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Executive Summary

APCC has contributed to the long-range forecast operated in KMA for the last several
years (since 2017). We have continuously improved technical affairs and decision making
process necessary for long-range forecast. In this year, we have tried to improve long-range
forecast through the objective process. The objective process in this year includes the
selection of monitoring factors for seasonal forecast; therefore, we choose the three most
significant monitoring factors for the boreal winter temperature forecast.

To improve the information related to the ENSO in 3-month long range forecast, impact
of the tropical precipitation which act as a oceanic ENSO forcing is investigated. The leading
EOF mode of the precipitation over the tropical Pacific and Indian ocean is a ENSO related
pattern. The seasonal forecast model also reproduce the similar pattern as the observed
mode. However, in the model precipitation, the ENSO related leading mode takes larger ratio
than the observation, also model could not simulate precipitation pattern related to the
intra-seasonal variation. Within the winter season, relationship between ENSO and tropical
precipitation has monthly variation, and the atmospheric responses to the tropical precipitation
is changed depending on the precipitation region and month. The model precipitation has
highly related to the ENSO, and the wave train from the tropical Indo-Pacific to the
mid-latitude East Asia is simulated dominantly throughout the winter season. The model could
not show simulated variations over the Eurasia, which are important impacts during late
winter season in the observation. The results of this study suggest that adding both the
analyzed result associated to the ENSO and precipitation from the observation and
information from the other prediction predictors to the model forecast information is
necessary in the late winter month forecast.

As one of the important monitoring factors for boreal winter temperature prediction, we
analyzed the availability of the index describing austral Eurasian snow cover. The index has
its own increasing trend so that we consider it after detrending. For the early winter, the
seasonal prediction model can reasonably represent the temperature variability induced by the
surface albedo effect. However, for the late winter, the model cannot describe the
tropospheric-stratospheric interaction during the hindcast period. Therefore, we use the
detrended index for a longer observation periods instead of considering its response from the
seasonal model prediction.

We analyzed the usage of Arctic predictors for predicting monthly temperature during
winter, mainly about Arctic sea ice and Arctic vertical distribution. First, we analyzed whether



various autumn Arctic sea ice precusors are still practical and accurate even in consideration
of climate change. Next, in order to replace the less predictable sea ice precusors, the
possibility of utilizing the Arctic vertical temperature distribution, which were presented based
on the last year’ s study, was explored. Then, the predictive performance of the Arctic
vertical temperature distribution event was analyzed in the operational seasonal prediction
model, GloSea6. Through this, we examined whether the model can simulate the Arctic
vertical temperature distribution events and the characteristics of the model related to it.
Finally, based on the research results, we suggested a plan to utilize the predictive
information related to the Arctic at a 3-month outlook.

To improve the accuracy and efficiency of 1-month long range forecasts, we have
objectified the methodology that forecasters use significantly when looking at 1-month long
range forecasts. We examined the potential for improved predictability using these methods.
Drawing inspiration from the method of utilizing the outcomes of the medium range
prediction model for 1-month forecasts, we conducted experiments on various ensemble
selection methods. By using this ensemble selection method, it was shown that if the
ensemble is selected at the +2 week point, the superiority of predictability continues until the
+3 week prediction. The effect of ensemble selection was particularly evident in the
improvement of temperature probability prediction results in the mid-latitude inland region.
Through a comparison with the experiment of randomly selecting ensembles, we showed that
optimal ensemble selection has a more significant effect on improving predictability than
merely doubling the number of ensembles.

In the practice of weekly mean forecast for 1 month in the APCC, it is often observed
that consistency (same anomaly at the same location and same target time) between
consecutively issued recent forecast anomalies were considered as a signal of credibility of
the forecast. Sometimes, extrapolation of tendency of forecast anomaly were attempted due
to reletively small amplitude of ensemble mean forecast after 2-weeks lead time. An attempt
has been made to quantify the consistent tendency and usefulness of its extrapolation. It is
found that extrapolating recent tendency of the forecast anomaly does not guarantee the
improvement of the forecast quality as less than 50% of cases showing consistent tendency
can contribute to reducing forecast error.

The Madden-Julian Oscillation (MJO), a prominent intraseasonal oscillation during the
winter season in equatorial regions, manifests differently in the temperature of East Asia as
it propagates across the major convective centers from the western Indian Ocean to the
tropical Pacific. First, we investigated the influential phase and associated dynamic
mechanisms that exhibit a significant correlation with observed winter temperatures in South
Korea. The large-scale convection occurring near tropical maritime continents can induce a
propagating wave pattern extending from Southeast Asia to the northeast over the course of
a week, creating a teleconnection pattern that affects temperature in South Korea.



Meanwhile, we assessed the simulated performance of phase/temperature skill scores, tropical
convection activity, and associated atmospheric patterns. In particular, we selectively identified
optimal forecast information by considering model-simulated characteristics of MJO amplitude
and the duration of tropical forcing from the +3week forecast.
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2.1 A7 R 43 R A T

2.1.1. APCC &7 % A%
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Figure 2.1. Current APCC 3-month long-range forecast which consist of seasonal prediction
from APCC MME and observation-based monitoring factors.
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Figure 2.2. Current APCC 1-month long-range forecast with various approaches.
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Figure 2.3. Objective seasonal forecast process adapted from WMO.
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NAO-like =

H
He fefrols Aue g5 &3l sokrotdd &S & v AT (An
et al. 2022; Ma et al. 2022). I=<F 7F+2 Aol o3l Park et al. (2023)l4& AW Azt
TRIAAN AL =AE ENSOF EAjotu g7t AAGd Wste] A=k 7t Az A4
< 53 9 =t AA Y.
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Figure 3.1. Regression of (left) sea surface temperature anomalies and (right)
precipitation anomalies with respect to the Korea temperature in December, January,
and February. The diagonal indicate statistically significant at 95% confidence level.
(1979/80-2021/22 period)
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Ao AMES A= AEA ASE dl7] W= European Centre for Medium-Range
Weather Forecasts (ECMWE)o| A A &-3}l= reanalysis 5 (ERA5) A& E ALE3IAT W &
S(Sea surface temperature; SST)®} 7+ A&+ National Oceanic and Atmospheric
Administration (NOAA)ell 4] #|-&3}= Extended Reconstructed Sea Surface Temperature
(ERSST) V5, Global Precipitation Climatology Project (GPCP) version 2.3 At5E AF-&3}% T}

2d z2ts o= 713 d9 AA o3 AHEEHI = Global Seasonal forecasting
system version 6 (GloSea6) EH2] #IA AAAZTE AFESIAT. Ao F8 HE - X4
o= 2d 5o B4 7|7te] @E AolE AW EY] 98 GloSea6 Rt} 71 717te] A=7F Q)
+ ECMWF Aldd = =d (ECMWF SEAS5.1) A AdAs (1981/821d3~2015/16\d) =3+ A&
HAgh 2d 7 BAo= 19 A3 o =(lead-1month) A& E A&}t

B4 717k 29 259 7)zke] AUlHeE #u 5 7|ztel FAFHAY] wEel, 11 7]
G BFoA e SAS AYEY] 9l Ao F8 HE RE E4ds 35 AR
o] F& 71U 1979/80 F-E] 2021/22@& A3t BH Azl e 7|Ttel HEiAE &
43 E4e A&l vwsdeh 1 gre] E4oe Bl A5 Hu s Hs) a3 22 73t
91 1993/94\d H-E] 2015/16W37kA] A5 ES AFE3IA T

A5 &4 WHoE FA4F B4, IAEA, 434 Augs &4 (Empirical Orthogonal
Function; EOF) 59 SAEA Wro] AHEHAUT @A &AM AHEE Iy gt
3= Nino3.4 A9 12€~2€(DJF) HolA 058 7|Fo2 FESIH. Ninodd AF+=
170W-120W, 5S-5N 3 dld &% AAZE Fsud. 7F&4 10D sl= 10D A9 9
L~119(SON) HitollA +0.5 TFHAE 7|Fo2 ko 10D sfet <2 IOD sz FE3IH T
IOD A& AJEYH FAEY &iad 25 HAe Aol (SST(B0-70E, 10S-10N) -
SST(90-110E, 10S-0S)) 3}t

of

F8 HE R AWE7] 98 A5 A= EOF

} 9oz, E4
C M L
1979/801d-2021/22'd AR E AF&3IH 3L, AEE DIFIA 522 Yelys F9 WS 4
B Sel ALH A3 3% (12971 9=32(129,19,29) x 43d(1979/8011-2021/22:3)) A =]
EOF #4& 83ttt

maritime continent Aol <7} A= 180EE FAHo=2 7t S}
T AEoR Yrtde HAA WEe of 2% AAAT. A WA =
7}

Component (PC) A|AIE-L 12€, 1¢¥, 2¢¥ #AH Uelgteon, AA <L
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Figure 3.2. The spatial pattern and the corresponding principal component time
series of the first three EOF modes for the winter precipitation anomalies during
1979/80-2021/22 period.
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Figure 3.3. As in Figure 3.2, but for 1993/94-2015/16 period.
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Figure 3.4. The latitude (5S-5N) average
of the spatial pattern of the first three
EOF modes for the winter precipitation
anomalies. EOF analysis is applied to the
(red) Dec, (green) Jan, (blue) Feb, (gray)
DJF average, and (yellow) consecutive
winter three month.
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Figure 3.5. Regression of (a) (shading) 500hPa and (contour) 200hPa geopotential
height anomalies, (b) (shading) 2m temperature and (contour) sea level pressure
anomalies, (c) sea surface temperature anomalies, and (d) precipitation anomalies
with respect to PCl time series in December. The diagonal and dot indicate
statistically significant at 95% confidence level.
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Reg. PRCP PC1 (JAN)
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Figure 3.6. As in Figure 3.5, but for January.
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Figure 3.7. As in Figure 3.5, but for February.
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(a) EOF1 (43.53%)

(b) PC1
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Figure 3.8. As in Figure 3.2, but for GloSea6 model precipitation during

1993/94-2015/16.

Table 3.1. Correlation coefficient of the EOF PC time series
between  observation and model  precipitation  during
1993/94-2015/16. The asterisk indicates statistically significant at
95% confidence level.

Corr. Dec Jan Feb
PC1 0.96" 0.96" 0.92
pC2 0.80" 0.89" 0.78
PC3 0.53" 0.19 0.20
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Figure 3.9. Scatter plots between the amplitude of Nino3.4 index and
pattern correlation coefficients of the observation and model precipitation
anomalies over the tropical ocean (50-220E, 20S-20N). Light pink (cyan) dot
indicates positive (negative) Nino3.4 index.
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Figure 3.10. Correlation  coefficients
between observation and model for each
precipitation area. Pink is western Indian
ocean (50-80E, 10S-10N), yellow is Bay
of Bengal and south China sea (80-120E,
0-15N), blue is western  Pacific
(120-150E, 0-15N), purple 1is central
Pacific (160-190E, 10S-10N).
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Figure 3.11. As in Figure 3.10, but for
normalized root mean square error.
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Cor. with Prcp / Obs.
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Figure  3.12. Correlation  coefficients
between tropical precipitation and (bar)
wave-train index (W-T), and (dot) Nino3.4
index. The diagonal and circle line indicate
statistically significant at 95% confidence
level.

Cor. with Prcp / GS6
1.0 ' : :

0.8 =
0.6 - E
0.4 .

