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Executive Summary

This study aims to develop new predictive content to address extreme climate events,
focusing on seasonal forecasts based on extremes and physical quantities, as well as linking
the characteristics of monthly and daily precipitation. To produce seasonal prediction
information, we first analyzed the distributional properties of observational and climate
prediction datasets and examined climatological biases—mean, range, and shape—embedded in
dynamical models and grand ensemble data. Various bias-correction methods were applied to
align ensemble distributions with the physical distributions observed, thereby improving the
match between raw climate prediction data and observations. Nevertheless, the predictability
of seasonal forecasts based on extremes and physical quantities yielded somewhat divergent
outcomes. To integrate monthly and daily precipitation characteristics, correlations between
monthly accumulated precipitation and both precipitation frequency and intensity were
investigated. Regional differences were identified, with precipitation intensity generally
showing a stronger influence on monthly precipitation variability than frequency. We further
assessed the significance of the difference between the two correlations to identify regions
with a high potential for extreme precipitation, and interpreted these area and seasons based
on their characteristics precipitation regimes. These findings highlight the importance of bias
correction and multi-scale precipitation analysis in enhancing the reliability of seasonal climate
predictions, particularly under extreme climate conditions.

APEC (Asia-Pacific Economic Cooperation) Climate Center has been conducting
comprehensive analyses of climate forecast models across a wide range of aspects. Analysis
of various climate modes that represent seasonal scale climate variability can serve as an
essential component for understanding climate prediction models, and they can also be used
to interpret the sources of seasonal predictability and the physical processes linking remote
teleconnections to regional climate variability. In this study, we evaluate the predictability of
major oceanic and atmospheric climate modes simulated by APCC MME and investigate their
characteristics. By doing so, we aim to derive approaches for interpreting model forecast
information and ultimately enhance the usability of seasonal predictions. Additionally, we
analyze the most recent hindcast period to better account for contemporary climate change,
as well as the real-time forecast period available since 2012 to evaluate the model” s
performance under operational forecasting conditions.

The oceanic climate mode was selected in the tropical Pacific, North Atlantic, and Indian
ocean. For the tropical Pacific climate mode, we analyzed predictability by month and lead
time using various ENSO indices. The prediction skill with respect to ENSO phase, spatial
structure, and event evolution was also examined. For the North Atlantic, we analyzed the
monthly and lead-time-dependent prediction skills of sea surface temperatures in the mid-



and high-latitude regions, where the strong variability area in the SST tripole pattern, and
assessed model biases in the climatological mean SST field. For the Indian Ocean, monthly
and each lead-month correlations were analyzed to quantify the forecast skill of both the
time-series evolution and spatial patterns of the IOD and IOB. For the atmospheric climate
modes, we evaluated the prediction skills of the AO, NAO, NP, PNA, WP, and SOI indices,
and analyzed their teleconnection responses to temperature and precipitation, as well as their
relationships with ENSO. Based on these results, the MME seasonal prediction information is
interpreted to identify factors that can influence temperature and precipitation over Korea,
and the findings are applied to support seasonal prediction operations at KMA.

The APCC seasonal forecast is produced based on a Multi-Model Ensemble (MME)
approach, utilizing data contributed by the world’ s climate leading climate forecasting
operational and research institutes. This year, key system upgrades were implemented,
including expansion of participating models, extension of the hindcast climatology period, and
provision of high-resolution verification data. Collaborative improvements and the addition of
new models have strengthened prediction reliability, while enhanced data quality management
was achieved through error identification and feedback sharing among participating
institutions. As a result, noticeable improvements were observed in global temperature and
precipitation hindcast skill, and the applicability of a new ENSO index accounting for climate
change effects was explored. Additionally, automation of the APCC three-month outlook
system improved operational efficiency and established a foundation for high-resolution
climate prediction for Korea. These advancements and strengthened cooperation are expected
to enhance the reliability of seasonal prediction and support effective international
collaboration.

The Boreal Summer Intraseasonal Oscillation (BSISO), which originates over the equatorial
Indian Ocean and propagates northeastward, is a key source of subseasonal variability
affecting the Asian summer monsoon, convection, and large-scale atmospheric circulation.
APCC provides real-time BSISO monitoring, prediction, and verification information each year
from May to October. The operational system is run daily based on outgoing longwave
radiation (OLR) and 850hPa wind fields, following procedures of data collection, quality
control, monitoring and prediction production, and real-time system monitoring. Using five
participating prediction models, the system produces and delivers various BSISO products,
including phase diagram, time-series, reconstruction field, and impact anomaly. In 2025, APCC
established its own BSISO input-data processing system, enabling direct use of ECMWF model
forecasts within the BSISO operational framework. This improvement ensures the continued
provision of ECMWF-based BSISO information to the Korea Meteorological Administration’ s
(KMA) monthly forecast briefing. Furthermore, in preparation for the future operationalization
of APCC’ s MME subseasonal prediction system, a framework was developed to utilize
APCC’ s raw prediction data as BSISO input fields once available, thereby strengthening both
the potential for expanding participating models and the autonomous production and



application of BSISO prediction information.

APCC’ s in-house prediction model, SCoPS (Seamless Coupled Prediction System), is and
atmosphere-ocean-sea ice coupled model with a horizontal resolution of approximately 80km
and has been used as a participating model in the APCC MME seasonal prediction system
since November 2017. Each month, SCoPS generates initial conditions using NCEP CFSR and
Argo observations, applies atmospheric and oceanic initialization, and produces 6 months
seasonal forecasts. The resulting forecasts undergo post-processing and verification and used
both for the internal forecast briefing and as a participating model in the APCC MME
seasonal prediction system. In 2025, the APCC MME hindcast period was updated from
1991-2010 to 1993-2016, and this new hindcast period was applied to the verification and
forecast information produced for the SCoPS forecast briefing.

Since 2006, the WMO Lead Centre has served as a one-stop shop by collecting and
standardizing Seasonal prediction data produced by Global Producing Centres (GPCs), applying
various ensemble techniques, and providing seasonal prediction information. Forecast data are
generated around the 15th of each month and made available through the WMO and the
Korea Meteorological Administration websites. Currently, 15 institutions participate as GPCs,
producing multi-model ensemble seasonal prediction information for nine variables using both
deterministic and probabilistic methods. Whenever individual GPC models are upgraded, the
standards processed by the WMO Lead Centre may change, requiring continuous data
verification and program improvements. In 2025, four institutions upgraded their models, and
the Lead Centre modified its programs to ensure stable service.

The Fire and Haze Early Warning system provides forecast information to Indonesia and
Malaysia by calculating probabilistic risk levels based on regional rainfall predictions. Statistical
downscaling and bias correction techniques are applied to tailor the forecast data to local
conditions, with risks classified into four levels and visualized in map format. While previous
methods provided risk information by region, the new high-resolution forecasts generate
grid-based risk assessments. After a trial operation period, the high-resolution service will be
officially launched, with errors identified during testing corrected to deliver regionally
optimized, stable, and highly useful climate services.

Seasonal prediction information from the WMO Lead Centre is also used in regional
climate forums to present outlooks. In 2025, the Lead Centre participated in ASEANCOF,
organized by ASMC, and SASCOF, organized by the India Meteorological Department, to
discuss climate services for Southeast Asia and South Asia. Furthermore, suggestions were
made to expand the use of seasonal prediction information across diverse sectors such as
agriculture, water resources, health, and disaster management.
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Table 2.1. Experimental designs of various bias corrections.

