1993-2009d & 7|Fo.&2 Ft}. Z; 7'Ml gk ApAgE A& ofef e
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e  Simple Composite Method (SCM)

SCME& E& o5 Bl T3 7FAE Fo| T Hdste PR, g1 s
b —’F Attt A=Al A= GPCEE forecastol 4] 53—% 71791 1993-2009d ol o 3k
71 %3k AAZ forecast anomaly (F')E A4rstel B©id & GPC M (ME UrFo] ZTHEq.
[16D. ©] 712 dA AdASE #3 oA 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).

N
Amw:izﬁi [16]
N4

e Simple Linear Regression (SLR)

g d s A7 o] &% MMEE &% hindcast ~7]3tel ois] Fal¥ GPCH
AFIAAT (a)E 7—} forecast anomalydll F3+ & & FHFs)|F= Wio|tt (Eq. 17).
N
M@ELZMQ [17]
N{=

» Singular Value Decomposition (SVD)

o] 7| Z} GPCol sdst= 7texE& F3t7] HsiA ol Eq. 188 Z& SVD %S
AF83te] GPC 7He] wxt FE4F 8-S Zojy oAt 39 th (Krishnamurti et al., 2000; Yun et
al., 2003).

N
i=1
olgA T3z GPCH A3 AAS(b)E forecast anomalyol H3F e olel(Eq. 199
2ol HalgozA A5 ARE de 5 Ad



N
MME="Y b,F, [19]
£

» Genetic Algorithm (GA)

271 of 71&4 AdE4d SAYHeEE ASAHAES FEA7I= ol AV Aot webA
HAEAdS 2T MME B S H2 de] ARSEA e 7 dargEe] WMO &Z7ld R
A=AEE 912 MME 7Y & stz ARSE AL ok WMO A7]d 2 A =AE oA 2)gsh=

A dagEe FR fAAZREH ALY FAAE A AN AdEH

dE5 W e ¢gFeltt (Holland, 1975). #4d <agl& A=
2 Hol), = TA APE Hrie] AGAE FEHE 31 84
& B3 M =2 FAREE MR (& #SHY AUt AUy oez 4
tho] o2 Aldl AAZES f8l AEEHo EAHE HAHE wHEItY HAHY stFEAE
o] A dagE SCME o] g3 MME 7|H&
£ o] &3 MME7} SCM 79| d&4drt o Fta & J7I= sttt (Ahn

=

and Lee, 2016).
e Probabilistic Multi-Model Ensemble (PMME)

201231 ET-ELRF 3]e]& &3l APCCAlA 7I¢d F&EEZ MME 7ol WMO A7|d R
A=A E o) SdEHAT (Final ~ Report of 2012 CBS/ET-ELRF  meeting,
http://www.wmo.int/pages/prog/www/CBS-Reports/documents/Final-Report-ET-ELRF-March2012.p
d). PMME 7'H& AAdSAE7 EFAHAFEEE WETL 7HE3G & GFE 9HE9
hindcaste] H+#&< FGEFZHTFEID)ANA  HH(wd EiHo)s  ol&3ted  33.3%
(z, = pu+0430), 66.7%(z, =p—0430)° 3sNF3t= F M 7IE@3S AASD A=53Y
TEIE ol&ste 7% HFHQ SEEEXEREH AAH 7|Egkel wE 7 7iElag Yy
= + YHoltkFigure 179). o€ A Al4kd 2z GPCY 7|l SFERS 7+
o X <

S
GPCel 48 Wl AF2ol he 7tEAE FolFol dard d4E T8

ol
N
)

Al 2 AFIE 67) W<] hindcast ¥ forecast of e HZS Wl & FHst Jth
AqE45Y AT A2 A= FEEH dF g8 st Aok (BHE2F MMES]
7% SCMel  digk HAZFw FYF. o] F  hindcastel wF HFL FEIIE7I
1993-2009 0] tha] AXETH AZo] AHLEHE ARA A= AFE forecasted hindcastol
u}2} th=w, Table 249} 250 A5 YR AT
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Figure 179. A parametric Gaussian fitting method for estimate of tercile-based
categorical probabilities.

NetCDF ¥9lo 2 %F3d GPC A=E3 MME o =x5+= GRIBlz GRIB2Z WH3}E of
T IAY A5 EHeax  FHE  WMO AR HAzAE FdH A
(https://www.wmolc.org)E E3] AzHt. HAExr7t EF3E GPCY MME d3SAzE
A50 7 DBol AAE 1, AgA+= NetCDF, GRIB1, GRIB2 Zo| A8gste tpez= & S
ATt FaE, ZF GPCo Am Awix AF wat Aujzrt FAE AeE JYSEE EE
GPCe dE3AmE TRt & F dv ZL oyt WMO A7dr A=
ool A TheR T ¥ 4 9lE GPC A&E Table 230 AAISIAT =3 =2
JRFoRE AFHIL Ao, AHEATE 54, W, GPC, AY 5& AT 5 o 53,
SCMe] 7ol AHEA7E dE712E 1~671€)S Aad 5 Qe AMEA BEFY AMulaE
Algstal ot 22y olHg HAE As FA9 qSARELS FH oA AHEA FFAS B
Swuol dgste WMO 3ot A2 o2 AF=i Jot

ki ri
o [

m

WMO A7ldB Foo||ole o35 ¥k ofyegt ZAAEH ASH FEEH HAS
Ay} = AF3ch Fx forecast AZ=ATAE= WMO A7) dH AEA E1 oA A|&3}aL, hindcast
ASAd= SF7)4A A *9gsl= WMO 7)o 5 ASAH

(http://www.bom.gov.au/wmo/Irfvs/) el A AgstRor, 20163 5 WMO  A7]eH
AZAE e forecast #¥+ olyzgl hindcastel digt AZAAE A AFIIR
Agstat. Wb, 20161 d o] FHE WMO &7|dRE A=AEe AsgEy Bew 3del
forecaste} hindcast HSAE7F AFH 9,11:} g g ok Fr|FHor FPHE WMO
711 A=Y AddS ddel tie dde HAH 2 Figure 1800 ZheFstAl =45}
e AT
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Table 23. Characteristics of seasonal forecast model from GPCs.
<2019 128 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 Meéteo- NCEP/CPC
Office France
Country China Brazil Unned Umned Australia Canada Russia Germany  South Africa Korea Japan France  United States
Kingdom Kingdom
System Coupled 2-tier Coupled Coupled Coupled Coupled Coupled Coupled Coupled Coupled Coupled Coupled Coupled
Digital data 0 X X 0 0 0 0 0 0 X 0 0
download?
Forecast
Data format  NetCDF GRIB1 GRIB1 GRIB2 GRIB1 GRIB2 GRIB1 GRIB2 GRIB1 GRIB2 GRIB2 GRIB2 GRIB1
Fggfi?;t smonth gmonth 5month 5month smonth 12month 3month Smonth 3month gmonth 3month Smonth 9month
E”S;ngb'e 24 15 51 2 3 20 20 50 40 4 51 51 40
Hindcast
HFl)r;(:icozst 1991-2010  1979-2010  1993-2016  1993-2015  1981-2011  1981-2010  1986-2010  1990-2017  1982-2009  1991-2010  1981-2010  1993-2016  1982-2010
E”ifgb'e 24 10 25 28 99 20 10 30 10 12 10 25 20

>\I

ol

[

o otd ctE 7|2 SollM 2xt ®MZo| 7tsetxlof gt o{F. x2 EAIE GPCE WMO E7[0E MEME F
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Figure 180. Forecast procedures at WMO LC-LRFMME.

WMO #7ldr M=AE A5 AFTLE WMO A7ldE F HF AA (WMO
Long-Range Forecast Standardised Verification System, WMO LRF-SVS)ol o] A3s}le] 43§ = a1
At 2AHEZZA o= HFoE ol AAASFEA (Anomaly Correlation Coefficient, ACC),
HHA T2 (Root Mean Square Error, RMSE), MSSSe} Gerrity Skill Score (GSS)7}+
AHEE3 BE o =9 7 Fol+= Reliability Diagram, Roc Curve 2 Score, ROC map, Brier
Score (BS), Brier Skill Score (BSS)7} o]-& 5 a1, ApA|g &S B2 Co| YeRAT

WMO A7|d B AzAgdd Fofst= 7/1E GPC PMMES] AAIzt & o= A4
2 B okt} (Figure 181, 182). Z+ 7Zhelaig]®® ROC Scored] A|AE Ao AL o =7
20173 JFME-El 201913 SON o]t} Figure 1813} Figure 18204 H& AAe MM
UetdH, 2 52 /E GPCE vt gadoz AE H2 ECMWEe o= A5
Yebdth T2me] A%, WMO A7ldr ATAEA Aasts AdodZ MMEE 20173
2018\doll= AN3} BN ZHagolA GPCe d&Ase HoT vl #Hes Ho
ADROZE B3 ALRT A5 7FEE 4580 52 EAS BAT ol AFdAA=
TAY EAS Holn QU 72 9 AT odF¥2 ENSOS g #HEEo U]
ENSO¢] &g EAES & A =" E2Xo] Hasith (Wang et al, 2009; Min et al,
2014). =3+ NN 7he|arg] od&A%o] AN¥ BN 7He|ag]le] A% vl "olxEs EAS
Btk (Van den Dool and Toth, 1991). olell that Hth A 48 T3 WMO Z7]ow
AEAEA ABiEE MME Add S EAS ofsta oo gk dlEs EA43d0H 2o
&40 MME o & Al28lS /MEd = Qs ¥nk olygl MME 934 &4 =3 7|dE &
NS Ao Wt}

o o

X oot ro e

T

o
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TS 2018 WMO A7jdr AzAlgd Fodgk 738 GPCe MMES] hindcast 7]3F
(1993~200913, & 17d) H<ke] PCC (Pattern Correlation Coefficient)ES z+esbA] 4w B ghok
(Figure 183, 184). =3k MME AFE2L7) /i g o] oSS nfgto g2 3 =gl Mgl 4] o]
B2 BE WMO A7dRr A=Ay Fostes EE GPCE AHES MME (M13)$} SHA|
AR o g2 o ZAo] Fe& GPCE AY3I MME MI10)9 «d=2A4%9 Atz Wi A=S
ARGt T2m AA =29 AL, WMO A7d B AxAle] o] GPC & CP9 Ms, Pre
5 Aol B GPCell Hls| w1, GPC EC, Ex, Se7} iz &g H& & et MME
M13, M10 =5)= 7I¥ GPC Rtuy =& PCC @S HJoY 1 Fol= =ZA &Y o=
T2me] 7= MMEC o3 &7l x4 ¥ o2 HATH WMO A7|dE HAEA1Eo|
ot BE GPCE AHE3 MME (M13)¢F kA w3k Al GPCE Al€g MME (M10)9]
g5 AUz Hst A& AR A-d =] ¢ (Figure 183a), M133 M102] =}ol=
oF 1~2% AEE 1 IAA FES & F At ATy PCCe AAZFO=Z T2meol Hla] w2
= Yetilerm, MMEZ} 70 GPCell Hlsl &2 #s B T2mrb fARSE EA4S Bt
M133} M109] Z4thz el PCC #heo] WisAdS Auud, Jiido=
A

9o o =gS B3 GPCE

Aelg M10o] MI13e] HIs| ZA4e dZHS oF 10% BE FF Al7le Aoz BHATh o]
A2 WMO A7) di A=AlE o] GPCe ¢9E Aoty Asl 3= Ao ofdet AA
Azt A-gAEC] MME

A= Aee FF AZ F e Ut Uz AFFAG. =3 MME
A AR 2Ee oSAS nigoez 3 wd Mg Fao] B wE 7z GPC AA-A=
g A EAL Fefsta oo Ui HERE AFT £ Jdvd E&4<2 MME 9=
A 2E Jde] = A B M=AE Fo GPC MME
o ZAto] gk Mg &

oo
o

Table 24. 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 1 | hPa), .
Variable ea level pressure (hPa) Precipitation (mm/day) Sea surface temperature (K)

2m temperature (K),
850hPa temperature (K)
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Table 25. Reanalysis data used for verification of hindcast.

ERA—interim GPCP OISST v2

Source ECMWF NASA NCEP/CPC

50hPa GPH (gpm),

. Sea 1 1 hPa), C .
Variable ea level pressure (hPa) Precipitation (mm/day) Sea surface temperature (K)

2m temperature (K),
850hPa temperature (K)

4 a} Above normal
10 —

08 —|

08 —|

06 —

04 —
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00 — I | | T |
LA DJF JOA DUF LA

00 — g 1 1 1 g ' 1

A CUF JB DJF LA

Figure 181. 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-SON2019. 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 182. Relative Operating Characteristic (ROC) score aggregated over
globe of probabilistic real-time forecast of precipitation for three terciles,
i.e., a) the above normal, b) near normal and below normal for the period
JFM2017-SON2019. 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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Figure 183. PCCs of 2m temperature over globe
from each individual GPCs and SCM MME as a
function of target season, target month and lead
time for the hindcast periods (1993-2009). MI13
indicates SCM MME using all GPCs and M10
indicates SCM MME except for Be, CP and Mo.
The relative differences (bar) between M13 and
M10 are shown.
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Figure 184. PCCs of precipitation over globe from
each individual GPCs and SCM MME as a function
of target season, target month and lead time for
the hindcast periods (1993-2009). MI13 indicates
SCM MME using all GPCs and MI0 indicates SCM
MME except for Be, CP and Mo. The relative
differences (bar) between MI13 and MI10 are
shown.
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Figure 185. Improvements of operational system at WMO LC-LRFMME in 2019.

(b GPC AZGZEE HHolE IH

WMO A7ldr AZAlE o Fostal = GPCe A&KZHOE A-AFAI2E 7Astd,
AdZe BEE S el =eg€sta Aot 72+ GPCo A-GSAI 28" MACE Q% 4=
FEe WMO A7ldr A=AH s Bl FE dF85 F4s 71d8 & ds
t}. 2019\ el= GPC Toulouse, Montreale] A& Al2Hlo] A= WMO #7]dkR
A gerd s 9= Azd"dz wgE At GPC Montreal> 20191 8¥%-E

mdo]l MAFEF e, GPC Toulousex= 10¥€HE System 694 System7=

.

e GPC Toulouse= 2019¢¥ 10¥ MF-S6ol4 MF-S7TZ AA o= Zdo] MAEAJY. Ak
MF-S7& 7]& MF-S69} tf7] 2 s =de Fdslu, hindcaste} Forecast Y& A
W o] ERASE o] £3F 3 lagged initialization WH O E WALHJY. 2z Z7|AEE 12, 12,
1709 A8 x7]#o] mrEo] At A3 /A AFEFS Table 2694 &9l & 4= 9t}

akz)
s

e GPC Montreal Aldd & =42 201949 8do 7fAxEo] WMO #A7]|dR ATAH tsrd
PFE A 2" HLEHAT A" GPC Montreal AddZ nde 7|& 7)<
Frdoe] MAEGeH, 7IE AAT 43d AR FIF WAoE U] 27|HE
A AEE 1S Cavitating fluid approach ¥ o &2 WA G ]9k %274 9 A NCEP9
GODAS 3DArE A GPC A}A|le] GDPS &4 71W-& A E3tATE olo gk A ARE
Table 270 Y-EFH ST
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Table 26. Improvements of long-range forecast system from GPC Toulouse.

September 2018 September 2018

Is it a coupled forecast

Yes
system?
Is it a Tier—2 forecast
No
system?
Atmospheric model
T359L91

resolution

Ocean model (if applicable)

NEMO v3.6 , ORCA 1° grid, 75 model levels. Frequency of

coupling is 3 hours

Source of atmospheric

initial conditions

ECMWF operational analysis

Source of ocean initial

Mercator—ocean analysis

conditions
If Tier—2, what is the
.. N/A
source of SST predictions?
Hindcast period 1993—-2016

Ensemble size for the

hindcasts

25 members

How is the hindcast

ensemble configured?

3 lagged initialization (12 runs, 12
each built with 1

atmospheric condition from ERA5 and

runs, 1 run),

1 atmospheric condition from

ERA—Interim - 1 oceanic

1 oceanic condition from Mercator
condition from Mercator sl
analysis, ensemble generation For the 2 first initialization dates,

ensemble generation by stochastic

by stochastic dynamics
dynamics techinque (Batté and Déqué
2016).

The last initialization date begins the

technique (Batté and Déqué
2016).

1st of initialization month.

Ensemble size for the

forecast

51 members

How is the forecast

ensemble configured?

) Same method as for the
Generated by a stochastic

hindcast.

dynamics technique in addition

3 lagged initialization (25

to using a lagged initialization

runs, 25 runs, 1 run)

Length of forecasts 7 months
GRIB 2 or ascii for digital data
Data format . .
Gifforgraphics

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

available?

8th of each month 13th of each month

How are the forecast

anomalies constructed?

Departures from the model climate estimated by the hindcast integrations

URL where forecast(maps)

are displayed

http://seasonal.meteo.fr

Point of Contact

JM Soubeyroux (Jean—Michel.soubeyroux@meteo.fr) Jacques Richon
(Jacques.richon@meteo.fr) Christian Viel (Christian.viel@meteo.fr)
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Table 27. Improvements of long-range forecast system from GPC Montreal.

December 2013

September 2019

Is it a coupled forecast

system?

Yes

Is it a Tier—2 forecast

system?

No

Atmospheric model

resolution

T63 (64x128 gaussian native
grid). Date is sent on the 2.5
deg lat—long grid.

CanAM4 (T63L35)
GEM 4.8—1TS13 (1.4x1.4
deg)

Ocean model (if applicable)

OGCM4 uses a z—level
vertical coordinate, with
horizontal differencings
formulated on an Arakawa
B—Grid. It was developed
from the NCAR CSM Ocean
Model (NCOM). There are 40
vertical levels with spacings
ranging from 10m near the
surface (there are 16 levels in
the upper 200m) to nearly
400m in the deep ocean.
Horizontal coordinates are
spherical with grid spacings
approximately 1.41 degrees in
longitude and 0.94 degrees in
latitude.

CanOM4 (1.40 x 0.94 deg )
NEMO 3.6 (1 x 1 deg)

Source of atmospheric

initial conditions

The CMC Global 4D—var

analysis is assimilated.

Cavitating fluid approach
CICE 4

Source of ocean initial

conditions

CMC SST and sea—ice

analysis at the surface and

NCEP GODAS 3D ocean below

the surface.
In all cases, these analyses
are assimilated; there’s no

cold start directly from them.

Nudging to CMC GDPS
analysis
CMC GEPS from EnKF

If Tier—2, what is the

source of SST predictions?

N/A

Hindcast period

1981-2010

Ensemble size for the

hindcasts

10 CanCM3 members + 10
CanCM4 members

10 members CanCM4i
10 members GEM—NEMO

How is the hindcast

ensemble configured?

For each month of the hindcast, a 12—month forecast is

produced. There is no lagged initial conditions, all the 20

members start on the first of the month.

Ensemble size for the

20 members, 10 for each model

- 194 -



forecast

Every month, a 12—month Every month, a 12—month

forecast is produced. There is forecast is produced. There is

How is the forecast L . . ..
no lagged initial conditions, all no lagged initial conditions, all

ensemble configured?
the 20 members start on the the 20 members start on the

first of the month. last day of month.
Length of forecasts 12 months
Experimental GRIB1 pushed to LC—LRFMME ftp site
Data format Operational GRIBZ2 also available at

http://weather.gc.ca/grib/grib2_cansips_e.html.

What is the latest date

predicted anomalies for the

The forecasts will be available every first day of the month.

There’s a possibility for a 6—month forecast issued on the

next month/season become . ) )
15th of each month starting sometime in 2013.

available?
How are the forecast By subtracting the ensemble forecast mean from the hindcast
anomalies constructed? mean.

URL where forecast(maps) ) ) )
http://www.weatheroffice.gc.ca/saisons/index_e.html

are displayed

R&D : Dr. Bertrand Denis (Bertrand.denis@ec.gc.ca)
Point of Contact Operational implementation: Mr. Benoit Archambault

(benoit.archambault@ec.gc.ca)

(1}) GPC Toulouse & S Au]2 7)A]

WMO #71dR A=A = 20199 12€ @A) 13719 GPCAlA Al-ASAREE AlFdo}
/I8 GPC 2 MME d&ZA3E FooAE Fdl A&Fstz Adok. 1371e] GPC S GPC
Toulouse®] 7%, 7] WMO #A7|dE ATAEH FAd iy 7|doA] AikdE A=

7154 w2 AlEstal Ald oS 2doA A4bd Forecaste} Hindcaste] dE® Hodd<
WMO A7ldxr A=Adg o] AFsA Fsgoz Jdsl FE ASHRE Aito] oA

239t 28y 2019 3¢ GPC Toulouse= 7]#oll A AJ4kd ZF 4% Forecaste} Hindcast
UNE FHFAS BF WMO #A7|d xR AxAE ] A F3tA HHA GPC Touloused] & o=
HAEE WMO ZA7|dr A=AE EdoAE Tl AFE F IA =HAs ¥4 oyt PMME
ASAHH A A= &8 T F A HA ol WMO A7|dE H=AE FH oA

ARG @ TE SHAE BRE oyt g AH2E B 715 R AE A THA] Sl
ojulzr] & £ J& Aolth. Figure 1862 A WMO A7dr AZAE EHoxE %3
A FE 3 Y= GPC Touloused] & o= AR o Alo|t}
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Figure 186. Example of probabilistic forecast based on tercile categories for GPC Toulouse
provided from WMO LC-LRFMME website.

(h At F¥ o)A &&

2019 6= 71E F=¥ PHP 7|vke] WMO #A7]dx HA=AE FHo|AE Java
7o ® a9 WAsA FH oA YA, w5 AMAst At EFFCIAE AHl=
Jgr. WMO A7ldr A=Alejel GPC Seoul F3o]xo] wlstd TARJS AHEA
e o s FAstHon, 53] AMgAE0] ol Agshs MME 54Xt ENSO oS4 R
ofo]Z& W]l Holxel mAFGOEN ARGALe] WS FHAIZT. Figure 1872 WMO
A7) B AzAE FoolAe wdstHeltt EE FHolA o J|FAA A AFoEE
Sl A WA AlFste LeH FAE NSt AW F AR Yo 99 BE Ve
F7keted AL QlEIH o)~ TS sttt EHelA #YA vy Jes Ak,
MARE Hebd Ashel FHAH Bee AF AYS FIsAh At FdolA AuH =7}
AANEEA FFIA AHGAeE AE|ake] ool FHHIE B olyz WMO #7]dR
AAE A oS ARE Bt Aoz AFZE F JA HAJG

oL

o
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Figure 187. Main page of improved WMO LC-LRFMME
website.