0.2 n

0.0 T T T T
wlO BsC wP cP

Figure 3.13. As in Figure 3.12, but for
GloSea6 model.
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Reg. 200hPa SF & WAF onto wlO.Pr/ DEC

Reg. 200hPa SF & WAF onto wlO Pr/ DEC GS6
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Figure 3.14. Regression of 200hPa (shading) stream function and (vector) wave activity flux
with respect to precipitation over the (top) western Indian ocean, (middle) western Pacific,
(bottom) and central Pacific in December. Left panels are for the observation, and right
panels are for GloSea6 model.
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Figure 3.15. As in Figure 3.14, but for January.
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Figure 3.16. As in Figure 3.14, but for February.
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Figure 3.17. Correlation coefficient between
(pink) Nino3.4 index and wave-train index,
(yellow) wave-train index and 500hPa
geopoteneial height over the Korean
Peninsula, (blue) western north Pacific
anticyclone and sea level pressure over the
Korean Peninsula. Bar indicate coefficient
during 1993/94-2015/16, and dot indicate
coefficient during 1979/80-2021/22 period.
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wave-train wave-train
Low-level Low-level
AC over KR AC over KR
Anticyclonic Anticyclonic
cir.over KR cir.overKR
(z500) (z500)
Figure 3.19. Schematic diagram of the relations between ENSO related

precipitation, wave train from tropics to mid-latitude, anticyclonic circulation over
the Korean peninsula, and western north Pacific anticyclone. (a) is observation,
and (b) is GloSea6 model. Thickness of the line indicate strength of the relation.
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Figure 3.20. Plots of the (a) Dec, (b) Jan, and (c) Feb Korean

temperature anomalies according to the El Nino and La Nina years.
Pink, blue, and black dots indicate El Nino with positive 10D, La
Nina with negative I0OD, and El Nino and La Nina without IOD years,
respectively.
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Figure 3.21. Scatter plots between 500hPa geopotential height around the
Korean peninsula and wave-train index for (left) observation and (right)
model. Triangle and square indicate El Nino and La Nina years. Red and
green dots indicate El Nino with IOD and La Nina without IOD vyears,
respectively. Triangle and square with thick from

1993/94-2015/16 (model hindcast) period.
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El Nino Compo. (DEC) El Nino Compo. (DEC) GS6
(a) Z500 & Z200 (d) Z500 & Z200

GON === e ' _ - 90N
60N 60N
30N 30N 4
0 0
308 =N L g0s JEREAET
0 60E  120E 180  120W  60W 0 0 60E  120E 180  120W  60W 0
T — T —
50 -40 -30 -20 -10 O 10 20 30 40 50 50 -40 -30 -20 -10 O 10 20 30 40 50
(b) T2m & SLP (¢) T2m & SLP
. : o et . . .. . ‘
e
60N f= . 60N +
30N 30N
0 0
308 +A& 308 4
(fy PRCP & SST
90N N e
60N 55 6ON {2
; g -
30N 30N
0 0 {1 ,
30S 305 Aot iRl O T i ]y
0 60E  120E 180  120W  60W 0
T —
27 18 08 0 08 18 27 27 -18 08 0 08 18 27

Figure 3.22. Composite maps of the (a,d) (shading) 500hPa and (contour) 200hPa
geopotential height anomalies, (b,e) (shading) 2m temperature and (contour) sea level
pressure anomalies, and (c,f) (shading) precipitation and (contour) sea surface
temperature anomalies for the December El Nino years. Left panels are for the
observation, and right panels are for GloSea6 model.

(b) Com. VP 200 & 850 / EI Nino (DEC) GS6
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Figure 3.23. Composite maps of the (shading) 200hPa and (contour) 850hPa velocity
potential anomalies for the December El Nino years. Left panel is for the observation,
and right panel is for GloSea6 model.
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Figure 3.24. As in Figure 3.22, but for January El Nino with positive IOD years.
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Figure 3.25. As in Figure 3.22, but for January La Nina without IOD years.
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3.2.1. Ao €Y EA
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T TEY AaE AMESIAY (https://ncei.noaa.gov/data/snow-cover-extent/access;
https://climate.rutgers.edu/snowcover/docs.php?target=datareq, Robinson et al. 2012) . ¢] A5+
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Figure 3.26. Climatological distribution (contours) and interannual variability (shadings) of snow
cover in Eurasian Continent in October~January for the 42 years (1980-2022).
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Figure 3.27. Correlations (shadings) and regressions (contours) of snow cover in Eurasian
Continent with snow cover, short wave radiation (ssr), longwave radiation+sensible heat
flux+latent heat flux(str+sshf+slhf) and 2-m temperature (t2m) in October for the 42 years
(1980-2022).
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Figure 3.28. Correlations (shadings) and regressions (contours) of snow cover in Eurasian
Continent with snow cover, short wave radiation (ssr), longwave radiation+sensible heat

flux+latent heat flux(str+sshf+slhf) and 2-m temperature (t2m) in November for the 42 years
(1980-2022).
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Figure 3.29. Time-series of SPIDX from 1980 to 2022, Note that the
deficiton of SPIDX is given in the text.
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Table 3.2. Selected years based on the SPIDX for different composite cases

Type of years Selected years
SPIDX > 0.7 2009, 2011, 2012, 2014, 2015, 2016, 2018
1980, 1983, 1986, 1987, 1988, 1990, 1991, 1992, 1993, 1997,
SPIDX > -0.7
1998, 2021
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Figure 3.30. Monthly temperature observation from KMA(Korea Meteorological Administration)
over the Korean Peninsula.
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slH 7] S(sea level pressure)oll 3] Aol A2 Azoltt. &3 Figure 3.33% Figure 3.34& v}

A W o g Z}zho] SPIDXe)| thsf 2m 7]-2(temperature)ol] 3] Ao A& Aot} o] F %

J¥o2HE 108 £ £59 AFHol ti7] vhge pA = FFES 24 #H(thermal
§l

o 4

perspective)oll Al 4w Bz} skl SPIDXe] A¥FAE-S I A9 fWr|de <9 AAE
Oha oftA| BojsteE Ae & 4 Utk 53] o83k A3 11¥€~12¢0 2 AL FH
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Zolth. oeh FH€S ¢ulEe wEgE #7] o olgd ades AL H3Eo UE

= As B F Jdoh. IHNA B vie} Zo], SPIDXY AdHS =x3het F9o xFEHA
UE ASE Nudes u F=o zol= By =A% SPIDXe A& £33 A -$(Figure

7144

Figure 3.34).

24 16 -0.8 0 0.8 16 24
Figure 3.31. Regressed sea level pressure onto the SPIDX (with trend) in
October. From left to the right, November, December in the same year, and
January and February in the next year.
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Regressed SLP (Detrended)

JAN

2.4 -1.6 -0.8 0 08 16 2.4

Figure 3.32. Regressed sea level pressure onto the SPIDX (without trend) in
October. From left to the right, November, December in the same year, and
January and February in the next year.

Regressed T2M

-1.2 -0.8 -0.4 0 0.4 0.8 1.2

Figure 3.33. Regressed 2m temperature onto the SPIDX (with trend) in
October. From left to the right, November, December in the same year, and
January and February in the next year.

Regressed T2M (Detrended)

[ T T .
12 08 -04 0 04 08 12

Figure 3.34. Regressed 2m temperature onto the SPIDX (without trend) in
October. From left to the right, November, December in the same year, and
January and February in the next year.
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A o= AL & = vt (Figure 3.373% Figure 3.38). o]+ 10¥ ¥4Y¢Y &% =7} Ao &
g0l & F9YT T3S d7IEdAtole] BA(ES] AX)o ¥stE 2ddtes Ae 9
ey, A5 FHY 29 AP S X3 AREE W] F/ESH AAE s A

-6 -4 -2 0 2
Figure 3.35. Regressed 20hPa zonal wind onto the SPIDX (with trend) in
October. From left to the right, November, December in the same year, and
January and February in the next year.
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Regressed U20 (Detrended)

Figure 3.36. Regressed 20hPa zonal wind onto the SPIDX (without trend)
in October. From left to the right, November, December in the same
year, and January and February in the next year.

Regressed Z500

Figure 3.37. Regressed 500hPa geopotential height onto the SPIDX (with
trend) in October. From left to the right, November, December in the
same year, and January and February in the next year.

Regressed Z500 (Detrended)

Figure 3.38. Regressed 500hPa geopotential height onto the SPIDX (without
trend) in October. From left to the right, November, December in the same
year, and January and February in the next year.
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Figure 3.39. Regressed zonal wind (shadings), EP-flux (vector),
and divergence of flux (contour) onto the SPIDX (without
trend) in October. From left to the right, November,
December in the same year, and January and February in the
next year.
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Figure 3.40. Regressed zonal wind (shadings), EP-flux (vector),
and divergence of flux (contour) onto the SPIDX (with trend) in
October. From left to the right, November, December in the
same year, and January and February in the next year.
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SNSR Zonal mean (30-150E)
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Figure 3.41. Zonal mean (30-150E) short-wave radiation
flux in October (blue) and November (red); (solid) with
trend, and (dashed) without trend.
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Figure 3.42. Zonal mean (30-150E) long-wave radiation
flux in October (blue) and November (red); (solid) with
trend, and (dashed) without trend.
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Figure 3.43. Meridional mean (25-60E) short-wave radiation
flux in October (blue) and November (red); (solid) with
trend, and (dashed) without trend.
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SNTR Meridional mean (25-60N)
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Figure 3.44. Meridional mean (25-60E) long-wave
radiation flux in October (blue) and November (red);
(solid) with trend, and (dashed) without trend.
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Figure 3.45. Areal mean (50-80N, 60-120N) of sea
level pressure in November (blue) and December
(black); (dashed) with trend, (solid) without trend.
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Figure 3.46. Areal mean (30-50N, 100-130N) of 2m
temperature in November (blue) and December (black);
(dashed) with trend, (solid) without trend.
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A Ay B oukel o), 108 £9Y SE I AFE e AAsta 2o dig ieE 2
ofof Ftt. Figure 3.47+ A S AT 102 ol =€ £5 AAE S et ¢
A Figure 3290014 yehd HZo] Q@9 £x9 A3 71 Aol BWol FsfiAa, dAvsA
ol Zeixl Ae & F At frEbol wHY £59 BIEFEE AADES W, 3] dx U=
=8, 94 ol&AQl BAE AA vt 7123 AdBEHeA dotrr] s dF AAA

(FFHaE +£0.6)¢] SPIDX] sl A=E 483ttt (Table 3.3).

SPIDX(OCT), Detrended
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Figure 3.47. Time-series of detrended SPIDX from 1980 to 2022,
Note that the deficiton of SPIDX is given in the text.

Table 3.3. Selected years based on the SPIDX for different composite cases

Type of years Selected years
SPIDX > 0.6 1981, 1984, 1989, 1995, 2009, 2011, 2012, 2014, 2016
SPIDX > -0.6 1987, 1991, 1992, 1998, 2013, 2020, 2021
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e YeEAT (Figure 3.48). AA #ASgke] £X & HH, AFPE AA & %, FdRo w
£ dle AE 2571 @& Aol fAsta, Bt =¥ 3= AR AZH 7|20 &
Aol FAITS & Atk olE3 ARERE, 10¥ FepAot v€Y 58 fduE A
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1GR4/1G85 -0.3 -31 -0.3 199171562 = v 13 -0.3

1989/1590 1.3 -141 21 1992/1993 11 -0.4 0.3

1995/1996 A7 -0.4 -23 1998/1999 14 0.9 0.2

Z009/2010 0.5 -13 0.8 201372014 0 11 3.1

2011/2012 0.8 -0.6 23 2020202t -0.7 -0.2 0.
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Figure 3.48. Monthly temperature observation from KMA(Korea Meteorological
Administration) over the Korean Peninsula.
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Comp.Diff. SCE (Detrended)
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Figure 3.49. Composite difference of snow cover over Eurasia. From left to
the right, November, December in the same year, and January and
February in the next year.
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Comp.Diff. U20 (Detrended)

Figure 3.50. Composite difference of 20hPa zonal windr. From left to the
right, November, December in the same year, and January and February
in the next year.

Comp.Diff. Z500 (Detrended)

Figure 3.51. Composite difference of 500hPa geopotential height. From left
to the right, November, December in the same vyear, and January and
February in the next year.