Correction . ]
Detailed Explanation
Code
yBias Raw (Direct) Grand Ensemble
yUnbl Simple Mean Bias Correction of Individual Models
yUnb2 Simple Mean Bias Correction of Grand Ensemble
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yUnb4 Conventional Quantile Mapping of Grand Ensemble
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Figure 2.1. Probability distributions (left panels, units: %) and medians (right panels) of
(a, b) April mean temperature at 2m (units: °C) and (c, d) precipitation (units: mm/day)
of K region in (a, ¢) extra tropics and (b, d) tropics for the period 1993-2016, based on
observations (in purple lines) and predictive datasets from yBias (in green lines).
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Figure 2.2. Probability distributions (Ieft panels, units: %) and medians (right panels) of
(a, b) April mean temperature at 2m (units: °C) and (c, d) precipitation (units: mm/day)
of K region in (a, ¢) extra tropics and (b, d) tropics for the period 1993-2016, based on
observations (in purple lines) and predictive datasets from yBias (in green lines), yUnbl,
yUnb2, yUnb3, and yUnb4 (in respective dark to light blue lines). The absolute
differences of medians between observations and prediction datasets are given in the
upper left of each right panels.
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Figure 2.3. Probability distributions
inter-range (right panel) of monthly mean temperature at 2m (units: °C) in extra tropics
for the period 1993-2016, based on observations (in purple lines) and predictive datasets
from yBias (in green lines), yUnbl, yUnb2, yUnb3, and yUnb4 (in respective dark to light
blue lines).
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Figure 2.4. Same as Figure 2.3, but in tropics.
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Figure 2.5. Same as Figure 2.3, but for precipitation (units: mm/day).
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Figure 2.6. Same as Figure 2.3, but for precipitation (units: mm/day).
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Figure 2.7. Time series of the 1-month lead April mean temperature at 2m (units: °C) of K
region in tropics for the period 1993-2016, based on observations and predictive datasets
from (a) yBias, (b) yUnbl, (¢c) yUnb2, (d) yUnb3, and (e) yUnb4. The ensemble spread
predicted is depicted by the box-and-whisker representation with the whiskers containing the
lower and upper quintile of the ensemble. The blue and red dots (horizontal lines) represent
the ensemble mean and observations (extreme quintiles, lower 20 and upper 20%),
respectively. The overall RPSS skill of categorical probability forecast taken from ensemble
spread is given in the upper left of each panel, with respect to the climatology defined by
the reference forecast of the category 20-60-20%.
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Figure 2.8. (a) Temporal-spatial averaged RPSS skills of categorical probabilistic
forecasts of monthly mean temperature at 2m (left panel) and precipitation (right) for
the period 1993-2016. (b) Annual-averaged RPSS skills (left column), and RPSS skills as
function of forecast target time and predictive dataset (right columns) of monthly mean
temperature at 2m (upper panels) and precipitation (bottom) in extra tropics and
tropics.
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Figure 2.10. Same as Figure 2.9, but in tropics.
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Figure 2.11. Same as Figure 2.9, but for precipitation.
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Figure 2.12. Same as Figure 2.10, but for precipitation.
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Figure 2.14. Same as Figure 2.13, but in tropics.
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Figure 2.19. Same as Figure 2.14, but for precipitation.

Reliability (x -1)

Resolution

0.018
0.015
-0.010
0.012
-0.020 0.009
0.006
-0.030
0.003
-0.040 T T T T T 0.000
yBias yUnbil yUnb2 yUnb3 yUnb4 yBias yUnb1 yUnb2 yUnb3 yUnb4

Figure 2.20. Same as Figure 2.15, but for precipitation.

_22_



yBias

yUnb1

yUnb2

yUnb3

yUnb4

ROC Skill Score -~/ ROC Skill Score ] ROC Skill Score ROC Skill Score ROC Skill Score

0.64 0.59 0.59 0.57 0.57
s*7L o063 _ /7 5L 059 5L o058 5L o056 5L 055
8 s 8 8 H 8
8 0.6 < 8 0.6 < / / 8 0.6 = 8 0.6 = 8 0.6 <
2 2 / 2 2 /7 2
Z 044 Z 049 Z 049 3 044 Z 04
: : d 2 7 : 7’ :
& 424 e 0ed /s L // 0. /7 Ly

el 4 el Vi el 74 el )4 el
! 4 4
0.0 T T T T 0.0 T T T T 0.0 T T T 0.0 T T 0.0 T T T T
0.0 02 04 06 0.8 1.0 0.0 0.2 0.4 06 08 1.0 0.0 0.2 0.4 06 08 1.0 0.0 02 0.4 06 08 1.0 0.0 02 04 06 0.8 1.0

False Alarm Rate

Figure 2.21. ROC
tropics.

yBias

False Alarm Rate

curves of extreme

yUnb1

False Alarm Rate

False Alarm Rate

False Alarm Rate

quintiles of monthly mean temperature at 2m in extra

yUnb2

yUnb3

yUnb4

1.0 1.0 1.0 1.0
ROC Skill Score—"" ROC Skill Score 7/ ROC Skill Score ROC Skill Score 7 ROC Skill Score 72
0.78 Wy 0.76 / 0.76 0.74 / 0.74 /
é s § 81L o074 / é AL 073 / é BIL 072 / é BIL o /
g 8 / 8 / 8 / g /
8 8 0.6 / B 05 / 8 0.6 < / 8 06 < /
g' 204 4 // 204 '204 // 204 //
3 B %Y 3 049 3 049 3 049
£ g % H g % H %
a 024 / 2 o2 & 024 / 2 024 /
- / e - | / -s | / e
T T T T 0.0 T T T T 0.0 T T T T 0.0 T T T T 0.0 T T T T
0.0 02 04 06 0.8 1.0 0.0 02 04 06 08 1.0 0.0 0.2 0.4 06 0.8 1.0 0.0 02 04 06 08 1.0 0.0 02 04 06 0.8 1.0
False Alarm Rate False Alarm Rate False Alarm Rate False Alarm Rate False Alarm Rate
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Figure 2.23. Same as Figure 2.21, but for precipitation.
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Figure 2.25. Probabilities of exceedance (PoE, units: %) for alternative thresholds of (a,
c) April mean temperature at 2m (units: °C) and (b, d) precipitation (units: mm/day) of
K region in (a, b) extra tropics and (c, d) tropics for the year of 2016, based on
observations (in most left panels) and predictive datasets from yBias, yUnbl, yUnb2,
yUnb3, and yUnb4 (in the second and sixth panels from the left).
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Figure 2.26. Same as Figure 2.8, but POFD skills of PoE forecasts.
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Figure 2.27. Same as Figure 2.8, but CRPSS skills of PoE forecasts.
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Figure 2.28. Spatial distribution of the correlation between total monthly precipitation (A) and
the number of rainy days (O) for each month during the period 1997-2024.
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Figure 2.29. Spatial distribution of the correlation between total monthly precipitation (A) and
precipitation intensity (I) for each month during the period 1997-2024.
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Figure 2.30. Spatial distribution of the correlation between the number of rainy days (O) and
precipitation intensity (I) for each month during the period 1997-2024.

_31_



Wslo}
epi=id

o)

oF

ITCze] 91
e}

T

Ao we A3 F

-

gl

A ITCZ7}
O}OE:]EH Z] O_:]1 Oﬂ /\-]