(4 WMO A7 8 A=AE AHE A4F A= AF

714 A L 2 3E A FxE T FE - € VYA F 2 A, T2
B dB o IEsta Jor, Y AUdE LS 3l 74 Ad dF 3] =2d
Rk ofygt okt THeA ALkE A AARE 88t Esta ok WMO A7]o R
AEAEA AsksteE 3719 MME d3FAsE 71439 d A%Ss St 8%
FuAsE G&HI Ytk kA WMO A7|dE A=AE= e Y A% WREES
9% st o= A=), A5, AYTE)E AYaste AE&EF o T AT ¢S wut

E A4keto

TEF

g thak z+ /)8 GPC @ MME o= Axx®
A& Mg A5E AFsta Yok =3I 201934= Figure
189¢} 1903 #o] gHii= of gk 7123 Frwd] digk /i GPC ¥ MME o= &&
JREZE ALt AFFoEA Z]FAS ALS AT OYdr Fa Hulz= G
7143k AT

T WMO A7dR AEAEHE WMO F#oz X99d 7|47 AE/MEe] do9
& 2oF (54, AF¢E, A4, F3EA )9

F
thorsl x99 7]3 33 (Regional Climate Outlook
Forum, RCOF)oﬂ AM@tt. 143 7156 =3ek APCCE RCOF3|9olA w%d MME
dSAEE AFsty A7|drE ARAYH A5 ZE&EE FHA7IL A4 FE Ar|dR
ATAE S AAZ A3A77] Y8 ="atn Utk ol Y8 20129 %E wid kg

A 97152 APCCet 71734 ol 71 5o S3poll A F4ste] WMO &7]o 2 Hd=AE ] MME
AqFAH}E AY dEdeEd Tkl dow, 2019d90= H«l A7 FEH ] WMO
71 B A=Y MME 7|33 RE AF3stAth (Table 28 k7)o = ofAlo} A< 9]

A5d 71FAYS 918 /N " FOCRAISH A ofajo} A& 9 04%—%—_-_ 7% 2 Ags 918
7N& " SASCOF-140] WMO #A7]ei A=Ay MME dSARE AFsden, 53
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FOCRAII= 71474 714 &34 FA st dSAHRE ExEs . SASCOF-14& AW Y&
53 A9r|3xy Aol A d= A3RE AFSATE shkr]el= SASCOF-15, PICOF-5,
ASEANCOF-13, EASCOF-7ol MME ¢lZA3E Al&3tAth ©] % PICOF-52F ASEANCOF-13-2
WMO A7l ® A=AE A 2H FAste] WMO A7d R AxAE oA Aad MME A4
ASAHRE A3t AYe Zt= 73 ARG AA F59

A 5 A 718
Az} Ao 7]z o

We ode FhHL ALeS An B§ AAE

FHet
o7& w3stHTE SASCOF-152F EASCOF-72 WMO A7|dx Hdxo] MME Aldd & HRE
AAMYRZ AFs] APE Gl /FAY 558 AT FUARE FEY 5 Y=T

ST
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3 month Outlook (2020Jan-2020Mar)

Issued Date : 2019.12.16

2m Temp. Prec.
GPCs
Jan Feb Mar Jan Feb Mar
+ + + + + 0/+
Seoul
81% (+) 79% (+) 93% (+) 55% (+) 56% (+) 46% (+)
+ + + 0 0 0
MELooWine I eov o) 66% (+) 55% (+) EQ EQ EQ
+ + + 0/+ 0 0
ECMVT- 73% (+) 65% (+) 67% (+) 55% (+) EQ EQ
+ + + 0 0/+ 0/+
Manedl 4% (+) | 46% (=) | 50% () EQ 5% () | 41% (%)
Moo 0/+ 0 0 0/+ 0 0/-
46% (+) EQ EQ 49% (+) 41% (0) EQ
CPTEG i i L o 2 o
83% (+) 85% (+) 64% (+) 50% (+) EQ EQ
o i
?j Beijing
n + ¥ 0l 0 0
Teulolse: — i 50% (+) | 64% (1) | 47%(+) EQ EQ
Washington cd * i3 ik 0 g
85% (+) 77% (+) 68% (+) 45% (+) 44% (0) EQ
igior + ¥ + 0/+ 0 0
68% (+) 48% (+) 81% (+) 50% (+) EQ EQ
Tokyo
Pretoria
+ + + 0 0/+ +
Dfieobact e ) 58% (+) 64% (+) EQ 45% (+) 49% (+)
SCM + + - 0/+ 0 0
+ + + +
PMME 70% 61% 65% 46% EQ EQ
Al o9 | A|S | Al S| Al 1]AT 1] AT
+N 1 +N 0 +N 0 +N 6 +N 2 +N 2
oxconioroememue| N [ 0 [N [ 1 [ N[ 1 [ N|[3 [ N[7 NG
N|o | N|o | N[O N[o]|N[o]N][1
B|o | B |o|B|o|B|o|B]|o ]| B | 0

Figure 188. Example of seasonal outlook table.
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3 month Outlook (2020Jan-2020Mar)

Issued Date : 2019.12.16

100

90

Probability (%)

JFM Jan Feb Mar
Time Period

Figure 189. Example of precipitation probability forecast based on WMO
LC-LRFMME.

3 month Outlook (2020Jan-2020Mar)

Issued Date : 2019.12.16

100

90

Probability (%)

JFM Jan Feb Mar
Time Period

Figure 190. Example of temperature probability forecast based on WMO
LC-LRFMME.
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Table 28. The list of participating RCOF in 2019.

RCOF Place Date

Thirteenth Session of the Forum on
Regional Climate

Nanni hi 8—9 May 2019
Monitoring—Assessment—Prediction for anning, China ay
Asia (RAII) (FOCRAII)
Fourteenth Session of the South Asian Kathmandu, Nepal 99-23 April 2019

Climate Outlook Forum (SASCOF-14)

Fifteenth Session of the South Asian

Thi h Indi 23—25 2019
Climate Outlook Forum (SASCOF-15) iruvananthapuram, India September

Fifth Pacific Islands Climate Outlook

Noumea, New Caledonia 17—18 October 2019
Forum(PICOF—5)
Seventh Session of East Asia winter
1 - 201
Climate Outlook Forum (EASCOF—7) Ulaanbaatar, Mongolia 5—=7 November, 2019
Thirteenth Session of ASEAN Climate .
Outlook Forum (ASEANCOF—11) Bangkok, Thailand 20—21 November, 2019
WMOO A= AAA e #H4AE 98] Ad 10 W@z El Nino/La Nina UpdateE 2713}
o) g@el A5 Lx wsle]l BF @A - AW ARE ASHo AL e
A7 %o tigh By X282 ARE AFT ool Ar|FH, A 153 AlA 71743 2]l A
HT 71304 2 d= ARE AFT EFHOoZ GSCU (Global Seasonal Climate Update)2]
7S AASHTE ol X Wslr] Y WMO Ar7jdr AzAHeEE o) 27 2€, 5¢, 8¢

1)l 71 FASHRE Pustel GSCUS 71BA e AFSHm Utk GCU 9ke]
Wge ofelsh 2k,

- AAEA 9 FEEH MME 7|HE A 83 327 3 Consistency map,

* ACCE ©o]&3 GPC ¥ ZAAHEH MME®S] AZF (ST, 2m 7], 75+, 500hPae] A%

+ ROC map, ROC curve and score, reliability diagram& ©]&3 GPC @ &&E% MME<]
ASAEE AF@Cm 7], %, 500hPae] A%, slH7]9)

Nino 1+2, Nino3.4, IOD, NTA, STA A4

T R @EY wRIE o]Fo|AaL, APCCe WMO Z7]e i
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) 71et 7133 71F 4534k Y Ag

APCCS} 71747
A71dr AzAg & oﬂ #3 *+9
Y3714 AT A L | AlFsta Ath BuAols WMO A7|d K
AeAE A" 9 HH% =BG 5ol ARk, FHolA o]& A 9@ WMO A7|dn
AEAE 228 AT AH 59 2353 Yt 1 F WMO Z7|d B ASAE Eio]x 9
20199 €9 o] & A3S Figure 1919 et

ANFel 23} gl ABH AT AL AsA WY el A WMO
g sl J14H  AFASH d

=
(=]
=]
=]

1,400
1,200 T

1,000 s -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

Figure 191. The number of monthly visitors of WMO LC-LRFMME website in

2019.

714A A= T/IJIAR By ] A IEZAFA2ECNJAE Ay He] H FP o
ANA <l 2=A E A, AEONNARALY BE D Ay - ZE) wet AR RRE F=
A Q1A ALE fste 713 R 4bshr]de] AJAAE AR AAL} Hsjdd EF %—Q
F71402 HAsn Aok (&, B71E). mEx WMO A7ldiE A=A EH o]
MAZRAGAN 2" HZ A 2 AE 7|5 JH4E e 28 wE=E st 14
AFNE 71F o ZHo AFstr Yot =3I 20199 6Lol= WMO A7dH ATAE o8& 3]
7HdAY] AR B TR FE AR - 81FE e S WA A" B AA
Zsts 98 AR HIESd #AY JIEE S ETHESC.  A7)A AIAR
HAIATod MAAFRBAGA I 2"l HIste JIRIABRE 4=, 715, AHA, A,
A (FERE), 28 55 73T F Ae A3 TIo

EZF WMO A7 2 AZAE EHo|AE ALl AA IJLE gt o837 o
ArGS et Bog A#HQ Mula £ES Adsta sfAEte HA8Hoz J83Ql
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o
s 28 54, &8 =& A5 PR FASY, F5E 7 A= FH F 1004
71Fo 2 s AdEolE WMO A7]«n Bl FFolA AR 14299
Zostgon, £ BELE 1008 DHoE FAEFPS w 829¥o 7 2018Y 83.1HH =
ZpolE HolA ¢hgrom, i AT AHEAT 86%7F WMO 7|ou MAlE] Au]2-o
TAAR MEEE BYth WMO A7]edr A=AlE 20199 ®E= ZA 28 9 Ads
H5 Dol ZAASHA A s At

= A

IO =
I:
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J. WMO A7|d R HEAE AAY 43 A28 A8ed
(D WMO A7 B A=AE A-Y A4S A28 Ade Al

=3 7% A4 & Eok At A dSstr] st A ASAHRE AEY
AN Rz &FstE 877 A A AL AriE Atk 2011de] &9
Sixteenth World Meteorological Congress (Cg-XVDollAdE AAW AlZF FE27HA Z2ARE
Agste As EFste] WMO A7ldE A=A 9o gAd = JEF GPCES
APe aAsAL. olF 2012 /HH® ET-ELRFe] HAE7F 3] = Expert Team on
Operational Predictions from Sub-seasonal to Longer-Time Scales (ET-OPSLS) o}gl Task
Team 3 (TT3Y Y T= Tl Hotk FAZ A-W MME o &5E 913 Alge] +dH=HIAH.

olg g = AH Folo &3 WMO A7|dE A=A Fo o)A A A-GS A5
MME Z# 89 ofygt AldWY MME A SZ2AE 712 AFstr] A AA9S 3 8HA
Aok 2014del= AFWH MME A z=®HAA AFE FA=E DIFste 5 A ZANE
Fystg e, 2015d9= 370e] GPC (ECMWF, Tokyo (JMA), Washington (NCEP))]
ASAEE HEFoE Hdsl AXEHS 753, FH oA A = MME oS AR 253
bgith 20169% Aol AE MME ®u okl 7t GPC @ o3 AnE FrhHom
FESA AR B4 Al B O AEE I5 & F AEF SYTh =39 20161 4€
o] oA MHAF WMO dLA7dR HE7IE 3]¢] (the meeting of WMO Joint Commission
for Basic Systems (CBS)-Commission for Climatology (CCl) ET-OPSLS)®] TT3 3]¢] Ax}o| uwlz}
571¢] GPC (Beijing (CMA), Exeter (UKMO), Melbourne (BoM), Montreal (ECCC), Seoul
KMA)S] Foq7h g =UeH, gSHF 71 Fo] AAHUAT. 20179+ hindcast 71%F
A& =2d SR mE £4, Z8Ulels B FH oA HH oA AR, ZIFk
A W7 52 FAYe FPs39d. 20183dE AFgFal &5 FFE Y3 ==Y
M3 GPC Seoul d&AE7F tAFHoZ AFEHHEA MME 43 GPC Seoul d&FZ23E
A ) s pe

201990 = A&H oz AMY MME olEA28e Aoz APey sdom, 25
aY MWz ol hgH o2 dusgrh EF GPC Seoul hindeast 428 2 FE F712
%7{:‘_’5‘]‘@] 7]/\OP37/]—?->‘]"%]°1] 44 W%% il

Ll

(2) WMO A7 B A=Y AW AF A28 Ford 54

A-dY MME 7S ZAme ik HQ3F 7z GPCY dEdZFAs+ A ECMWF
Sub-seasonal to Seasonal (S2S) data portal (Vitart et al, 2017)2FE $43tx Atk A
Beijing®} ECMWF, Exeter, Melbourne, Montreal, Seoul, Tokyo, Washington A&7} AZ&u
MMEo| A&=3 glor, oo Agd 8/ mde EALS olgl Table 299 13
UEeEl Tl Table 292 z GPC ¥ =& forecast A5 E AAkst= F7]9F o =7]3F, forecast
o dE wmu o] <= hindcast AF2] A4FF7], hindcast YAE Ww o] <= hindcast 3 717H<
Ueld Aotk (20199 10¥€ 71=F). AW MME d =0 AlgEE mdo] Hoh AAd Awe
ECMWF S2S data portal Y= o] =] < LaR=) A F-Ho A

LS
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(https://software.ecmwf.int/wiki/display/S2S/Models) &<1sk <= 1t}

Table 29. 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

ai - ays ai -
(CMA) Y Y Y
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—-2010
(KMA) (1,9,17,25)
Tokyo weekly 3/month
0—33 days 50 5 1981—-2010
(JMA) (Wed) (10,20,last day)
Washington ) i
daily 0—44 days 16 daily 4 1999-2010
(NCEP)

Q) WMO Z71d i A=A AN MME 9% 4

AAU MME 15 Fasl7] 9lslA 2 GPCel dEAmel ®Es wgel Bash
Table 299 LER Hhs) ol 7k GPC 8 clSAEE T dlSA) YR, Gk 27,

d&5F7] T 7HAL 7] dEeln. 53 wiF AdW MMEE +4 st 74 249 4=
AZE A ZEo] Adolstrz AW MME ASAZ Alde Aske 2ol T3 ol "k
WMO A7|qE A=AEe Add o5 Az"ds As 758 A= MME
AN Ede Haststr] 98l MME SA12F d& Fadz2 A3 v Ao kARt MME
o Ze] Alzte] dadz AHsts Ao HAl AL d5Ase ZE WA ¥ Lasitga
Faso] 20160 S AR WASAT. wEkd WMO A7ldR AEAE A=
AW MME A< dadd Azst=s Asilen wiF 13 oF& s3I o3
ALY MME d35& 98l AHEE+= 2 GPC 2de] o ESA 2 AL AFA s 3
295 e Ae st A Fador 52 Aole] GPC A S2A37T AHEHETH

o 2
il
)
1o

oot Beijing®} Exeter, Seoul dlZA3E 13 o= A 48 W 71 412 0%
Aow, JAERASY FEAF FT& dFI AL S TR AFEAARE BT
AFEEL T & AldW MMEe] AMR-E = Beijing®t Exeter, Seoul dZx 5 MME < Zo0]
NZE7] 2770 EQYRH 174 5890 A5d A5E st AEgoh
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A-W MME o5& F383ed JojA = 3hte]l F83F ol hindcast A59] e}
zdo] 7|23k ALk i olt. Table 2904 Hol+&= HPQ‘r #Zol zt GPC ¥ = befgt F7]9
712+€] hindcast AA5E A|F3Fa. At} forecast AFEZ FH anomaly A4S fa| A= AR
Zk GPC B2 7|34t<e Falof gt miF d5< ’“GJJOP— A-W |59 ¢ hindcast A=
=3 forecast ol& AlZbEA e} FAS G A7V} wjF A4tE= Ao] o] dF ot shA| v
Y5 GPC (Exeter, Melbourne, Seoul, Tokyo)e] 7% wig 1A H EAIHAE 7|Fo 2 A4kd
hindcast A2 E A&t} o]H3 GPCHY FolHox EF3 MME o =& fA=
A A H o E ZF GPCo 713gks AAtalioF atw, AW MME ¢ Sol A= forecast
Az Gand, Dok 7HE 77k @] hindcast ARE A ESIEE AT uhEbA
Beijing} ECMWF, Montreal, Washington®] #}8+= forecast AlZExtel 5d3 E#2] hindcast
A 57F AEEE, 1 9] Exetere} Melbourne, Seoul, Tokyo®] 74-%- forecast A|Z&se}l 714+
77he E#2] hindcast A&7} A B E T Beijing®} Exeter, Seoul ¢} o] 7R
AZFARE dHA AHEStE % hindcast Am] AE 7EL 7P wpAY EAAFA
=899 forecast oS AFER= Ao =, TFH ARE 712 A GPColl A
FTEHOE AFEe 19999FH 20108714 12@¢] A5E ARESth. Table 302 AlEW
MME ¢ &< 33l 9lo] forecast®} hindcast #2459 A& #AHAst A A3 W&
A g Aot

Table 30. 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 1999-2010
(CMA) ] days fcst
last Fri
ECMWF Same date as
last Thu 5—46 days 51 11 1999—-2010
(ECMWF) fest
2 weeks
Exeter 4(10)—45(51) Closest date to
ago Sat - 28 (4%7) 7 1999—-2010
(UKMO) ) days fcst
last Fri
Melbourne Closest date to
last Thu 5—46 days 33 33 1999-2010
(BoM) fest
Montreal Same date as
last Thu 5—32 days 21 4 1999-2010
(ECCC) fcst
2 weeks
Seoul 4(10)—45(51) Closest date to
ago Sat - 28 (4%7) 3 1999-2010
(KMA) ] days fcst
last Fri
Tokyo Closest date to
last Wed 5—32 days 50 5 1999-2010
(JMA) fest
Washington Same date as
last Thu 5—39 days 16 4 1999-2010
(NCEP) fcst
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Table 2904 ®<l nie} Zo] Z+ GPC RHYE=E MME 9o =9 A}%ﬂ%?‘& of =
dole 4FA 65F7kA traFslth. WMO #A7ldR A=AE AFY = Hd 6
d=& st om, MME d&2 Forde] daAde fAshs HH*EE}“ g
2o qFAH(E AEste WFoR F5S Stk 2 A 4F dSFoA = 8 GPC«]
ASAHNE BF ALESAT 65F o oA Table 310142} o] 579+ A&-3ht),

-iN i,

“rﬂ\i—h
o Lo fo

Table 31. Participating GPCs in subseasonal MME prediction each forecast.

Tifnoeref:ng;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

of

WMO #A7|dBE HAZAEoAE AZY MME d2wHo= SCM ¥H31 PMME
AFEETE SCM WS Eq. [20] 2 Eq. [21]9F #Zo] Z+ GPCe o =Axtd] th3dh
A i o)Azt mdo] JiA 3 Y= AEZ QxE aFZ o o =4S
"y

o] th(Krishnamurti et al., 2000).

S
o L ooE
e ol nlo

A= 57 3(£,~F) [20)
1 N
SCM = ]—V;(Ai) [21]

AgEe WMO A7|d R AEAE ¥ o|XE 3 o|u| X3} st =5 AY GRIB edition 1
ud Aoz AFgdAn

B2 Above-Normal (AN), Near-Normal (NN), Below-Normal (BN)el]
g&5S T3 Aolw, 2 meter temperature (T2M)3} total
precipitation (PREC)el tial| A gt ol &S F3§3tth. AN, NN, BNS FE3t= YA hindcast
A#RE "R o R SEUREI}TE Tota, Y HEAS ATE st AFE #HoeE I
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SEU g fitting Al T2M-S normal distributiong ™ =3, PRECE gamma distribution&
n2s 2oz Pt ofA T AEH A #@e 7Ise® 4 GPCe forecast
A7} Z+ categoryell vy E3EE=A FES ALSHY EERUe] FE 9= Lo
AibE . PMMEE Eq [22]9F #Zo] /i Rde SFE0 Hto= FaiAH, ojuf ZF =d 3t
LI Vb AE Y % PMME AldtelA ZF mdlld HAH Y ThFA ghe 3] SAg
75 T3 AgoltkMin et al., 2009).

U

-

2 o
it

P(E) = Aié[]l(p@/mdm) [22]

A7 Pe 9% FEelH, Ex AN, NN, BN ZZo] 858 ongct. M-S PMME]
Fol@ GPCo Fol®l, mdl & iWA GPCE 9wttt =3, P(E/md,)e /'8 GPCY
Zz}e| 74 S-of thgt SHELS ofw et

(4) WMO A7 AEAE AdY 4F A5, R A2H" &9

A4 WMO A7ldm HmAlEe Ay 9= Azue Amed Folt Adu)
A sHle] 4B £FL 98, APCCE Am F4 A

oFd UF e ALHoE Yt 5 AY The 29 ;L Yok WA Axd

[e)
SFof] 7]Bo] ¥= ZF GPCY forecast ¥ hindcast A5+ ASAFE F7]o @3 F7)13 ==
H|F7| 2 02 FAST. 3 oS A5 o3k #5 A5+ A-Y A2 itk 2

FHoE SPGB AFN MME A% AzdM £ F9 Azl B 2o A4S
Age Table 3200 Ame BEw F7), BAE= gLstgch oldd AAE B £
AN % A2E WMO A7ldR MEAE 9wl oz APCC, 714, delm
Nghsrge] wWE AL WS 9% A5 L AF 24 AR ol g5, AP MME %
Aol = AHgHE I YUtk

e
v}
oot
&

o

7o AZWMO AR} 18

Figure 192& @A) WMO #7|dXx dxE4 2
a Z PMME 9 &A X} DMME o=

e7bs)E T Jge AEES Ay
2o J/NE GPCY do=AHHR w3 MME o =3 FI3 2oz A|Fstal Ut ook,
A X = hindcast MME®] th3F A#dtS A|3A o2 A Fsta Yt

o
o
v
i
_}l_‘
2
o
ool -z
oN R
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Table 32. 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 o
daily - Total Precipitation  monthly - Verlfication
- 2 metre Temperature
NCEP - Mean Sea Le.ve\ Pressure : Veﬂﬂcation
Reanalysis 1 : Geopptennal Height at 500hPa - weekly - 18O momt.ormg
- 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 monitoring
Uninterpolate - Qutgoing Longwave Radiation - weekly L
4 OLR and prediction
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Covering Periods Charts Verification scores

= ROC Curve
Probabilistic maps *  ROC Score map
*  Reliability Diagram

Probabilistic +  Precipitation + Weeks 1,2 3,4,5,6,
MME «  2m Temperature 3-4,5-6, 3-6

Precipitation

2m Temperature *  Pattern Correlation
Mean Sea Level Pressure Coeliiciant
Deterministic | Geopotential Heightat * Weeks 1,2 3,456, |+ Eachvariable anomaly | = Root Mean Square
MME oohia 3.4,5.6,3-6 s Error
«  850hPa Wind 270 3 4 ;
200hPa Wind «  Time .Cgrrelatlon
200hPa Velocity Potential Coefficient

200hPa Stream Function

MIJO Need:
OLR, U850, U200 Henidorand Whedlee | Root Mean Square
Intraseasonal | «  BSISO Need: . 434 Di Error
Oscillations OLR, U850 WS Iagfa.r.“ di Correlation
Outgoing Longwave *  Hovmtliergiagam Coefficient
Radiation

Figure 192. The variables and covering periods of graphical products for subseasonal
prediction.

() WMO #7131 A=AY ALY 45234 AF

WMO A7]dB HATAEA AMEY FA A-W MME ZAdo digt HIS
AAEAT AS 71ZE2 20161 1€ 119FE 2019 6€ 24Y Alolo o &3 AolH, HZF
e 7iE GPC 2 MME o= Aot HZF7|ZHE 20199 6¢¥€ 24Y =2 A olf+=
AZ71E=A5E A93 ERA-Interim A57F 20193 8¥27kA] AFH 7] wj&olth. &35 WMO
A7l A=AHoAE HEE f3l ERAS 5 o8 ARA AEE AHEE oAFoth &
B Ao A hindcastol] thgF d%—% A3 o)== 2z GPC ¥ E hindcast A2 @57} thaw
) Suith EAEE dPAzte]l MtEY] o] AT Rdo A FHS 2457 o] g7
o]tk R forecast dEZAFAE= MME FAE AR dFoA AdEe 7] APAzTo]
dAsta, 2 ol 7] wiEolth. HF Was T2M3} PREC, MSLP, geopotential height
at 500hPa (Z500) °l™, 7AZ dH9o 2+ Global Yo g AA}NS AAGEE AT
=3 ERA-Interim #A59] 7]|%3k2 AFY o= =de F%F hindcast 7173 LI
1999958 2010@7HA 2 Aottt FuE FE BHAg dFEAFH LS S dF AF
ZlEe 4aYE AHsiA BEdol HA dF AFEARE o 4Y AR oA F APAE
A7} AZE JFAgo|ng B4 Al fostofof gt

P AR d=Aze] ACC AE

HA HAFg ol th3k anomaly correlation coefficient (ACC) HZ=< 3¢ttt Figure 193
47 W AFY9d FE O HFE dSZFd digk ACC HFE:ZAFRE 7+ GPCeE SCM
AR E=R HF7IF AAl telA Hetste vebd Zlojth AFERE oSS HasfEd
WA ow ezl uiel o] PREC W9l o &AS & wWrol HIg 15 o ZolAx %= ACC
] 0.2 o) 9A yetgter, UmA A2 ACC gt 0.6914 0.8 Abe]

oD e L
(0]

i
&
i
=2
_&
o)

- 210 —



glol Hl=gk gro 2 AJFRSTh dFolAE 2500 Wrt 157 dZFdAe Rlud & 3
Hom, SCM2 0.83, ECMWF= 0.85¢9 #e Rt 713344 Ui A%elA 583 3F
AS5Zdde] gk ACC AF 2AHE HH, oF4do] ¥z 953 Z500 HgolA SCM2 0.24,
ECMWF+ 0.239] #<& B3, T2M %—’Foﬂ A& SCM2 0.34, ECMWF= 0.35¢] #t& et
dutd o g Z500Me dSAdo]l ettt dHF oY AT G " 3F dAF Al
80l AL sied 2Eo FFez AV dFoA Hu w2 dSAol U o=

el ACC As54d43E vustd, A2 AdHdos A SCM# H24 dAdoe=
2 + U ¥ 6579 ST BTl tE 2l
Aol Melbourne® FAlo 2 FA|SH Beijing EE-&
Z ¥e ACC #&e HYY. SCM3} ECMWF dSZA¥E nHjustd ox 159 on
27 = ECMWE d&42347F 0.02 A= ftF =4 UrE}B;%_JJ%, oAlX 3F& 4FNA =
H|=8bAY SCMo] &4 o] ECMWFRE T ¢3¢ttt o83t 534S BEYs o, 25 o9
A-W 72 AFoA dIFAHE FEATIIZ] fsiAe MME ZME E8&3te A&
fr&sitte A& BoFTh

Figure 1949} Figure 195% 2z} =g 2 w4 @z A o2& ARG o|FTRE
AANA A=A WE AR Bofa] g8 A7 1579 37 A AaAzre] I B
dZAel tE ACC 1% AFE AALR Uehd ot F B9 A4HE A5ARE
240 golalEs dw W¥E Piad AddE mEadd. 99 dree e F
Bagrel Adede] ol 2 JFor UE WEe suAsigon, 1o wel 4304 55
AZATN e, AAddel Axy 2L 9 dEHs A3A%e] 7 1 Hg 4L 4

Figure 194¢] o|B AR F 4SS BHH, A B3 uie}l o] ECMWFe] ACC kol
REF Fe £ES AL Gom, mUY ARE YFHA FAHE AFS HolFoh
G J5Y WEE ANSnE AFA d34e B FRs dehbs gt W,
Figure 19501418} o] o2 MaAzke] 377k S, SCM |ZAH7t AW O 7bg Fe
ACC gh& RolZth A% 249 WE Fo| A FRT vj§ Am B o 24 =9

Hete A et

- 211 —



(a) 2m Temperature (Jan 2016 to Jun 2019) (b) Precipitation (Jan 2016 to Jun 2019)
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(c) Mean Sea Level Pressure (Jan 2016 to Jun 2019) (d) Geopotential Height at 500hPa (Jan 2016 to Jun 2019)
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Figure 193. 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 Jun 2019
over the globe. ACC for SCM prediction is indicated by black line.
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(a) 2m Temperature (Jan 2016 to Jun 2019)
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Figure 194. 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
Jun 2019 over the globe. ACC for SCM prediction is indicated by black line.
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(a) 2m Temperature (Jan 2016 to Jun 2019)
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Figure 195. 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
July 2019 over the globe. ACC for SCM prediction is indicated by black line.
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(a) 2m Temperature (Jan 2016 to Jun 2019) a0 (b) Precipitation (Jan 2016 to Jun 2019)
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Figure 196. Root mean square error (RMSE) of weekly mean real-time subseasonal forecast
of (@) T2M, (b) PREC, (c) MSLP and (d) Z500 for the period Jan 2016 to Jun 2019 over the
globe. RMSE for SCM prediction is indicated by black line.
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Figure 197. 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
Jun 2019 over the globe. RMSE for SCM prediction is indicated by black line.
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(a) 2m Temperature (Jan 2016 to Jun 2019
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Figure 198. 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
July 2019 over the globe. RMSE for SCM prediction is indicated by black line.