Comp.Diff. SLP (Detrended)

Figure 3.52. Composite difference of sea level pressure. From left to the
right, November, December in the same year, and January and February in
the next year.
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Comp.Diff. T2M (Detrended)

2.4 -1.6 -0.8 0.8
Figure 3.53. Composite difference of 2m temperature. From left to the right,
November, December in the same year, and January and February in the next
year.
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Figure 3.54. Composite difference of EP-flux and
divergence. From left to the right, November, December
in the same year, and January and February in the next
year.
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SNSR (Detrended) Zonal mean (30-150N)

6.0
3.0

0.0

-3.0
-6.0

'9.0 T I T I T I T I T

25N 35N 45N 55N 65N 75N
Figure 3.55. Zonal mean (30-150E) short-wave radiation flux
in November (red) and December (blue).
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Figure 3.56. Zonal mean (30-150E) long-wave radiation flux
in November (red) and December (blue).
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Figure 3.57. Time-series of SPIDX from 1993 to 2016, Note
that the deficiton of SPIDX is given in the text.

_55_



SPIDX(OCT), Detrended
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Figure 3.58. Time-series of detrended SPIDX from 1993 to
2016, Note that the deficiton of SPIDX is given in the
text.
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o X = Zlo] YEbh A ¥ HoRo|, AFdEE 9T EH7] e EH7] o}%—gl Hh-&-
of Hl3} SPIDXe| o3 W3yl oS AA vehdt =9l oF albedo 712 AAYWFS
29 heat flux7} 78l x 3L o)A o] stationary Rossby waveE Elal AZWeko 2 Auxo] AL
A AFd SANES GFATIE 2ol & vUeidt dAFERDCAE olHd AF5dE A vty
o] ¢fsle} #Zol HlE) oS A A YEUeE Ae & F UL 3 o
A7MA BF fARHA debd . metbA SH00Y) FEkAlol FEY S5V mESS ASA
+(negative)®] AO(Arctic Oscillation)-like jE¥lo] Z3== Ao #S53 md BT
um, I AES 2doA ¢S A vEhd T

o

ERAS5: Regressed U20 (Detrended)

Figure 3.59. Regressed 20hPa zonal wind onto the observed SPIDX (without trend) in
October. From left to the right, November, December in the same vyear, and
January and February in the next year.
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GS6: Regressed U20 (Detrended)

Figure 3.60. Regressed 20hPa zonal wind from GloSea6 onto the observed SPIDX
(without trend) in October. From left to the right, November, December in the same
year, and January and February in the next year.

Figure 3.61¢} Figure 3.62v& #5 +F99 <5o| wE 500hPa A]9] 31 %(geopotential
height) RE-8-& Uehdth dA] 2902 Holxl ggror}, oAl 4AuE uie}l o] 241de] 3A
A% F2Y £59 A AFAH S G A, w2 Qg 437, 93ty #AAE
ok A &= Aol UetRTh 7FeE fefAlol #8999 S5 w23 A-ste] ALH FHYCl ¥
S o, 500hPa A=A 3k 2 HAAE HolH, o= t7] 5G| 713} barotropic
5

3t AAS K ItKFigure 3.633 Figure 3.64). ©]# 3 7

ot
rlo

119129717 Fela Uepd
oo, 19-299 =ALNE ERY A% 9%E BAE F UehlA ahed, ot
500hPae] A91= 9 7] 352 i gl = =5 Yephdo.

riy

ERAS: Regressed Z500 (Detrended)

|
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Figure 3.61. Regressed 500hPa geopotential height the observed SPIDX (without
trend) in October. From left to the right, November, December in the same year,
and January and February in the next year.
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GS6: Regressed Z500 (Detrended)
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Figure 3.62. Regressed 500hPa geopotential height from GloSea6 the observed
SPIDX (without trend) in October. From left to the right, November,
December in the same year, and January and February in the next year.

ERAS5: Regressed SLP (Detrended)
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Figure 3.63. Regressed sea level pressure the observed SPIDX (without trend)
in October. From left to the right, November, December in the same year,
and January and February in the next year.

GS6: Regressed SLP (Detrended)
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Figure 3.64. Regressed sea level pressure from GloSea6 the observed SPIDX
(without trend) in October. From left to the right, November, December in
the same year, and January and February in the next year.
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gl &5l =A42(1~29) ] stz o

FARBA A e 109 FekAoh g =
@ golstAl tebdo 2 tly] B35l e

S WA A7 BEelA UehtE 2%

o] #A= Yel A E3ic} (Figure 3.65~3.66). 10¥ w2 SZ7F WEFE 242(11¥€~12
4) =E9Y 9N BotA L, =9 dHlE Sl Y3 7] s & yehdt WY, =94

o % ALA1L-2Y) WFAL 43U BAE F RoJFA Tamg, odle Lol

deste Aoz HAn ty] BEsolAe 53 2doA e thr] whgo] fFARRHE HlE,
AFE 71208 R ZA BdEA vbeided, #5cdMs AL 71 oS dEd R
H, B X T AlZEe] YEA e AoE BRIt

-1.2 -0.8 -0.4 0 0.4 0.8 1.2
Figure 3.65. Regressed 2m temperature the observed SPIDX (without trend) in
October. From left to the right, November, December in the same year, and

January and February in the next year.

GS6: Regressed T2M (Detrended)

-1.2 -0.8 -0.4 0 0.4 0.8 1.2
Figure 3.66. Regressed 2m temperature from GloSea6 the observed SPIDX
(without trend) in October. From left to the right, November, December in the
same year, and January and February in the next year.
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AgH 0T FAANB/ L] AL BEAANEL HY G 7] WSS Ueh
A4, et BAZE A UetA gtk 22 gudt o Aed e dZe 4%
BSAAAAE frebilol U wPY SES AST W 2H AFHS Al T ® o}
Yet, A7 weh el Agsofol g om@th 14 YR AZANE ono] BE
& o), 119-1299) 2ALolE w9 Bulzo] W A v)7] W] okaA wejHE 7
gol glonz 2AL 71& 952 g8 108 TRYSE BSANE wosld, v Suct
i cold 871 BAE S olno] Egol B lolth W, 19299 RALNE HAAE
2 ORA-4EE 45 BA8 7] F4F wgo] Falo] Uehix etk weka o
ZQgelE 2AS Ve d5e @ W =Eel P RAL Bl /e wg S st
Folalof shm, 938 4712 FHALE BEHARY Fagel ANTHE AL JHBTh ®
@ 2dY YBAAE AAARA Tef 12 AN AAUF A4 IR Aok

w}
o olo ik B A7vh BaF Aok

HAAG7Zol sl BS54 ==
A7 2 YEUA & ol e
D 993 IAFEA &L dir]e] o] Z(noise)
(forcing) 5= WIEHOE =
o] Zpol7} {A-HTHY 3L FFE T, ol Us| ‘ITE]'/‘]O]' EHrr Aed 7
d&S vx9 (Luo and Wang. 2019; Han and Sun, 2018). Figure 3.673} Figure 3.68-2 1] ul3
B, 3A 717bel wel 10€ w299 59 11€9~12¢€ #9992 Wyt ofgA &8 Yyehd=
x] E. /\ O]q_

rfo
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Corr. SCE & SPIDX (1980-2021)
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Figure 3.67. Correlation of snow cover in
(top) November and (bottom) December
with SPIDX in October from 1980 to 2021.
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Corr. SCE & SPIDX (1993-2016)
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Figure 3.68. Correlation of snow cover in
(top) November and (bottom) December with
SPIDX in October from 1993 to 2016.
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Figure 3.69. Schematic diagram summarizing how to use
snow cover speed index in Eurasian continent as a
monitoring factor for winter temperature prediction.



AFAFEo W= FEprof F Y FAYFOo RS FHAY Aol FAWIFO R
heat fluxg 7ststar, o2 sl ASHe FAuEAE <A ZIth o] 2 <I3)| polar vortex7}
oFsf A a1, flux< shdstAl Ak st4ste fluxet 374 59 AO-like Hj®o] YehGal o]&
ghAjo} i/ B FolAlol Ao 7| sy d-EdEAT. 53 AAAA7ZE (Figure 3.68)° o
A 1049 fFEtAlor s =H <Y 5—7—5% 119 fFepAol & AE w993 ¢ 4daA
7F Aot ol A7IZEe] 713t (Figure 3.67) oA+ UetUA Feoh oA 53 B2 A7)
Z @34 1}, hindcast 7]7tol] wE %@, qez #AAVE 29 Uede 29 F9Y dHE F
Aubekel Fulo] xto]E Azbs] E2Zsich Figure 3.6994= ALH $dug 71L& =&
8 10 FeEprlol wHY SE AAE oAE9A &E3oF steAlE foFsdth 2A=1]
1290l = wEA Y3 gz AT HA ZIzel BAIgle]l F vEha, BEEoAx Z
Adstnz 2d oS 2y 2 Zot. ¥, =AS(1E~29)dde FA 7zt wg =9
°‘°ﬂ o tiFd-A435dY %7#]% Atz Eelhes 3, nd oS = o]t %71]7} z
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33. A4 sy 7123 5= siH
331 A= 3wy

Ao ALgH W 2 EE NOAAS National Snow and Ice Data Center (NSIDO)E &3
FREIY. F F M9 W delgE &83t=u, shue Passive Microwave Sea Ice
Concentration, version 4 (G02202) #Zo]al, ©& 3l Sea Ice Index, version 3
(G02135)°]t}. G02202+= sea ice concentration2 NetCDF HE|ES, G02135&= 99 sea ice
area®} sea ice extentE png, GeoTIFF, CSV, Shapefile®] thef3st HEjE A3, F+ A=
BEF A 14 e 9 Ao E b, Jhbgto] o) Z2F 25 km X 25 km 3=

A5 E AT

AREMAEZ = F 3579 ZAE(European Centre for Medium-range Weather Forecasts;
ECMWF)e] ERA5 #A85E SF 3t thHersbach et al. 2020). 1979 d%-El 20213 7kA] 12~2€ 9
EH 1 2m 7], 500hPa 713 A%, 2 - £H b, AUs:E ARE ZESAT
2 FE<Z(Vertically integrated moisture influx, VIMF)& 1000hPac|4 100hPa7}®] 2=
719 BUEE, 72 - 79 vtgs o] &8t 2] 3.7 wet =Sk

1004 Pa
V[Msz (u*q+v*q) [3.1]
1000~ Pa

A 7159 = 2dQl GloSea62e] hindcast= 1993 @FE 2016W@71A] wig 1, 9, 17, 25¢
z7183te] A4bET o] AFAAME AL EF dF J|EXA dig =deo ol
oS4 oHIEd mE tir] wvhE 2 5SS €HE lead-1 439 tiste A5tz
sioh, whEbA 1292 11€ 199, 11€ 9¢, 11€ 17¢9) =718t8d A5 E Hdste AME3H9 L,
197 295 O A 1Y, 99, 17l =713td AE& Bdsted AHEstat

B

=l

2] =
7129 ol E ZFESEtY AES AFE E3AT F AF EF 0505 7o E 31
FE3 FFo] EEF JFERT & A$E Deep Arctic Warming (DAW), 35wk 7|&xHth

2 7$E Shallow Arctic Warming (SAW), &% 7|EXHt =& ZH$E Warming Aloft
(WA, 453 350 BF 7|ERY ¥ F9E No Arctic Warming NOAW)Z A o] 3} H tH(&E

Table 3.4. Categories of arctic vertical warming

DAW SAW WA NOAW
500 hPa temp > 050 < 050 > 0.50 < 0.50
2 m temp > 050 > 050 < 0.5¢0 < 0.50
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LAY ol F9E Wb NI E 55 A sted DAWSE SAW

of Fof the Rde qFHde Rl dFE
o %= (Accuracy, ACC), Heidke Skill Score(HSS), Threat score&
mdeo] fir] ®vkg 54 FES st ddHe de

st AA FFE ek FAHENES T3l AHRUYY. HE =, HSS, Threat scoreol o gk

Al
e o .
Accuracy = hits + correct negatives [3.2]
total
s — (hits + correct negaatives) — (expected correct), ., qom (3.3]
total — (expected correct), ., 1om ’
1 . . .
(expected correct), ,gom = M[(hzts+ misses)(hits + false alarms)+ [3.4]
(correct negatives + misses)(correct negatives + false alarms)
.. . hits
Threat scove(critical successindex) = [3.5]

hits + misses + falsealarms

9 Aol A 2 G olefel

ke
(@3]
Ll
of
:OILL
e
o
¥
%0
o

Table 3.5. Contingency Table

Observed
yes no total
yes hits false alarms | forecast yes
Forecast . correct
no misses , forecast no
negatives
total | observed yes | observed no total
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Figure 3.70. Arctic sea ice precursors introduced in
long-range forecast guidance.
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Uehgtt} (Figure 3.71).
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Figure 3.71. Monthly sea ice concentration change. Light colored
lines are sea ice concentration by vyear, bold purple lines are

climatology mean (1991~2020), and gray shaded areas indicate the
standard deviation of =+ 2¢.