=

=

TEE=
o w2} o]sst

veRdh

A Aol M=
&l ol

—] -

A=

Figure 2.302)
=1

i -
mamvm@r eI TR T
to0E CEEY LI
]th —_ o~ 0
%ﬂwm} mﬂmﬁ% ﬂ%ﬂ%ﬁ%%%
TE o T BB L EE R
T wfurmmgwr. T Lowm® o
£o3% “Tzws T TR ETE
X Wy~ ﬁ%ﬂmﬂ%ﬂl,mlaro
ﬂ;mﬁ_twﬂ ﬂ,mﬂut?% = JW»ZT 9 ®
e PIERT STk s lk
Ay = NO o 1rT T ~ E._o 00 ‘DI EO ar EO
s =L o R o= 5o n
e R TN _smﬂurmo@o%w
I & el %o aovguwfoqmw
frt . %) = — ! -
SRNEE M%% s MWWﬂ%%MW
T d <
%%WM OW%q.m@ ¥ U ,_dmﬂurﬁr%
ARG MﬁA%& Jaﬁ%%]%%
mOJn,I ;OH_I._V;ILNﬂ = 7.ul‘m|LX_lﬂ1hrle
%xﬂﬂa E%mﬂ]% drﬂ%iul_/m_/mm
K = ,IJI K
ME@_% 5 oo B X Mﬂﬁmeﬂmmwmo
Roolg R T ) mﬂxamig_:
3w TebErR & Xad
w oz M A [ TR T "
T T < = T 7o]ﬂon_ o
JuoEﬁZ)A ,.mo{ﬂﬁﬁe QLZTZLOTMEOE
v T Faol R T
g g e N K ot 1 o i
wEy  AEw P M;gjwqw
W & IR T %?@@7dwuh
A w o o M %}A,_ﬁﬁafwﬁxraw
o Iy éﬂ;ko# Juhﬂ Eﬂ%
e_upo_i‘__x_ G zlﬂo o ﬂomi W mr oy Lﬂu1r1_ﬂv.
kT w.zﬂeqp = EENEER:
PET ERE dogsilogyl
.]oo <0 ! B o oF N
§Ew w T @%%%ﬂ,ﬂ%%
B;su,} m g O ok N ﬁT%J_ﬂt_o m
CoE e ) O_EIL%LP%O_
R DR i T B E e
I PRGN R Rl N Ty
= o v 1Y W =l or ,aAlgoxle
YL TE TEoN L s EE R R
KT A rant s DG Mo
N of RO P @ﬂu%m% EEELWMW‘U;.O_%
X0 Ho B %o ‘me,_t_/]ﬂwﬂ_ull
X I~ - 5 o DN
CECHINI (RN
mxﬁo

1

o
pil

= A7y FEo] T3

=)

=

- 32 -

Oo]:o
"] %}]CO] L]'E]'ﬂ‘q- O] X]O:] o 74
= =x0] 9k =

-

A G 7}A]



HAl - r(A 0) JAN, 19972024 Al - I‘(J?.Ol : i FEB.‘|997-2024
\\j’, Wﬂ g? ;
s **r ?..’.-.__‘-
it B ] » Pl dt. 1
o Ll s
-

0 o . B °

MAR, 1997 2024

°

- TG
. ",’m‘:ﬁ\:&:’m
A 4
. - . T

HA) - 1(AD)
=T
R A

1§ 5w
v

!

- 1‘.. XS
= 9
2%

A2 1 1 08 08 07 06 05 04 03 02 01 0 01 02 03 04 05 06 07 08 09 1 11 12

Figure 2.31. Spatial distribution of the difference between the correlation of total monthly
precipitation with precipitation intensity and that with the number of rainy days, expressed as
r(A,D) - r(A,0), for each month during 1997-2024 (shading). Regions where the difference
between the two correlations is statistically significant at 95% confidence level based on the
Steiger’ s Z-test are marked (hatching).
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N7t o225 (Real-time forecast)E o] &3t th Hindcast= 714 A< viAQd 20249 ARE
o] g3ty o B4 7|72 2025 8€HH W7 AHEH hindcast 717k 1993~2016Wd | A o] F
o] A t}h. Table 3.1 hindcast #4o A8H RIEE, 2 APCC MMEo] o] =<l 7 »
g9 Z dk-tfr] =do] 1-Tier =2 o]al hindcast 7|7HS FZFsl= Ford 1170185 YeERA

Aot

Table 3.1. List of participating models and their hindcast periods.

Institute and Model name Hindcast period
1 APCC_SCOPS 1982~2016
2 BOM_ACCESS-S2 1981~2018
3 CMCC_SPS3.5 1993~2016
4 CWA_TCWAITVI1.1 1991~2020
5 ECCC_CANSIPSv2.1 1990~2020
6 JMA_MRI-CPS3 1991~2020
7 KMA_GLOSEA6GC3.2 1993~2016
8 METFR_SYS8 1993~2016
9 NASA_GEOS-525-2.1 1981~2016
10 PNU-RDA_CGCMv2.0 1980~2022
11 UKMO_GLOSEA6 1993~2016
AAZE A ZARE dZ Ade AAEe A4 MEHUD AR, /HEF ArHLs 2
B7F e 20129 01 2025 H AE7HA AREHUAR. )20y et 2 o] ¥
o 4% APCC7} MMEE A4kstr] A&k 2008358 257 oy, s e &
T 3 %L MME A 71 o]Zof o] Fo]H 7] wjFo] A7 JiE mdL 2012WHE, MME =t
B 20139 FRHEEH ARE SR F# ATk =F S VTR Ae trlEg ¢
HEJAE JSAHAS & F 7] WEe MMEE 69 SAEE A /E RE % 69 &5
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Table 3.2. List of participating institutes and their available year for
real-time forecast.

Institute available since
1 APCC 2014~
2 BCC 2016~
3 BOM(POAMA) 2012~
4 CMCC 2014~
5 CWA(CWB) 2018~
6 ECCCMSC) 2016~
7 JMA 2012~
8 KMA 2020~
9 METFR 2021~
10 NASA 2012~
11 NCEP 2012~
12 PNU-RDA(PNU) 2013~
13 UKMO 2020~

o] HuE 98 AHL3 B2 AYEA A22 tfr] H4E NCEP-NCAR Reanalysis 1
A= ¢ NCEP/DOE Reanalysis 2 A& Ar&stth. sism2% (Sea Surface Temperature;
SST)+= NOAA (National Oceanic and Atmospheric Administration)ell 4] #|-&3F= OISST
(Optimum Interpolation SST) V2 A8 & AF&3t% 3, 4 A&+ CAMS OPI (Climate Anomaly
Monitoring System and OLR Precipitation Index) AF&<} Global Precipitation Climatology
Project (GPCP) version 2.3 A5Z A&3 T}

A5 B4 UReEs d47 24, AR, IAEN, 494 And(Empirical
Orthogonal Function; EOF) ¢ SA&4 #Ho] AEHIIT. BHof o4 PCC (Pattern

Correlation Coefficient), TCC (Temporal Correlation Coefficient), RMSE (Root Mean Squared
Error), Mean Error, RCC (Ranked Correlation Coefficient) & °.2 3 7}3)t}.
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Figure 3.1. Differences of the SST annual cycle bias between Model and Observation, and
the SST annual cycle of the observation(last panel) in the equatorial (5S-5N average)
Pacific.
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Figure 3.2. Temporal correlation coefficients of the Nino3.4, Nino3,
Ninol+2, Nino4, and NinoW indexes between the model and observation
for the hindcast lead-1 to lead-6. Gray bar is for MME and color
dot-lines are for individual models.
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Figure 3.3. Temporal correlation coefficients of the monthly Nino3.4, Nino3, Ninol+2,
NinoW, and Nino4 indexes between the MME and observation for the hindcast.
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Figure 3.4. Temporal correlation coefficients of the monthly Nino3.4 index between the
individual models and observation for the hindcast.
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Figure 3.5. Root mean squared error (RMSE) of the monthly Nino3.4, Nino3,
Ninol+2, NinoW, and Nino4 indexes.
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Figure 3.6. Standard deviation of the Nino4, Nino3.4, Ninol+2 indexes. Black and gray solid
line indicates the observation and MME. Color dashed line indicates the individual model.
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Figure 3.7. Composites of the December tropical (10S-10N
average) SST anomalies with respect to the positive (left)
and negative (right) phases. The white circle indicate the
center of the anomalies.
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Figure 3.9. Temporal correlation coefficients of the Nino3.4, Nino3, Ninol+2, NinoW, and
Nino4 indexes between the MME hindcast and observation with respect to the phases.
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Figure 3.10. Temporal correlation coefficients of seasonally divided monthly Nino3.4 index
between the MME hindcast and observation with respect to the phases.
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Figure 3.12. Evolution of the Nino3.4 index (color solid line) and their composite (black
dash line) for El Nino (left) and La Nina (right) events during hindcast period. Evolution
starts from April of the event developing year to August of the next year.
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Figure 3.13. Histogram of the ENSO event peak month from the Nino 3.4 index evolution for
the hindcast period.