- 218 —



. WMO #7112 AEHE 42 A2d AH §9 A4 A4
W =4 2 Agah

O ZA71dx AxAEes 20099 49 3b=r 7174383 vl= 71743 (GPC Washington)©]

T5 9 FHE AAFHHEA TF31Y GPC A5 ¥ gEFrddE (Multi-Model Ensemble,
MME) oSA5& AFste ArldE JFE Adsts 98-S 38 . A 7IWMO
7B A=Y dqIFAEHES ARAP JE, YA2HE 7lsE, dHolgHol~ Tes
THHoE AEsle *Fstar dow, AEA wBEY AdFABR AT AR 7™, 7S
g9 F7} Fo WE Aulx o, Hil Ui HE& 9@ #HE ke AdE FE A AA
e 718 JFE Eo R FoE 3T art o,

T WMO A&7F 25 d3xAES wds Ad 2 AFY d3As Aak 9@ 2E
Mul2E FHE A ARSlY] 71 & "Harl T o] fd 2019d 49HEH 11€¥
154744 °F 7570 % WMO A7|dE A=Ay oF A" Ad &9 Aol
APHJTt. EJAHAA = “AEA B 4B AF Avlx s 3 “WMO
A7 B A=AlE 9 GPC Seoul AWl goi” , “AHE 9 AdW oAdF A5 dg <t
A7 o2 3} HYE Uro] IyEPth. WMO A7 B ATAE o= A28 QA &9
AHY Fdle g WMO A7l R ARAlE 7345 A5 G859 Hods SuA7]a, WMO

ol

d
)
oy
oft
2
A

X

A7l B AEAEH AF5E AFste GPCoel =A% dY AAE AT & s A=
7o 2 89 XA 7)A A A BF3al APCCY 7<sA Y& T3l o] FoHoh
@ AYd =3 Y&
Oh AHeA @Y ASAHE AF A2 g

B AR AR 25 dF HARE AFSH] fls] AFEAR A" gHdd g
Hindcast ¥ Forecast?] AEZ2¥ & A|2®HS 75312, AFZ2AF on|A & g2 Ee &
AE 7S Frhstgon, =3 AgAR Mel ddo] thdk Digital data Ao A=A
ARGty g2z & £ e e FUiekYY. ®7 olygl Digital data ¥ 49
A28 E AAE FIAE Xdste WY AH2E F53HA WMO A7|dE A=AH

AbgAe] dZ= "8 AEARY FEEE Zoluxk T WMO HEZE I&olA Alod
xEstd AAd dF AR Hiux Y A="FE FFHIL WMO A7|dR AZAE <}
GPCete] =A1A € AAE Z3E 98] Z+ GPCol £F3d AA o= HauA AFxe 9T
Hdd 715e FrH8kA .

0 o

(h) WMO #A7]¢lx A=Alg 2 GPC Seoul AH]2 &)

2 FYgelds WMO Z7ldE A=AdE FdolxdA AFst= GPC ¢ taxd
B4 = AYALS RN /LR SRR ol met 7|, A" dH93

E
ARG A" FHel tigk dSAdre HSAHE AFTE o AA =AU Digital data &4 <
dE2AE v2E & F s Ve FUIET B3 7 71 B FFE 23T 671
Aol g dF FRE AFSes Ao 850 hPao] wigAe g oF As5E F33tx

- 219 -



DMME<®} PMME Aldd & HRE A4 2838 ABE A2 & F JAEE WMO 7|9 R
A=AE A 95 Az="e 7fdsiadnh. 850 hPael wigd A HE+= 500 hPa A 9al=9f
7k T3 A diried dde o&le F8F JdA #FEE 4 Jdvh E=IF WMO
718 A=Y FHo]A] AbEARe o] B R olyTt Rl oS AH Mulis
= WMO Z7]ci AEAE AR &84 St 7]ofd 7|98 5 & Aot

(™) A4 2 A”Y A5AE B ¢ A

20199 69 4l9+ WMO A7ldxr HA=AH Fdo]A] AH|27l LEETA, 7]|E9
Agstd A- odF D AS A} ojuA| 9} digital datart AlqF FHolA Y A A T}
AFetA Xk AZE AT olE JNAMEtA A ALkE GPC 2 MMES] o]m x| 9k
digital data ¥4S WSt A FHOIA AN AREAEO] FALE F A AAAERE
HebstAth =3 7137k A B WAA oY MME A4l BHe 1dste] dEEg
TZ2E WHAEoH, ME EdY AdFAAE AFEY AdFH FEEH AdF02 5
AT F JEE A2"HES WA WMO A7ldr AxRAH AdY d=F 9A7F
S R=R=2
T2 F o
A z=E o HtEH oz Agsle 7es EEdeld Ax®HY a&4S SUAAT =S
YREALEZE9L HEjAbe] 221 #Holx] EEE Sl WMO A7|dxr HA=AH F3o]x]9

S

agHos ¥ T+ YEF AMHAG 2D W Y=Y 2 Y o]y
JREA e ool S B AE T2 Uy FHE MMt AdelZ

— 220 —



N

SANAE A AR Rl HH A% T 5 A=S BF A=) 2
e ATE FARAT. 7 B Fo AT Ars obdsh Lol 8ok + Utk

24ANE A1E A% D BA YR BEALA BE ASE WBOE UG F
MBS tske] ATtk WA el ERo) dal RASEE R 2 Ade
97 ¢@ Fxel me fedol EL AEAZE B4 3% H5Fe Fd ofdy
EANGYRE PGSR AAHE G2 B P FGOE UHo A T4 3T
3% o FAS dAY t7] £33 AE ofF Beo 9T WE W, GBI 3F
e EGL oldd MEWY WFRTF AR FFL wE oz PHHUAL. A=
eluet o BH 45 WEAL BAUBY kgt 1ol BAYS vigos A g
E5 E Aolo] MAFH B T Uehkiul BAHBY ofdr g
wgs @A Selue 457 3 A4S Ads AH9 ARg edst AIh 9Fe
H2 e, BAEE Aol AYIGA wFel WA FTt 2 A9 U ¥
Azsh BAH) v ER HAUBYE Aejol A/ wdto] waeWA A5 Had
BASE olan AHBY WRTEY FFo| LA Uekor RAHHEF okdr) wrIgel
el Bgstel WER ASels Bt gastid ot FHPY A=l EHs
#a Yo 2 sty

olzte]l A3 HTbE FFEoA 1L
AHE AT 7€ AlElE olddl A
-501:

cHTEe] At &8 YR VIR0l w3, U o B EUiME
A= 45 17t A= Tol 4% F AR BAHHIH. 8¥ AHE ZAHEE
&S IR A o7 A AxI 5F FFES ot

FHY E2F YR T A
710l =Ud AHEAT. AL
TR 7ol wEsta
71 2ol AT 7deH Vs E2ole 5 3
e dFH dd  H

HRgsY dFo=
712 Sk Abglel tig

gk Prophet AIAIY Ed3 7| SA & o] &ste] Htx 349 7|45 ALH 72
ksl moJsidth. Prophet Ede AAE HolE S EdE=9t AMAES wh
Aol ZHo] wFolx =mdolt}. Prophet RHAE JHIE 7] EFHE
1979 F-E 20187k k= 78 oF 1.2CErtgler 19929 595 714

stttk 7]1Ex4 AO, SOIL TSA, PACWARMS o] g&3le] dut= 37]1¥7

T} 2017 dFE 2018 d 7)17te]l ¥ Prophet =He] Hit rate:= 0.6252 U}E}

rr

N
— m

7
H

L 1k e L
AN N
o [ o O o |

%C@lon

32

- 221 —



hss= 0.4382 YEMSTh 22 7|2F MME+ Hit rate?} 0.521, hss7} 0.3132.2 YElSt A3
712 9SS A% Prophet ®3&o] MMEe| vl3] ofx=dg] g##A <t Hit rate, hss7} 7HA=
ANE BHAFAL.

3Zol= dd AR AEEHE 7|FdS R dF Hs 4% dF 7€ il
B WES Ziestin. 1A Syt Aaet o AHE G Aol 2 g e Alges
7154 S 2l A AT ol tFEEe] 7|FoS oM dd MEEYE A
e gEAoz Bofste Ad THke £ Aoz Rdo] 453 MEYHG ArE viEeR
Feuet 48 A oS5 AARE =S otk 24 A 44, 94, 1143 1249 #-2yet
e Sl ol#d #EAdEe HALL g Ae AR #AAHNT. A= APCC MMEE
ZIRke. 2 A&7k} A4 s FHste] dAstd fEivet 4R T2, A oS BEE Aitste
A zElE T3 T o] A2’ Ad 201735 F557] AFste] Eslde 538 1714
A Ao e dF Azde FEsedH FEE A2"e JleHd]d FEe 2o

LAANZT AAZ 71 AFsta e

FEEE Eol7] A8 /14A guBe) 4H §& FHst TA2E FIIR 7
FHUE N2 dE5E AT HENY dFAAE EL
2 Adeg] AAD CdSARE FUFEEAY. B MME A SERE ofyEt JjE Rl
JE2AHRE T FHoz Zr5ge g =dE9 hindcaste] I AZE A=
F7ret. A% e R ESEs dyn-gilse e mE feve AEd F
712 543 ol tiEd AHY «F mddAe a4 EAsilth AR AsE T
AW EE, A0 Agk Ninod4 A57F 25 Jos|o1dd o g
W oF 45 AFEH fFolstA ALHN vt AEH 7
T

-
=

29 dFAS 7 4 A

A W dF B2 A5dAE o 35 A dFAA7A 71317kl 23k Fofajo} 2]

7|3 fHe & nosidon evet AL 8 HF 7|29 AT & 2odte=
Ao E e

4= WMO A7dr Ad=AEg 9o #3 ARFES 71<stdoh. WMO A7|d R

AzAHE #3189 Odd Jee 2 GPC AZA8E EF38stal DMMES®F PMME 71¥ &

gt 42 MME Aldd S Axet A5 A74E FHoAE 53 tdAE 2 I8 e 9

.3 5
ARZ WMO 319% 2 At AgAolA &AL tgRow Agsn Yok EF WMO
Brlen AEAlE o] A4EE 4RSS WMOrF Z38ts thobek Ay Exdo] 425 ol
7+ Aol APAT Aol Acsm glom, 2019ddE A FEP 23] FAen 435
AEE ATHgor] o9k @A Sevg 4He wWY MY AR oo Foprlos

9 A= gus AZUT B oyt WMOZF W By w3iahe
GSCUS| 712422 AFHU olgh 2e WMO Brlon H=Alee] =y -9 B52 3

2 Ye 2ae Fo=M WMO A7dn AmAEe g 4As B3ty
o 23 WMO A7]ldn HEAlE Ad % An T84T A4
gHolw dHA Az LS 3] LA DEY ZAR AT

O~

yu|

b



NedEAne e} B4 F AL Aoz suan,
:

19} Zo] o] HAME A B7IdEe] HHH oz VAT ¢ A= qIdd dTE=
oo dAz A7 AHRE2 Y A7IdE B FAE T ZTEIAUT. TSR
i 2o A B 7e A Aol B AFE = HFEAT. APCCAAM = -2zt
715 ASEE A q¥es AFsta dd AUIdE Rl AdZHQd Ewol HiA

WIEAE o FAE &Aooz 438 A Lol

— 223 —



ARAL

0 ¥ A= APCCO AYS Fal sIdHASUTH

— 224 —



References

HAF- A5, 2018: o] 7] SR 1A, 189-191.
22A e, dAS, ST, 2017: 2016 AU WA, 74F, 279 pp.
N4 N FAZ3, 2018 NFHA D BA el Zrle . slold ). 74, 226 pp.

A, 2008 = 7] B Ay WHEd dEFe Ae FYTE
&

AR, $AZ, d<€3], oA, ol¥F, &&=z, Arloh, AAd, Ak, A4AE, 2019 B

= = =
A71dRr AT FFS 9 APCC-714A @Y ANz=® FFIU. APECT]#4IEH

A, =543, dd5, 497, Hold, 2014 F 7HA FHO dyn oo wE =
24, 89-99, https://doi.org/10.14191/atmos.2014.24.1.089.

&4, olEl<r, 2017 BAZ F4ARS o83 RtE mH e AS FEX /57, 5103),
323-334.

Aded, A APY, A4S, Werl, s, 2011 @HtE Z]FRHske] FAleh A<l
1% gt F sl 8ls] %), 2(4), 237-251.

AG3, 017 FerE oI5 F¥ 72 WEY H47 F-§4 oZ=d 2 Ph D,

thesis, #8331, FFehShar.

ang, dad, A7, £49, 2018 FRE AW slee] DB FA % 28 7E 9

AS. Ol7], 28(2), 153-162, https://doi.org/10.14191/Atmos.2018.28.2.153.

Ahn, J.-B., and J. Lee, 2016: A new multimodel ensemble method using nonlinear genetic
algorithm: An application to boreal winter surface air temperature and precipitation
prediction. J Geophys. Res. Atmos., 121(16), 9263-9277, doi:10.1002/2016JD025151.

Baldwin, M. P., and T. J. Dunkerton, 1999: Propagation of the Arctic Oscillation from the
stratosphere  to the troposphere. J  Geophys. Res., 104(D24), 30937-30946,
https://doi.org/10.1029/1999jd900445.

Baldwin, M. P., and T. J. Dunkerton, 2001: Stratospheric harbingers of anomalous weather
regimes. Science, 294(5542), 581-584, https://doi.org/10.1126/science.1063315.

Baldwin, M. P., D. B. Stephenson, D. W. J. Thompson, T. J. Dunkerton, A. J. Charlton, and A.
O’ Neill, 2003: Stratospheric memory and extended-range weather forecasts. Science,
301(5633), 636-640, https://doi.org/10.1126/science.1087143.

— 225 —



Black, J., N. C. Johnson, S. Baxter, S. B. Feldstein, D. S. Harnos, and M. L. L’ Heureux, 2017:
The predictors and Forecast Skill of Northern Hemisphere Teleconnection PAtterns for
Lead times of 3-4 Weeks. Mon. Weather — Rev.,  145(7),  2855-2877,
https://doi.org/10.1175/mwr-d-16-0394.1.

Breiman, L., 2001: Random forests. Machine learning, 45, 5-32,
https://doi.org/10.1023/A:1010933404324.

Cai, W., L. Wu, M. Lengaigne, T. Li, S. Mcgregor, J. S. Kug, S, and Y. G. Ham, 2019:
Pantropical climate interactions. Science, 363(6430), eaav4236,
https://doi.org/10.1126/science.aav4236.

Chen, H.-F. Graf, and R. Huang, 2000: The interannual variability of East Asian winter
monsoon and its relation to the summer monsoon. Adv. Atmos. Sci, 17, 48-60,
https://doi.org/10.1007/s00376-000-0042-5.

Chen, W., M. Takahashi, and H.-F. Graf, 2003: Interannual variations of stationary planetary
wave activity in the northern winter troposphere and stratosphere and their relations to
NAM and SST. J Geophys. Res., 108(D24), 4797, https://doi. org/10.1029/2003JD003834.

Chen, W., S. Yang, and R.-H. Huang, 2005: Relationship between stationary planetary wave
activity and the East Asian winter monsoon. J Geophys. Res., 110(D14), https://doi.
org/10.1029/2004JD005669.

Chen, W., X. Lan, L. Wang, and Y. MA, 2013: The combined effects of the ENSO and the
Arctic Oscillation on the winter climate anomalies in East Asia. Chin. Sci Bull, 58(12),
1355-1362, https://doi. org/10.1007/s11434-012-5654-5.

Cheung, H. N., W. Zhou, H. Y. Mok, and M. C. Wu, 2012: Relationship between Ural-Siberian
Blocking and the East Asian Winter Monsoon in Relation to the Arctic Oscillation and the
El Nifio-Southern Oscillation. J. Clim., 25(12), 4242-4257,
https://doi.org/10.1175/jcli-d-11-00225.1.

Choi, G.-Y., W.-T. Kwon, D. A. Robinson, 2006: Seasonal Onset and Duration in South
Korea. J Korean Geograp. Soc., 41(4), 435-456.

Chowdary, J. S., S. P. Xie, J. J. Luo, J. Hafner, S. Behera, Y. Masumoto, and T. Yamagata,
2011: Predictability of northwest Pacific climate during summer and the role of the
tropical Indian Ocean. dim Dynam., 36, 607-621, https://doi.org/10.1007/s00382-009-0686-5.

Cohen, J., and J. Jones, 2011: A new index for more accurate winter predictions. Geophys.
Res. Lett., 38(21), https://doi. org/10.1029/2011GL049626.

Cohen, J., J. Screen, J. Furtado, M. Barlow D. Whittleston, D. Coumou, J. Francis, K. Dethloff,

— 226 —



D. Entekhabi, J. Overland, and J. Jones, 2014: Recent Arctic amplification and extreme
mid-latitude weather. Nat. Geoscr., 7(9), 627-637, https://doi. org/10.1038/nge02234.

Ding, Q., and B. Wang, 2005: Circumglobal teleconnection in the Northern Hemisphere
summer. J Clhm., 18(17), 3483-3505, https://doi.org/10.1175/JCLI3473.1.

Ding, Y., 1990: Build-up, air mass transformation and propagation of Siberian high and its
relations to cold surge in East Asia. Meteorol Atmos. Phys., 44, 281-292, https://doi.
org/10.1007/BF01026822.

Feldstein, S. B., 2000: The timescale, power spectra, and climate noise properties of
teleconnection patterns. /. Clim., 13(24), 4430-4440, https.//doi.org/10.1175/1520-0442.

Francis, J. A., and S. J. Vavrus, 2015: Evidence for a wavier jet stream in response to rapid
Arctic warming. Environ. Res. Lett, 10, 014005, https://doi.
0rg/10.1088/1748-9326/10/1/014005.

Francis, J., and N. Skific, 2015: Evidence linking rapid Arctic warming to mid-latitude weather
patterns. Philos. Trans. R. Soc., 373(2045), 20140170, https://doi. org/10.1098/rsta.2014.0170.

Gao, M., B. Wang, J. Yang, and W. Dong, 2018: Are peak summer sultry heat wave days
over the Yangtze-Huaihe River basin predictable?. J Clim. Res., 31(6), 2185-2196,
https://doi.org/10.1175/JCLI-D-17-0342.1.

Gong, D., S. Wang, and J. Zhu, 2001: East Asian winter monsoon and arctic oscillation.
Geophys. Res. Lett., 28(10), 2073-2076, https://doi. org/10.1029/2000GL012311.

Gong, D.-Y., and C.-H. Ho, 2002: The siberian high and climate change over middle to high
latitude Asia. Theor. Appl. Climatol., 72, 1-9, https://doi. org/10.1007/s007040200008.

Graham, R. J.,, and Coauthors, 2011: Long-range forecasting and the Global Framework for
Climate Services. Clim. Res., 47, 47-55, doi:https://doi.org/10.3354/cr00963.

Guan, Z., and T. Yamagata, 2003: The unusual summer of 1994 in East Asia: IOD
teleconnections. Geophys. Res. Lett., 30(10). 1544, https://doi.org/10.1029/2002GL016831.

Hakkinen, S., P. B. Rhines, and D. L. Worthen, 2011: Atmospheric blocking and Atlantic
multidecadal ocean variability. Science, 334(6056), 655-659, https://doi.
org/10.1126/science.1205683.

Harvey, A. C., and S. Peters, 1990: Estimation procedures for structural time series models. J
Forecast., 9(2), 89-108, https://doi.org/10.1002/for.3980090203.

Hastie, T., and R. Tibshirani, 1987: Generalized additive models: some applications. ./ Amer.
Stat. Assoc., 82(398), 371-386, https://doi.org/10.2307/2289439.

- 227 —


https://doi.org/10.1175/JCLI3473.1
https://doi.org/10.2307/2289439

He, S., and H. Wang, 2013: Oscillating relationship between the East Asian winter monsoon
and ENSO. J Clim., 26(24), 9819-9838, https://doi.org/10.1175/jcli-d-13-00174.1.

Higgins, R. W., Y. Zhou and H.-K. Kim, 2001: Relationships between El Nino-Southern
Oscillation and the Arctic Oscillation: A Climate-Weather Link. NCEP/Climate Prediction
Center ATLAS 8.

Holland, J. H., 1975: Adaptation in natural and artificial systems: an introductory analysis with
applications to biology, control, and artificial intelligence. Univ. Michigan Press, 228 pp.

Horel, J. D., and J. M. Wallace, 1981: Planetary-scale atmospheric phenomena associated with
the Southern Oscillation. Mon. Weather. Rev., 109(4), 813-829,
https://doi.org/10.1175/1520-0493(1981)109<0813:psapaw>2.0.co;2.

Huang, W., R. Chen, Z. Yang, B. Wang, and W. Ma, 2017: Exploring the combined effects of
the Arctic Oscillation and ENSO on the wintertime climate over East Asia using
self-organizing maps. J Geophys. Res. Atmos., 122(17), 9107-9129, https://doi.
org/10.1002/2017JD026812.

Jeong, J.-H., and C.-H. Ho, 2005: Changes in occurrence of cold surges over east Asia in
association ~ with  Arctic  Oscillation.  Geophys. Res. Lett, 32(14), https://doi.
0rg/10.1029/2005GL023024.

Jhun, J., and E. Lee, 2004: A new East Asian winter monsoon index and associated
characteristics of the winter monsoon. J. Clim., 17(4), 711-726,
https://doi.org/10.1175/1520-0442(2004)017<0711:aneawm>2.0.c0;2.

Ji, L., S. Sun, K. Arpe, and L. Bengtsson, 1997: Nodel study on the interannual variability of
Asian  winter monsoon and its influence. Adv. Atmos. Sci, 17, 1-22,
https://doi.org/10.1007/s00376-997-0039-4.