199195 20208744 309 Wdow @ g
JehAth Al Qe A9 20009 2WiAE AL-E-og £ Wd )
gl ol29 RelE Fe sledEd AL

(ol
o
o
oG
P
ol
ol
X
i
o
T
A
s
Do
S
S
S

_66_



Al area monthly anom

1 T T T 1.0
£l 1
4 - 0.5
B =
1 5 0.0
A I [
5 = | = _os
o T IS :
|
2 . e o ST -1.0
oy ok o "}'ﬂ‘\‘bQQO ‘\&u”’ub ")dﬂd\dﬁ‘%
JCHCICUCUCICI B D e S D
A2 area monthly anom
1 T £ 1] = r 1.0
F | | ||
M1 ! Los
il
===
o =
: 2 0.5
N -
M . 1 - — --1.0
9 oD D ) B O o A Y WO SR TS e T TR T, R T SIC IO YO . R
RIS ICIC C I IC I e e B RO R ey
A3 area monthly anom
ST -1.0
F I
L : o5
o
A . Fo.0
A [ |
5 ‘ ! L 0.5
N \ |
P} —— - — — . L 10
OO NN I I DA B DD DA D MG GA DO O D MG EA DDA B DS 6A G0N
IR CR G ICICICICHCIC g e D DO D e S e e e
A4 area monthly anom
LT T 10
4]
" 0.5
i
i
Ia 0.0
i]
a1 | -0.5
3 s
Dq : 1 -1.0
A P P S

R O e e S A e

Figure 3.72. Sea ice concentration anomalies (climatology:
1991~2020)
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Figure 3.73. Schematic diagram of using sea ice precursors
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AAE Figure 3.730 mel o= A FS ol FRBATE SAS=A AHEL=H,
8~99 A3 A9 10¥ A4 A9 0.8~0.99 FAAA7E veEbstar, 109 A4 293 11-12€ Al

A2 A9 247} 0.5~0.6, 0.6~0.72] ZaBA7E dEbst 945 o] d7] Azfetar FHE
2 o] o &AE 1HIAS o AT ATy T 5 JTHAPCC, 2021).

Figure 3.73o w&} 1991Lﬂ ol o] HIAERG AHe w A= syt 7120l
FEEG @de Abge B Ay Bokth(Figure 3.74). SR oS AATF Aed 12, 1, 24
< o= €9 v 7]%01] FE&Fe FTA U A2 FESA Fot ZE dol i3]
7k 7y ALret Ak 12€9 sio]l AJY Atls Bt 73], 193 2¥ol= 747 83 = YEEt
FIE g AdAet YUt AeE ¥ Vs 44 dsAEe W e BT HFE|
oF 50% wWelel HlEE UEuTh & oS AdARA o= o] sl ARE AREIE F2
o g W ARE AREIIE ALdE Hus ¥ TR dF9 HFTE Ford
2ol flom, FdHo® sfo] AW A T At AR AtgelAM fEuEt 7120
BEEG @A yebg S oridn. =, 1991d o] F W d= dAket syl dE 7]
g WEE AdvEd gRE HT =9 AEAAVE gebAa e, ddAs =T
FeuetAl StiFigure 3.75). °lE Fo siWe A HaFATE A5 AR FEAHE
Wl 5+ dee AdsE & ATk

with trend (guidance ver.)

100
A3{Aug)
90 1 Az(Sep)
80 1 Ad4(Oct)
Al(Mov)
s 70 - Al(Dec)
- & AZ(Nov)
AZ(Dec)

a0

40 4
30 T . T
OEC AN FER

Figure 3.74. Percentage of lower than
normal temperature anomaly in South Korea
when the sea ice precursors are lower than
normal
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Figure 3.76. Detrended sea ice concentration anomalies
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AE AAsH] Ak 5 sl A5 ARk vt 42

ofh

GE 712 ztel A4
FHAAE AV EkTH(Figure  3.77). :LFJOHH Azse Aed 48 fFHust 712<S
st 7252 S oS AdAe] A¥ do UElhdith o & 59 AlZSo] 10 7tz 0]
-5ehd Elvet 19 712 a5 iE Al 9€9 e onet= Aotk Iy 9%
a2 AFFAZE =2gE i iyt 7le Ad FEFAE YElesd, 2=
ol A 7Lt vt 71 ForRt FddEAE dEuA et W
AEFAE AAT 49 14yt 712dd disiAds 10-11€ Al 299 st Aol
frejmsiAl yebvar, 24 fEiyet 7120 diside 124 Al A9, 29 A2 A Rz
Aol FevsAl vehdth 124 eyt 720l tisid= 108 A2 Ao, 7-94 A3 A
o1

Al 6~10d A4 A Y sy Aol wolsAl dehdd. a8 wovRk AT
Uetuds 4 2Ast ey Aed sdust e AdAsTE 03-04 AE9
TFELE OAuA w4 (s JAE F5D Wity sl A FdaFAE Qs Y A=
AAe] ol FolE 7l&oF && & F AUth

EE 7120 L ol EE AU HEEA
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Figure 3.77. Time lagged correlation between sea ice precursors and temperature in

South Korea with trend (top) and without trend (bottom). Only significant values are
shown.
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Figure 3.78. Percentage of lower than
normal temperature anomaly in East
Asia when deep Arctic warming (DAW)

gk APCC(2022)el A= MME ZFrojmdo] s Hitol|Al Table 3.49 471 o]HIE
Z A% =E Brtetded, 129 AlddSE RdEd 340 Ad5S AAG v AT
AIE HRo R o] AFoM= 714 dd A-dASEER] GloSeab 22l DAW

< H7stal, DAWSE SAWe m& GloSeabd] FH%E w7] wbg9] R EA4S
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Figure 3.79. Threat scores of GloSea6 hindcast
ensemble mean in predicting deep Arctic
warming (DAW).
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Figure 3.80. Skill score of GloSea6
hindcast ensemble mean in predicting all
types of Arctic event.
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Figure 3.81. Composite pattern of 2 m temperature during (left) DAW and
(right) SAW from ERA5. The top panel is for December, the middle panel is
for January and the bottom panel is for February.
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Figure 3.82, Composite pattern of 2 m temperature during (left) DAW and
(right) SAW from GloSea6 hindcast. The top panel is for December, the
middle panel is for January and the bottom panel is for February.
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Figure 3.83. Composite pattern of 500 hPa geopotential height during (left)
DAW and (right) SAW from ERA5. The top panel is for December, the
middle panel is for January and the bottom panel is for February.
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Figure 3.84. Composite pattern of 500 hPa geopotential height during (left)
DAW and (right) SAW from GloSea6. The top panel is for December, the
middle panel is for January and the bottom panel is for February.
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Figure 3.85. Composite pattern of 300 hPa zonal wind during (left) DAW and
(right) SAW from ERA5. The top panel is for December, the middle panel is
for January and the bottom panel is for February.
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Figure 3.86. Composite pattern of 300 hPa zonal wind during (left) DAW and
(right) SAW from GloSea6. The top panel is for December, the middle panel
is for January and the bottom panel is for February.
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Figure 3.87. Composite pattern of zonal mean (80~130° E) zonal wind during
(left) DAW and (right) SAW from ERA5. The top panel is for December, the
middle panel is for January and the bottom panel is for February.
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Figure 3.88. Composite pattern of zonal mean (80~130° E) zonal wind during
(left) DAW and (right) SAW from GloSea6. The top panel is for December,
the middle panel is for January and the bottom panel is for February.
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Figure 3.89. Composite pattern of VIMF (shade) and wind (vectors)
during DAW and SAW from ERA5. The top two is for December,
the two in the middle are for January and the bottom two is for
February. Brown solid lines denote where VIMF is 0.
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Figure 3.90. Composite pattern of VIMF (shade) and wind (vectors)
during DAW and SAW from GloSea6. The top two is for
December, the two in the middle are for January and the bottom
two is for February. Brown solid lines denote where VIMF is 0.
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Figure 3.91 A Diagram of results summary.
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Figure 3.92. Schematic diagram summarizing how to use monitoring factors for monthly
forecast in Korea in DJF.
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Figure 4.1. Prediction models and reanalysis data. (a) Prediction of the GDAPS model (valid
date: February 21, 2022). (b) Z500 anomaly data from NCEP reanalysis 1 (from February 21,
2022, to February 27, 2022). (c, e, g +2 week predictions, and (d, f, h) +3 week predictions
of the sub-seasonal models (Washington, ECMWF, and Exeter, respectively). The base date
for the sub-seasonal model prediction is February 7, 2022, and the variable is Z500.
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Table 4.1. Characteristics of ECMWF sub-seasonal prediction model.

Forecast ) Hindcast )
Forecast Forecast Hindcast Hindcast
Type L ) ensemble | | ensemble )

initial date time range ) initial date ) period

size size
Extended-range past

2/week +46 day 51 2/week 11

forecast 20 years
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Figure 4.2. Schematic diagram illustrating the improvement in predictability through ensemble
selection in the sub-season prediction model. The yellow line represents an individual
ensemble, the black line represents the average of the overall ensemble, and the green line
represents the average of the selected ensemble. Ensemble selection is performed at the +2
week prediction point, and the results of the +3 week prediction are used.
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Table 4.2 Verification methods and data processing procedures, organized by experiment.
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Figure 4.3. Schematic diagram of the ensemble selection method using EOF analysis. The left
panel shows the pattern from EOF modes 1 to 4, and the right panel illustrates the selection
(indicated by the blue line) of ensembles that predict each pattern well at the +2 week of
prediction.
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Figure 4.4. Example of a +3 week prediction of Z500 anomaly using ensemble selection.
The top left panel shows the ERA5 data used for verification, while the remaining
panels display selected and averaged prediction data, as good as the number indicated at
the top right of each image. The ECMWF sub-season model was used for the
prediction, with an initial date of January 31, 2022.
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Figure 4.5. Z500 predictability according to the ensemble selection method. The figure shows
the ACC value of the verification area at the ensemble selection time (+2 week prediction)
and at +3 week prediction time. The color of the line indicates the number of ensembles
selected. The verification period encompasses 255 predictions from 2018 to 2022.
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Figure 4.6. Predictability of Z500 based on ensemble selection time. (a) +1 week select

and (b) +2 week select.+ Additional details are as shown in the figure 4.5.
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Figure 4.7. Spatial distribution of improvement in +3 week probabilistic prediction according to
the ensemble selection method. (a) Above normal, (b) Near normal, and (c) Below normal
prediction. The verification variable is 2m temperature, and the verification method is the
ROC score. The verification period encompasses 255 predictions from 2018 to 2022.