_50_



3.33. ANzt dF 713 Edl Y 7| FRE 54 BT}

A Wstste 71Fed g dsgS Eo|r] dsAe BEY HT 7I3E dFAHd o
Bao] Aastn, 37 o =S AYAE hindcast ok ol AAE mdo] ojEA o=
sk=Aol tg BEM= Hasith AAIE S 49 ENSO o&4 4ol MMES 71 =4
o] 74143 SFHeE AEES AL Figure 3.145 BAo] A3 &AL AAZE o=
Ztg9] 2 7|7ks JEepdth OA AW vkel 2ol s mddA dleHE 28T 9
20123 o] ZRE 7 Bl qFAnTt Jdv Ve BT ARSSAT REEE BAS A
Z|1Zre] ©t27] W&o &4 7= E2A AEHJT AAT dSAA AREE E 2l
MMEe| Z3tel REE QAR A59] Aopd Aogd Rdx o], AARE dFoAe] MME
9} hindcastoll A 2] MME+& =}o]7} Qlth.

=

Mo rr

Data period | F|CST /| SST
| | | | | L | | | |
APCC —j
BOM
CMCC — = ———— — — | "]
CWA — = i e =
ECCC —j
JMA —ineessssssss  sen
KMA —]
METFR —
NASA :=—_—
NCEP
PNU — i ==y = = === ... ————3~
UKMO — _————
MME_6mon —
| | | | ] ] | | | | | | | | | | | |
2012 2014 2016 2018 2020 2022 2024
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Figure 3.15. Temporal correlation coefficients of the Nino3.4, Nino3,
Ninol+2, Nino4, and NinoW indexes between the model and observation
for the real-time forecast lead-1 to lead-6. Gray bar is for MME and
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Figure 3.16. Same as figure 3.15 but for after 2020 vear.
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Figure 3.17. Temporal correlation coefficients of the monthly Nino3.4, Nino3, Ninol+2,
NinoW, and Nino4 indexes between the MME and observation for the real-time forecast.
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Figure 3.19. Root mean squared error (RMSE) of the monthly Nino3.4, Nino3,
Ninol+2, NinoW, and Nino4 indexes for the real-time forecast.
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Figure 3.20. Temporal correlation coefficients of the Nino3.4, Nino3, Ninol+2, NinoW, and
Nino4 indexes between the MME real-time forecast and observation with respect to the
phases.
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Figure 3.21. Evolution of the Nino3.4 index (color solid line) and their composite (black
dash line) for El Nino (left) and La Nina (right) events during real-time forecast period.
Evolution starts from April of the event developing year to August of the next vyear.
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Figure 3.22. The spatial pattern of the first

EOF mode for the North Atlantic SST.
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Figure 3.23. Time correlation coefficients between the monthly NASST1 and Korea

(left) temperature and (right) precipitation. The red outline circle indicates statistically

significant at 95% confidence level.
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Figure 3.24. Regression of the monthly NASST1 and (shading) 500hPa and (contour) 200hPa
geopotential height anomalies. The diagonal and dot indicate statistically significant at 95%
confidence level for 500hPa and 200hPa height anomalies respectively.
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Figure 3.25. Pattern correlation coefficients of the North Atlantic (80-0W, 10-70N) SST
anomalies between the model and observation. Gray bar is for MME and color dot-lines are
for individual models. Left is for hindcast and right is for real-time forecast.
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Figure 3.26. Difference of the climatological annual cycle of the North Atlantic SST along the
latitude between the model and observation, and the observational climatological annual cycle
at lead-1. Left panels are averages of 70-45W, and right panels are average of 45-15W.
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Figure 3.27. Temporal correlation coefficients of the NASST1(70-45W, 30-40N) and
NASST2(50-20W, 50-60N) between the model and observation for the hindcast lead-1 and
lead-3. Gray bar is for MME and color dot-lines are for individual models.
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Figure 3.28. Temporal correlation coefficients of the NASST1(70-45W, 30-40N) and
NASST2(50-20W, 50-60N) between the model and observation for the real-time forecast
lead-1 and lead-3. Gray bar is for MME and color dot-lines are for individual models.
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Figure 3.29. Temporal correlation coefficients between the NASST1 and Korea
temperature for the lead-1 hindcast models and observation.
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Figure 3.30. Spatial patterns of the first two EOF modes of SST over the Indian Ocean
(20° S-20° N, 40° E-120° E) for the period 1993-2016 based on OISST obervations.
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Flgure 3.31. PC time series of the first two EOF modes of SST over the Indian Ocean (20-
S-20°N, 40°E-120°E) based on the OISST observations.
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Figure 3.32. Spatial patterns of the first two EOF modes of SST over the Indian Ocean (20
S-20°N, 40°E-120°E) for the period 1993-2016 based on APCC SCM MME.
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Figure 3.33. PC time series of the first two EOF modes of SST over the Indian Ocean
(20° S-20° N, 40° E-120° E) based on the APCC SCM MME.
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Figure 3.34. 10D time series based on OISST observations. Positive and negative
IOD events are defined using a threshold of +0.5, with the climatological period
1993-2016.
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Figure 3.35. Composite SST anomaly patterns of IOD events based on the OISST
observations: positive cases (columns 1 and 3) and negative cases (columns 2 and
4), from January (top left) to December (bottom right) for the period 1993-2016.
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Figure 3.36. I0OB time series based on OISST observations. Positive and negative
IOB events are defined using a threshold of =+0.3, with the climatological period
1993-2016.
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Figure 3.37. Composite SST anomaly patterns of IOB events based on the OISST
observations: positive cases (columns 1 and 3) and negative cases (columns 2 and
4), from January (top left) to December (bottom right) for the period 1993-2016.
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Figure 3.38. 10D time series based on APCC MME models with forecasts lead
from 1 to 6 months. Positive and negative 10D events are defined using a
threshold of +0.5, with the climatological period 1993-2016. The SCM MME is
shown as thick magenta line, individual models are colored, and observations
are shown as a thick black line.
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Figure 3.39. Composite SST anomaly patterns of IOD events based on the SCM
MME with forecast lead 1-month: positive cases (columns 1 and 3) and negative
cases (columns 2 and 4), from January (top left) to December (bottom right) for
the period 1993-2016.

-

g Y APAAAAE vz 8 fhHES FARHA 2oskA g A Azto] A
5 o382 Qb FolA /Y APAtA = 7HEE SSTe A tHHIZE oFstAl ek
HE-S B FoHFigure 3.40).

_75_



pos  JANWUUNLS  \eo bog  WJULDECLS  em

JAN 10D POS | SSTSCMAnom,  JAN IOD NEG | SSTSCMAnam.  JUL 10D POS | SSTSCMAnom.  JULIODNEG ___ SST SGM Anom.

e & &
g L\ Wty |
AUG 10D POS | SSTSCMAnom.  AUG ICD NEG | SST SCM Anom.
4 b -
L ¥ a:’fq%‘& 3 =
J "8 AT 2 A AT |
AR 10D POS SSTSCM Anom. MAR 10D NEG SSTSCM Anom,  SEP 10D POS SSTSCM Anom.,  SEP 10D NEG SST SCM Anom,

A

5 5

. N b IEV S g A

APR 10D POS | SST SCM Anom. APR 10D NEG | SST SCM Anom, OCT 10D POS | SSTSCM Anem. OCT 10D NEG | _SST SCM Ansm.
- = g ' F