Kanamitsu, M., W. Ebisuzaki, J. Woollen, S.-K. Yang, J. J. Hnilo, M. Fiorino, and G. L. Potter,
2002: NCEP/DOE AMIP-II Reanalysis (R-2). Bull. Amer. Meteor. Soc., 83(11), 1631-1643,
https://doi.org/10.1175/BAMS-83-11-1631.

Kang, H., C.-K. Park, S. N. Hameed, and K. Ashok, 2009: Statistical downscaling of
precipitation in Korea using multimodel output variables as predictors. Mon. Weather Rev.,
137(6) 1928-1938, https://doi.org/10.1175/2008MWR2706.1.

Kang, I. S.,, C. H. Ho, Y. K. Lim, and K. M. Lau, 1999: Principal modes of climatological
seasonal and intraseasonal variations of the Asian summer monsoon. Mon. Weather Rev.,
127(3), 322-340, https://doi.org/10.1175/1520-0493(1999)127<032:PMOCSA>2.0.CO;2.

Kang, [-S., and J. Shukla, 2006: Dynamical seasonal prediction and predictability of the

— 228 —


https://doi.org/10.1175/1520-0442(2004)017<0711:aneawm>2.0.co;2

monsoon. Springr. The Asian Monsoon, 585-612, 978-3-540-40610-5,
https://doi.org/10.1007/3-540-37722-0_15.

Kim, B.-M., S.-W. Son, S.-K. Min, J.-H. Jeong, S.-J. Kim, X. Zhang, T. Shim, and J.-H. Yoon,
2014: Weakening of the stratospheric polar vortex by Arctic sea-ice loss. Nat. Communn.,
4646, https://doi. org/10.1038/ncomms5646.

Kim, G., J. B. Ahn, V. N. Kryjov, S. J. Sohn, W. T. Yun, R. Graham, and J. P Ceron, 2016:
Global and regional skill of the seasonal predictions by WMO Lead Centre for Long-Range
Forecast Multi-Model Ensemble. /nt. J Climatol, 36(4), 1657-1675.

Kim, J. E., S. W. Yeh, and S. Y. Hong, 2009: Two types of strong northeast Asian summer
monsoon. J Clim., 22(16). 4406-4417, https://doi.org/10.1175/2009JCLI2434.1.

Kim, J.-W., S.-I. An, S.-Y. Jun, H.-J. Park, and S.-W. Yeh, 2017: ENSO and East Asian winter
monsoon relationship modulation associated with the anomalous northwest Pacific
anticyclone. Clim. Dynam., 49(4), 1157-1179, https://doi.org/10.1007/s00382-016-3371-5.

Kirtman, B. P., and Coauthors, 2014: The North American Multi-Model Ensemble (NMME):
Phase-1, seasonal-to-interannual prediction; phase-2, toward developing intraseasonal
prediction. Bull. Amer. Meteor. Soc., 95(4), 585-601

Korea Clim. Rescal Administration (KMA), 2011: Typhoon White Book. 358 pp,
11-1360016-000001-01 (in Korean).

Kosaka, Y., and H. Nakamura, 2006: Structure and dynamics of the summertime Pacific-Japan
teleconnection  pattern. Q L R Meteorol  Soc, 132(619),  2009-2030,
https://doi.org/10.1256/qj.05.204.

Krishnamurti, T. N., C. M. Kishtawal, Z. Zhang, T. LaRow, D. Bachiochi, C. E. Williford, S.
Gadgil, and S. Surendran, 2000: Multimodel ensemble forecasts for weather and seasonal
climate. J Clim., 13(23), 4196-4216.

Kug, J.-S., J.-H. Jeong, Y.-S. Jang, B.-M. Kim, C. K. Folland, S.-K. Min, and S.-W. Son, 2015:
Two distinct influences of Arctic warming on cold winters over North America and East
Asia. Nat. Geoscr, 8(10), 759-762, https://doi.org/10.1038/nge02517.

Kwon, M., J. G. Jhun, B. Wang, S. I. An, and J. S. Kug, 2005: Decadal change in relationship
between East Asian and WNP summer monsoons. Geophys. Res. Lett, 32(16), L16709,
https://doi. org/10.1029/2005GL023026.

Lee, E. J, J. G. Jhun, and C. K. Park, 2005: Remote connection of the northeast Asian
summer rainfall variation revealed by a newly defined monsoon index. J Clim., 18(21),
4381-4393, https://doi.org/10.1175/JCLI3545.1

— 229 —



Lee, H.-S., and J.-G. Jhun, 2006: Two types of the Asian continental blocking and their
relation to the east Asian monsoon during the boreal winter. Geophys. Res. Lett., 33(22),
122707, https://doi. org/10.1029/2006GL027948.

Lee, W. S., and M. L. Lee, 2016: Interannual variability of heat waves in South Korea and
their connection with large-scale atmospheric circulation patterns. /inter. J. Ciim., 36(15),
4815-4830, https://doi.org/10.1002/joc.4671.

Li, C., 1990: Interaction between anomalous winter monsoon in East Asia and El Nin~o events.
Adv. Atmos. Sci., 7, 36-46, https://doi.org/10.1007/bf02919166.

Li, S., J. Lu, G.,, Huang, and K. Hu, 2008: Tropical Indian Ocean basin warming and East
Asian summer monsoon: A multiple AGCM study. J Cim., 21(22), 6080-6088,
https://doi.org/10.1175/2008JCLI2433.1.

Liebmann, B., and C. A. Smith, 1996: Description of a complete (interpolated) outgoing
longwave radiation dataset. Bull. Amer. Meteor. Soc., 77(6), 1275-1277.

Lin, J. S.,, B. Wu, and T. J. Zhou, 2016: Is the interdecadal circumglobal teleconnection
pattern excited by the Atlantic multidecadal Oscillation?. Atmos. Oceanic Sci. Lett., 9(6),
451-457, https://doi.org/10.1080/16742834.2016.1233800.

Liren, J., S. Sun, and K. Arpe, 1997: Model study on the interannual variability of Asian
winter monsoon and its influence. Adv. Atmos. Sci, 14, 1-22.

Liu, Y., L. Wang, W. Zhou, and W. Chen, 2014: Three Eurasian teleconnection patterns:
Spatial structures, temporal variability, and associated winter climate anomalies. Clim.
Dynam., 42(11), 2817-2839, https://doi. org/10.1007/s00382-014-2163-z.

Lu, R., 2004: Associations among the components of the East Asian summer monsoon system
in the meridional direction. J Meteor. Soc. Japan. Ser. I, 82, 155-165,
https://doi.org/10.2151/jms;j.82.155.

Lu, R., and B. Dong, 2001: Westward extension of North Pacific subtropical high in summer.
J. Meteor. Soc. Japan Ser. I, 79(6), 1229-1241, https://doi.org/10.2151/jmsj.79.1229.

Lu, R., and Z. Lin, 2009: Role of subtropical precipitation anomalies in maintaining the
summertime meridional teleconnection over the western North Pacific and East Asia. J
Clim., 22(8), 2058-2072, https://doi.org/10.1175/2008]CLI2444.1.

Luo, D., Y. Xiao, Y. Yao, A. Dai, I. Simmonds, and C. L. E. Franzke, 2016: Impact of ural
blocking on winter warm Arctic-Cold Eurasian anomalies. Part [: Blocking-induced
amplification. J Clim., 29(11), 3925-3947, https://doi. org/10.1175/JCLI-D-15-0611.1.

Min, Y.-M., V. N. Kryjov, and C.-K. Park, 2009: A probabilistic multimodel ensemble approach

— 230 —



to seasonal prediction. Wea. Forecasting, 24(3), 812-828, doi:10.1175/2008WAF2222140.1.

Min, Y.-M., V. N. Kryjov, and S. M. Oh, 2014: Assessment of APCC multimodel ensemble
prediction in seasonal climate forecasting: Retrospective (1983-2003) and real-time
forecasts  (2008-2013). J  Geophys. Res. Atmos., 11921), 12 132-12 150,
doi:https://doi.org/10.1002/2014JD022230.

Mitchell, D. M., L. J. Gray, J. Anstey, M. P. Baldwin, and A. J. Charlton-Perez, 2013: The
influence of stratospheric vortex displacements and splits on surface climate. /J Clm.,
26(8), 2668-2682, https://doi. org/10.1175/JCLI-D-12-00030.1.

Monerie, P. A., J. Robson, B. Dong, and N. Dunstone, 2018: A role of the Atlantic Ocean in
predicting summer surface air temperature over North FEast Asia?. Chm. Dynam., 51,
473-491, https://doi.org/10.1007/s00382-017-3935-z.

Mori, M., M. Watanabe, H. Shiogama, J. Inoue, and M. Kimoto, 2014: Robust Arctic sea-ice
influence on the frequent Eurasian cold winters in past decades. Nature Geoscience,
7(12), 869-873, https://doi. org/10.1038/nge02277.

Nakagawa, K. 1., and K. Yamazaki, 2006: What kind of stratospheric sudden warming
propagates to the troposphere?. Geophys. Res. Lett, 33(4), 104801, https://doi.
0rg/10.1029/2005GL.024784.

Nigam, S., 1994: On the dynamical basis for the Asian summer monsoon rainfall-El Nifio
relationship. J. Clim., 7(11), 1750-1771,
https://doi.org/10.1175/1520-0042(1994)007<1750; OTDBFT>2.0.CO:2

Nitta, T., 1987: Convective activities in the tropical western Pacific and their impact on the
Northern Hemisphere summer circulation. J Meteor. Soc. Japan Ser. II, 65(3), 373-390,
https://doi.org/10.1251/jmsj1965.65.3_373.

Overland, J., J. A. Francis, R. Hall, E. Hanna, S.-J. Kim, and T. Vihma, 2015: The melting
arctic and midlatitude weather patterns: Are they connected?. J Clim., 28(20), 7917-7932,
https://doi. org/10.1175/JCLI-D-14-00822.1.

Palmer, T. N., and Coauthors, 2004: Development of a European Multimodel Ensemble System
for Seasonal-to-Interannual Prediction (DEMETER). Bull Amer. Meteor. Soc., 85(6),
853-872.

Park, C. Y., 2016: A simple diagnostic statistic for determining the size of random forest.
KDISS, 27(4), 855-863, https://doi.org/10.7465/jkdi.2016.27.4.855.

Park, H. L., K. H. Seo, and J. H. Son, 2015: Development of a dynamics-based statistical
prediction model for the Changma onset. J  Cim, 28(17), 6647-6666,

- 231 —


https://doi.org/10.7465/jkdi.2016.27.4.855

https://doi.org/10.1175/JCLI-D-14-00502.1

Park, H.-J., and J.-B. Ahn, 2016: Combined effect of the Arctic Oscillation and the Western
Pacific pattern on East Asia winter temperature. Clhm. Dynam., 46, 3205-3221, https://doi.
0rg/10.1007/s00382-015-2763-2

Park, T.-W., C.-H. Ho, and S. Yang, 2011: Relationship between the Arctic Oscillation and
Cold Surges over East Asia. /J Clim., 24, 68-83, https://doi.org/10.1175/2010JCLI3529.1

Park, T.-W., C.-H. Ho, and Y. Deng, 2014: A synoptic and dynamical characterization of
wave-train and blocking cold surge over East Asia. Clhm. Dynam., 43, 753-770,
https://doi.org/10.1007/s00382-013-1817-6.

Reynolds, R. W., N. A. Rayner, T. M. Smith, D. C. Stokes, and W. Wang, 2002: An improved
in situ and satellite SST analysis for climate. J Chm., 15(13), 1609-1625,
https://doi.org/10.1175/1520-0042(2002)015<1609: AIISAS>2.0.CO;2.

Sakai, K., and R. Kawamura, 2009: Remote response of the East Asian winter monsoon to
tropical forcing related to El Nino-South- ern Oscillation. J Geophys. Res., 114(D6),
https://doi. org/10.1029/200 8JD010824.

Screen, J. A., and 1. Simmonds, 2014: Amplified mid-latitude planetary waves favour particular
regional  weather extremes. Naf  Clim.  Change, 4(8), 704-709, https://doi.
org/10.1038/nclimate2271.

Shi, N., 1996: Features of the East Asian winter monsoon intensity on multiple time scale in
recent 40 years and their relation to climate. Quart. J. Appl. Meteor., 7, 175-182.

Son, H.-Y., J.-Y. Park, J.-S. Kug, J. Yoo, and C.-H. Kim, 2014: Winter precipitation variability
over Korean Peninsula associated with ENSO. Ciim. Dynam., 42(11-12), 3171-3186,
https://doi.org/10.1007/s00382-013-2008-1.

Song, L., R. Wu, and Y. Jiao, 2017: Relative contributions of synoptic and intraseasonal
variations to strong cold events over eastern China. Clhm. Dynam., 50, 4619-4634,
https://doi.org/10.1007/s00382-017-3894-4.

Sui, C. H, P. H Chung, T. Li, 2007: Interannual and interdecadal variability of the
summertime western North Pacific subtropical high. Geophys. Res. Lett., 34(11),
https://doi.org/10.1029/2006GL029204.

Sun, S. Q. and B. M. Sun, 1995: The relationship between the anomalous winter monsoon
circulation over East Asia and summer drought/flooding in the Yangtze and Huaihe River
valley. Acta Meteorol Sin., 57(4), 513-522.

Takaya, K., and H. Nakamura, 2001: A formulation of a phase independent wave-activity flux

- 232 —



for stationary and migratory quasigeostrophic eddies on a zonally varying basic flow. J
Atmos. Sci, 58(6), 608-627,
https://doi.org/10.1175/1520-0469(2001)058<0608:AFOAPI>2.0.CO;2.

Takaya, K., and H. Nakamura, 2005: Mechanisms of Intraseasonal Amplification of the Cold
Siberian High. J Atmos. Sci., 62(12), 4423-4440, https://doi.org/10.1175/jas3629.1.

Takaya, K., and H. Nakamura, 2013: Interannual variability of the East Asian winter monsoon
and related modulations of the planetary waves. J Clm., 26(23), 9445-9461, https://doi.
org/10.1175/JCLI-D-12-00842.1.

Tang, Q., X. Zhang, X. Yang, and J. A. Francis, 2013: Cold winter extremes in northern
continents linked to Arctic sea ice loss. Environ. Res. Lett., 8, 014036, https://doi.
0rg/10.1088/1748-9326/8/1/014036.

Thompson, D. W. J., and J. M. Wallace, 1998: The Arctic Oscillation signature in the
wintertime geopotential height and temperature fields. Geophys. Res. Lett., 25(9),
1297-1300, https://doi. org/10.1029/98GL00950.

Thompson, D. W. J., and J. M. Wallace, 2001: Regional climate impacts of the Northern
Hemisphere annular mode. Science, 293(5527), 85-89, https://doi.
org/10.1126/science.1058958.

Tomita, T., and T. Yosinari, 1996: Role of the northeast winter monsoon on the biennial
oscillation of the ENSO/monsoon system. J Meteor. Soc. Japan, 74(4), 399-413,
https://doi.org/10.2151/jmsj1965.74.4_399.

Ueda, H., T. Yasunari, and R. Kawamura, 1995: Abrupt seasonal change of large scale
convective activity over the western Pacific. J Meteor. Soc. Japan Ser. I, 73(4), 795-809,
https://doi.org/10.2151/jmsj1965.73.4_795.

Van den Dool, H. M., and Z. Toth, 1991: Why do forecasts for “near normal” often fail?.
Wea. Forecasting, 6, 76-85.

Vitart, F., 2014: Evolution of ECMWF sub-seasonal forecast skill scores. Q. J R Meteorol
Soc., 140(683), 1889-1899, https://doi. org/10.1002/qj.2256.

Vitart, F., and Coauthors, 2017: The Subseasonal to Seasonal (S2S) Prediction Project
Database. Bull Amer. Meteor. Soc., 98, 163-173.

Wallace, J. M., and D. S. Gutzler, 1981: Teleconnections in the geopotential height field
during the Northern Hemisphere Winter. Mon. Weather Rev., 109(4), 784-812, https://doi.
org/10.1175/1520-0493(1981)109<0784: TITGHF>2.0.CO;2.

Wang, B, and Coauthors, 2009: Advanced and prospectus of seasonal prediction: assessment of

— 233 —



APCC/CIiPAS 14-model ensemble retrospective seasonal prediction(1980~2004). Clim.
Dynam., 33, 93-117.

Wang, B., and Q. Zhang, 2002: Pacific-East Asian teleconnection. Part II: How the Philippine
Sea anomalous anticyclone is established during El Nifio development. J Ciim., 15(22),
3252-3265, https://doi.org/10.1175/1520-0042(2002)015<3252:PEATPI>2.0.CO;2.

Wang, B., B. Xiang, and J. Y. Lee, 2013: Subtropical high predictability establishes a
promising way for monsoon and tropical storm predictions. Proc. Natl. Acad Sci., 110(8).
2718-2722, https://doi.org/10.1073/pnas.1214626110.

Wang, B., R. Wu, and X. Fu, 2000: Pacific-East Asian teleconnection: how does ENSO affect
East Asian climate?. J Clim., 13(9), 1517-1536,
https://doi.org/10.1175/1520-0042(2000)013<1517:PEATHED>2.0.CO:;2.

Wang, B., Z. W. Wu, C. P. Chang, J. Liu, J. P. Li, and T. J. Zhou, 2010: Another Look at
Interannual-to-Interdecadal Variations of the East Asian Winter Monsoon: The Northern
and Southern Temperature Modes. I Clim., 23(6), 1495-1512,
https://doi.org/10.1175/2009jcli3243.1.

Wang, L., and W. Chen, 2010: Downward Arctic Oscillation signal associated with moderate
weak stratospheric polar vortex and the cold December 2009. Geophys. Res. Lett., 37(9),
https://doi.org/10.1029/2010GL042659.

Wang, L., and W. Chen, 2014: An intensity index for the East Asian winter monsoon. J Clim.,
27(6), 2361-2374, https://doi.org/10.1175/jcli-d-13-00086.1.

Wang, L., W. Chen, R. Huang, 2008: Interdecadal modulation of PDO on the impact of ENSO
on the East Asian winter monsoon. Geophys. Res. Lett, 35(20), https://doi.
org/10.1029/2008GL035287.

Wang, N., and Y. Zhang, 2015a: Connections between the Eurasian teleconnection and
concurrent variation of upper-level jets over East Asia. Adv. Atmos. Sci, 32(3), 336-348,
https://doi. org/10.1007/s00376-014-4088-1.

Wang, N., and Y. Zhang, 2015b: Evolution of FEurasian teleconnection pattern and its
relationship to climate anomalies in China. Clim.  Dynam., 44(3), 1017-1028,
https://doi.org/10.1007/s00382-014-2171-z.

Wei, K., M. Takahashi, and W. Chen, 2015: Long-term changes in the relationship between
stratospheric circulation and East Asian winter monsoon. Atmos. Sci Lett., 16(3), 359-365,
https://doi. org/10.1002/asl2.568.

Wen, X. Y., Y. Y. Hu and J.-P. Liu, 2013: The extremely cold 2009-2010 winter and its

— 234 —



relationship ~ with ~ the  arctic  oscillation.  Front. ~ Phys.,  8(5),  590-603,
https://doi.org/10.1007/s11467-013-0376-y.

White, C. J., and Coauthors, 2017: Potential applications of subseasonal-to-seasonal (S2S)
predictions. Meteor. Appl, 24(3), 315-325, https://doi.org/10.1002/met.1654.

WMO, 2012: Subseasonal to seasonal prediction - Research implementation plan. World
Meteorological Organizaton, 61 pp.

Woo, S.-H., B.-M. Kim, J.-H. Jeong, S.-J. Kim, and G.-H. Lim, 2012: Decadal changes in
surface air temperature variability and cold surge characteristics over northeast Asia and
their relation with the Arctic Oscillation for the past three decades (1979-2011). J
Geophys. Res., 117(D18), https://doi. org/10.1029/2011JD016929.

Wu, B., and J. Wang, 2002: Winter Arctic Oscillation, Siberian High and East Asian winter
monsoon. Geophys. Res. Lett., 29(19), 1897, https://doi. org/10.1029/2002GL015373.

Wu, B., T. Zhou, and T. Li, 2016: Impacts of the Pacific-Japan and circumglobal
teleconnection patterns on the interdeadal variability of the East Asian summer monsoon.
J. Clim., 29(9), 3252-3271, https://doi.org/10.1175/JCLI-D-15-0105.1.

Wu, R., S. Yang, S. Liu, L. Sun, Y. Lian, and Z. Gao, 2010: Changes in the relationship
between Northeast China summer temperature and ENSO. J Geophys. Res., 115(D21),
https://doi. org/10.1029/2010JD014422, https://doi.org/10.1175/JCLI-D-15-0105.1.

Wu, R., S. Yang, S. Liu, L. Sun, Y. Lian, and Z. Gao, 2011: Northeast China summer
temperature and North Atlantic SST. J  Geophys. Res., 116(D16), https://doi.
0rg/10.1029/2011JD015779.

Wu, R., Z. Z. Hu, and B. P. Kirtman, 2003: Evolution of ENSO-related rainfall anomalies in
East Asia. A Clim., 16(22), 3742-3758,
https://doi.org/10.1175/1520-0042(2003)016<3742;EOERAI>2.0.CO;2.

Xie, P., and P. A. Arkin, 1997: Global precipitation: A 17-year monthly analysis based on
gauge observations, satellite estimates and numerical model outputs. Bull. Amer. Meteor.
Soc., 78(11). 2539-2558, https://doi.org/10.1175/1520-0477.

Xie, S. P., K. Hu, J. Hafner, H. Tokinaga, Y. Du, G. Huang, and T. Sampe, 2009: Indian
Ocean capacitor effect on Indo-western Pacific climate during the summer following El
Nifio. /. Clim., 22(3), 730-747, https://doi.org/10.1175/2008]JCLI2544.1

Yang, J.,, Q. Liu, S. P. Xie, Z. Liu, and L. Wu, 2007: Impact of the Indian Ocean SST basin
mode on the Asian summer monsoon. Geophys. Res. Lett, 34(2): 102708,
https://doi.org/10.1029/2006GL028571

— 235 —



Yeh, S. W., Y. J. Won, J.-S. Hong, K. J. Lee, M. H. Kwon, K. H. Seo, and Y. G. Ham, 2018:
The record-breaking heat wave in 2016 over South Korea and its physical mechanism.
Mon. Weather Rev., 146(5) 1463-1474, https://doi.org/10.1175/mwr-d-17-0205.1.

Yeo, S. R., J. G. Jhun, and W. Kim, 2012: Intraseasonal variability of western North Pacific
subtropical high based on the EI Nifio influence and its relationship with East Asian
summer monsoon. Asia-Pac. J Atmospheric Scr., 48, 43-53,
https://doi.org/10.1007/s13143-012-0005-7.

Yeo, S. R., S. W. Yeh, Y. Won, H. S. Jo, and W. Kim, 2017: Distinct mechanisms of Korean
surface temperature variability during early and late summer. J Geophys. Res. Atmos.,
122(12), 6137-6151, https://doi.org/10.1002/2017JD026458.

Yoshida, K., and K. Yamazaki, 2011: Tropical cooling in the case of stratospheric sudden
warming in January 2009: Focus on the tropical tropopause layer. Atmospheric Chemstry
and Physics, 11(13), 6325-6336, https://doi. org/10.5194/acp-11-6325-2011.

Yun, W. T., L. Stefanova, and T. N. Krishnamurti, 2003: Improvement of the multimodel
superensemble technique for seasonal forecasts. /. Ciim., 16(22), 3834-3840.

Zhang, R., A. Sumi, and M. Komoto, 1996: Impact of El Nino on the East Asian monsoon: a
diagnostic study of the’ 86/87 and’ 91/92 events. J meteor. Soc. Japan, 74, 49-62,
https://doi.org/10.2151/jmsj1965.74.1_49.

Zou, J., H.-L. Ren, J. Wu, Y. Nie, and Q. Li, 2016: Subseasonal variability and predictability
of the Arctic Oscillation/North Atlantic Oscillation in BCC_AGCM2.2. Dynam. Atmos.
Oceans, 75, 33-45, https://doi.org/10.1016/j.dynatmoce.2016.05.002.

Zou, J., W. Li, C. Sun, L. Xu, and H.-L. Ren, 2013: Impact of the North Atlantic sea surface
temperature tripole on the East Asian summer monsoon. Adv. Atmos. Sci, 30(4),
1173-1186, https://doi. org/10.1007/s00376-012-2125-5.