GEE AE A D AE e wE vl +3F g 7|2 gEA45S T35
T, BEARY gAY =& 859 =9 ROC score S AAFsle] Figure 4.83 Figure 4.9
B AT 712 52 A8 E oy, AR dEE dAE AE Wl TE 2EH
olth. 71 39 51/ GEE M AEY Ade AA AES e B GE WHE
Hagk Aol Aot WA Figure 489 Ao &S A5 e dutdo=w HA¥sies o
FEe] Mt Be S g

DailyEOF3Mon#} DailyEOF1Mon =+
o] velytom, ROC scorex 0.6370]

£ o

W Figure 4.99] 71 FE5d2 A 2742 BY, dAudog Miste gAE AF
7t Ae4E Zrlete AL Holn, BE PAES A183 o Z0ju] ROC score’} 0.05 W<
Z A = FEEESE RAF . OFodA dSA4 Y AT P 2 Ade



DailyEOF3Mon WS ARgsta AW¥Hsls FE A7 10710 Ao el o, ojd
ROC score= 0.7470]t}. o|x & FF od&F3 oE EHS Hole A2 7L HFY 434
o] ArFRTG F7] WEd Ht} HE GHdE WHE A= FFodx d=Ao] FHEY

row BamEn,

exp. 5 10 15 20 25 30 35 40 45 51
DailyACC 0.603
WeeklyACC | 0.612 | 0.611 | 0.614
DailyEOFAII 0.599

DailyEOF3Mon 0.596

DailyEOF1Mon | 0.608 | 0.602 | 0.607 | 0.609

Verification Period : 01 Jan 2018 to 14 Nov 2022, 255 fest

Figure 4.8. ROC score of Korea’ s +3 week precipitation above normal probabilistic
prediction, categorized by the number of ensembles and ensemble selection methods. The
verification period encompasses 255 predictions from 2018 to 2022.

exp. 5 | 10| 15| 20| 25 | 3 | 35 | 4 | 45 | s1
DailyACC 0.720 | 0.719 | 0.709  0.700
WeeklyACC 0.713 | 0.714 | 0.709  0.700
DailyEOFAIl 0.721 | 0.718 | 0.713  0.700
DailyEOF3Mon 10720 | 0.718 | 0.711  0.700
DailyEOF1Mon 0.718 0.711 | 0.700

Verification Period : 01 Jan 2018 to 14 Nov 2022, 255 fest

Figure 4.9. ROC score of Korea’ s +3 week 2m temperature above normal probabilistic
prediction, categorized by the number of ensembles and ensemble selection methods. The
verification period encompasses 255 predictions from 2018 to 2022.
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Figure 4.10. Probabilistic prediction using the Gaussian fitting method. Additional details are as
shown in the figure 4.9.
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Figure 4.11. ROC score comparison of ensemble selection methods. The figure
shows the ROC scores of the DailyACC method (blue lines) and the
DailyEOF3Mon method (red lines), compared to the random selection method
(black lines). The scores are shown according to the number of ensemble
selections.
prediction. The verification period encompasses 255 predictions from 2018 to

2022.
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Figure 4.12. ASOS, reanalysis data, and model predictions for the period Oct 30, 2023
through Nov 5, 2023. This figure is divided into several parts: (a) ASOS temperature
observations, (b) NCEP Reanalysis 1 Z500 data, (¢) and (e) T2M probabilistic forecasts, and
(@ and (f) Z500 deterministic forecasts. Specifically, (c) and (d) are +3 week predictions
from the ECMWF sub-season forecast model using all ensemble members, while (e) and (f)
are predictions derived from a selection of 10 ensemble members.
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Figure 4.13. ASOS, reanalysis data, and model predictions for the period Nov 20, 2023

through Nov 26, 2023. Additional details are as shown in the figure 4.12.
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Figure 4.14. Hovmoller diagram of 500hPa GPH
ensemble mean anomaly forecast of ECMWF averaged
over 126° E~135° E. Upper panel : forecast issued at
4th of Jan. 2023. Lower panel : forecast issued at
11th of Jan.
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Figure 4.15. Time series of 500hPa GPH forecast (red)
and observation (black) at a particular grid point. The
red, pink, and light pink lines correspond to the current
forecast (f,), previously issued forecast(f,), forecast
issued a week before (r,).
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Figure 4.16. (Black) Globally(80° S~80° N)  averaged
proportion of the cases with consistent tendencies from
three latest consecutive forecasts for 4 years as a function
of lead time (x-axis). Green line indicates 1/2 of black line
values. (Red) The proportion of cases that extrapolation of
forecast tendency is beneficial for improving accuracy of
forecast (i.e. tendency reduces forecast error)
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Figure 4.17. Same as Fig. 4.16 but for averaged over tropics (left) and extratropics
(right). Note that y-axis for red curves are on the right of each figure.

days days

Figure 4.18. Same as Fig. 4.17 but for seaonally averaged over global (left) and the
East Asia (right). Different types of line indicate different season, shown in upper
right coner of each figure.
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Figure 4.19. Same as Fig. 4.18 but for averaged over the East Asia (left, 110° E~150° E,
25° N~50° N) and over the south Korea (right, 126° E~135° E, 33° N~38° N) . Thin lines
of each color indicate proportions of each case from 100 random selections.
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Figure 4.20. (a) Portion of consistent tendencies among consecutive three value of z in
Eq. [44] as a function of autocorrelation in Eq. [4.4]. This portion was obtained by
counting cases from 1,000,000 times of random realizations. (b) Global average of
correlation coefficients between current forecast (f,) and observation (o, black). previous
forecast (f,, red), and forecast a week before (f,) as a function of lead time. (c ) time
series of 500hPa GPH at a grid point over Korea at lead time of 5 day (upper) and 25
day (lower). black, red, blue lines indicate observation, current forecast (f,), and previous
forecast (f,,), respectively. Thick solid lines are 1ldays running mean of origincal value
shown in thin lines.
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Figure 4.21. Left: Standard deviations of forecast anomaly from the grid point at the
equator (blue), 30° N(red), and 60° N(black). Right. Globally averaged value of sinal
variance (red) and noise variance (blue) as a function of lead time.
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Figure 4.22. (a) Illustration of the joint probablity
distribution of error(e) and forecast tendency (T) when
two variables are not correlated. (b) same as (a) but two
variables are positively correlated.

Rtf
Rte
08

correlation

days

Figure 4.23. Globally averaged value of correlation
coefficients between (red) tendency and observation,
(blue) tendency and forecast, (black) tendency and
error, (green) forecast and error, and (grey)
observation and error X -1.
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Figure 4.24. Globally averaged value of potential
predictability (R, denoted as Rmm in black) and actual
predictability (r denoted as Rmo in red).
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Figure 4.26. Zonal wavenumber-
frequency  power  spectrum  of
intraseasonal OLR anomaly averaged
over 10°S-10°N during the winter.
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Figure 4.27. Lag-longitude cross section of regressed
intraseasonal OLR anomalies against OLR time series
averaged over 10°S-10°N. The reference regions are the
tropical Indian Ocean (top) and the western Pacific
(bottom).
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Figure 4.28. Spatial structures of EOFs 1 and 2
for intraseasonal anomalies in combined OLR,
U850, and U200. The explained variance is
provided at the top right of each panel.
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Figure 4.29. Composite of intraseasonal OLR anomalies
for eight strong MJO phases during the DJF winter.
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Figure 4.30. Weekly mean composite of intraseasonal temperature
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Figure 4.31. Time-lag composite of intraseasonal temperature
anomalies averaged over South Korea (significant at the 95%
confidence level) during the initially strong phase 5 (top) and
phase 1 (bottom).
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Figure 4.32. Composite of intraseasonal anomalies in OLR, 200hPa geopotential height, and
200hPa wave activity flux in strong phase 5 (left) and phase 1 (right).
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Figure 4.33. Composite of OLR and 200hPa geopotential height anomalies
associated with the singular or combined effect of phase 5-related (left) and
phase 1-related (right) convection. The reference regions are the Indian Ocean
(I0)-only (top), the western North Pacific (WNP)-only (middle), and IO-WNP
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Figure 4.34. Composite of intraseasonal 500hPa geopotential height anomaly at
days 0, 2, 4, 6 after the initially strong phase 5 (left) and phase 1 (right).
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Figure 4.39. Weekly composite  of
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wind, and 1000hPa temperature advection
during a persistent strong phase 6 for 4
consecutive days.
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Figure 4.40. The bivariate correlation, RMSE, phase error, and amplitude error for
MJO index, as a function of forecast lead time for all hindcasts initialized from the
winter of 2001-2020.
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Figure 4.42. Composite of intraseasonal anomalies in OLR, 200hPa geopotential height,
and 200hPa wave activity flux on the first day with strong phase 5 (left) and phase 1
(right) in the +3week forecast.

Figure 4.43& +35 7] 9% f143o] ZAstA 22 s o= o =2 w 500hPa A 91%E,
719k & 850hPa ®}, 2m 7]l Wit FHF AMU X AL HAET 94 59

sEo] YRz 24s5H Figure

L4299 Mol FOoE AsEE fojud wE 27h et A g @ %
Atk EF, 5 PloA IS AR 1P @
e, 34 Adow vt 78 Ao} el x
Zo2 ool SMIIG WAF AHFAA BEUF A

H
B
FEThESot ol A 9(10°-60°N, 80°E-180°E) 500hPa A|911% 2 a7t HAk PCC= 0.5
< o)

d
o4 m§|o_15
offt
i
o

Qg 19 A% R BF AW L o} v P molge] uleh REolAol A oA
HojAE AN thy] whsel td F WS 0.7 o3 S WAL BT 3F &
71 94 1o] AF 10 olgoz Fehl BFF Zloz oFshe A% 500hPa A9 nE B
BEE 4R (Figure 443), WEobAol Aol go) W}, T 5% o] W, W3
B2 g WAt EAD ohdr) ALl MRE BEZoR HAHE TEe] YRE INE
B%o AL £ WY B0 BEF} FASH ABHE meolth EP, INE BAE



=3

st}
@b A7)