%

g

%

N ot BF  wiOeie | N

AY 10D POS | _SST SCMAnom OV 10D POS | SSTSCM Anem. NOV 10D NEG _SST SCM Anom

4

: w5 & 3
it o it e |
s [ L P
i SS8T SCM Anom, DEC ICD F:OS i S5T SCM Anom, DEC 10D NEG ; SST SCM Anom,
. % ‘. o
. . .
: ,
xﬁ%
4 o R\~ O
el
1

e M mE ot et e wE ! et e wE ot e e

Figure 3.40. Composite SST anomaly patterns of IOD events based on the SCM
MME with forecast lead 6-months: positive cases (columns 1 and 3) and negative
cases (columns 2 and 4), from January (top left) to December (bottom right) for
the period 1993-2016.
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Figure 3.41. Longitude-month evolution from June to following February of (upper)
SST, (middle) SLP and 850-hPa winds, and (lower) precipitation and 200-hPa winds,
composited for positive (left) and negative (right) IOD events from observations
over the Indian Ocean. All fields are averaged over 10°S-5¢N.
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Figure 3.42. Longitude-month evolution from June to following February of (upper)
SST, (middle) SLP and 850-hPa winds, and (lower) precipitation and 200-hPa winds,
composited for positive (left) and negative (right) 10D events from MME
observations lead at 1 month over the Indian Ocean. All fields are averaged over
10° S-5° N.
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Figure 3.43. Monthly (top) temporal correlation coefficients (TCC) of the IOD time
series, and anomaly pattern correlation coefficients (PCC) of SST anomalies over
the Indian Ocean (10° S-5° N, 50° E-100° E) for (middle) positive cases and
(bottom) negative cases, between observations and MME forecasts with lead times
from 1 to 6 months. Line colors denote the forecast issue month; for example,
forecasts issued in December (covering January to July) are shown in blue. Filled
markers indicate statistical significance at the 95% level.

=
-

B AE uz7tA 2 [OBE ABeste AlA
&

E A5 ctHFigure 3.44). A A|7o] A

=R
0B AARe lZee nma $55010, ARALY Aol 2 Pk we] 2

o FXajEe] AL SSTO 3t 5o 2 & RostA v F=rt ofstar, AFoA

_79_



gue dE S AlEsiA mEbrbA s S3hek(Figure 3.45).

Model IOB hindcast LEAD1

Models
— APCC
~—— BOM
— EMCEC
— CWA
— ECCC
— JMA
| KMA
1990 1995 2000 2005 2010 2015 2020 — METFR
Model I0B hindcast LEAD2 NASA
4 == P

N R M R g™
—_— 5CM
—_— OBS

10B norm.

|0OB norm.

-4 T
1990 1995 2000 2005 2010 2015 2020
a Model OB hindcast LEAD3

I0B norm.

1990 1995 2000 2005 2010 2015 2020
Model OB hindcast LEAD4

10B norm.

-4
1990 1995 2000 2005 2010 2015 2020
a Model IOB hindcast LEADS

|0OB norm.

1990 1995 2000 2005 2010 2015 2020
a4 Model I0B hindcast LEADG
E
[s]
{ ==
fus]
=}
=4
1990 1995 2000 2005 2010 2015 2020
Year

Figure 3.44. IOB time series based on APCC MME models with forecasts lead
from 1 to 6 months. Positive and negative IOB events are defined using a
threshold of +0.3, with the climatological period 1993-2016. The SCM MME
is shown as thick magenta line, individual models are colored, and
observations are shown as a thick black line.
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Figure 3.45. Composite SST anomaly patterns of IOB events based on the SCM
MME with forecast lead 1-month: positive cases (columns 1 and 3) and negative
cases (columns 2 and 4), from January (top left) to December (bottom right) for
the period 1993-2016.
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Figure 3.49. Month-Latitude evolution from September to the following August of
(top) SST and (bottom) precipitation and 850-hPa winds, composited for (left)
positive and (right) negative 10D events from SCM MME forecasts lead 1 month
over the Indian Ocean. All fields are averaged over 40° -100° E.
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Figure 3.50. Monthly (top) temporal correlation coefficients (TCC) of the IOB time
series, and anomaly pattern correlation coefficients (PCC) of SST anomalies over
the Indian Ocean (20° S-20° N, 40° E-100° E) for (middle) positive cases and
(bottom) negative cases, between observations and MME forecasts with lead times
from 1 to 6 months. Line colors denote the forecast issue month; for example,
forecasts issued in December (covering January to July) are shown in blue. Filled
markers indicate statistical significance at the 95% level.
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Figure 3.51. Monthly lead-lag correlation coefficients between (cyan) 10D and
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Figure 3.53. IOD time series based on APCC MME models with forecasts lead from
1 to 6 months for the real-time forecast period, 2013-2024. The climatological
period for each year corresponds to the model hindcast period (e.g., the hindcast
period for 2024 is 1991-2010). Positive and negative IOD events are defined using
a threshold of *=0.5. The SCM MME is shown as thick magenta line, individual
models are colored, and observations are shown as a thick black line.
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Figure 3.54. Monthly ranked correlation coefficients of the [OD time series
between observations and MME forecasts with lead times 1 to 6 months. Line
colors denote the forecast issue month; for example, forecasts issued in December
(covering January to July) are shown in blue. Filled markers indicate statistical
significance at the 95% level.
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Figure 3.55. Monthly ranked correlation coefficients of the IOD time series between
observations and individual models (colored) and MME forecasts (black) with lead times 1
to 6 months from (a) May, (b) July, (c) September, and (d) November. Filled markers
with black edges indicate statistical significance at the 95% level.
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Figure 3.56. Monthly mean error of the I0OD time series between MME forecasts
and observations (MME - OBS) with lead times 1 to 6 months. Line colors denote
the forecast issue month; for example, forecasts issued in December (covering
January to July) are shown in blue.
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Figure 3.57. Monthly mean error of the IOD time series between observations and
individual models (colored) and MME forecasts (black) with lead times 1 to 6 months
from (a) May, (b) July, (c) September, and (d) November.
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Figure 3.58. IOB time series based on APCC MME models with forecasts lead from
1 to 6 months for the real-time forecast period, 2013-2024. The climatological
period for each year corresponds to the model hindcast period (e.g., the hindcast
period for 2024 is 1991-2010). Positive and negative 10B events are defined using
a threshold of +=0.3. The SCM MME is shown as thick magenta line, individual
models are colored, and observations are shown as a thick black line.
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Figure 3.59. Monthly ranked correlation coefficients of the IOB time series between
observations and MME forecasts with lead times 1 to 6 months. Line colors denote the
forecast issue month; for example, forecasts issued in December (covering January to July)
are shown in blue. Filled markers indicate statistical significance at the 95% level.
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Figure 3.60. Monthly ranked correlation coefficients of the IOB time series between
observations and individual models (colored) and MME forecasts (black) with lead times 1
to 6 months from (a) January, (b) April, (¢) July, and (d) October. Filled markers
indicate statistical significance at the 95% level.
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Figure 3.61. Monthly mean errors of the IOB time series between MME forecasts and
observations (MME - OBS) with lead times 1 to 6 months. Line colors denote the forecast
issue month; for example, forecasts issued in December (covering January to July) are shown

in blue.
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Figure 3.62. Monthly mean errors of the IOB time series between observations and
individual models (colored) and MME forecasts (black) with lead times 1 to 6 months
from (a) January, (b) April, (c) July, and (d) October.
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3.6. 7] 71 RE

o] A= APCC MME A d& A5E E43td, #FAREH dA7A Y 7|FEE o=
BHE JAEsta, olE 7|Hte 2 o] 37| % Ao AR oS JholEgjlS At AL F
+ EXE I olF fl8) WA, Hindcast 7|3k 8 7| REQ AF SA4S 45t &
ot o AAE tr] 71$ Bod 2HE& 9o, AT AFEY A3 dF o A
S B35t o) o] HAAA Tkt ty] A g AT 2l 7)uk o 2ol A §ou|dl 4

A o}

YEldl= AFE Adsta, o0 25 2 Ao ofH 94 “FF(tele-connection)

T8 7] Ag+= @A APCC FH oA A AlFsta e 7] X 5 APCC MMEo] A
Ay FQ WHFEZ AAbo] 7153 PNA (Pacific/North American), WP (Western Pacific), NP
(North Pacific), AO (Arctic Oscillation), NAO (North Atlantic Oscillation), SOI (Southern
Oscillation Index) A= F 6719 A+E A AASATHTable 3.3). 28]al 7 A9 A4t
W22 APCC o] Ao A FAA o= Al FA A AAA2=H oo wa} A4E AT

Z AOE A4Fstz] ¢1g 1000hPa A aix+= A APCC MME Alg ®7F ofy 7] off Foll
SLP(EH?”LW] WoE A8t A4kstA

2 dToAe 2l g #AS ARE o|&st HAAFE PA7A S of 2063t APCC
MME o3& & HEE dsty HZ 7% HsAS 18t AA dRo &8 7ts3 95
ZtolEekel s AA S WA H Hindcast 717H1993~2016)0] 71& mEo] o= Fo]E

AuR 1A ST A sif 2 oty #d F8 7] 2Eo dig A3 B ex 54 4
HEA, o]o B Fougt FAHE Uelll= AsE A”sta, voprt tir] Ao 2

=9} o] Ui 97 4d deS vlus BRux s

Table 3.3. List and current status of atmospheric index.