— 236 —



4t
Ju
S
ol
1%
0
N
2
HI
0=
[z
m[o
do
ok
)=l
[y
Toh
10
ikl
A
0

Y AR AN JFE dAFor AEy] fste] gt AR #d 3o
AHH oz Fosta AEFSNA ARE AT FE2 °] FAE At A= Fa7
2 S stdolth. FHod ArldE #d 3o X3} WES 2&ol dF WER I
Yrlols AdsA oot FEoE HAEson, ArjHem Fok v 7AWl s
aZfstaak gheh 20199 AA Ad A £V VA AT Y AY A4 BA=
AR AT

NFRANE Ut 1% 4ol @ ols) Ax B Flene] BHdF 35E
A3 St ® oW ohge AAT NFAzGA] AAMES nF AAFlT AE Ux
NFEAE 2L 9lon olF Sla) WY T Aol Sl AU 7] Fol ol TH
243 EE A/1HoR sa Utk APCCAIME B3 Eojo] Folsh A AFHom
et 715 @49 543 v sl R 45s #d99 J1% @49 9Fol o 24
ARE AFSHD Utk L 71FEA Eolo] ARA yge FUo| S e R B5F
A 71 B AR AAT BB Fuy, gUo =33 BF, FPAN L @,

ki 9 TAE Aok wmE AA4A ATz @)

2. 3M4 A3 F4 2 APCC MME A3 Hz|3

7144 71TdESHAE e F& Y AW WREELE MFHS EQAAE
Hgto g 3709 A drRE wRslEd, APCCIAE /MY AW YRE Frojs] APCC
MME (Multi-Model Ensemble) d&Z23#E FF3tl ESE Tl Y dEE A4St
Frodstal Ut Figure A3 dSZA ] dig WHES] UE W8, Figure AMde 39 A%
YHEESY FA HuA oA Odelth E AW WEEYA= APCC MME<S] ENSO
ASAH R} HAF =&, 7|, AF dF FRo dia] BB vt 7123 A
o= AFE ATt Yok

3. UHE A% 3339 4 3 WMO A7l A=A AZY 9523 He)H

- 237 —



AN4A AFASTE F £ 1046 Aensate] Ui AWE 9 WrEe)s
AWFI Yok APCCAAE 718l LAY A% AU $iske] of elnEele] shsel
Azl Ba) dF Felstm itk olW APCCE WMO A7ldm AEAEel A
NEARE Bl /14H I A9 ARel BE FH 43 Asde £95n Aok

o] o= AzdEle 20173 8¥REH mF 3adol| AGF d=Ato] I} HEFH FolAo}
FYo gE MME % /MERde oSAAE A4kste] PPT 2o wxzs (Figure AHE
71747 AFeta dom, o] ASE HiE R 1Y dRES A IRE FYsTh

4 IBA A A AF A BH AR AF

A2 5o o84 ZdF drjol WAL FrEe ATL HolT oo HF FWA
alo] Z7hgel wel AL A8 WA B A1F ol WAL Aol AT
o4 WAY TAD A HRE ATYORA AE A5 U AT GF AAL
A8 Gk APCCE of 7)o Zelstel o83 B2 Fok o B4 Bd® £ag
RUHPT A 2] 0@ B4 ARE 03 s ATAY. 2o 24T gaw
RUHYIAE ofdn) MW dRBE, CGTe wes gag Rgdd 15 ekl
WE 5 dAvel AR Be A, guES 22 43 1/ 99e A 242 4R

e ZEUHPI JRE
1A dedes £
o 954 3t 7]
4 XUHY A=, Figur

o
= d
\]
rlo
N
o
N
T
iy

— 238 —



3 nEzEMsd g

G

|

APEC Climate Center
&3

112 2L} 2| 23 HX| =hdae] 4

LEEl

wE - peluchEdny IR h ¥30 PILE wh

ae - Peluet MT AIUY B4 5T Helwy 2K B @4 ALH w0

B R0IUY oFH AR 53

SST: JCh SEfRY £2 2E T MEBY ¥ 2F 3 Al ke P FUD HejuY 52 25

12 SejLte) 7|2 H3

BRI|2 FHAH11M~11/300

'."M

"v‘.k sz

t'k“'A‘ anne

7j5e Jjedsol A seon THec £2 la, FRALANIE 24t U =y
o TR g 72 S2 iz Bu0 78 WEY 3 e
AN Hie) TS 1 7122 JURO NE B2 FE (anye 20001 oF apare, ojd 79011

112 F2Liet 4 d
S8 2 UEIR 2T (1/1~11/300

wre g

H  sdeY sew s2edl
SE2mm 694 W2mm 28558 mm
Fduct 23 = 20ju 72 SpEHdYl e vy Peils wlsc us ud

7lassol He Fu o4 w2 B
T4 AT AN F2 EHE AY 6T

2 22z} 249 WA wHDe 4ud

7120 £2H HHD WE $4 3 UE NLaTT HEEA - 06

#2201 BY, B2 S 1YY BAS 5T T0E BY

STUBATS PG T7IPH SEN 9% UE MHT AT THTT ¥= 25
ST Ef SofH £2 8 Ul AHTY HE 85 S lkdie

112 g3 HA|F =23 - 500hPa X|9| 15

EME-52 BT RAUEE 220y WA FeE R bR
1 o /
FRUU AE HEUUY 00 DARRER [

20| 2 Y28 JOADINE A 2HE S wolus wEw,’
A HF PE B IR R o
SRME0 B 7103 SOl = HE-HHBE ALY 0A, 72
ek D71 WX AR RoiE SR s 4T HEEY
AHPIR 2R N7l

FIE BEH T8 S FEYA-UIDIIS T D18 R} L
S M50l Hoo PenE R DALY WA BB NG o -
o #5 A e e R 2EE

1Y ARC SEY SHT S8 B

112 g X =27 - o 7|, 850hPa HiE, X|H 2

112 gd 8O 4T - f+HEE, daTusA

I < So0hpa RS FAE BT, FEGM RS20 T Do @
T REEE G U &
e

R0} S, Wolas] L2 £C CME-ET £F WWANAL Y~
25

ST I WS T B HE. UNFE SEAUS S48 H2S
2L APIES S BB 21E0) R M7 F2 BNEAT !

U FUYY drtefoe T T2 HLNSE BT s 62 22 50
I Y SARY VLT OB LMl 3T G Bt
Nino34 2 S5TA +0.4°C, Ninod 0T gweaity 111771
i HEEY R S QOIS AL B (2 ¥ 68
Y S 16 -muitime continemt AREE 4H, WOl HUSY & HAHE A
FEE B (+H0DMIOSY HABESE vy

B
=y

Tic 5e 30, 10U AT HAH AAY
steu ops ¥r 8%

et 6 415 o8Ol et 11U e Bt

4% 8 M2 108k ojof 11AUS WF 2 32
£ o siE > WA T AT HRaRE AL
2sq By e Ao g

AL W0p 118 22|LI2L 71 2/2

Wi A7 WS SED7IEE 8 3 WE U US KD I S TinY

AR D29 U7 2o BHEA D FAUL T 03 BE U 4TRY

e A

1Y HY S FHUY docive $ SEUFTLE (10D 3 FHIY GRY

- B HE, 5ASE-mrmme contment O 3 S HES Tu= Moo ¥

M Mgt SHOI3F Stk Wil A17I3t FAIR HRYE] 27184 S0 LN
13

SRR -SAEEY 7Y B

B3 W DAY HA-D A (120N 0 319 2ARY B
PHH B FEUR 52 A B2 U

i A 2N U EHE D 2 us N a ke
£ MOBE S I, AU RE ASEHES D 11
o AT e v

FEUE 9B DY 4R AT N RI TS €
7 ojei= 98

HAHEE A S2H e e 2012 N FH Y
edggs e oswsag |

118 oaluz 712 o 24 54 a9 i€

JleMs0 Ho BUG £ Vi, B U4 TS HU nE

BT BR7I2 9C S Ao 12 CES

71gAel SE0| REp i=H Jledso] B4 Fee BS Higmen! T ¥ES wot

THYO2E 7190 ZEAC £og

¢ BE DIIgel @20| 29E AT T8 By B Algel @25 wo &I Ham A
7tk Ha Byl vk

v Felueh gFel wils By m¥el g= gralacol au

¢ BT B 7T s S dect ke g2 g malioy

% v EefEY E= oHess i Omn Dpoe pmema ZUE U B0 u¥ et

B §0S A7 S S Us BE Y

Figure Al. € 7|38 E9

— 239 —



20194 48 J|% S4E9 APCC EY HiAM

[ 2018 4 35 / 7|50]&5¢d )

O 2lo] 34 7je

o 7o 2H
201995 48 SAUSt 71 T4 T A AT SN BAY T4 04 Y
ol ot Aty me)

O 59 LA): 20199 4H 25 (2)

fopg: B

GERp /20 TEAE QA

oo

O 20194 49 Sejuet 7129 243 aAss 53

[Fig.1] 201943 49 2L} 7|83 24T BXT (~4/24713])

o . " 2
[Fig2] 20190 4% P2UZt 7123 Z4+% MAY (~4/24713))

-

0 48 24% 71E02 HF7ISL 120CE HASC 04T o WAz siet 7128 7Is
e L 400mm, 437 HASNS Wad} HA508 (249 0120 Wd HL HY
£ 0.4C. H49) WA ¥12 UUS 3367 percentils)

0 49 227 Feols WUEC U8 JI2E LERE § 48 152 o|F £ 7120

-

A4Tos Usiied 48 BNE0S Wag Ha 71ee ek

© 4% 9-10%, 23-20%0] 7p47 FA F40d 7|ojaHE LY 0-10% Fo| FL &
Bl AB0E o AYITY ado] Yt 3E] $Us ¥3Ro= YR
BHE 715

O 20199 49 A x| 7 37 874
[Fig. 3] 20194 48 @& s00hPa XIFLE A, (2) A2 WA

O 500hPa FXIT £HFE YHEY Sl 55 LeUQSE SoxE A471%
A BAPE YEe St AN TR 9% JPRRe] YAl 24EY
By Fz vl 9 olEie o7] BHL 49 1UKE 159 7 AL WA 24
¥ A7|0f F2 UERE o] WHO= 49 159 ojFel ofy] EF0] cha U
AEd FIUSAYY 21U ool 2Ule] FUE oIARA 1 BRI U
BRI 3 oo SohHY AuelAe e B7194 SHa A3 Agaa 3
7194 £&0) SPR0= yept

O vh5R failo} chS~Salliet Foba] AZILE BrbE skt S ool o
£ 23 A A7 (4 SISTOE SERUSTSE FAcs gDy v
ol Ltehtg

[Fig. 4] 20194 48 (F) SFHUSE WX U (?) OLR WA

O ¥ e ohid £Es NIOSAXGAA Heuch 10C 2 3 uojof s
ZEHY U RE UERE

O U Ale HE7} AAEYE A4 URUT 92 20 GEEE 50 Q
= AEGA RS o6, Ao ASEURE SHABAIA AEES B 4
87h Ushgen). olEiw GRRS UL @URY FURY weIs tau
Meritime continent M|%029 RUT O UL o= Wijeo PEo=
Uept Hes Hag

Fig. 5] 20191 4% ¥ QIREE U WY XA 243 UE7t 047 2B
o]y AF BY
R

O USY HFUS YA U ok ASUY AFUF T A7} 7] 23 ojxle
Bae HQASP] Ak T SIS Sdche] WHE A A 2m an
3 Fyo= APy ¢ 1 8%0= oYy $fo] SYHoE sy of
£ 20109 49 B S 5, 9O A9 GRESY] 4Y 97] 28T Y0 ¥

g oie 7heel U

O HYsh XG0S ofY Th ME0 sfet 2EO| 2uish HETF S FAHPY L
EpEE olel oigt GHE U7 Hel A APe 7Y Aew 2= 2UH
oiE F@cte GHE ¥4€ $9UE. 2 29 23R ges 7% £ 2 ¥R
o2 A2UE & oA I gEo= 27|04 £ HENY 20199 49 dake
AR HEY. X, GPe NGy 2yt e %4 20189 49 o] O 44
7I%er & 7rsg0l US

0O B9 4%

O AE2jor FGo)H 7} 20| FTe] FA SHUF o) 20199 49 o7 MEY
ST SRS, 2 WU I ¥4 TRY RMY AGlM T 27N
+&o] 9ghs We 7HE0l US

O ENSOY §% % 22Uzt 71590 BHAE UTE of @5 20100 2ERE Yt
L AYxg d4k decaying 4l&= Hopop @7 developing HE= Hopof
rjo) sl 4o 2R

O FIfe AEY AN[Y o7] WEHe] SHAY. HYoh QL= Jo 17UYE =
ol Usima g2 gAe dEE YEHE S0 7% 29y g2 g4
gt Si&do] e WelR)7| MBS 1% fAE o7 WHY HEl oy % ¥
b Hag Zios ¥y

Figure A2. € 71384 E9o] H A oA

— 240 —




o m o m
Participation Models (201950N) Probabilistic ENSO Forecast
§ modals 193 ensembils membars
T T T Tor
— Ll o 4 PR RO Pt Probabilissic ENSQ Farecast for 019 SONDIT

500hPa Geop ial Height A ly (Prediction:5CM)

cperriel eght s SO0 AP fr SEP 2019 Gespetcrna isght s SO0 NP for OCT 2019

Sea Level Pressure Anomaly (Prediction:SCM)

Sea Lol Provare for SEP 2010 Sea Lgvr] Pressms oy OCT 2010

P — Py —

ISR RS

Sea Level Pressure Anomaly (Prediction:GAUS) Wind at 850 Anomaly (Prediction:SCM) 2m Temperature Anomaly (Prediction:SCM)

ek Lt P g SEP 210 SVt P o O 010

2m Temperature Anomaly (Prediction:GAUS)

W 90 s S0

Precipitation Anomaly (Prediction:SCM)

et for SEP 2089 Precpiution for OCT 2019

Termpcesui ot 3 for SEP 2010 Tergezatas a 2 for OCT 2017

Wond s 480 s T K0

P Tempennn o for OCT 210

Summary Summary

SEP ocT Nov

¥

+ +
Temperature e s (pume: 65) (PMME: 53)

s 0 ) 0
Precipitation . o) ovmeea) owme: ey
3 roeih Qulook (2019SEP 2019NOV) 3 et Outiook (01SSEP-201INOV)

Figure A3. 37/1€ AW WREES Ix

3 month Qutlock (2019SEP-2019NOV)
we | o | @ i o | e | e
O I o w
e |- o
T . o o
sou | - . o | e | o
M %
X =
i i
- o 5
X i
b )

A5 A

- 241 -



2019 108 3JH& MY $]9| APCC A HIM

[ 2019. 10. 15. / ZIFARIER |

O 82 N2

O HEEY

— 20199 1140 - 20204 19 AL 4@ cln®e| FA L dwE AN
7)Ao HEste] APCC MME A LS AF Yl e s
g sUe

$E4 : 2019 lodl 159 (8h)

Beolabse : A A4A TGS

sie) BAA 21 FRYR de

o 0 0

O 20194 118 ~ 20204 18 B2I00% 2 (APCC)

= 770 71 F R 1657) P& Agate] 20199 114, 124, 2020 140l
& MMEE 483318, MME A3 A4t ches) 28

[Fig. 1] 2:m temperature anomaly [GAUS]

O ENSO ol %

- 2% 37049 (20199 119-2020d 19)F ¢ APCC MMEE Y 4el9
ENSOE 5% Ninod4 A4k 114 013, 124 014, 14 0.12% &g
&) gelA 29| groze) WkE A3 Bd 3t o il o)

7F 8lel BoM#} NASA wdl & 2hupe] 77

+9 Be A3sn O b7] W4 =y

[Fig. 5] BgAA

elx 2de ool 7HaA clFste] MME 24 Z9 delE bl 53
NASA A& g9 go] A3 AAE AR S hE nd Yol ¢
A} vy, APCCE] AUk A 9 B S ZA o)A 11-14 o
%713 T eor%e] HER FH AHAE 5. ol HEMAH £ 40.4%
2 HEE TY A0S A3y TH 4o FES YA Padin
Lk By GEo| F7kshe 5HL Y

[Fig. 3] Probabilistic ENSO Forecast

Prohahilistic ENSO Fareeast

I N

— 500hPa AIHILE A3 : Ll-1¥e @WEs} Fdele %o A7 W
2. febAoh B § HFe| = ko) BT vheid ot 196l oFs A
oo} WFs $T9 A7 Wabe LY Fect 14d4E ¥ °
A7t vebd. fElvie FEe 37|94 BAE SEARAME fof
Ho® yeh} 37IghA Ml AR E AN $E Ao Holn §
etxol g kel BAE 1HelE frefgel 2elA diF molde) 9%
& o8 Jew uy

— SLP &% 4% €0AS f A L-1296 $-eluehes 37194 |
o) G We o2 Helx 1ol Fv M A4 ©
sk F5oll 2714 WAZE AAH Felvdebes 2 Aelel fiAskE 2
o= vehd sSCMelA tER7IYE 84 %& HOE dSHYT &
EoHANE Nefejel Aol fol@ Aade e %g

— B50hPa PHER A3 11-129 Sevtebe] AAG 37]Hd BASt $
Pyt dEe H713bd A dPos FF WA Ex HEF HAY
FHE Po} FOTRE Yof Yo BEAY vk B Jlo=
A3, e 27158 v 2A3A A A8 ¢EF vae 9
¥E Bo| We oz By

— 2m 2£E A3 BUT OiREe Aol %o 7] HAE 43
Sl felve T BANBG F e VAL FEARANE ¥
& GE2 Fok A3, Fehalok Fe) kel 71& MAE Hel4ol
23 ofsh 28

= A% dFa g AdEgels L a6 247t dA=e s
&, 190l A7} oA 1 F7kshe Aeg A3 1Ll St
WEol] A7I9H &go] ARSI BF WA AW Wol Zvt BA
@ ZloF Holn LUL FEF WA d¥E B2 FFA w3
2% ued 198 ¢EF UAY 49 U1 57 BE R 43
o} fo4ol BoiA

e

LNYe vd o 3ds feivets 27158 B 4% I dF
719 k) gol 5o WHoE @719 dTL FHol 7]ee
Hdut 58 AeE o3

lode si%at F2o ¥ A 2o uY RYAAE wet st
£ a1 Wake) 99 ¥a diSasIE 46 gl 71ee Hd
Bl 58 Aoz 43

e vd AFAst 37 1714 WAke v elAAT 43 171
e B FARD oS a7l FEA dot & Bl /UL FT
AL Mol J]eL HUHT 52 HOE 43

%
19¢ 2YAsHE equal chance® ol 3dent Aol Al Yol 24 o
AT RA71 ASARNA 257 BE THe4lol A Tl 2
S0l o] HRBAE LoiH WU LAY 22 BE 20T A
LAe BRANE 2471 Yo we Aem danen eue

5o

Figure A4, 371€ 2™ 3¢ A

Fig 37ighd £l HFLF ot A AL S FEAI FeA o
& A0E ¥o P Mg 23 BE HOE 4F

— 14 Ao AeBY HFBE A A @ ke 274
o A AAARA EFUATL AL R et &
9 AR v BNt BE 0T dF

O 7143 clnge

JiE} 29 T
EL + - +
4T - 0 0-

7 SER] o
E ox (3 3
q 0 o+ -
apas EAE 0 o+ 0-

AT S

A HE 0 0 0-

= 7144 HFuyeME 11-19 3 ENSOS o3 # 20 Nino3d A $&
e WA Rt gadrl oA s YR A

= 4% pYE wdoA A% HHOE d5HIT 7|8 Pduch
¥8 Aoz 3% fda} FHow 174 MA7t vehd 71|
B 7P g Bylo violt & T 1719y uAlY 9%eR o
Ao 78] GPe WE shsol flol WEAo] E A0 oS
HERIIge] SAT FFeAE Sleu BATIFE el HEZo
v 7hegel g 19 Fedee 2713k WA 9%e ¥e A
& FUS oA Dt 7IbAe] Zol7k glo] WP of Fulo) HYE
A7t BA7} LYol S BAZ, vlelzk & FEE n7IhY
BAAA AZIHE BA7E Hed Sle2 ASAn dFHE H& sl
2 S #3718 24 Y 9P 14 V&S 2 AR
logsh 19 We AR oz ey AU sfdesrl 52 3

1A 7R W Y 1288 ' AWl A2 YA HFE
LE B g0l & AOE YelkE Ul B A
€ FH L1219 25 7l1ee HEsh HisAY 23 £ HoR
AFAo ds L2AdE 719 AF40l & 7H548E ¥4 4E
B RddAE B Nsst AL Be AR oj3doy) wd
GYATE ol] o YL FE B2 vpeh) BRU Y| g BS
718 #4oiAE LY 5 AFUANN Be Yo matot &
ool T AT 124 B WANG HHUW B9 o SEUS.
s 82010 A4S vlgo g 111296 Aulzie} 17 gte]l Baks
B B4 b o Bduc gAE 8¢ e g Bl Wdst v
%8 ALE AFAT, AL F5E FFAA W7 Weskel 25
o] F7h517) wBd| 57} £ A2 d3F 1Yol Z47 P
ugstAY e Aoz A5Y
= 114 o} 47]& B FALYH AA LY JPL P2 o4
& WU MigS ALY H R £, oL WU v eHAY 23 B
€ FEom WYY o= 45

— 242

HILA oAl




@) MEEM [129~1215]

45\ WO Lead Centrefor | o X4 712
%) Lona Rangs Farecasttult Modef Ensembic 14 712

20194 12E 162

@ AEE M [12.9~12.15]
«H 22
(67 2=, 1997 2|

el ] oy el

[eswr a6 ae s o

[T Y P = oy e wy

Mutverne [revy Lo eofearuir 18e3 201

e

P T P e

| S
e P eI
ot [0 Lot [ N

19934 FE{ 2010

|-:| wisngn [ Joue

21U oS @son

sCM i AT ECMUF, i sl

<+ 2|%H % gusLr)

s e

e P (1230-15)
BMME
Ju

A7 U o us AT U olfiF ua
maatm T naieeizn RN ST

R0~ 136

— 243 —



2019 (7.8-7.12) 201878

M. URAN - 20 2E(2019. 6.24.~6.30.)

1145}

Q@ v

7|%H wg ! S Y wy
- [500hPa iR ] SEABYRIS0] 2B HEAK | S S Eohes WS A
SYE 12, 2ol SROS MDA NIV BV | oo yp e giajstcl J12A 280 HE
RYUSIol YOO WY HAA BY ATER 4 Lo o0 o g u
AlEte= BIJ0| B YHEU Vodagan S ; A o
s 3 gsiof T, AHO
- 201943 FOH= 68 26Y AN, AR E0H 6-7Y, 4T : ol4e] 120 LpEon, SY FAE, HI &
TLOIA 3, FRALOM 122 £H ARERASLT : olAE BEAY P E2 7|20 7| RE YR U
T IE POABWE ASESE 8 5% WEW 40N ¥4 #43
HE 3 94 1
1
TE|Uat FE 7] 48(5.5km) F[@ R4 1 FE FE 7] 48(5.5km) UL SHE(15km) BHE
(2019624 ~630) ] (2019.6.24 ~630)
I s = 1
1
1
L
1
1
1
[}
1
1
- b
X S :
LORET | semeae :
1

SO 2019 07 .03 (FI/EEN: YUY e

Figure A7. o &3

~0a74), ARCC

TN BAAR A

745-3981)

2018 {8..1_9%331

A6 52 F4 T ZUHY A5 A

W

714 wE

= 12-1322 Fo= E{E ymok7t FF MEUE
BooM giMYEE ystEo] 5718 SIoHTN
AP X9 g Fdo= B2 b7t YElguch

2013.08.12 ~13. 22101 Suu). £(35.0m). 8§ (72 1nm)

= 1522 H10= EHE 'S=A7H Z2E& A0
ESlYE Mot SEWCAM TEEO S SHY
ANE FHLE B2 H7HYRgUCL
- 20150815, @037 B3 YUY 2T 43)) YE061 50w 2-5]E55an)

Pe|LE =Y 7|27 BAE

)

PreErm

s fimes’ i:/mﬁ “wioy

- W R

— 244 -

2018 (8.19-8.23)

Q Ty Beoe g

IR B4 HEE AYED

- FISE2E BA AUseHL BATH@)S FF
M2 e E11~817)= 270CE FEECH 02°C FoF
FTYHE seUC Selue FTH@) H4H
BEE 26602 FEEM12C 52 YU

* Wi p e P A YA T U0 Y Nno 34 X HESSN
TRw-1owold 4E ofE BN H+USE BAT 05 oj¥0ST ofs)
S7H O TR of 1 W S WU RIS Ao R &

OISSTv2 FH A sj+HRE AP
(201943 89 11-17%)

o b om e WHEEHLE TATR OBSTV2 $BR H4HES BY AAUD

Py

G iev

et




0 T SAE B
201949 13D Jlé”g 3102 S XA &X

[2019. 4. 26.(5) / APECT|=MIE Z|FAIE=5F 724 2]