2 Ro

E’j

17 9]
el s
71(_4_

s

X 3
o )
%mﬂwm%%
;oﬂ;o‘_‘._ljl ey
ﬂ@ﬂaﬂm R
[e)
@r%mnli nol.cf_z_ﬁ@m
WA_IHO!]O lﬂ ‘u.y';o EL!
oLvQ._é. o:.__.,_flﬂw ,.ro_b
_u;oLuqﬂfv % —_ Yo X ,
A o 2 J_/lx,_ By P B <R b M9
) Erii~a ajl oF ,_lryvo e o 9
_z_ﬁﬂw_mgw %WM]:T Mo;omﬂmﬂ”lmﬂ_ma
__LW_.EH_. ____n__ﬂLdlmfe_a ﬂﬁmxmwa‘Wﬂﬂ <) o] &
ﬂa_fo_} Ro o A __ipuaygau %ﬂﬁmma
%ﬂﬂo 70T%Hﬁo 150401A”o. A ™ S M
wgnmm N q%mwwwmﬂ ql@@A%.;@
oTLf@@m éﬂurf}t %Ewenﬂ%s“m iwm%ﬂwrofmq@ﬂoiw
ﬂo_u7A ﬂa_z__.ﬁlo_e;o +urmwm1 f_LvP o] d iigﬁoﬁmﬂoo_e_s
o No 7T ﬂ#?ﬂomﬂ .nlsﬁnouo_b ﬂoﬂL < Tﬂmﬂr
ﬂﬂ«.%iﬂ o~ 5 do M wurmFmﬂo.uE@& 7£owaému_}cmu%ﬂ e
X T a%uy.uo_famaﬂ - S Lo
_Z DI T ¥ M W " o Wi b 4r fuo - B AP op W o T
w%@%g wl,;w%_ wwwﬁoﬂo%um ﬂmﬂowﬂﬁ@wfoé
E) oH my mo_____oEx&ar %%ﬂﬂ N n m_f,i_fd,SV%
o#g @.7@31r blARdo_ e ~ o oI §18_5E
ﬂq&ﬂﬂ 5 a2 e 2T = p Loge_pL»oﬂE1oEv
$ R IR wgqmﬂ@ %iﬁmqym% zmggng%W%m
i ~ —
ﬂ%ﬂﬂ% o % sz_ﬁm% e — TP ST
) mH o mﬂi]oﬁa <0 e LM M = S = loTC,_
{ aTotu o_e1r_1rA71_. i ﬂmu.ﬂ SN ,.r]@mm.x_p;om_ow_/o 2 I+
Loﬁaiﬂﬂl z_o@_%ﬂwﬂox_. imﬂ?@i%ﬂ%wﬁ 7o_zﬂwﬁ: M%A o
7o ol T o T g =3 RTRR o o = ) r B o_uw-_m_f 1 ®
,Pﬁm,oooﬂ ztﬁ Ldl.oE Am.oll O 9 Lﬂr o ~ 1_1,1”_1%0_ o <O
N T o g ]To_e LP_ﬁu ° 7E|CO\},A00 dl.,AoﬂAh;z_L.OMﬂkz?
ARl g xko_L%él ﬂ__tc @w\ﬂmﬂﬁ drlrﬂﬂiﬁzﬁag,%wu
TEN#E _z_ﬁ_,%@}mﬂu WPEAVO w i Lmﬂﬂ%l
d%q_.‘.r £ ]ﬁo = N ok _%OL]TOE. .ATPO,AOL J_/I:.Lo/oﬂu
B = S . ol T ol of O o D s ro T T M 1 ) %o T oo
iy o i 3T n H1a5”% 5 aaouﬂ%o_¢
_dau__LA_P ATUJLlEﬁoEo ﬂﬂuz%ﬁL&io_ 731@%&1]%@0%
uMﬂ%%_z SER T __;Eymxﬁiﬁ a_nuig*]umlofg
o KlEo B JIMﬂJEIM_m_ulﬂu _ o AOELﬂ = 1_.o‘o|oTln_Alu_Ao_E,|oEme
i o) AE}@A1 swuﬂ%wgk%_L © %1caqog
T_ﬂzﬂmuor_ ﬂ]_smﬂ}7 F X B o X oxoﬁo ﬂLEEl%ﬂ
~ Q;Lﬂ,lﬂ _rTﬂﬂﬂrEU_._;o.A..__. MEUNEHMﬂ” /.w\ﬂ_l_,/l T,wﬂ OCO_I_/OJH%,FO 1Z_._|,LI
o | on N oy 2 o X ] o ~ < JF S ) T o My o
by vozﬁlﬂ B x = 2 QE_XM% g o Ro
oaur_e 49 L_]Eu,_l ~ o A Zulo_e o ]oz c,_c,__/
n o T T 5K ﬂP_E_z_ A mﬂdlﬂ%cfo}]ﬁlwr
oo W ° H._L ,LIO_] EOUJI]_n Ll\)’ T 5EOJ; .thu70700
N = JJ o CN mweELd. ,|_.E n_yﬁU,_ Z_uwi F
’ T3y & z Pasls 55 Sz
N g ~o R " SR N T IO o OO ol N
i_ulroo\._%v7 ﬁo,ﬂ”ﬁLEﬂUﬂm E .mﬂ71._ﬂl.mﬂ,w10ﬂ_lﬂawc.z,._1ro:i
Ny %%f}LwP”\e;mw 731%%@.%1
= zléomoua%% om_x 7ooTo_Lo_EnoﬁJ o
Ll7mﬂ7 .‘“1_. | L.oﬁollmﬁﬂ HAroTlﬂ
PR TBLE . LED @;%Eo@o
_dm_wamﬂ_ méow_}__%mﬂ]%% N
M\M A x_uL__&u ,,A]o oK Bk ormﬁ.ﬁ
B Mo]%@o;o}oég%],
& H Eﬁaax%u__o
_.:.L‘U;.Oe_umﬂﬂmﬂ,_e__.
__me_iﬂq.
ﬁoﬁo;f

- 135 -



ECMWEF Z500 anomaly
P51 cdays nestais.alpiF

LN N X NN N

60N o

40N — =
20N - A\ L
| ! /.\ I,I ) % |
90E 120E 150E 180
] ]

35 -30 25 20 -15 -10 5 0 5 10 15 20 25 30 35

ECMWF MSLP & 850hPa Wind anomaly

P5 1IC-day3 hostd15.alVDJF Week3
BON o —» —» —>» —> —>» > _> —» ~ =
—> > - «-j -~ N7 I
s . 25 :
N . — > /1L
VN
PN
N / \ ! A\ 0
20N — \ . " =
N~ S - =
T i I T I T
90E 120E 150E 180
ECMWF T2M anomaly
P5 1 c.days

hclst.d1 5.all/DJF | Week3

ME— e

[
100E 120E 140E

-1 -08 06 -04 -02 0 02 04 06 08 1

ECMWEF Z500 anomaly
P11 cdays nestais.alpiF

e

Week3

60N

40N —

20N —

90E 120E 150E 180

| 1

35 -30 25 20 -15 -10 5 0 5 10 15 20 25 30 35

ECMWF MSLP & 850hPa Wind anomaly
P11 c.days Week3

hcst.d15.all/DJF

60N
40N

20N

90E 120E 150E 180

3 26 2 15 41 05 0 05 1 15 2 25 3

ECMWF T2M anomaly

P11 cdays nestais.alniF  Week3
50N x - - . L L \
71
40N | -
30N i ) : 5 § > -
20N —— , | . ; ‘ |

100E 120E 140E

-15 12 09 -06 03 0 03 06 09 12 15

Figure 4.43. Composite of intraseasonal anomalies in 500hPa geopotential height (top), mean
sea level pressure, 850hPa wind (middle), and 2m temperature (bottom) for initially strong
phase 5 (left) and phase 1 (right) in the +3week forecast.
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Figure 4.44. Scatter plots between phase hit rate (HR) and pattern correlation coefficient
(PCC) for anomalies in OLR (top), Z500 (middle), and MSLP (bottom) based on the amplitudes
and durations of phase 5 (left) and phase 1 (right) in the +3week forecast.
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Figure  4.46. Box-plot of 2m
temperature anomaly for the event
with the best prediction performance
associated with the MJO impact
phases.
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(a) OBS

(b) ECMWF FCST (1.C.:20181210)
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Figure 4.48. Phase space diagrams of observation (left) and real-time forecast

(right) with respect to phase 5 event (top) and phase 1 event (bottom).
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Figure 4.49. Weekly mean intraseasonal anomalies in 500hPa geopotential
height, MSLP and 850hPa wind with respect to phase 5 event for observations
(left) and real-time forecasts (right).
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Figure 4.50. Same as Figure 24, but for the phase 1 event.
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Figure 5.2. Sample of APCC 1 month forecast charts.
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Figure 5.4. NCEP Reanalysis 1 data, and ECMWF sub-seasonal model prediction for the
period Jan 16, 2023 through Jan 22, 2023. This figure is divided into several parts: (a) NCEP
Reanalysis 1 Z500 data, (b) ECMWF Z500 +3 week predicton, (c) NRA1 MSLP and 850hPa
wind data, and (d) ECMWF MSLP and 850hPa wind +3 week prediction.
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Figure 5.5. NCEP Reanalysis 1 data, and ECMWF sub-seasonal model prediction for the

period Jan 23, 2023 through Jan 29, 2023. Additional details are as shown in the figure
3.2.17.
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Figure 5.6. NCEP Reanalysis 1 data, and ECMWF sub-seasonal model prediction for the
period Dec 28, 2020 through Jan 10, 2021. This figure is divided into several parts: (a) and
(c) NCEP Reanalysis 1 Z500 data, and (b) and (d) ECMWF Z500 +3 week prediction.
Specifically, (a) and (b) cover the period from Dec 28, 2020 through Jan 3, 2021, while (c)
and (d) represent the period from Jan 4, 2021 through Jan 10, 2021.
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Figure 5.7. NCEP Reanalysis 1 data and ECMWF sub-seasonal model predictions from Jun
26, 2023 to Jul 10, 2023 for the Z500 variable. This figure is divided into several parts: (a),
(0), (e) and (g) present NCEP Reanalysis 1 data, while (b), (d), (f) and (h) show ECMWF +3
week prediction. Each row represents data sequentially averaged over one week.

- 1562 -



(a) Z500 (NRAD

Mean Sea Level Pressure (hPa) and 850hPa Wind (m/s) Anomaly
o ISLP (int. 2) Shading : MSLP Anomaly. Vector : Wind Anomal

WMO LC LREMME/APCC
NCEP/NCAR Reanalysis

HCST : 1991 - 2020

Valid Date : 20230626 - 20230702
Issue Date : 20230703

(c) Sub-seasonal prediction (+2 week, Washington)

Mean Sea Level Pressure (hPa) and 850hPa Wind (m/s) Anomaly
o int. 2), Shading s

WMO LC LRFMME/APC({

ttour : MSLP. P Anomaly, Vector : Wind Anomaly NCEP/NCAR Reanalysis

‘Valid Date : 20230703 - 20230709 HCST : 1991 - 2020
30710

(e) Sub-seasonal prediction (+2 week, ECMWF)

Mean Sea Level Pressure (hPa) and 850hPa Wind (m/s) Anomaly WMO LC LREMME/APCC
gntour : MSLP (int. 2), Shading : MSLP Anomaly. Vector : Wi NCEP/NCAR Reanalysis |

=

(b) Z500 (ECMWF +3 weeks)

WMO LC LREMME/APCC
Vector: Wind A _ _ECMW

Valid Date : 20230626 - 20230702 (+3week)
Issue Date : 20230612

(d) Sub-seasonal prediction (+3 week, Washington)

Mean Sea Level Pressure (hPa) and 850hPa Wind (m/s) Anomaly ‘WMO LC LRFMME/APCC
gntour : MSLP (int. 2). Shading : MSLP Anomaly, Vector : Wind Anomal MW}
3

Valid Date : 20230703 - 20230709 (+3week)
Tssue Date : 20230619

(f) Sub-seasonal prediction (+3 week, ECMWF)

Mean Sea Level Pressure (hPa) and 850hPa Wind (m/s) Anomaly WMO LC LRFMME/APCC
guiour : MSLP Anomal ECMW]

int. 2), Shading : MSLP Anomaly, Vector : Wind

2 . e
Valid Date : 20230710 - 20230716 HCST : 1991 - 2020
e Dot 20330717

(g) Sub-seasonal prediction (+2 week, Exeter)

Mean Sea Level Pressure (hPa) and 850hPa Wind (m/s) Anomaly WMO LC LREMME/APCC
o = (int. 2), Shading : MSLP Anomaly, Vector : Wind Anomaly NCEP, inalysis |

/ i

“toro______|N.

s .
Valid Date : 20230710 - 20230716 (+3week)
Issue Date : 20230626

Sub-seasonal prediction (+3 week, Exeter)

Mean Sea Level Pressure (hPa) and 850hPa Wind (m/s) Anomaly WMO LC LRFMME/APCC
gntour : MSLP (int. 2), Shading : MSLP Anomaly, Vector : Wind Anomal

(h)

= = =
Valid Date : 20230717 - 20230723
Issue Date : 20230724

HCST : 1991 - 2020

Figure 5.8. NCEP Reanalysis 1 data and ECMWF sub-seasonal model predictions from
26, 2023 to Jul 10, 2023 for the MSLP and 850 wind variable. Additional details are as

shown in the figure 5.6.
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S AFY MMEo] A&t o, dA Beijing?t Melbourne, Tokyo 5 37] o=x2d-& MMEC]
ARE3EA] B3k itk Beijing 228 20199 119458 hindcast 7]7Fe] 2004304 2018\ &
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2ae 2020 9€ 259 FH AAW d3AE A FEsAT Tokyo =d-2 2020 39
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Table 5.1. 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 days 4 dail 4 1994~2014
(CMA) Y y Y
ECMWF , 2/week past 20
daily 0~46 days 101 11

(ECMWF) (Mon, Thu) years

Exeter dail 0-60 d 4 4/month 7 1993-2016
ai ~ ays ~
(UKMO) y y (1.9.17.25)

Melbourne 2/week 0-62 d 33 6/month 33 1981~2013
(BoM) (Sun, Thu) y (1,6,11,16,21,26)

Montreal weekly 0-32 d 91 weekly A 2001-2020
(ECCO) (Thu) y (Thu)

Seoul dail 060 d 8 4/month 7 1993~2016

ai ~ ays ~
(KMA) y Y (1,9.17.25)
Tokyo weekly 3/month

0~33 days 50 5 1981~2010
(JMA) (Wed) (10,20,last day)
Washington , .

daily 0~44 days 16 daily 4 1999~2010

(NCEP)

a X ECMWF, Exeter, Montreal, Seoul, Washington 22 & Al&35t0{ MME o & T3
b Beijing, Melbourne, Tokyo 2 &2 1}H Al20| SEHE A|Mel EMQ

532. AAY d& 2d 434 vu AF
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Figure 5.9. Anomaly correlation coefficient (ACC) of weekly mean real-time subseasonal
forecast of (a) T2M, (b) PREC, (c) MSLP and (d) Z500 for the period of Jan 2016~Aug 2023
around the globe. ACC for SCM prediction is indicated by black line.
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2016 to Aug 2023 around the globe. ACC for SCM prediction is indicated by black line.