' EH oA HHolE A3
) g W .‘,_%_ A2 Chmat'ology

Period APCC CPC
PNA 7500
WP 7500
NP SLP

NCEP R1 1993~2016\d 0 0

AO SLP
NAO SLP
SOI SLP

_99_



3.6.2. 7] 71&RE o4 Hr}

Ny

Figure 3.63-& ™7] Ao tigk Fojwd ¥ ¥ FHF A A3 AS(TCC; Temporal
Correlation Coefficient)E Uepd Zolt} x| Z AHES w] AO= MMEOA 6¢€ #2n|3h
A ZFAE YeEPHARE o] & AL 7|1l A+ tiFEe I EdoA X dSAdo] @A
SA UEhY fFome d3dS UEhYA et 813 NAOS -9 MMEOIA 14, 4~5¥q]
Fom g o FAdo] yetua Ay o] AlL7k ZIXtlA = FoRg
gt 18 EHEE A9 iR Y HE dees AYE e NPo A
59, 7-8ollA Fou|3 dgFAHES UrEHH—t— %

WP= 12~1€, 4~5€, 99 o= I

Uetdth o] AFES FHBEY 2 BAEBEIY F8 7t #F dded IS v A
A F2A ALSHREH BE7IA AA NS T3 FolA ol o He o ZAAE F2EH
g839 4 :LE]I’_ SOI&= ENSO¢| ¥ A= thr] WwreZ ENSO A9k AR
oJulE 7HA7] wwel, A AAH 2 BE FoARdoA TE di7] W BlE] AtiHoE ofF
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Figure 3.63. Monthly TCC for AO, NAO, NP, PNA, SOI, and WP indices by participant model.
Dots indicate values significant at the 95% confidence level.
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5o 7 A5 #5373 MMEC Al 4 37 g mAS AHEt. 34
e B4 T AA BFA Yehde= W] Ag 540 715 RPAAME FARSHA
AdE A} BSoA AoH e AFE EdoAE Atz FEE HeAE UA
HESHA 1gure 3.64-3.69= 670 Aol the &dE 37 RS W Aeola 4 4d
LEZE Aol #F:A

H =2e #3534 MMEZE &3 43 Alg (PCC; Pattern Correlation
Coefficient)g UERA Zolth. AOE & Rk 51345_9] 7]t ol § 3}
AEZFE YEl= T8 7|$ AFE, B3 ol 7 & ALHL 559 7
AT FA=Y 719k fde] v E Yt Zlo] EX otk 12y Figure 3.6401]/‘1 HH
B2doAeE B59 F4 7ol oetA Uy FHESY] 7Y A FEEHA YERYA]
B FAEY 7Y Y HAATE BdEA vEide SA-o] Atk mEtA AA= PCC #k
AAE FYRE Aor2 Yeuy B3 S5 Aol9 7 e =7 ofstal 7)qtY
Hd 2= GE2A YeEdS glst

d

FEHoE AOE AT Wyl A5 R AL, 53 196 foluld H%o
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Figure 3.64. AO regressed patterns for SLP based on monthly observation and
1-month lead forecasts.
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NAO regressed pattern
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Figure 3.65. Same as figure 3.64, but for NAO regressed pattern for SLP.

Figure 3.662 HElE el A=d ti7] £ sde 28t NPol| i3t 37 et
NP= AJRE WHgol gk daAde 12-14, 5¢, 7-8&d #oveA yetwxwt 33

A9

45 AVEY 11-14, 5-6de A9 & EoAol =A detua oFdee I3
BojAol A HAaste Ao= YEdH

Figure 367¢ BeB ol d BHtjFe Adste tfze ALd 7] $5S dyshs
PNAS) i 7 Sdoleh PNAS AT WES) dlF gRHL 142 680l FoleIshA

UEhA R BXF 4R BAS An
A ehte 21g
M ECEE DR T

bl
o

a8l EAHEYE T Jds dAWete WP 39 sjEel(Figure 3.68)2 PNA i€}
FAFHAl 11478 447t AN F247HA HA7E HolH, A9 I3t mojido] A
Uetde AS et 28y drkF o g AZd HiejA Bl 37 sje o] FEr) oFshA
2oH e AL &dsian.

Figure 3.69% AUkl b Awsts 719 149 SOl g 59 sjeolth. SOl
A%el A% ENSOSt A" oly] #d AgeM A FBgol A Adel AA u$ %A

R AT oo ke, B3 molAdAE ALAT BA Uiz 37 B8 grs B3
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NP regressed pattern

0BS [JAN]

Figure 3.66. Same as figure 3.64, but for NP regressed pattern for SLP.

PNA regressed pattern
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- o
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Figure 3.67. Same as figure 3.64, but for PNA regressed pattern for 500hPa
geopotential height.
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WP regressed pattern
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Figure 3.68. Same as figure 3.64, but for WP regressed pattern for 500hPa
geopotential height.
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Figure 3.69. Same as figure 3.64, but for SOI regressed pattern for SLP.
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Figure 3.70. Teleconnection correlations between each index and 2m temperature over the
mid-latitude region for January.
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Teleconnection Correlation pattern of NINO3.4 on prec NP-related teleconnection correlation pattern in prec
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Figure 3.71. Same as figure 3.70, but between each index and precipitation.

agud ZF tfr] A9k ENSOSbe] Aol Bdi #AZoA o' zpolrt AEAE
FRAME7] 3l Folrlotdl WAHRIA FFS F T2 WA (WP, PNA, NP)$}
NINO3.47Fe] TCCE E43t4tt (Figure 3.72). Figure 3.7204 E3&4 AXo] MME, 3}&+A
Aol #E9 4d TCCE YEH Zlolth. 8l 2EEH ool 127 TCCY HA#<
et Aot AAZ #ZoA= ENSOLe] Aol A Feolx: E73st RdoAe
A2k ENSO<te] d#Adeol mi¢ =4 Yethue As Fdsdth. WPe ALH, 52 A
2o EXo] wlg ZA3tA YERUI v, PNAS NP A Al-e] AA o mofdte= 5Ho]
et o3 g ARE mFo Be ] A5 AA S ENSO I mojido] A= 7|23
AA 3ol = S wlA ENSOO w343 ml$ fFASHA Uetsts 7hsAdel & o=
%

F34.

wdo A Yehds 729 974 HHSoA ENSOZ <3k tfr] whgo] o =mojF =
EAE 237 93] ENSO #H wH&-& 3 F(regression) 42 (Figure 3.73)S F3l A3l
t)7] =9 q]a]- &5 97 Hreule FZslux gk wElA figure 3.739 FAS B3
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Figure 3.72. Temporal correlation coefficient (TCC) between NINO3.4 and the WP (left), PNA
(center), and NP (right) indices. The values shown in the upper-right corner indicate the
mean TCC values.

a =reglIndex,q,(t), ENSO(t)]

Index,esigual(t) = Index,q, — aENSO(t)