# APCC &7Io2 HE AE 7d(17.7)510d 7|&d Z7[d2 X Zst

O Z|FdZFEok A A2 714A 0 A7 @ g)ste 7144
LA tie A B iV A B 5 AR A A3

O J]&4d8 XA MS A
DO WMO #7]d B AEAE(WMO LC-LREMME) &<

@ BE W AF BN L A A AE B

@ A g AR S REYSEMME) 2 7V AR G554 24

@ A3} 71HE S83) T AA o= AE7} A 2EH A
® ole|A| Y o] d7]% A 7|\ I
O ey Q9%
X 2AM X £of X AX

1708 MY 374 MY
WMo F7|0E M=ME 29F

718 o] d7|=H 0] &7

ot

Ha 23]

— 245 —



O MISHIE XH &N
7| AFM M E
. Jer SEINTE) X8 M 5
Y B8 IHH|
WMO LC |WMO H7|0E MEMEH 2HEIA 189g 28179 3811 @
293 e gl M= (& 33)
WMO LC |[2019¥ 2HH=E st 2¢27Y ®
2d WMO GSCU &7t X| ¢ (& 13))
2|1 40l 2|10l 2l
e WMO E7(0f MM 1;2143, 28182, 3818 -
= o XN QE=XE AMAF Ol &H =
7:”E 0:”—| |- OL- X oOT (_;g_ 3§|)
. 22 7ISEY ols X 24 1230, 2927
R | |:_|—Eoo_‘_||;|37<_._ . o 302 2 ®
Azt AE e 7|F BMES HH | (T 28)
378 MYUz|ol A G 1815¢, 2€13¢, 3819
37§€ Mgk | APCC MME Z1t E2|d = ®
(APCC MME &M% H& Zgh (& 33
[=]] ol
1748 Y shaslol &4 X 1228 2 22
1hg MY | WMo BI|ojE HEME ey ®
AL §7:|—| | = U ' 1 =
=~ = AEHX X [=]] old
e wor WMO 7:”E|_-J'| mlﬂjrﬂ _Eﬂ_:?r 2*2 1EETE1 ®
i GPC =EWZ Z1 HO0|E) & 138
i may | WMO AZU OISXtE ZE= F7t 33 195 H ®
ST (B oze ot siEH Y MEHI ) | (B 138])
252X 712 =g JI0|HA HZ
ojA7|S Exra o =24 1O 1|3 >9l g
ot - O|=QIXt 8 Q0IEM XtZE HS = 13 ®
S | 2H 2 o= ny Moy (& 1=
O|A7|= 2019 2 7t OF XtE MHS 2¢ 19¢ ®
My (SPI6 O|=Z1F A O =X}t HS) & 13

— 246 —



=2| HE &X (M)

WMO F7|0E MEME AR U AR o5 A2™- 29

WMO Lead Centre for
Long-Range Forecast Multi-Model Ensemble

t  Rolated Sites

<WMO ZH7[0E MEME =Z=H0[X|> <GSCU(Global Seasonal Climate Update) 27t X| &>

-

ZHOIX| MS (i)
5 A2 ME (OHE)
e

LN E Me|A~8 & 7[F dd 22 (W)

O GPC X2 MA2|, MME 0| <8, A5 =
O GPC-Seoul EH[O|X|E &% GPC-Seoul?| Of
O WMO H7|0|2 MEMEH 2 BN &Y

O GFCS =g 93t WMO GSCU &7t X2 (of 7))
O WMO H7|02 M=MEH AHELY oEXZ A ZLEHE 9 MME O|SZaF A (OfF)

48 2a|uat 7|

h MEABE CIFEE o & Ofch MefEY 17|
P R RElEY AP 21

FAD} |23 7|23 242 LEH 48

V712 HEH0| T Liepe
> 48 £-50: SefEY XPIYe| FRKRI0) S0f $50| o2 X2 A
sk S2LRE e Dole] ¥RoE 1o By
o e Ch BHIE O] TS 291 3 48 5518 Sof 2H 7| 5B MY
v Ofirh MEB RISOE 17|90y 28] LiEtt XISEHS WLIof chet cf7| $22 Liekr]
= szt Egslel WS Ko7t 28
2nedagagara v SeiBO| meridional dipole CH7] THE! S0 el XI2) ThF TS + Hs| xIoio] 2utst
ofZrh HelBY 4R DrYH H ¥R & ol siofi TRATE
SEHme H7Ior 220 BB LiEriL £01 710734 8
WEs) x| 17|94 S0l Zop LiettEA v 4% 9-1021, 23-242 ZH7HHA ZA 710
HHHOE HUHY WLk O}/ HS R HESE 24 | v 42 22 SE715 L 48 o2 27|UY o] QUOE 247} S TUO| WS
XN Bel 24
HSE YUkt CHEHTIR XIS £E FUA ool 48
[=] S - o (=] S - o
<8 7|2 BN E9| X|& OA]> <8 7|2 2MHEQ| X[& OA] >
x| S EA SH 4l B A =4 SIE 9|5 2 S HA o| Hixx L S A S
O 227|254 olsfl & &4 AT LE ot & 7|24 Eo| #H (E, APCC 23| 7|43 12)
S AHO| EX|2 1166 O S HAM X rn i
O ™ X7 7|=A|2Hel EYE =t MAXFC 7|2 24 FE A

— 247 -



MY MY X|AE

2|t APCC

MME 0|& HHE N3

Geopotential Height at S00 hPa for MAY 2019

500hPa Geopotential Height Anomaly (Prediction:SCM)

Geopotential Height at 500 hPa for JUN 2019

APCC MME FORECAST TABLE

05 06 07
Forocasi | SCM ANOINNR] 295[3.40] EE]
PMEENA) [T 3835/27 31/37/83
Tcc 0BS vs SCM 013 0.12 -0.03 0.05
ROC(B/N/A) OBS vs PMME 0. 53/0 65’0 62 0.49/0.53/0.75 0.51/0.60/0.51 0.67/0.49/0.47 0.53/0.45/0.52 0.56/0.51/0.52
HSS. OBS vs PMME | o0 o4 | -0.13
Trend OBS{utd] 55801 201 o 0.35[1.247] FZEB15] | -27.56-77.297 | B03%[42.23]
SCMiutd] TA0T1I8T | 084 0671062 -229(133) 093[164] | 17.47[1601"]
Cor TusP. OBSuid] 0.04[-0.15] -0.08[-0.22] 0.587-0.45"] 0.04[-0.15] ~0.08[-0.22] 0.58°-0457]
SCM{utd] 0.28(0.327) 0.31(0.24] 0.21[0.24] 0.28(0.32°] 0.31[0.24] 0.21[0.24]
NING3 4 COBS/SCH 031016 0.05/-0.03 0.10/-0.08, 0.06/0.12 015001 0.19/0.13
TCC/ANG 0517036" 0527008 0857-034" 09170.36° 092008 0857034
WPG GoBS/SCM 0.18-0.17 03470.13 0277023
TCC/ANO 0.46-16.79" 0.35°-1561" 0.73"/27.40"
Tolal
Forecast
NN EC coL WARNING ORYEES  WET

St a o0 e Ao Blow 0 43608 (15032001

"
Caroaion 65 ve 183 20101 pmumumzmn
OBS/SCM: TCC betwoon OBS/SCM Inder & Korg

BS i

c
TCC/ANO: TCC bt & 520 o Fowcssto Anomay

600 085 ISST-2 CAMS P!

<APCC MME O[|Z= Z1} 2a|D oA|> <APCC MME 24 HO|E &>
O 7|=0x51 37§ ©Y =29 &AM S APCC MME Z1f E2[E (Of3)
O 37 o XS Qs APCC MME O|= EM 9 M AT HOlE H&E (OfY)
4] 1708 MY X2 st AZEU o= XI5 NS

& !|H:'-‘IE-

et e

-\-w:_l‘ -

= 7|2 OIHT O (3.25~5.5)
¥1 23

+ ZLY OHF 01 (325-55)

s | | || R
PMME pqaa | wpyse | 2pam PMME upsas | 2o | wpous | upass
ECMWF 1 | 2o | 2ssr | s | oo | | e [N ] sapor | 2mons | 2onsn7 | 40709
Washington Aﬁﬁwlxllz’ﬂms 21720/59 Washingion || | 221900 | 19pess | 2131

Takyo | Tokyo

Ever | 34055 17K7736 | 205753 | 2118 Exeter aapns | sapsun | aamane | 9nen
Scoul Seoul

Melbourne 14255 | 21 | 197357 | 25741 | | Meiboume | 12039150 | 1925556 | deona | 2461 | 1ens2 | sonaos
Bejog | | Beijing

et | s | | s | | s [ 5 | oo | siaen

<WMO AZEL o=

21 221F ofAl>

<744

GPC 250 Z

21} HOol= NS>

O 7IE0IZa 14 MY XYUS 9T WMo HEL oS He S5 OF 3
O 71E0)5a 174 BT XYL s wMo AT oS XtR REX 7} (

glol M 8 wMo AZEY o= Zut =g

O 7I=0=a 1E HY g 2
x~ |.I=l (n ] X=X OI-'- I_:l IA 0“5 ."—|
G 28 7l 8YS gt 7I2X|+ o5 HE NS
== en = == B3 = ~ =
21 = L= Al TR e S
3,4 58 7I& HIAHUZ 24E M I e e I
Wave Propaganon (-:—7442) .;.; ::u :i ‘ii’u'wc mm———
*?5 Tw S I I B A
: N B B O I
i = o - — SRR
- e e I FR—
ave = e | —
i, =D O.Sam v osvo | —oirus ozt
Laggeld impact of L e A2 on=s B L o ey
ENSQ in.spring* woran CX==r 567 Tiies _ _
* AT FEYHYO| WSS AL -BL 0 — . ~ i o= TR
ZobA LiEf LI 18 a0l 9.‘%*

7t= o= ZHO|EA X OAl>

<2019 & 73 o=

A= KE GAl

=
O ¢t 58 718715 24 % o5 22 HE 2E(133)
O 52 7t 0% 70|82 & 20194 0= Zut MS(23)




W HAT BN
20194 227 JIAE &)

[2019. 7. 2.(2h | APEC?| =4 Z|SAtH =5 7|24 2]

 APCC 7|02 & XEE 7d(17.7)s10] 7[&d 7|02 X[& Z=st

O 71FeEEol A AAg 714Ao A7 Ha@sa)ste] 71434
QA e A 2 RS Y B 5 ATdR Y 723

0148 X NSl
@ WMO A7]¢ B A=A E(WMO LC-LRFMME) &

of

1709 Mot 374 mo
WMO Z7|0|e MEME 29

— 249 -



(@)
O MRUHE XA &5
F|AFM M E
JIes SEINTE xg Ax =
oA SR (|
WMO LC | WMO Z7|0|2 MEME 2YETA 4932 527 YA o
29 Y % HE (% 33
WMO LC |201949 {EEHNZS flot 58 28¢Y ®
23 WMO GSCU &7t X| ¢ & 12)
N A S 2l ol 2l ol 2| ol
he mar | WMO g710 2 dEdE 42228, 58148, 68174 | o
A- oStz 44 8L S2 (& 32)
pe my |DE 715 Ols X 4 42252, 524, 68268 |
A ZTE st HV|z EMEQ WH | (B 33
2|40l 219320l 21992l
ohg mey | 201 7IE 015 ¥R 43 sEne on EEL
= T° |(ENsO ¥ E|8 17|Q HAf Zap x ap
(& 42))
JS X Ots|o| xtAd Ol
S BBels) B % 42169, 52159, 62€18Y
37§ Y | APCC MME Z1t E2|E - o T ®
U S 32)
(APCC MME B4 E X& Z3)
42839, 4810Y, 4817,
e AY otae|o B 4324, 5E8Y, 5E15Y,
170 AT | wMO 7|0 MEME 5222¢, 634Y, 6E12Y, | @
A”Y oxZan 22|y 62192, 68262
& 1138)
OlEX X 7|7t 7|= ZAlRA FE | 5328Y 6E4E, 6E11E,
7hE MY | HE (EY, OlA7|Z, ENSO 2L EHZ | 6¥18Y, 6225 @.6
2 H3B) (& 5%))
EE FU J|RZARM HE M3 |5EH28Z, 6E4E, 611,
170" ®M | (FMRT 7|1 sy MX|T j4H s | 6218Y, 6:25Y )
=X 5 F7H ¥gh (& 53))

— 250 —



=2| HE &X (M)

WMO F7|0E MEME AR U AR o5 A2™- 29

WMO Lead Centre for
Long-Range Forecast Multi-Model Ensemble

t  Rolated Sites

o

<WMO ZH7[0E MEME =Z=H0[X|> <GSCU(Global Seasonal Climate Update) 27t X| &>

O GPC XAt= MAN2|, MME 0|& 53, 243 = =
O GPC-Seoul ZH|0|X|E &% GPC-Seoull| 05
O WMO #7[0j2 MEMEH 28 20M 2 S g He|A2d- HE 7|8 M4 210 (g
O GFCS =8 2T WMO GSCcU &zt X[ &l (of £7])

O WMO #E7[0j2 MEME ARY oEXE =4 ZLEHZY S MME 0|5 Z1 44t (0fF)

SHO[X| ME (M)
5 A2 ME (OHE)

6/1~6/22 500GPH

63 "o MX|7 = - 500hPa X[

B H2T 712 & B 2o M2 ZTS LEd 63

v 712 EE0] 3 et

SR BTl iRt Xo|7tlg

6% 6-7Y, 0154 X712 WOl o/2 Z47HBA Z40l 710
24 | v ALl 4Z JIYBOI FYE DIXTM Fot BHol HAE XX ol Fop Hyo|
Aol R/, B RS Totel AR HE 2y

B XY 05 YE =BT

> YH|Zal-H Y ZE 07Uy 28
> 1 45 S X RE QE|LIEIHE| X7 %Y
> 2L XYY 28| ¥F

20004 01% 7|20] -0.3~0.5 Y e BT} FAH
(wave HEf)

CGT pattern®| negative phase@t= FAt

<3 712 24 E° K& OAl> <d 712 2MEQ XA OAl >

O 2 7|25 osf & 24 9 Z=E 2T & 7I==4 EO| Z& (&, APCC 33))
=

o
O ™ X+ 7[=A|2"e EF& =Zedet MAHA 7|=

— 251 —



37 Mot x| ¢t APCC MME 0= HE X3

APCC MME FORECAST TABLE
TE!

Foracast | SCM ANO[NNR]
PMMEBNA

TcC 0BS vs SCM
ROC(BN/A) | OBS vs PMME

0BS vs PuvE_ |1 X

Trend OBS{utd] 6 | 275617729 | 80334222 | 53.471-1234]
SCMutd] 078°0: 751 080°(0.76] 0.03-1.42] 13.52(9.89] 9.99[5.46]

CorTvsP OBS{uid] 05870457 | 026031 008[022] | 05870457 | 0260031
SCM{utd] 0.15(0.11] 0.32'0.36) 0.27/0.23) 0.15(0.11] 0.3270.36] 027[0.23)
NINO3.4 COBS/SCM 005003 0.10-007 | 0867-036" 015011 0.180.17 008-0.06
TCCANO 0.92'0.84° 0.50°0.78" 0870.68" 0.92'0.84 0.900.78" 0.87/0.68"
WPC C:0BSISCM 035023 027017 0121020
TCCANG 04671657 | 07772668° 004/4.19

Geopotential Height at 500 hPa for Jun-Aug

@%%w

Total
Forecast

NN EC WARNIN  WARNING ORY | WET

coLp
Sigulcnat o1 90% love, Above Below 0.436gma (19632010)  Giob OBS.-OISSTu2, CAMS.0P1
o s foan MME

»
TCG/ANO: TGC beween OBS index & SCM ndox  Frecasted Anomaly
NINO 3.4 indox [190E-240€. 55-5N]

Westam Pactic Convectan area

<APCC MME &4 HO|= &>

O 7|20 &0 3708 MY 3z|o] &AM I APCC MME ZIt E2|E (0§ g)
O 37 MY X|e QI APCC MME O|Z EM 3 2M AL} 0|2 M3 (OIY)

T7HE Y x[AS fg AZUY oS Xtz HS

+ 712 XUFE o||a=s (513 623) = m?gt x|-4§ olﬁ (513 6.23)

| s | upmwm o | s
|
s

s | A
| oo | s | aspone | s | o

[ I R D

- 3% ng o|a (5.20~ 530)

o [
PMME | 2730 xmm\zmw i | snsne | s
e | ar | s | e | s [T s
Vo WH EEEERD
o oo |l
ik Eveer | soste | 3839 | 3usem | a1maas | s | 01
CRECIEL. 7
0 IMK\Awwzjzvum\wmu Ve | 0052 | ot | a0
| e
- e e[
g e . =
el m st
= o] = = )
WMo AL o= Zit Bald ofAl> <HE GPC HECE Zit EO|E HE>
ol

O ZIZ0 =1t 14 MY x-S fIst wmo AZEY ol &
O ZI=0 =1 14 MY x-S fIzt wmo AZY olF XPE =
O ZIz0Zn 1 Y 29 &AM X wMmO AR olF Zu B2|E (OfF =29 222

GEE Y 712 71% ZAM-EM BE HS

Mo SN - 20 (2019, 6.17~6.23.) @
7 g | 7BTA 24 HYEIYYE)

Tl Zo oof viojzte X|ota el
g - FRUSRTEE T ELinclls ) 70 2
48 g0l aHdteUd. 2K BF HrRSEE Bl

« [00hPa FlgITE BHA

2019 (68-6.14)

<O ER Z¢ ZUEHY BE HIS ofAl> <o E

=7t 7|9 9 S48 e mlED oA >

-
O CIEH gX 712t 7|F ol AT ZAIE flet &Y, HXF 0|d7|%, ENSO &S0
ZLEE BE Hs (F =22 =24¢2]9)

O E2 X 7 7|z #AEM FE WS
T 7|2 gAl 24 ZLHY 21 NS (Of

o

i
+
fo
ne

[Ral

CALSH, 7|SEoM 7|28

gt MX|T V| W U s4¥ 25 EE
H




Bl0E HAE pas Yol
201945 3271 JIAE DIINE ¥ XY 4N

[2019. 10. 1.(2}) / APECZ| SHEH J|SAIEE2R 7|24 1

=~

M
-
[

|'-|[[

 APCC 7|02 & XEE 7d(17.7)s10] 7[&d 7|02 X[& Z=st

O 71FeEEol A AAg 714Ao A7 Ha@sa)ste] 71434
QA e A 2 RS Y B 5 ATdR Y 723

0148 X NSl
@ WMO A7]¢ B A=A E(WMO LC-LRFMME) &

of

1709 Mot 374 mo
WMO Z7|0|e MEME 29

— 203 —



L]
=
!

g X8 &

=
2101 =2 |"|; Ho I"n; =27
o FF |
WMO LC |WMO H7[0E Mz 2FE10M 7849, 888, 99 ®
=9 g S HE (& 32
WMO LC | 20198 C{EEHNZZ {3t 88 26¢ @
=g WMO GSCU &7t X[l (& 13))
s mar | WMO 7|0 MzME 7212¢, 8814Y, 9816Y @
S U | AE oBXE MA A 58 (& 32
3He mMo z2 71254 o8l & 24 7824Y ®
S U | g Z3lE QP Y| EMEQ WH (B 13])
xZ 71254 o5 A &4
A L2 Q3 Y7|: BAEQ| 24 | 92258, 9227

w
=
10
r
o=

d

0

itz NS (& 23))
O ¥ EIE 7|25ty AQE4N)
MY MAZ|ol &M Y

|
216 2l1g¢al 21170l
APCC MME Z1t 7816Y, 8E19Y, 9E17¥

W HY sa|d )
(APCC MME 24 % H& ZEgh
723 7€10Y, 7€17¢,
. 78249 72314 8e7¢
Ll ot AlS|O| KFEAA Ol = =, = =, =/ 3,
17HE - O 2|'05>-|—| O X 8%13% 8%21% 8%28%
1770 MY [wWMO E7[0E MEME /40l oSi1nol aSi1aol ®
] o — 9E4E, 9E1OE,9E1SE,
AZEL o540 221H 9Si59!
(& 1339))
7d2g, 789%, 7E16¥,
EH gixy 7|17t 7|3 ZA2M He | 73239, 7E30¥, 8E6Y,
1742 Mok | HE (EY, O|A7|E, ENSO ZLUEHZ | 8E13Y, 8E20¥, 8&27Y, | @.0
HE HS) 983y
(& 1038))
722, 799, 7E16Y,
2 F7 J|ZUAEM HE N& | 7239, 730, 8E6Y,
UHE Y | @©AT V1A HE, HXT osi¢w | 82133, 8E208, 8E27d, | @
2 22X § T 3w 983y
(E 103))

— 254 —



HE =X (M)

=l
=a

WMO E7|0ls MEME AT % ALY 05 NAY 29

WMo Lead cen
ot Model Ensembe

<WMO ZH7[0E MEME =Z=H0[X|> <GSCU(Global Seasonal Climate Update) 27t X| &>

O GPC At& TANe|, MME o|F =&, 23 & SHO|X| H& ()
O GPC-Seoul EHO|X|E S3%t GPC-Seoul®| 0= X2 XS (OIE)
O WMO F7[0j2 MEME 28 2E0AM 2 2 JHoI-E NMe|AlA"” % 7|5 M4 20 (0E)
O GFCS &2 {Ist WMO GSCU 27t X[ & (o £7])

O WMO #E7[0j2 MEME ARY oEXE =4 ZLEHZY S MME 0|5 Z1 44t (0fF)

HZ 7|58 OlsiE et 7T 24 EQ| X

SERYILA A ofst 78 eauzt vl2 % 24 B4 2% i

Yy b2 7|2 & WEROHHE 252 20 78

v B@7|2 238°C A HIRT 712 (01 °C 72871)
v X9ER 7|2 wA 3 > G2 STA|Y, 9| @ gAY
e v

Yool W2 SMENYY ORI 1| Yol Wt £ KEY
e 17|%e] SOR|of 2t LA Bt

<

Sl 7IgE X, BB K7te 37wy
-~ of o) MekB Y HFES o

<

HOEY £2 84 : 43 7|UE, SHYY AT U2 E BT, MEBY RES %43,

. > BOEYDIY BUSEOE HEt 5 2ol 710] 24 seHEeY DI ot > 24T HE 4 ERELES
" sebEY A% Qe ssT: th7lgle] 4aNE v XYEE 24T ROl E > BYAY 24
. S > sepEe avler e olajol |0, FAE JUAE ¥ v 19219 HOPHY & BB Chta W8 > F2 WE, AT e Y4
o FEL L 78 24 HatS U SR HE
=) S B A o =) S B A o
<d 712 24 Eo K& OAl> <d 7|12 2MEQ K& OAl >

O T J1ESY olsf A B 4T S 9 ¥
-I

O ® X 7[=Alx

— 200 —



ol

37 Mot x| ¢t APCC MME 0= HE X3

. ]
SODhPa Geopotentlal nght Annmaly (Predlmnn SCM) Summary

41 500 P for OCT 10 e
- APCC FORECAST TABLE

<APCC MME &4 HO|= A|&S>

O 7|20 &0 3708 MY 3z|of #AM I APCC MME ZIt E2|E (0§ g)
O 37Mg M XS st APCC MME O|F Ed % 24 Z1 HOolE A& (O1g)

<WMO ZZLf o=

O ZI=0=za 7 FY XS 912 wMO AZY o= B2 S8 (OiF 2teg)
O 7I=0 =3 170 MY XS flet wMO AZU 0|5 Atz ZEX FIt (=A])
|2 £

O 7I=0=x 1E HY 2o &4 8 wMO AZY o= Zot E2|8 (OfF 8¢ 2d2|9))

al
()

o8 Q@ ivn
TleHH pg TIFUA 24 HEYEHSAE)
- 212282 IO A0 AxS 27|10 SepY R - BISESE AL WUk AR @)e] BF
THERI| 0 B £ -
#* iﬁ\“M HATO BYES

2w 2E2 A6, 22 LHAS0,
2 orenso, 3R WENanS

FaAYR| F 7|%UA 24
o194 831 21-2%)