- 159 -



Had 5 e AeAE B QAT B, Seuet ZoATe A7)
Besit getd o ATAE Ad 2 A Adn NERNE B
A, azke] AR AF 9 ClE BE 2 529 A8 swne) 448 4
et Arlen A 247153 ABsE G24R 4Ae 97 e s
glake], 2023 o= ool o] AVR o ZA FAL AT 7% AMSaA FAT

A+d F8 71FAAN8e A sl vt mAs TS A¥HEY =
o sieFel Fdo] oAGA R deA Rl AdH e AHEUT. d st
(e)

)

M2 2
N Mo X
18 e &

e o g
(L,
offt
ox
ro
1
Z
wn
@)
2
o
rot
i)
oS
o)
)
J8
flo
Y
m-lo
(B
157
)
Y
18
)
&
)
e
of
%
=

[S]

i, o
i)
ri‘ﬂ
o
fru
=
iuj
=
B
td
i)
2
>,
( l.:ﬂ
do
>
3_{
N

£ of
>
fuj
o
o2
o
5
rlr
R:3
El
by
B
St
1o
oo
o
=
rO
b
o
o
&
rlr
)
|t
N
18
=
)

ox
5
oot
oy
i
N
rir
o
oS
O
o
K
N
A
4
© id

o |
]
oot ¥ p
x
B’ =
_@dﬁ:
>
N o
o m
e
g
_>1:O>]"_1
3
‘Ei.‘l
= O
b o L
AU
Lo
rr
jn)
o I
e
2

I

2 :
me 2

o =
=2
>

—_ =

o
ﬁ"lﬂ
hat
&
ey
Z,
wn
O
Loz |
e
)
O
&
o
rJ

N g

¢ rlo
o,
il

o
=
2&1-

= s AoE FEst IHE
o] 7 Z vetgi RddAME Z AU 181
S 12939 Zasa ENSO9 £ #HAXA S zhes A
ZRH 35 A2 JEuA ggoy =4
7 Ak 29 % 193 fAR O AHE S A
YR YehtE ztol7b Uitk ALH ENSO9 71Sd I0DE 123 ENSO Ao A=

fu

o e

ﬁrlol‘ioi

O

N G N

o O
g 2
o og o

O-

Fﬁ flo
»
riet n%
r _@
olo
lo :|>‘3
"3
MR N
=
frit
s
An)
1o
“
off
=
i)

- 160 -



=
=

‘J:!I‘
oA E48 ENSO%

=

o #=

g, 198 FehAlel of

3 o

Sk

=]
b mdoA o] =m9

1
|

A WrEbst

9

8

R

o

stk 109 feAlol

S

o &

S

o o
bol AR R 2Hg

S

b

T
= "ol

A
A A

<
T

s}
=

ety

ol

B
i

oH
™
JH

| =

ZA <=

b, 119-129¢)

J|

Shod o

=
=

(trend)

—

=
ol

0

x
e
—_

e

Jol| o] &= 7]

=
= =

o)

7] edss Bkl A vpdl=-g}g}

] GloSea6 =22 DAWS} SAWR

of th7] <& HEolA e zho]

Flom, Ad e
& 2o EAS ARkt GloSeab

A% heat fluxell W& 7] =/
[e)

1

|

I8

-

Ak

o
5

]

[e]

=

71
7

%
ol

9

1

=

bojets Seltel Agd 71ew dmgel Wk mekd deew
4

°

g g8
Eul

arg
o o

=
1

=

A
43}

[¢]

o] HAXIt}
Gl

’

stk Wi, 1€-~24 9]
FHAA G713t

Aed yuet 712 9

}

u
A

129 U e} SR& Sgoz WAl

3]

KN
=
A %A

—

1
|

5

iy

st7] W

Al =

[e) [e) =]
de Fos

[e]
T

4]

wjr

sholl we} tiy] wg sjEe)

2

Au A
SEERES

=

=
° A

=

Fed 25 Al ol A

W= S7F thm] 274

7454
g

AArE 37 o

i3

x4

Q)

=

3}

A A

il oF

==
|

3|

[

YAk
9] ROC score

Ho 0.055 7kA] &F

=
=

1

| 229 seue FHew o34 @

0]

97k +35% o

o

3

=

guet 712 A

9]

Az 742~3

3

==

nl= d SR

|

1

A ROC score

<
std, o
1

9

Fed A

9

AU e %E o

o

3

e A7 r
2S5 Ay

} A}
[e)
o

AS 1

73

o

AL A A Fad

=

=
- 161 -

Zo]

1

|

2

9

A

B

=
=

Fao. 2 o



W E T
ﬂmmmwagl
‘Ui. o)A ﬁoﬂ_@,ﬂﬂ
7% v_:%;ﬁ 5 T
— - I~
% woﬂﬁew%ﬁqmln GRS
Mo woﬂwr.w%%ﬂ Mﬂmwﬂ%& =
ﬁu. < ;o,_x 1..nmo _loLIX = =
ﬁOOTu ‘mﬂ Ju_ 0 ) X
o 5&41@% SN o EIrEIE
70 mmﬂmﬂj_/lo_eaf @oﬂl o B EOWW@EAoﬂﬂzﬂa;
) AN~ — — O — -_—
dfo ﬁLNroEo_w.,ooo_euxﬁlt Mmﬂw_uv%_do ,w.x_izfﬁﬂ:; Aﬁlﬂ_,lm_mq,ﬂo]
ok N .J_alﬁomA = I 4 o M %offuaﬁov%iyﬂ?} By E
r:,o ,IX e o) HT_JU»IW I - E_H ,AL ._OL.Iﬂ‘L: ol =)
N —_ 0 H].x o B o N ~o ) ~ MJ T oo ol m o - o o
T ks o ﬁozﬁ%ﬂx@ HT@_dleﬁu&QLW Lmevﬁ%ﬁ
e ,NIHOW‘HI‘MO X0 ﬂﬂ-_,_lryll_&l Eal Mﬂ‘wra7__o‘mﬁz*ooﬂpl_#oaﬂﬂrmﬂ o
5ozl T ¥ e sEXT iwo;m_@ o s Wog
M mu‘m.mguoﬂd. m < il mﬂﬂonﬂe_aﬁiimﬂWo_EEL
< nlm1¢1fﬁ ER R @@gﬂ@;ﬂﬁmweww_k LRy
Jiz._o_}u Trewd JOQW]]ﬂHLym}_g SN
Wy X op o = ) T K X D = N W ok HF
= AN B ﬂlwiﬁaj G 11_91>z_o%ﬁéﬁo1h
‘_w_w Zv;tﬁlE.z__.mumﬂ uA.oAJ mo» w ™ W NroﬂEr.l 1,_Al1ﬂﬂ A
e _H@rﬂor#l@ .L_moqmor@# qmgﬁv%%ﬂ%ﬂm&ﬂﬂwmxﬂﬂ
" &oﬂoo 17_.A.J7i3 ﬁo.aﬂuwr,La mVlda,:x_ 5.0%0 ,]Mﬂm/WOtuU1 o M
— E ‘D!_._.éo Yy .H_._DL__o 0 \}ﬂL ojm_u,A ]S7E o
,MM o»Tﬂ%@mWﬂ, ﬂﬁﬂmﬂﬂﬂ Tﬂ»%aﬂﬂ_wxﬁ\bw]ﬁ57m1mwéof
o TR o o ci E_;"Mﬂ_wboilﬁ ;xnog.mm:%ﬁo
N Eik@w?a‘ 1ﬂ.u4 mqﬁr(Jarx%éPmﬂo_HV%,
= }1_,% ma% o]mmo:rge N = W o g 7 9
N Xduﬁoﬂﬂ_a 30 ﬂ“ﬁ BS 53 ‘W.A .WL&FMM(WINIMOM_M@@.@I
I _z_ﬁ%_z_ogﬂﬂ E%d;.iaauf Moiwmﬂvww_ﬂ_xoSWﬂw xﬁd. =0
o ﬂﬁ%ﬁﬂwwﬂ ﬁnotﬂ o o mﬂo_a%zmwﬁﬂwr MoAﬂnﬁer.Mzmﬂ
W H_E_H,zaugm @HATM_E%%@ ﬂ»ogqﬂ%o_e%ﬁ.quﬁaanw
— B RE do B : <] _uﬁ}& B #E_Hhm@q&7}%ﬁ
° o B G 1 ) oy ojy o OB 4 X e — = o o TN T R
7 mozwa,ovxﬁﬁ @MWlm:fz ﬂl@w%%%#zww@ Haa_g
e Fo_emﬂﬂ@@ﬂ o0 ﬂwﬂqw a_umthﬂnnevmo.u;Mo%MﬂLoEnmoz]ﬁ
i Waouﬂ;qg: VIR . ) mgy_{%molﬁq ao_qu_:o#q
o Mﬁom/wo]qle ﬂAEOA@;o_‘_Ee auﬂior HLJVMMMIA i E_.oﬁai
- 5P 5N A NF o Nx T x;T%omwnqoﬂqo_
o 2o A W AN B M T H N (G o T X
N mﬂﬂlfﬂ;uﬁq qﬂci_;a gﬂ@mw%afzyﬂa;L
T Z]@m%%mﬂe %ﬂ+ ﬂ;o_: ot@womo@ro ﬁiurm E%Mosa
q)A ]fo_e LQ]LI‘&%‘DI = 5(75 O_E7 e i A,.:n
T % oflﬂﬁmamq g N ENNCH w1 I W om W E T 9 i &
o ﬂllﬁr B W R o W 2o zo]]rMmﬂmﬂﬂx
- ﬁo@oiLﬂoT Wy ok o R E_E__Lmﬂﬁﬁauﬂﬁﬂ}&_aC@E ~
v ) _EL.le_.ﬂ EEﬁom_mE.E i) E"_E ﬁAo_oo ]SATHEﬂlAzTV
_é.‘o|oA:.L N = @l]qﬂﬂ Xot mTL_‘Ui Urm_o uTﬁL_ﬁﬁﬂ,ﬁ+ﬂo
E o = K o W . o = W T viin
A <% i z_ﬁﬂwia%l_z_;wwﬂé w T
_iao_EMm#A ﬂhzwﬂo_ﬂmawﬂnoﬂ%@dn%_igoﬂ
AﬁﬂoﬁoW@Eoﬂﬂdoﬂo@\.anﬂﬂw_5
%@ﬂ%ﬂﬂ%%@@m;
o 2z I o X K ®
oy N =
TR

}

9
pil

= <l

=

A 35 AR

[e]

N A

9

19T},
25 » MJO

°

3}
=
- 162 -

7] dee 2
e

%%‘E =
Zoll 7]

<
e

A]

=

=

g otAoh A

AAZEMIO

al



AFA}

B oJ7= APCCY AYL &3 $3EgsUh

- 163 -



References

APCC (202D A+715-524d o) ddd= B7F 8 Aerrsaddzr|s e
APCC (2022) 71 B /A& fI7 ASBE T 7%k v

Abid, M. A., F. Kucharski, F. Molteni, L.-S. Kang, A. M. Tompkins, and M. Almazroui, 2021:
Separating the Indian and Pacific Ocean impacts on the Euro-Atlantic response to ENSO
and its transition from early to late winter. J Chmate, 34(4), 1531-1548.
https://doi.org/10.1175/JCLI-D-20-0075.1

An, X., W. Chen, S. Fu, P. Hu, C. Li, and L. Sheng, 2022: Possible dynamic mechanisms of
high- and low-latitude wave trains over Eurasia and their impacts on air pollution over
the North China plain in early winter. J Geophys. Res. Atmos., 127(13).
https://doi.org/10.1029/2022JD036732

Baggett, C. F., E. LaJoie, D. Collins, D. Harnos, K. MacRitchie, M. Chelliah, E. Oswald, A.
Kumar, S. Baxter, and M. Halpert, 2021: Ensemble Subsampling to Improve Week 3-4
Temperature and Precipitation Outlooks. Extended Summary, Climate Prediction S&T
Digest, 45th NOAA Climate Diagnostics and Prediction Workshop, Virtual Online,
DOC/NOAA, 60-64. https://doi.org/10.25923/tpfe-4n87.