Figure  3.73.  Equation for  removing
ENSO-related variability from 2m temperature
using linear regression.
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WP-related teleconnection correlation pattern in T2M
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Figure 3.74. Comparison of 2m temperature tele-connection of WP index
before (top) and after (bottom) the removal of the ENSO signal.
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Figure 3.75. Same as figure 3.74, but for PNA index.
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4. MME 29 & J|M
4.1. MME && % A=

411 w73 2 &3

olef 7] EAEI(APCO= 2005 AHAH olF =g Y3} RHAAFSAEE 7No=
G2 YFEMME) d=71HE 483 AsdSA 28I(AFS, Automated Forecast System)<

T5ote] Wi AAAS R AFAA i AN ARE AT ok 2018 HE] AFS
Mido]l S| o] FojH o, wid AMEA FREAE T AEAS A5 84 B HYHS
SUA717] 8l =88t o 1 23, 20199 1122598 —20¢) 2 2022 4€420¥—159Y)
T oAb 2R ASAHE AFAZIE S vk A, 20229 44 5E 7P HAlel ENSO AR
AEE AFstr] Al € 23(15Y, ©Y) BAHAAR ASsiRon, I9FE A E(l1%)

=R AU 2E AAGEFR 5, 2022), 20243 2€0E= 537 71FEHR MU AE A FEH7)
AASATHOI A E 5, 2024). 23le dY dSAlxdle] A 2 Asy MAes ExE=
Mz 2d F7h, A7 F o Z(hindcast) 35713 33 gEo] 1ald=1.0°) HASAHRE

AFsts 5 B iAol o] FojHo

412 A5 9 Wy
4121 A5

A 1IN =@E, 98, 35, S5, dv, d=, "=, Ay, ojgegol, HAlol, Z=g2)
1670¢] ] - AR ERYH J[FASF ARE T 912“4 zy 713e] ey
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Table 4.1. Description of participating models in APCC MME.

o} ALE Jl<= Hindcast Forecast
71 (Z7h = zagys | ©°

[RE : i (FIH) 77 b

APCC (3+3) SCoPS T1591.31 10/10 1982-2016 6714

BCC (%) CSM1.1m T106L.26 24124 1991-2015 6714

BOM (33) ACCESS-S2 N2161.85 11/27 1981-2018 570
CMCC

_ 2]

(ol=raloh SPS4 0.5x0.5, 183 50/30 1993-2022 570

CWA (thgh) CWACFSy2 T395L60 30/30 1991-2020 971

ECCC (ZHutth | CanSIPSv3 T63L49 40/40 1990-2020 1109

HMC (AP SL-AV 0.72x0.9, 196 41/11 1991-2020 370

IMA (Y1) JMA/M,EI'CPS T319L100 50/10 1991-2020 6712

KMA (3+2) | GloSea6GC3.2 |  N216L85 84/28 1993-2016 6712

METFR (Z &) Sys 9 T359L.127 51/31 1993-2024 570

MGO (& Alob) | MGOAM2.4 T63L25 10/10 1991-2020 370

NASA (1]=) | GEOS-S25-2.1| 0.5x0.5, L72 10/4 1981-2016 871

NCEP (0] =) CFSv2 T126L64 20/20 1982-2010 671

f19_g16
PKNU (3+=) CGCMVL.0 | (~1.9° x2.5 31/31 1993-2016 37
°)

PNU-RDA CGCMv2.0 T42L18 35/35 1980-2022 6712
(k=)

UKMO (=) GloSea6 N2161.85 42/28 1993-2016 570

3 7189 4342 43 HM% Fol7| ol A LG5 Mol H&sted APCCTF 24
sl el EARE YL S T A PAoE

A gapel weh £R AL golshe, 20259 7179
e tgw gt BE Yz BF/FGM, WIFRCWA), A
47371 FMAHECCO,  FAok /14 ATEABIMEMGO. T FFIF
E2HRIAY FIAF-T(NASA), "= 714 HNCEP) dEAs7F #35H3, ¢ 109 o=
RIS I s B

_4
™
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_I_4

—

—_

o 7} 7)ol A3t wel 43 /\]7]7} gebd
Jth. & MME AFSAAM = 2713 &l wE 75X+ HHYE A =

et 2ol 3% 74 HAr|HE dSAaE A5 S A FHOE HFIFE=
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4122 BEAE

A MME A= HSA2"Hd AHEHI e #F 2 ARAAEE A9 25
CAMS-OPI(Table 4.2), slH &%9] 7% NOAA OISST version2(Table 4.3), 71 ¢ WHFEL
NCEP/DOE Reanalysis 2(Table 4.49)¢]®, MME a4 = AZSA A dl4H L5225 A sla

o

25 ERA5(Table 4.5) #A%7F 88t I3 E A< AT ARGARE 52 7IEs
T E ERASE A A3H4Ath

- AN E %%‘Oﬂ Aghet A
oS

Table 4.2. Description of CAMS-OPI dataset.

W&
= ftp://ftp.cpc.ncep.noaa.gov/precip/data-req/cams_opi_v0208
H ZF4=(comb)
713t 1979. 1~3 A (wjd HE°lE)
R 2.5 x 2.5 degree
2z https://www.cpc.ncep.noaa.gov/products/global_precip/html/wpage.cams_opi.html

Table 4.3. Description of NOAA OISST dataset.

&
= ftp://ftp.cdc.noaa.gov/Datasets/noaa.oisst.v2
e ) = -2 =(sst)
713k 1981. 12~ (vid ol E)
32 1.0 x 1.0 degree
= http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.html

- 111 -



Table 4.4. Description of NCEP/DOE Reanalysis 2 dataset.

-8

=4 ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis2.derived/
P surface gauss : 2m 7]-2(air)

pressure : 850hPa 7]-2(air), 500hPa A]$] a1 %=(ght)
713k 1979. 1.~3A (v HElolE)
54 surface gauss: T62 Gaussian grid with 192x94 points
° pressure : 2.5 x 2.5 degree
2z https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html

Table 4.5. Description of ERA5 dataset.

W&
= cds.climate.copernicus.eu/datasets/reanalysis-erab-single-levels
T 2m 7]-2(t2m), 7<(tp), 850hPa 7]-2(t), 500hPa =] $|31%=(z)
71k 1991. 1~&A (wid HdHlolE)
2 1.0 x 1.0 degree
e Hersbach, H. et al., 2020: The ERA5 global reanalysis, Q./JR. Meteorol
" Soc., 146, 1999-2049.

4123 9= 2 AF 719

APCCx #&3td A dF 2d9 5007H olFel GE A
@A (deterministic) % &-E(probabilisticc MME ~7]1¥<S &3l
& MERd BE GAE dF AAFgS 4 ‘j‘“"ﬂ LI THEAE
w2l(Doblas-Reyes et al.,, 2000; Peng et al., 2002; Palmer et al.,, 2004; Wan
TYdHG. FE g2 MERD 4F FEUS 4 RPEE JMFAE FAstd FdEke
wAog FPHAY. JteAs 4 2dE FEEE s AAHY E

Mol AFdel ¥uldsi=Es AAdMin et al, 2009). FEFS BEH Hwsho

2

=

JEAR /M S TAVFEAES YEiH, Hd WS #A s B F
33.3%~66.6%°l 3lFst= FHOo=E FHT).