2019 8.26-830) 2018 (82792

<OIEE 2% BUHY B HB A <OIBH 7t 71U X e

O CISH WA JIZt 71T ol% AW LNE ¢
BUEZY FE NS O1F +29 sty

O CIZH WH J|Zt V% ZAEM WE MBS Sl AT VYA HP U H4E 2= 2E S

7% ZA 92 SUHY Z1 A3 (O4F $2% MALH, J4HN SYLE

ml
S

— 256 —



LIS AT SAS 9ot
20199S 427] JIAN BI|E HY XY AN

[2019. 12. 31.(3}) / APECZ|=MlE] 7| =Ald =

ELRE

M
=l

=
—

 APCC 7|02 & XEE 7d(17.7)s10] 7[&d 7|02 X[& Z=st

O 71FeEEol A AAg 714Ao A7 Ha@sa)ste] 71434
QA e A 2 RS Y B 5 ATdR Y 723

0148 X NSl
@ WMO A7]¢ B A=A E(WMO LC-LRFMME) &

of

1709 Mot 374 mo
WMO Z7|0|e MEME 29

— 257 —



O MISUHE Xd &5

7| AbK M e
JIes X g SEIRNES i
Y B8 Inlox|
WMO LC |WMO E7|0E MEMEH SFEEDA [ 1082¢, 11E€6¥, 12E3¢ ®
293 A9 Gl XM= (& 33))
WMO LC | 2019/2020 HASEHW =S st 118 259 @
2g WMO GSCU 27+ X[ ¥ &E 13)
s 2| | 2| | 2| |
e R WMO é:loﬂz ﬁEﬁlEi 10215%, 11814Y, 12¢¥16Y ®
AE O ZAtE MA 9 S5 (& 33))
IHe 2 7258 osf H 24 10329¢, 12E5%
= o2 AslE st U2 2MEQ ©E | (B 23)
MY MAz|o FHAM Y
2|10l 211990l Ll170l
34 MY | APCC MME Z1} 22| 102> 112182, 122172
S (& 32l
(APCC MME 2ME XH& Zgh
1021, 1088Y, 10&16¥
14 MY shaslo] AN U 108232, 102302, 11262,
112139, 112204, 11€27Y
I Aok A7 M AMIE s o5 ' =
e M s 122119, 12218Y, 12224
7;”x-||_|.| 01'??2 |'EE|%I 12%31%
(& 133%))
174e moy | WMO AIZU OISAE 2E= Fop 1128 1825H
= “° | 0¥ GPC hindcast ZZZ1t H0|E) | (& 13])

— 208 —




HE =X (M)

=l
=a

WMO E7|0E MEME AZE A AZEL o=

| Edl

Q—j_j e P it dacht ety

R — — 2
- e R e‘ﬂ o -
= % - pen \
= W e
; .
e )
ZweocBim=—g 20w H S ‘

¥
jl

<WMO #7|0|2 M=ME ZTO|X]>

<GSCU(Global Seasonal Climate Update)

2t X[#>

AB H=

GPC At2 TAEZ|, MME 0= £ AS 5
GPC-Seoul 88H|0|X|E &%t GPC-Seoul?| O
WMO E7|02 MEME 28 210N Y
GFCS &8 2ITH WMO GSCU &zt X[ & (o £7])

WMO Z7|0j2 MEME AHLW oSXE =4 ZLEHE

HO|X| H&

k=41
[=]
=
=

o

M

2|2 s

N
ot
Aim
ox

fo
J

e
(==
1= &

(OH =)

NERTERCE
L HRE HANAY Y 7|2 B

20 OE)

= Oa

2 MME o=

£9| X9

118 28a|uat 7|

7l@ W0 el PR 52 7|2, ¥ Z25¥s 2 1Y

v HIFYFV|288C > FURCL 12°CER

v 719i7lel BEo| s Then TSl 2A, LAt W RAEEYel 2712 FEs ot
CME-53 wr-nGEY TIYY B, 2éY NS UG E ', 2o 2 HY, 5% HATe] FEE Woh 1 B Hekt A
il / Tlolls He o] Lt
PN NF, RSHYY, 2B 27IUY B K
0| ngte NAY ATETA A% EneyS ilgE 3“ o v PElfa el 17Ie MAEHHY RIojel £ heREset B
DY AL 22|t BF XYY B
Jl2egol 2 I > BOIY B MF-RENYY MUY WA, vEI = v EIE Y comiiiE n
Ut 4% 2124 B, HRIIY 200 SEOR BT, NEHEY a4 |V oseEy 29} ndian Ocean Dipole pattem} ZR1El LI HES2 Ut 7| cat
X712 ZEE A7 p Bl FP2R BV US T A= BFYY
718 B2 FWIT > SaAU-iIMS BE R ER -
1A W oo SaiLtzt BEel DI Hriet HEL MIIY -
4 mAe| IPol a2t 7| 2UFO| AN
1 7120 §2AY BT A 22

= S BHM o Q = S BEMEO []
(=} (=}
<_éJ 7|—|- ™ = E—l Xl'ﬂl 0:"A|> <_'éJ 7|—|- T'_‘—|E—| Xl'ﬂl 0:"A| >
E M | H g =2M odat 7I-"'|.E 0|'<'5 2| |‘6|=|A-| O| =13 H°.I |
O | 7| =d 0 x TS A% o2= ‘r‘n_l"é7—|—‘|'_‘—|E -'H'-(D APCC 2%
o ) .
S AE-IIOl EX|IS =] Xe) | |I—|O |o HM o |_T'_

|:I'|' |—|—A| o=l o= iEIl_I-X.|7:I_|I_| =2 =4 85 X'I

— 2589 —




37 Mot x| ¢t APCC MME 0= HE X3

500hPa Geopotential Height Anomaly (Prediction:SCM)

APCC FORECAST TABLE
Geopotential Height at 500 hPa for NOV 2019 ‘Geapotential Height at 500 hPa for DEC 2019 019

REFERENCE

<APCC MME 01| <APCC MME &4 H|O|= A|&>

O 7|1=0=1t 374 MY 3|9 &4 9 APCC MME Z1t 22|& (0fg)
O 370E MY XIS fIsh APCC MME OF S X 24 Z1t HOlE M3 (E)

2
=

1708 MY XS fIe AU o= = JHI-E!-

O 7= &1 17hE MY x-S

A% wMO AZU ofF 2 &7 (0iF 2ted)
O 7I=0=3 170 MY XS flet wMO AZUW 0|5 Atz ZEX FIt (A
O 7I=0=2t 1E HY =9 &4 8 wMO AZY o= Zot E2|8 (OfF 8¢ 2ye|9))

— 260 —




2= B HY BE82 A% B U9 JF 24 g
% 2 SN 2N

Zdd M#L|E FACT SHEET

H;![ ==l :[Lxll Hieto g

5 7KK EQ oAHYUE 25
<Zonal Wave>

AotA O O &

I

<Meridional Wave>
g 72X 2= O L0 MEIESE
SN nsge =2 d S U TS e 2
a)Z wave B50nPa&200nPa GPH

olM-wava B50hPa&200hPa GPH

T %% 24 28 o

«:Schematic Map for Two types of Korean Heat Wave>

a 2T - Circumglobal téfeconnection (CGT) _ﬂHEi-'-i'—w*l'j <
60N ‘L I'I &,\B‘ii%’“ﬂ—) SelLtet —'7|°*9 sSEEd e
B S At °) Pacific-Japan T{Ti 1t
n SO o oo"rf"f"“ ﬁ £ iﬁ - - -.‘.. ] L A O s x-“;* b
i = e q7|o
30N 4 NAO-like, e * - %ﬂiﬂ.iﬂf E
{ i = q\}'_#.-‘--'h o eo
_ i we o G
i) el & Z=t w
0 e, . 5‘|.. / n;oi‘%E“éﬁEH Hok 2
¢ ’ 5 4 Ast "j? Mled =&
| T X T T T T
40W 0 40E 80E 1 EUE 160E 160W

— 261 —

ol



S MERBY ofEry 1
Qa|Lizt 62 24 By
FACT SHEET

PosKP+NegWNP %—?—l ?JJ:EI PosKP+PosWNP
" d_]';BE'ﬂGF’H&PRE(EIP m——— WNPSH-} E'— WHNPSH ” a)3s0GPHAPRECIF
7 AN 822 Auxaw
=aus s mE

20N Fi %—lelﬂ o M 218 MY R

437

FrsKP4NagfisPi#32)

HOE 120E 160DE tGEOW 120W  a0w . oy : L] BOE 12CE 160E 1EOW 120W  BOW
: S Ay | 1 - 5
2tL| L} decaying™t ; _ Eia EP type AL decaying
T ] %t -'.i'._ o & 915=2F warming2t A&
NegKP-+NegWNP -} NegKP4+PosWNP

d)85s0GPHEPRECIP
[

a)850GPHAPRECIP
] ~

WegK P HogWhP 55|
T T

-4} -20
22 WNPSH
7ZHERE &
me s
A= ol
£7% ENSO phase2 & 28 o
MEIEY O Zster B 2+ 44
= MEfFof e 3 Beel =4
OfCh B2|Y ot o EfE o of 2y
worof = r \ e
a5+ 54 | = | b ML 24 2

s Elo =4

B=xciEe |

gl me ) " == Sfme ofry
g=zga | o & N 2718t0f o3t
T N 4 P A 2+ 37t

- 262 —



0{EH

. 712 Al M 012 678R0M Y 2| n7]20] 90w
0| M Y 2[K7| 20| 10HMELY 3t OStol & 47} 7 Bre o
o EDhO|SI S 4T} 7 B2 B7H OfF A ASE 2

X2 AlRIE Baoz 97| 9|8 20004 0|=0] AtE|E HH

1878

T B8 parcondl {dey_cir
il

& 7H2E Y I8II=2 Al = L
FIY ghe AT o 71 1 B o, A2 12,12

47|20 00/10TMEILS J|F2o R Jhd B2 e ol

- T 90 pavcontiy ay_cim)
! R T 1 L

auny T, 99 parcanii ay_cio)
1 L

B

a4

a0 4

£
(b
L
=

s x & & &

"
:
.3
4
0

J T v T T 1
THE TS IEO0 1995 BN X6 a0 2 9T 180 UG SR EED B0 NS 2000 200 187 10 YEED feR0 TN 200 MRS DN X0

Teney 40w coniie ay dlim) D 'r“ﬂ 10!!/90"”5“15‘ lim) Jdan 'r'l‘“ A0 porwonifiy iday dim) et
I Ly L L i__ll____ - s - .I.__.T - Ly L L |
| sk s | . 5 £
1 i ! I —-———
" |_ i - it i I_ 1 it i 1 H -
. .l . o I A
- | | | 7 : 4: | II | I] ‘ : 4: | ‘l | | I_ Y |
1 L | 3 i
‘ l'l Il]" | ll ll"l h | l“ I I . | Il u.I ll.l.l. Illh II :, I . I I |. A 1|1 II l
# (7|2 34z MHE A FY H712 =9 H/HHIZ (=)
6% (21.2°0) 20054 22.4C (29]) 27.8°C (49))
o EE 7H (245°C) 20184 26.8°C (29)) 31.6°C (29)
8% (25.1°C) 201644 267°C (59) 32.0C 3%))
129 (157 20124 -1.7°C 290) -6.0°C (3%)) e e e e
L
HEH 19 (-1.00) 20114 -48°C (39]) -9.8°C (290 ASHETIERE S
28 (1.1°0) 20124 -0.8°C (79) -5.7°C (7%

1E3 Alg| :: 20054 6 ::

2
el | | | | L
W Sc 23RS 04y > 23 17|k B9 H7|2| HA
50N —
40N —|
gs=s= IIC—“. A2 HFEQ}
gt ME
208N —
o
T T T I T
BOE 80E 100E 1206 1405 160E 180
= EHFTZ|2 224°%C (AN +1.2) / B HID7|2 27.8°C (+1.3) / B X7 18.0°C (+1.3)
= =30 Zo 1|2 WX, SAE GAA|OK0) K72 BX 9Ix[3 Bo| S37E
- B 53 555 e bRA02 Z0BMA O SU4R0| RXISIEA O Al FyIYY BR S50 H
- CE3Y 2o GRES0 o BNGILEOE 32 52X% 180 9
. %2 BEXNY D2 AZS 7|7 M7\ w80 ot HBESE RE|LIEtE GUEHA 7|12 oS5
HGT /Wind B50KPa Jury | 2008 s il e pa
P -
A ge) i
e me e
U — ) — T — —

263



G OEA A - 20184 7H ::

aoN | 1 1 l I 1 1 L l " L 1 it L
D45 Agias 45 T4 _
R ey ol 58 tiests Ztsl 5 ¢GT
60N — C ( 1 e -
Bl R~ = mmediol Y L
] T ML I
30N - B faolLte 45~515 7|9 dst
] o, > SATEE 32IR 3 72 Bt
i v ( ) 3 |
B .
. : \,i_;i e o B
Pl STM S tripole SSTa = 17|24 Hit 9= B MEfEer st 2 atE
| >f2HAOl2 O FOE - ceTifE ZE S>07|28d HA R (PIiE)
308 T O T T T T 1 I L B e
gow BOW 30W 0 30E B0E 80E 120E 150E 180 150w 120W 20W

= EFE7|2 26.8°C (AN +2.3) / B¢ 7|2 31.6°C (+2.8) / B A 7|2 22.9°C (+1.8)

= 0l 22 (2%E Ziglop BEE AE CGTHE (S0tH2| 7L S58, S 25 S50tAlokg| Zek 17| Hip

= SHMY tripole Y Si-rE2 27} 0|H HEEH X5ETM h7[2f0] 42XE8S Sof S0 172 Hit &
&, FetAOf= IhE0| FHOpe| 0 CGTHiE ooy Ast

» D Y5 XQALE &5 FA2 B &t 37t FA| X|Y0| CGTHEO| n2|2hd HA X[ FAD

= O ZSEfEYAE{EHAN A ST IREEOZ o8| 22|Li2| Feio] D72 HA K= (PITH)

=
2
= Rl 45~050 YA 07|28 Fee = AT SIet 5V ROl Qg HEs2ez =2 7|2

g deEs

- . . % | N - | -1 ;;i_,-_’;fl.fl
L B HEHe 27I9 Hif (can | L E-HEEY LS geuse TEEES e |
e e ve e e e s | | A Epalesl e alctel Triekaer
HOT | Wind B550Pa dukf 218 o

Skt SR o & rpme ols s
ol MEfE- SIS SR BETT ()| | " gwsGeas -

0 WE wE mE v o

AW e e

;D O{EH ALl :: 20164 88 ::

1 I— |

i I
9on L
|E132 M2 gizas > o20  EZATHFE 17|98 a8 |
= o = o
b i L B e O ] P4 > £&2Z H7|5E el
BO0N —| e |
f', 1
i _“‘Q:_--..\\ . .
( HwW ;
308 —| S - |-
ERS2 45 0|2y a8 ‘
b =
> =% 12 Axp 27 99( w
- L’a_:- -
¢ ( —
' B = AeiEer g gegs |
: > #HRF 2718 /= *
08 T T T T I I -
) 30E G0E 9NE 1208 150E 180 150W

= BRY|2 26.7°C (AN +1.6) / B FT|2 320°C (+2.2) / B FX 7|2 22.5°C (+1.0)

- OLET| SEEY FHY RPEEIFHECY DR O] TAIIIE T T7|9d &8 Q5

- B3 NEXYQIE ST) FUH (EES0 FYOE Soim Fo] D7|UY 8 RE, S0A0} FOS IS W
- TATHIE 38 17|2y w20 BERYo= I8 A [I7|SES Wwojsin, 82 450) 120l 17|Yd B}
B

=
RISEpA S20| o8 18 #ES 27|7 LAUZE KSHoE QULEN 7|2

orc) =efE o Bt OnEs
dlE == euE we . o

— 264 —

w



2 HS2HE ALl 20124 128

30N

50N -
oS K] -
S
b CPRRe L AY
1 \
1
L /!
30N —| .. 7. -
Bl 2 e 070y s
dbCh
1 — =, B

9%0H50f 7%=
o AlH[2]ofp 27| Zgt
| i 2 o1 o5 M eh ap
S5 > SOrA|OF A 7[R

1 4 =2 35 (2t L-like) i
308 T T T | T I I T I T T
0 e &E %E 1206 150E 180 150w

» BRJ7|2-1.7°C (BN -32) / B £ 107[2 3.0°C (-4.0) / BT FA|7|2 -6.0°C (-2.8)
= EOEUMEEY Sis (1B E0 oT [|7|#H2 o2 Ra|Let FH X7 HA K& @fLILF 22T fAD
. JISE 23 sjumE A4 HEE HEA FIE) o He sjuo) Do 20 SIFSI QAT o T7 2

= 7k, AH2|0F 17| Z5ter 2AH|DH MORZ 2l S0rAI0F 7|8E LY, S22 Yo 22|t 7|2 o

) Y * 1 — y i‘m y f _. ¢
1 ] R A @ (m: Ay N we b }

; s G = _ v
i " wg dsesdEe | || - A Sei

HOT i [ ]

; i o ™
b= . ﬁ”‘al REE f . _HpEE iRt o) HuEG He i
e " > =2 x“igg _, .L7I°*-’\§
o me me we e e e oo we we ww D — JE—
T L —

D HSE AR 20119 18-

9ON L 1 1 1 i " 1 L 1 L
. a2 =2 He o > (A0 (17)
wNé’i‘ﬂElEft M= *—HH!E’HI‘# Y e - i
| SR EEE =5 17|24 sk - o
FE 2 ((INAO/(-AD X5, L=} ! :
30N — g -

7 EISEAY T 7|%s SO0 7|Y 2 > 0| AZ-ME) -
> AJH|2I0F 17|, St2AF K7 Heds > Feilte
| >eeiter=z SEERs -
308 T 7 T T T T T T 1 T
=l 6OW 30w 0 30E BOE 90E 120E 150E 180 150W 120W 20W

= HF7|2 -48°C (BN -3.8) / B HID7|2 05°C (BA-38) / B FHFH 7|2 -9.8°C (HA-4.2)

= 2iLiLte} fEE Soleg o MEeiEd0l SEs (IRES0| gEor 2oL 35 H7|Ud o8 /=

= JTTE MEZ Y 02 HE ME|7E EAZ2L2H ASEHUHM 0] XY 52 XlﬁQEQt a71%d w2 |5
g g ESEUS AH Hotof| B

= SEMOE T 7|2 s0h SOtA|OF 7|2 E L2 R Alde(or 17 gt LR
50| & Z7| geotefl f2|Ltet 72 st

% ,’f—*\aa - e - o == a7 ﬂéﬂiﬂ?lmmnaum
o P o A |- Sguw = Tigh, SO0 TIeE W
4 Gt i [ S I R
SHN - ) )~ / i - N | dmii
= Cojui g seise A‘Iﬂfg JOREE ME T2 &%ﬁmﬁf%
i g gt OEEs - KEEE > 27jekd 23 5 (ONAOC - -
O mE Wf MR IXE I%E M BN W WW wW w0 — — — R— =
212 gEL A B3t

265 —



723 AR 20124 28 i

] BB 2Ly Mio > SO QI gk MEfE

| getst 1 228hE 5 22|Lket 55 7| |
o w2 G

3908 T T T T

0 0E 6OE 9E 1206

L I 1
e 150W 120W

1508

= H#7|2 -08°C (BN -1.9) / Bat H D72 47°C (BA-21) / Bt FX 7|2 -57°C (HA-1.9)
Lo Bl Ery pl= o MEj T Eutet (jR@E0] JHom ajlizl S5 H7|2d w2 R
= EASYH HREF1E) of M2 o] VOR AW FUH| 12| w7 §i, Aot 17[Y Pster AT A

THE olor SO0PA[O} 7/2i= 2
HeH HlE of e ool Buo = wE of Feo) K7Ly

OLA bl 81 e

2B =y 7]ots, ;

S el
N _ ESOMIOL sl TipiE e
i BRL|LE, gqq algcg Jrll»fﬂjgnt e —-’Hfﬂx Par o ZASEE He oy
] e ﬂqa - %amsgmmrﬂ -
e " Aih‘iﬂiﬁf 77i2} %" *JXPI"'EQE

we. we e e b %

266



SRR Al 2 g

X} 22 (0{EH) ::

SEO
S -

| 2ajag |2

0

Alf iR} A mewnrad | S 7127 BT
ool ey HEAgS usnmwib
B2 B8 015 25 5= 58 of5 12 ME St Al 987
T850(100-125E, 25-45M) MO EN ZE2 0HE
53 524 235 38) £Ha 3% s*;—z%:m Be 22 el vle o 7Y ANS, NNZ, BNT
2003 Y | dnow cover(120-135E, 40-55N) T Tl )
68
EoiHO| fte Ao Zehhzint ZniE s Ba) EX¥o2 07| IHES | AN4, NN2, BN1
EZ =55 gHcE) Forag Faol 68 2alutel 450 0ol HA w712 45 7ts ~
soil water(120-135E, 40-55N) Oz 68 EY-Eited 720 dotde sif= Ueito =2 xls=ol | 62T5 52
ZHA| Ho ANZ; NN3, BN2)
e — o0 MBS 4B o Halrl £ i R EE o 2y | AN N BN
OLR(100-150E, 0-25M) AEmOZ Sate s HEEL}I—XT;‘A! R
oL OEEs QIS (SAMR) AN LIS HE U3 A9 AARUUS B 450] CGTH | AN4, NN1, BNO
(BIE FHX|e (53, H Rt o= HuLEy 22l Brjad =X
OLR(60-100E, 10-30M) PIE(SAHE) FH TS O122E ZUHEE 29 CGI'"”" 7Hsd #A|
20184 th7|ete] =82 &3 (+INAC = Ol Ist, SIAY a7]ghg | | AN4, NNO, BN1
o £ MEHM= gatAote] ar|ghy \x g 9 ga), coTid 23t
72 SO =2 E tripole E | 3tA m'poiemlﬁm 2 H2 (1994, 20134) CGTRH fAlsH 45 TMER
SST([55-20W,50-60N]-([70-35W, 35~ o T§ S| LIt 2a|lfal 7|2 EBEE0E 02 &0
A5N]+[50-15W,13-23N])/2) SO al—.*—ﬁ—&i tripole HEIO] 2a|Ltate] S F H2 O ojER
E #ElZE FASHY ojold2 Aetol Ao §§¥EI HHEO s+
mEo st A5 ZA ge
) 78 200hPa A1 E0jA S52 H9lE s (2L o] M S0t
200hPa Aj2|2 = F7HEA| FH| LHER, HE 7|7t S7F M7 st CGTTIEEJ ofe| =t X<
ol =N g HY
ObUTH SEfZLO)A EIIT.-E%UI ol 24ot 2522 WAFHIE = | ANT, NN2 BN2
FEIEO OIRES # X|olof 7oty il g,
OLR(140-190E, 10-30N} SEEY sjxH2s E!IElJ} 27 ot~ E = 7Y tREE 2UHY
= E5 ZAl
ot FEjEYY s simesotol8 gaiﬁ we gjoier mjE | AN3, NN2, BN2
20164 | SEIEY SeEec ge 2 orgir} ZENHY K| 20| FoHE (IS BE RE IS
i SST(F170-240F,15-25M]-([140-240E,25- | SEX|G2 @9 HIol II—?—E}‘}J'I._ oz FHE EII—.—E—EEEIIHBI
GES 35MN]+[190-240E,55-5M])/2) Al O @ejel fieo] Lief b A2 K&l U EHS Eof HiRgs 2
A 2% ZAl "o
TAFHHEE FE0M 27|20 SEHCE HEott tf7|e] HEst 52 | AN3, NN3, BN1
AP E DY L Zl2E&7E)
Z500(150-175E, 40-60M) LAFHUE e n7jot eilotoa s calltat 7l n JAEAE 47
oEen 2eLiat % sobh o] et CriEd gEs 0)E = o

D 32E|2 A A3 A

QIR 29

ez 7|2

HE @aon 1su
oj4t01 ey

a0
22Uz 723 BRIeRe)

20124
128

20114
12

20124
2g

A% (1979-2018)

2ol e K|S0 07|19 BATE S w2 22, SotAjop 7jgh | ANTNNT BNS

20] Z315|0 E07|gto] dtelEAf SOtAos = =8| # 27| 0|7

2712 812 7ts
ootao = x| o jets 1‘34%}812%0&—&2:3? l;]f;’: -.f{'-}ﬂil“ ﬁiﬂ%ﬁﬁgﬂll‘ﬂﬁﬁ s ANT, NN3, BNA
it TLEL‘}_‘) BN "old= A& 2F 1 7lgts0l Zie 29 28 7|20] 22 AE
e glgﬂ? 2 Zhet 7|t HAE chelE Tl ol =H 22 07

22taral o 7|e = ylef= 7 FH =2 7| 2=

S T3 93 0/= 0] A1% o] me A Hel 98, =5 AEnmAE | AN NN 8N

=5 24 He

TANZ, NN2, BNS M2EF 128712 =023

a0 MEIEYD oo QIRES
1)128 OLR(70-120E, 155-15N)

2)18 OLR(80-100E, 5-15N)

3)12 OLR(110-140E, 0-20M)

4)28 OLR(65-105E, 55-15N)

5)28 OLR(105-140E, 0-15N)

) SIE P HEIEHUMY ST EO| BLHD Gilktype H2 T E2H|
It HOiE B9 22|LE EE0 Y |gM WA RE

MEfE- 0o Qe BEo] BuRe SAt Ajold S2|Ltar 7|20| o
2 50| Gehd oL@+ Ug) BA AlE BHL EE 2t
Lo b x| ot L] SEpEe slma ot ve e

Ar) HEZEC| ST T 22 o[of [fE HEE HHo= of
Soio] MBSO N ERS0| BL3 220 fEgE MUY =
B MEoA e} 22| Ltatef DX E B 57

L e Fhs (U0 SEfEY SEen) A0 ERET Mo ¥

A Al

2JAN2, NNO, BN4
3)AN3, NN2, BNZ

A)ANO, NN4, BN4
SIANT, NN3, BN3

2= 3y

B 712 o o

P EERE!