Baggett, C. F., S. Simon, and M. Halpert, 2023: Week 3-4 Multi-Model Ensemble Subsampling:
A Real-Time Verification. NOAA’ s 47th Climate Diagnostics and Prediction Workshop,
Logan, UT, DOC/NOAA, 7-13. https://doi.org/10.25923/ggwg-0b54.

Burgeno, J. N. and S. Joslyn, 2020: The impact of weather forecast inconsistency on user
trust, Weather, Climate and Society, 12, 679-694, http://doi.org.10.1175/WCAS-D-19-0074.1

Cohen, J. and Jones, J. (2011): A new index for more accurate winter predictions. Geophysical
Research Letter, doi:10.1029/2011GL049626.

Dalelane, C., M. Dobrynin, and K. Frohlich, 2020: Seasonal forecasts of winter temperature
improved by higher-order modes of mean sea level pressure variability in the North
Atlantic sector. Geophysical Research Letters, 47, €2020GL088717.
https://doi.org/10.1029/2020GL088717

Hall, R. J., Edreilyi, R., Hanna, E., and Jones, J. M., (2015): Drivers of North Atlantic Polar
Front jet stream variability. International Journal of Climatology. 35(8), 1697-1720.

Han, S., and Sun, J. (2018): Impacts of Autumnal Eurasian Snow Cover on Predominant Modes
of Boreal Winter Surface Air Temperature Over Eurasia. JGR-Atmopshere. 123(18).

- 164 -


https://doi.org/10.25923/tpfe-4n87
https://doi.org/10.25923/ggwg-0b54
http://doi.org.10.1175/WCAS-D-19-0074.1

He, J., H. Lin, and Z. Wu, 2011: Another look at influences of the Madden-Julian oscillation
on the wintertime East Asian weather. Journal of Geophysical Research, 116, D03109,
https://doi.org/10.1029/2010JD014787.

Jeong, J.-H., C.-H. Ho, B.-M. Kim, and W.-T. Kwon, 2005: Influence of the Madden-Julian
Oscillation on wintertime surface air temperature and cold surges in east Asia. Journal of
Geophysical Research, 110, D11104, https://doi.org/10.1029/2004JD005408

Kim, B. M., Hong, J. Y., Jun, S. Y., Zhang, X., Kwon, H., Kim, S. J.,, ... & Kim, H. K. (2017)
Major cause of unprecedented Arctic warming in January 2016: Critical role of an Atlantic
windstorm. Scientific Reports, 7(1), 40051.

Kim, H.-M., D. Kim, F. Vitart, V. E. Toma, J.-S. Kug, and P. J. Webster, 2016: MJO
propagation across the Maritime Continent in the ECMWEF ensemble prediction system.
Journal of Climate, 29(11), 3973-3988, https://doi.org/10.1175/JCLI-D-15-0862.1.

Kim, S., H.-Y. Son, and J.-S. Kug, 2018: Relative roles of equatorial central Pacific and
Western North Pacific precipitation anomalies in ENSO teleconnection over the North
Pacific. Clim. Dyn., 51, 4345-4355. https://doi.org/10.1007/s00382-017-3779-6

Kim, S., J.-S. Kug, and K.-H. Seo, 2020: Impacts of MJO on the Intraseasonal Temperature
Variation in East Asia. Journal of Climate, 33(20), 8903-8916,
https://doi.org/10.1175/JCLI-D-20-0302.1

Lin, H., G. Brunet and J. Derome, 2008: Forecast skill of the Madden-Julian oscillation in two
Canadian  atmospheric  models.  Monthly  Weather — Review, 136(11), 4130-4149,
https://doi.org/10.1175/2008MWR2495.1.

Lo, F. and H. H. Hendon, 2000: Empirical extended-range prediction of the Madden-Julian
oscillation. Monthly Weather Review, 128(7), 2528-2543,
https://doi.org/10.1175/1520-0493(2000)128<2528:EERPOT>2.0.CO;2

Luo, X., and Wang, B., (2019): How autumn Eurasian snow anomalies affect east asian witner
monsoon: a numerical study. Climate Dynamics, 52, 69-82.

Ma, T., W. Chen, S. Chen, C. I. Garfinkel, S. Ding, L. Song, Z. Li, Y. Tang, J. Huangfu, H.
Gong, and W. Zhao, 2022: Different ENSO teleconnections over East Asia in early and
late winter: Role of precipitation anomalies in the tropical Indian ocean and far western
pacific. /. Climate, 35(24), 7919-7935. https://doi.org/10.1175/JCLI-D-21-0805.1

Min, Y.-M., V. N. Kryjov, S. M. Oh, and H.-J. Lee, 2017: Skill of real-time operational
forecasts with the APCC multi-model ensemble prediction system during the period
2008-2015. Climate Dynamics, 49, 4141-4156. https://doi.org/10.1007/s00382-017-3576-2.

- 165 -


https://doi.org/10.1029/2010JD014787
https://doi.org/10.1029/2010JD014787
https://doi.org/10.1175/JCLI-D-15-0862.1
https://doi.org/10.1175/JCLI-D-20-0302.1
https://doi.org/10.1175/2008MWR2495.1

Park, C.-H., J. Choi, S.-W. Son, D. Kim, S.-W. Yeh, and J.-S. Kug, 2023: Sub-seasonal
variability of ENSO teleconnections in western North America and its prediction skill. J
Geophys. Res. Atmos., 128(6), €2022JD037985. https://doi.org/10.1029/2022JD037985

Rashid, H. A., H. H. Hendon, M. C. Wheeler, and O. Alves, 2011: Prediction of the
Madden-Julian oscillation with the POAMA dynamical prediction system. Climate Dynamics,
36(3), 649-661, DOI:10.1007/s00382-010-0754-x.

Robinson, David A.; Estilow, Thomas W.; and NOAA CDR Program (2012): NOAA Climate Data
Record (CDR) of Northern Hemisphere (NH) Snow Cover Extent (SCE), Version 1. [indicate
subset used]. NOAA National Centers for Environmental Information. doi:10.7289/V5N014G9
[access datel.

Seo, K.-H., H.-J. Lee, and D. M. W. Frierson, 2016: Unraveling the teleconnection mechanisms
that induce wintertime temperature anomalies over the Northern Hemisphere continents in
response to the MIO. Journal of the Atmospheric Sciences, 73(9), 3557-3571,
https://doi.org/10.1175/JAS-D-16-0036.1

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. Cim. Dyn., 42, 3171-3186.
https://doi.org/10.1007/s00382-013-2008-1

Son, S.-W., H. Kim, K. Song, S.-K. Kim, P. Martineau, Y.-K. Hyun, and Y. Kim, 2020:
Extratropical prediction skill of the Subseasonal-to-Seasonal (S2S) prediction models.
Journal of Geophysical Research: Atmospheres, 125, €2019JD031273.
https://doi.org/10.1029/2019JD031273.

Takaya, K., and H. Nakamura, 2001: A formulation of a phase-independent wave-activity flux
for stationary and migratory quasigeostrophic eddies on a zonally varying basic flow.
Journal of the Atmospheric Sciences, 58(6), 608-627.
https://doi.org/10.1175/1520-0469(2001)058<0608:AFOAPI>2.0.CO;2

Xu, X., S. He, Y. Gao et al., 2021: Contributors to linkage between Arctic warming and East
Asian winter climate. Climate Dynamics, 57, 2543-2555,
https://doi.org/10.1007/s00382-021-05820-x

Vitart, F., and Coauthors, 2017: The subseasonal to seasonal (S2S) prediction project database.
Bulletin of the American Meteorological Society, 98(1), 163-173.
https://doi.org/10.1175/BAMS-D-16-0017.1.

Wang, B., R. Wu, and X. Fu, 2000: Pacific-East Asian teleconnection: How does ENSO affect
East Asian climate? J. Climate, 13(9), 1517-1536.
https://doi.org/10.1175/1520-0442(2000)013<1517:PEATHD>2.0.CO;2

- 166 -


https://doi.org/10.1007/s00382-021-05820-x

Wheeler, M. C., and H. H. Hendon, 2004: An all-season Real-time Multivariate MJO index:
Development of an index for monitoring and prediction. Monthly Weather Review, 132(8),
1917-1932, https://doi.org/10.1175/1520-0493(2004)132<1917:AARMMI>2.0.CO;2.

WMO, (2020): Guidance on Operational Practices for Objective Seasonal Forecasting.
WMO-No.1246.

Woods, C, R. Caballero, and G. Svensson (2013) Large-scale Circulation Associated witn
Moisture Intrusion into the Arctic during Winter. Geophysical Research Letters 40:
4717-4721. doi:10.1002/grl.50912.

Zhao, W., S. Chen, H. Zhang, J. Wang, W. Chen, R. Wu, W. Xing, Z. Wang, P. Hu, J. Piao,
and T. Ma, 2022: Distinct impacts of ENSO on haze pollution in the Beijing-Tianjin-Hebei
region  between early and late  winters. J = Climate, 35(2),  687-704.
https://doi.org/10.1175/JCLI-D-21-0459.1

- 167 -



T=f,—f, [A1]
e=fy—o [A2]

#5 \AApe E4Hvo)H dSF HAzke] AA BAK V., = Vet Vy = Vool Zal 71 gth o]
o 510 FdE W ko2& AAT UE Ana FIIE s, d5()9 B4k A
ade] BAHvelBgE FAGZH(R = /Vy/(Vs+ Vy) =/ Vy/ Vo)ell &gt F,

Vo Vs(t =0)
V, =Vs(t=0)= Vs(t:O)%: Vo —= VoR? [A3]
V, = VoR}
a8 A E3 o5 2 S T4 ofgiel o] BT 4 Jda, Tdwet xke} A ek
o] FEAE Eq. [AS]e} Zo] A 4 ot ol Ax 5F AP o o=} 22
S AR dig A A S Abol o] Aot (Fig. 3.2.2.7b9 H2 A1)
f0= VoRy, [A4]
fof1= VoR,R,A
eT= (f,—0)f,— /1) [AS]]
= i Fohr— foo+ Fr0
= VoR;— VoR,R,A— VoRy,+ VoR,r,
= VO[RO(RO—VO)—Rl(ROA—rl)]
a8 xkey ARk FA4Re 7
A=, —0)f,—0)= fi—2f 0+ o* [A6]

= VoR*—2VoRy,+ Vo= Vo(1+ R*—2R,,)

1= (7, = 70U, — F)= 2= 2f fi+ 7 (A7)
VoR*—2VoR R/ A+ VoR}
= Vo(R?—2R,R\A+ R})

olwl, R,A=FR, ©% 7Pgatd, Eq. [A5]9h Eq [A7)e 2471,
eT= Vo[R,(Ry—r,)— R, (R, —r,)] [A8]

T?= Vo(RZ+ R{—2R?) = Vo(RZ— R}) [A9]

- 168 -



o2 A=, Eq.lA6], [A8L[A]E ol&std oxtel BFAFe FBAT ole,T) & ofeiet 2
o] 7+& & Ut (Eq. [4.6]

[A10]

EF, SAHD} BE)0] ARAFE Eq (A4 [A] & o83 FAR PPoR 7Y F
9t} (Eq. [4.7)

= o(f,— f1)=of ,— of, [A11]
= VoRyry,— VoRyr, = Vo(Ryry— Ryry)

oT _ Ryry — Ry

—= [A12]
Jer  RR

00, T) =

- 169 -