CERE PR LT

718 ofY BIN0| MO ASUMK 0/0iH PE § = AL Ol
sfsto] el B = exjo) g =skag) 0jis ol oo g
8 S80le MRAdAE M stet o) i HolS A i oy
o Hoid 42, szl o He word deasd sallfa 2o BE o
QI'E,

2 ofy 7 TS ZolED SelLRt 7|2 Tt0] 40| gt
x| kot oS0l 270l ofzigo 2ig

+ ANEUEECH &8, NNEFETHH|2S, BN BE S0 UE
4+ ASE MAE FEE & QART Ht) AEE PRSI YRK

267 —




FACTSHEET

HEW FZ20IA

ENSOQ ADC] H&0I St HEE 71200 OIXl= 8

Characteristic features of each composite case
on Reanalysis data

Figmre 1 Compowir mans of @) geapotersial eyt aromalies of S00%Fe, 3 seo spioe iewperommns
amamaiies, ) meor ea leved presure amceadlies and o) wind anomater ar 85007 o sach cacer. The
dvted arem dementes #2553 of comflaence fevel

EP:

LN :

PA:

= J|3 0Tk offf BEE 4RO Lekis wo| IYTE WA SYED
Stz ol KEns WA s Ss sduyE sles 27/
Hiof Roliele 2 Jfawelol Aol SeBe Iu e wol

HolE=0e 2MERYTE §2] AHDE BT FH DN ot LEL
3 shrifMe BMERYE SdoR Tw M7\ ¥R Qe 2aluE)
SMED 0 0I0 83 E FE0 Y UEE

2o ZHIE MATI SHEY HolHE SESEE SMERY gl g3
LSbA LHERLL Ol O YESTIONg FHo2 TR AT RESa
;Eéﬂﬂl'ﬂegér?mlﬂlﬂl EM ZolE 27U S8 92 5L guE g

Holp= SM33 MEY0Y 32 NYRE MR 2 ceTHE S
H7ind pAe] Atojo] FIRIAC] Eate FE0| LEIIX] BE B Ol =
E%I{E%}?Lgﬂ'l LERER| D B E 230 SO AoTt Zefdks 4 720 &
NA AEE ARioH 39 quariel Lol DlemTe 4ESS Y
quartile®] 22 HEI=H0] S4s & GELI(20 EHoR B UFe
ol pEE0 e REAE AR quartie (EChD! 22 HOLEE 54
oR H7go] gesin wbke HEoss 9 D790 s EE ¥
gow g 7|20| LERS

fr

L T P
P ———
]

is
[
[
[
i

Frgure 3. (Teftl Mean temperaure anomcdies Fom AS05 da with sindard errors for each cares. (Muddle)
Meganrve Al dndey watk meecn waperanre anomeates from ASOS  (Rephidopd Composte wap of mear
peoposeniial Betgir o SO0 Black sodid Snex denote fower quorile foold ovenisy of Nepmove A0 oz el
Blue davh lines dinotes upper qaarile fvarm everas) of Negame A} case. (Right-botiom) Compasiie map of
mean sea fevel presaone onomaiies. (chadmg: Lower quarmle fooid cvers) af Negotree A0 comtorr: smpor
e fwarm menty; af Megatre 400 oase)

— 268 —

Caseselection

Ha Y noojq SsrE(1983-20188
gEsd g chr-_;&:huﬂ'rem ﬂjajglahm
(EMSO}2F Arctic Dscillation (A0)
'IIEI' Azl @ FEED ;ﬂﬁ'ﬂi o2
OiFiegtd dEo| 43 H 25 Fo=A
=De d2E HEclEs.

i 7.4 151
rmmabrs

Avwibd o 0

[P —Y
Lahina =

m G

Frgure I. A schemaic diggram for ietmg
the rafe off A0 ard FNSD e commidiermhion.

References

Song ang Wu [E18). Companson of intracexsaral
Ezct Asian Winter Cold Temperature Anomalies in
Fosfive and  Megathe  Fhoses of the jArchc
Oerllation. Soomal of Geophyuical  Ressarch
At phaanes, 123, 258837,
bt oo 10, GRS RID0RE43

Cheang, H. Thae, W, Mok HY, and Wy M.C
(200 - Relatorship Ural-Sioenan



FACTSHEET

ECMWE 525 Model Prediction skill of ECMWF S25
ECMWF 525 Hindeact® THES MG F dlo® g O A0 75 H=0§ giefM= 2 oFd
Table 1. Congiguraton of ECMWE T, Nino3.AT|Q S £ MAt0] CiSfME O 47 B ojS0lATIR| A4 osolil
Sl e o £ M=HHg UEHY Ao9t ensod] ofn 3 XIYDE MEe ¥ 37 B ofojMTix|
23 gAEH BoiEta, 222 B3 |22 MNegative AD ARIE H232E 47 H
ECMWF H=oid SE ez B 70 FuEE ¥ dSE
Resalution TeIH3I19 L9 s i
Hindcast on the fly | - )
Hindeast Length  1999-2010 g | | |'
Hindeast e
Frequency e &,,'_: R LRiEN o . L
Hindcast Ens 7 | | AL :
Size n g ah . ug - =
Hindcast Version V2018 wl . . '
Figwre 4 {Lofi) Sall of BOMWE o jorecasing the 85T momalics swer Ninod 4 region av o_foncrion af lead time
diwrang winter. The bise dred) e mobiomes PO RASEEL @Rephn) Sal of SCMPT of forecasomy the 47 mder a5 o
Jimcnon of fead’ e durmeg witer. The b fred) fine medoates T Senesen ACATFF Nondozer aod O A0 Tnoex
{permxtence forecast af obsrrvaton of A0 malexk  The black fee refers o TOV berween (O AQ Tnder aned
permimence foreca of observation of A6 make:
Bl Mina = Posithee A0 (EF]
— 3 T g

| |
ol R L s i o

T 0¥ "y e
my  —

b} LW

Rl [l

B bY Towperma s Ararnsien
SE—

i} PA

— soprar  begge bogme bapgw

o 1Y Cemwwer drran
—y —

{d} A

S

s KR Verpemas Srmsier
[ ——

Figure & Mem Im  wmporaace Figure 5 Skl of EOUWT o forecaving the genporental et anomady parern @ 300kPa over 20 007N,
anomaiies from ECMWE Hindear and AE- 120, Nuwmbers an the top right of the panelr mdicose dhe pattern correlations ard the dotted areq dencées
ALOF dara with standard arrors. P5% af confidemce level

+ ECMWE 525 HindcastOld 2F 37 ® 015717 acet ensod o/ 7|2 Heol & UELID 6= Mg 7|20l T 205
v AT L ois0jA Acgt snsOB 8 D33 327t A0S THECE TadE 39 20 e OlsdE LS
v Negatve ADZ Of S1EHE 23 13 4% 7|2 OiS 2 gnuM0|HBE 3

— 269 —



HE C. WMO EJlol2 MEME AXoZSol AFRE HE

e dse €¥ 9 4 ﬁéi%ﬂ e e

A7) Fe =g Ot #ERe 9 2
ABEE dehaTh ACCE 533 BEF Aol sde]l dAvht AARA EHFsE
HEE -1-+1 Aol9l ghg Zom, WeF ACCH} +lolehd o5 At 3HFS ojmch

1}. Root Mean Square Error (RMSE)

ol

PEAFZEARMEE A543 B2 Aolo 9 F Uehlle A==, o Eq. 29} 2ol
AZgel BE gozrH AL oAE oo WET EAFLAE ATow Eds

Hol ASAE ARE 52 AMgHD

N
RMSE= \/L >, (F—0)? )
W=

o] AoA F& d3&gk, O #F #, v, AEE 7leA, We w9 & YHEY i= 7+
AR S @k Wk o5 Anst P A9 RMSEE 0ol k.
t}. Mean Square Skill Score (MSSS)

Mean Square Skill Scorew oS3 #AZAE Atolo] WEA ik, dF
i BESF Atele] AFAH AE 1/}E‘r141h =

oN

FoAAe oA,
ol o Zgto] AA B
= MSSSe| 7+ A grom e

2 olaf 4 AT -wiE +17}A

o]
ol Holdg o ey,

NIV -3
Mo 1o rr JIN'
QL
M
AW
of
¥ 9
o

7Hd = ok MSSSe| gkol 1o 7MhesE o

=
D
o
o

jo] Aske ey e AE T P T

i)
)
rlr
)
X
T
r o
Iy
)
X
in
o2l
r
)

- 270 —
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e

Table C1. 3x3 contingency table.

Forecast
Below Near Above Total
Below nii net n31 neit
Observation Near ni2 nee n31 ne?
Above n13 nz3 n33 ne3s
Total nte n2e n3e N

A 2 ARl W@k orel #SS f,9 rE Faonges CR 19 =5 ) ZHE el
M= 5 vt 7 7telngd REse &S
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7}. ROC Curve ¥ Score

e

ROCE Hit rate (HR)®} False alarm rate (FAR) Alole] BxZE 7} StEFEE A4S
agxze)] FHoZ YA Ao Z o B At W17sHR] 7] wEd A Eet=

Table C2. 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)

Table B2: 2% E(Hit Rate)} ©]ZZFE(False alarm rate)o] thd E3 #% (Contingency
table)o]tt. ROC&= 0~19] ks 7FA1a, @¥sk ox® o uwf HR=1, FAR=0, M(missing)=0,
F(false)=0 #& 7}dth ROC %412 HR3} FAR Alole] Exxg 7 &5 ¥R F g
Arsted 3 ggize] FA oz Yeldth HR=10]12 FAR=0¥ w7} 983 o rolmg ROC
Aol S Ao g Jto] XS FE AHY £ Fo] Fra & F Jo tigAAS
skill %o AAHNCE thzA ofjZoz ROC FAMo] $X|shwl FARZE HRETH AA =z
Ar £ FHo| "WoFs oustal FAdo] thiFd el AX|std 72 B gE5EHE HRS

J

FAR7} L322 o B FHo] gty AHE3th ROCe 4 ofge] HA & Fole o =49
Aeg2 A3 o]& ROC scoregtal shar, §HsE oY 79 ROC scores= 1o]al, o R Q]

71%€0] 912 %2 ROC scorex= 0.50]t}.

L}. Reliability Diagram

Reliability Diagram <}®.o] A =& A= A2 44719 7HH g2 E/7E 2T EF
A2 oW EZE LA NIEE FA4s AHHS SN A Ze Folxl o Ei FEo]
AAZ drp AF dojus THE dolEE ] fsliAeE R
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Alzdle] AR =7 BAE ot sHAIRE AlF Thal s A REEA] oRe] s rrh
FopA= AL ofdt. ¥ R W I < ztet A E 19 Reliability
Diagram)®] 7}2%2 &2 & 718 122/(0.0~L0)°]™, MZ25LS 7+ sielaeld A4 #3532
olWlES BEoltt. Yz AE BE JHEH A WolA HAE WA or BE ol
3k Zztel i & JhH oA HAA"E FE o vlolt. gl teers a4y
dSAgel ZHga, mAAEG & deues Adeoe AddS @ Aola tiAAREG
ofgfZo] Vet Agos #fadS F Aolth

- 273 —



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

Brier scorex= && oK BT A= M gy AHEHE Aotk BSe oo 4w
Zo]l & oxE AT HFI F=XE 1 A FHE(Reliability), 2) &= (Resolution), 3)
]

B4 d@uncertainty)®] 37FA] o2 o] FojXt}. BSel WM& 094 lojth. ®EeF A HI}
gusithd 0o ge JhAM, duel FRyel werE T ge pEth AHEE ol
Aers 23 BRAL go] T4 Frh BRUAL B o G2 AN o Fo] Je
A3 AABGE Ae Al Brhssh
1< — 1 &, — -
Brier Score(BS) = EZNL(%*OZ)Q — EENZ(OF 0P+ o(1—0) (13)
k=i k=i
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http://www.wmolc.org

25 E. WMO #7|0lE M HME QIREE AL AF
3 Ao
O 2 % =5
O & 2 : WMO A7|dr A=AE FHo]A] AR oA 9 a7l 338t
A{A Aulx 2 Ay Moz A8 583 Aul2E AFsr] A5
O 7] %k :2019. 9. 1~11. 30 (F 37§¥)
O o & :WMO Z7]di A=AE o)A AHEA (M3 23
O % W :WMO Z7]d & A=AE oA s 3 A4 4&
O & F: Foo|A A2 FIVEE 983) <HAUE : 8d F=>
O % 7} TSR FES7H AR 34 % 1009 7EoE

Thank you for using our WMO LC-LRFMME website.

The LC-LRFMME is jointly organized and operated by the Korea Meteorological
Administration (KMA) and NOAA/NCEP. It provides high-quality climate
prediction products and develops advanced climate prediction technology, which
is contributing to the reduction of the adverse impacts of abnormal climate.

(&) As a part of our ongoing efforts to provide better services, we are
conducting a simple survey on our website. In this regard, we would appreciate
it if you can take a few moments to fill in the survey form below.

(0|H|Y wAIR) As a part of our ongoing efforts to provide better services, we are
conducting a simple survey on our website. In this regard, we would appreciate
it if you would take a few moments to visit our website (www.wmolc.org) and fill

in the survey form.

Q1. Are you a member of our WMO LC-LRFMME website?
1) Yes 2) No

Q2. Which organisation do you belong to/which organisation are you involved in?

(select all that apply)

1) WMO Global Producing Centres (GPCs) for Long Range Forecasts (LRF)

2) National Hydrological and Meteorological Services (NHMS)
3) WMO Regional Climate Centre (RCC)

4) Regional Climate Outlook Forum (RCOF)

5) Other associated organisation (please provide details)
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Q3. How often do you visit our website?

1) more than 12 times a year (at least once a month)
2) 4~12 times (at least once a season)

3) 1~3 times (at least once a year)

4) once in a while

Q4. What is your major purpose of using the forecast information from the WMO LC-LRFMME?
1) use as essential information for operational long range forecast

2) use as reference information for operational long range forecast

3) use for research data for long range forecast

4) others (please describe)

QS. Which data do you prefer from WMO LC-LRFMME? (select all that apply for each item)
1) data type
[] forecast [] hindcast [] verification
2) data form
[] digital data [ ] graphic [] climate indices
3) data format
[ ] GRIB1 [ GRIB2 [] NetCDF
4) prediction model
[] individual forecast [ 1| DMME [ PMME
5) prediction period
[] 1-month prediction [] 3-month prediction [] 6-month prediction
6) variable
[] 2m temperature [] precipitation [] 500hPa GPH
[ ] 850hPa temperature [ | mean sea level pressure  [] sea surface temperature

Q6. Overall, how satisfied have you been with the WMO LC-LRFMME website? Please rate it.

7 6 5 4 3 2 1

very satisfactory neutral very unsatisfactory

Q7. Which item(s) do you think need to be improved in WMO LC-LRFMME? (select all that apply)
1) increase in temporal resolution
[Example: subseasonal prediction (2 weeks to 2 months, weekly), etc.]
2) increase in spatial resolution [Example: 2.5°x2.5° — 1°x1°]
3) improvement of service speed [Example: data downloading, plotting, etc.]
4) update of user guide
5) others (please provide details)

Q8. Which variable(s) would you like to be added to WMO LC-LRFMME? (select all that apply)

¥ current available variables : 2m temp., precipitation, 500hPa GPH, 850hPa temp., mean sea level
pressure, sea surface temperature

1) 200hPa GPH
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2) 850hPa GPH

3) 500hPa temperature

4) 850hPa wind

5) 200hPa wind

6) other (please provide details)

Q9. (optional) Do you have any suggestions for improvements of the WMO LC-LRFMME
homepage or any other comments? If you have any ideas, please describe in detail.

(Thank you for participating in the survey. Please let us know if you have any additional questions or comments.
Ic__Irfmme@korea.kr)
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FAAE 115% 2 A=,
- 71EF 7132 ol 2o

1)  University, WMO

Research Center, Weather company,
T AAA A FA &), Bank 55

(World Meteorological

Organization,

A A 717717,

WFP (World Food Programme,

T2 olel(H) H & (%)
WMO Global Producing Centres(GPCs) for Long %0 s
Range Forecasts(LRF) '
National Hydrological and Meteorological
79 38
Services(NHMS)
WMO Regional Climate Centre(RCC) 35 16.8
Regional Climate Outlook Forum(RCOF) 40 19.2
! 24 115
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Organisation of survey participants

Other _ Other, 11.5%
e | .
cce I .+

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0%

O FFo|A WE F7] (FEAY E7)
- WMO #A7]di A=AME EdoAg driyg A5 HJ%@}{—ﬂoﬂ oe gwos
slto] Sk o]t HF 5_51.1:].%

ALEE FHAE

°
1
Ne)
o
O\O
il
N
4
02i
&a
r\o
]o
NG
N
of
ol
8
(o
ﬁ

‘*]Ei iﬂlolxla 74]7,‘4_ £E 3 %01] Cidil Ol’% FEgt

S|
=
= 3 2 ﬁi}‘ﬂd 01’“ WMO %‘ﬂoﬂi A *JH oA E

RSt SH3 Ao HlE] & oA WHE F7]7} #olR.

T& 213 (H) H| 2 (%)
more than 12/year (at least once a month) 85 59.9
4~12/year (at least once a season) 23 16.2
1~3/year (at least once a year) 15 10.6
once in a while 19 134
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70

50 -

23

20 - 15

10

more than 12 times a year 4~12 times a year 1~3 times a year
(at least once amonth]  (atleast once a season) (at least once a year)

0 A% AE BH (FBAY W

Once in a while

is

- WMO A7|dE AZAEA Aistes AEE Y A7|dEd TFARER
Argst . S8 AE FHAAE 4B87%E ZAA “31, I ggoz: Y
A7 B FuAEE 373%, AT ABEE 169%, 7|8 BHoZ Q3= AR
FARE 211%E AAE. DAY 81%7F WMO #Z7]dH A=AE A5E 4
A7) Kol 2 - THAH O E AHEste Ao E e
- JlgRE 1) 2UEHADY o @ A HL 2) A7e 4y AR NS AP
3 A5 Fol WMO #7195 A= Y A57F AAEHI 3.
T ol () H| 2 (%)
essential information of operational long range
62 43.7
forecast
reference information of operational long range
53 373
forecast
research data on long range forecast 24 16.9
7| E} 3 2.1
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70

20

10

Essential information Reference information

O Aoste A% E7 (F5AH 7hs)

Research data

Other

- WMO #A7]dr MEAE ZTHo|A AEAEL forecast ARE 7MA A%
(50.5%)3tL Thx O =2 verification A= (26.0%), hindcast A& (23.5%) To=
A &3
T= olel(H H| £ (%)
forecast 140 50.5
hindcast 65 23.5
verification 72 26.0
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W Forecast
W Hindcast

o Verification

O Azdle A5 7 (THAH 7Ho)

- WMO A7|eE AEAE Fo]#] o] &A= graphic f3° A=E 7M4
AT (43.0%)3t F WAZE 7135 F8 AE (30.0%), UWE}QE digital

8 AZ (275%)F A35E

- 20189 A& ¥ MIE7} graphic 89 AE, digital 8 A5, 7|FAF
73 A5 & old A 2y VFAF 739 A= HIEVF 5

T ol 2l (H) H| & (%)
digital data 73 27.0
graphic 116 43.0
climate indices 81 30.0
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O Azse A 2H (F
- WMO #A7]dr A%

=

B

Al

Total (270)

B Graphic

Bl FHolA] AHl2~ wER 2A

B Digital data

 Climate indices

A oz T o
53.6%7F NetCDF ®FEj9] AZE 7M 4lZskal, GRIB1 (21.5%), GRIB2(24.9%)
T£o 2 M3k

TE ol &l(%) 4| & (%)
GRIB1 45 21.5

GRIB2 52 24.9
NetCDF 112 53.6

— 287 —



Total (209)

H GRIB1
B GRIB2

= MetCDF

Azshe dZ 43 (3349 7))
7H 2o 41.0%9) WMO A7|dxr AZAE EH oA o]&47F PMME 4=
A5E Aaa, AERIAE} DMME AEE 242 302%, 288%9] HA3=E
B
-2 olel(H) H| 2 (%)
individual forecast 89 30.2
Deterministic MME 85 28.8
121 41.0

Probabilistic MME
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Total (295)

W Individual Forecast
m Deterministic MME

1 Probabilistic MME

O A&sh= o= 7|17 (54 7hs)
- 7 434%, 363%°] WMO #A7|dr AzAlE EdHo|A ALgAREo] 3714

dEAget 1Y dSAEE M A5, YA 203%= 671 dSASE
X 58
25 ol 2l(%) 4l & (%)
1-month 102 36.3
3-month 122 434
6-month o7 203
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Total (281)

¥ 1 Month
3 Month
= 6 Month

Hel 20189 HIE]  FAAL

20164 20174 20184 20194
(") | H2(%) | AA(H) | H2(%) | AA(H) | H2(%) | AA(H) | BI2(%)
329 11 208 50 342 46 324
329 19 3538 47 322 44 31.0
243 12 26 27 185 32 225
10.0 8 15.1 18 12.3 19 134
0.0 1 19 3 2.1 0 0
0.0 1 19 0 0.0 1 0.7
0.0 1 19 1 0.7 0 0
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40%

36%

2016

ET2017
2018

| 2019

AZAEAA AR e FEe
7zt 334%9F 344%% 7}0 B2

|2 &% Z77) 16.2%, AHEA7Fol = o] EV} 13.8% S X}X] gt.
- 201893 FLSA WMO A7]dr AEAlE FH oA AHEAE WMO
ZA71dr A=AY oA A AXtYE IR E S A
MAERNCH ot FEOE FUS
-31%9 7189 Ae & 2
TE ol #(H) H| & (%)
ANzZbal & Et 97 33.4
St Bt 97 34.4
MH|AEZE BTt 47 16.2
ALEAE7HO| = o] £ 40 13.8
7| e 9 3.1
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Total (290)

B Increase in temporal resolution
H Increase in spatial resolution

= Improvement of service speed
B Update of user guide

H Other

O F7HAQl W (F5AH 7Hs)

- WMO A7]di A=Ay FHolA] AHgASol F7b AFslF7|E HiEke
HTE Maximum & Minimum Temperature, 850 hPa HFgo] 27.2%, 19.2% %
M =2 HE&S AAF o]ojA 200hPa HFE, 850 hPa A% 83 200
hPa AL=7F 247 174%, 123%, 120%2 1 HE o3, 500 hPa
Temperature’} 9.6% 5 A2 3.

- 8.0%%] 71EFH S ofg ot .

1) Velocity Potential Anomaly at 200hpa-800hpa
2) Wind speed and gust, runoff, radiation
3) Stability index
4) Stream function & velocity potential

)

5) Divergence & potential velocity
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Sl olal(H) H| 2 (%)

7200 40 120

7850 41 12.3

T500 32 9.6

U850 64 19.2

U200 58 17.4
TMAX a& TMIN 91 21.2

- 8 2.4

Total (334)
® 200hPa GPH
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= 850hPa GPH

m 500hPa Temperature
E 850hPa Wind

H 200hPa Wind

= TMAXETMIN

m Other




F7F AR EE 7

If possible to allow the access free for all information

comparing to results of other organizations on the same webpage

NO, That I think good

Pinpoint seasonal forecast (user a friendly user interface as google map)

Good work, add administrative boundaries

good for our reference

Increase grid resolution develop region specific verification develop country
specific verification

The reference periods of the global data sets are not the same. Therefore, it is
difficult to compare anomaly data with each other. It would be useful to
prepare the anomaly data for the same reference period and/or to share the
current dataset for the reference periods of the global dataset

use of weighted multi model forecast according to the quality of models

good reference for Long Range prediction

— 294 —