71F S AsE FE /Lol dis "AF E FopAol A9 FEEA, duiAY
g % 24, dyn @ UE(El Nifo-Southern Oscillation, ENSO) AX® 5 thFsh
ez e E JhF - AAED A SFH 25 A5 Hoe e U2 AF7 5(2024)0
AA3] 7] S5 o 91 H, ENSO 7R A 2=®l& 447 oA & dFolth. gdo 7145 ENSO
AR dESABRE 10958 APCC E# o)A oA A= Ut
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APCC= MME AHEAZ Aol izt Al
FEF)ol w2t g A5 WEHYS A&t
A Agstal Ao AS WEHS AAZZ7IFHWMO) 71 2AA A LS(CBS)S] dAd
AR or aHE e, 7|FdSoM F2 ARgstE AT WIEYS FUlskitHTable 4.6;
Table 4.7). APCC &3 olAE Tl & 14 F8& AJEHF 5, 2024 ths] A=, 2m
7], 850hPa 7], 500hPa A%, s 250 tidk G S 9 FEAF it A5
CREM G LI EaSleg

g4 FRE 93 MME 7IH(EA <
o %

=
— hl
g0l L ABHQ o JAE

HA, G o =04 &85 += Anomaly Correlation Coefficient(ACC)&= &3 o =9 #Hx}
HEe] FAME S FAHste AAATE 1o 7MhEFE dF Adeo] &t Root Mean Square
ErrorRMSE)= oS3k #S3te He Almexty Aado=24 ol AeaE AF=r)
%=t} Mean Square Skill Score(MSSS)= Hext, ZEQxf, HeFo] nF WY FH o 7|FE o=
vl Ade FFES Hrkste AZolw Fol 14 IS E dF AHeol Euh MSSS
Correlation& Temporal Correlation Coefficient(TCC)$} A X ZZA B AFd A= 99%,
98%, 95%, 90% relFFEolA SAAHCE FoU|F FOoE dF Hes TEIFAUT. Gilbert
Skill Score(GSS)&= Ak LA wiAgo] gt oS FFAdo] WHI dF din] drp
FAEAEA BoAF= ARE, §o] 1o 7S AdAo =58

e =9 AZFATE FLEE Reliability Diagrame o= FEo] x4 WAAYHIEe}
drpt X8R AlAH o ® Hrlskes RREA FEo] Al s E A Aol HTh
Relative Operating CharacteristicROC) Curvers 54 dA( ‘7]2o] HEHEG =5 5)9
By g BjERAlS dupu 2 FRESEEX] FAHA0Z A EHM, ROC F4 oo |AHAUC) L=
ROC score7} 4t=¥t}. False Alarm Rate(ZAystA] Fstew HAIITIL =3 vl&)7F 2o
Hit Rate(dA] @S stE H&)y7 5 AUCHH ﬂxlfﬂ, Aukz o=z 0.5 o9 #HE
gu)gle d=o07 7+l Heidke Skill Score(HSS)= HFE o= HAFEE £ UX
EHE AASY Hrlstes ATE 12 D542 543500 Ranked Probability Skill Score(RPSS)+=
FEAS(EM/Es) ASEE #5 FAHSES vus Hrlskes AREA, 0Rd =249
7 ZFRT 953S EOE]TE} Brier Skill Score(BSS)& d&&&9 Awxts 7IEd534

Hag AEZ, grol 19 7M7he4E dFAd 50l 58S or st

.|

H

Table 4.6. Summary of verification metrics for real-time forecast.

Variable Region Metric
Deterministic | PRCP, T2M, T850, Z500 14 regions ACC, RMSE
. Global/4 regions/14 Reliability Diagram,
Probabilistic | PRCP, T2M, T850, Z500 )
regions ROC Curve, HSS, RPSS
, Nino3.4, Nino3, Nino4, , ACC, SST indices
SST index , 4 regions , ,
Ninol+2, WIOD, EIOD time-series
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Table 4.7. Summary of verification metrics for hindcast.

Variable Region Metric

ACC, RMSE, MSSS,

D inisti PRCP, T2M, T850, Z500 14 ions/Global _
eterministic C regions/Globa MSSSCorrelation. GSS

, Reliability Diagram,
4 regions/14

Probabilistic | PRCP, T2M, T850, Z500 ) ROC Curve, ROC Score,
regions/Global BSS

413. A%
4131 MME AdSA 2" &9

APCC MME A& dZA 28 &g £92° Figure 413 2o d4dog H3ldAct wjd 1¥
U9 de - A7) 7FdE AE 24 WAde TEey, 13U97HA 74 71#@e] AN
o &/} A 7] | =25 (on-the-fly 24 34]), AZ/AEAZTE I F3E AARE
AAE AA-S T 23 € T2 AF AAE A T MME 4H=9 &880

APCC MME =4 = o1 7l A%, mdo AN mE AT =Y
59 olfE wd HE 2 £ U dE B0, 20259 4¥ ZF71AAHBoMS AA A 2H
dadEel=E2 1% A5 AF BV vFIIFeTH S2HEIHFIATFNASAS 0S
dagol=o WE A5 AT AAo=z ds F mdo] MME FANA A" vF Aok =3
wdo] fxgd we Ford Aol MAREE AUt ANew, CWAE 20259 29HH,
ARE A mdo] MMEY| FHostdch 20254
29 9= PKNU Eﬁ‘ol Aﬂiﬂl ﬂo:lo}ﬂl H AT 20253 10€9lE 97144 (UKMO) E_ru
forecast At oAl wiA|et FE W g FEho] gRlEo] wehtdE WHT A3 & MME
sbZol S8t

olgb TEeo], &3l Fo] =mde YA =z F o4yt AxHom
A3k tHFigure 4.2). = Y5 Y #SAPNU-RDA) =dlo] AL Zx)g] HAoA HAHAZ
bias7} AEE BAZF LAFo] 2020d 39 o|F AAE d=ZAzE 2T A stAdh
+A4E dZARY A% FHIN, 90°S) Aol AZgow TAHE o] APCC AA

AL WL A YA YT ARGl AT U A2A8 g ASG A G
w=o)g A}, 90°N} 90°Se] @& 87.5°Ne} 87.5°S @oz A F FYF s BAe
Agote] EESRAL. TW, £HY AR AW, Y, HY Fx Sol WA wt

&
AzER - Axg A2d"e AAEIT. PNU-RDAS #A71% A28 A Z7|de=
on-the-fly Jejo] A5Z AAF w&t vigd A= F3 2 <

a8y dg AsE staticfixed AEYES FstHon, old E}E‘r s Ay F

g8 AAZR st dY ¥ TEAS FHAAT. =S, PKNU 2 APCC =Ho A4
lrd 2=6st) SAF = ASAY A LF2 A HAE wE o)F 2
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AAAANA o] FA 7 A= AT dHAE], MY F/VF XFE A VY AR
A2 stH T NASAe] A% 20251 9¢€ 7]& GEOS-S25-2.1 mdofx GEOS-525-3 =9
JadeolEFAoY WA mEo HAAZE oS AFoA o)A 7 FAEHJT. NASA = &
o] wEW near-real-time dZAFolAM g 2, gd Fx L YE BT oF
At A 5E3t A"l AASto] of 27 oY F7} 7IZte] adE WASATH
Al APCC MME &% AA7E o479 d3as A5 2 F2389 Y FAZ 02X
FTa% &S FIst deS BAFT o9 Zo] APCCe AR 2/ H 7|&3 Fof A
e} J S

A E7AQ gee Ea olw md dEAme] Ad A gR 9 A2 a4 2

e L > ko

=
=

S|
a3

o] 14¥e MME Z|®H¥ - APAE - =8 MME odSASE 4AHEsta, ol&
ez WHE Ud 0% 2uzse A4dg FTAHoR WY 156 APCC
Jwwwapcclorg)e B3l FF 6Ll tE AdelZ FrIl wEH, AT IR}
Fdel A4S grteE B wEHh

N

ol r

oj¢} HE, Fotrlol Age o= 3 AAAE gk 5l AFA|EE 2P0
TFRET. HS ARz A did 200 FHAE F
=

NCEP/DOE reanalysis 2 A&59] AHAIZF J= Holl wzl, NCEP/NCAR reanalysis 1
sz tAstd A 2 AHS AYS s HFHoER ACASAHAS ARE
Z3%sle] Climate outlooke ZH4dste] &30z 9 oW Y-S E3) vjzHT}

Z7b AArsta itk APCC U3 ol RESE B3] MME AdelS FRs} B37]uel
PRE FH U 712 L A5 9 Y A oS AR YAk

MME K=Xo: ! ol ol z

Data Quality MME Prediction APCC 3-month
Collection Check (DMME, PMME) Outlook
FTP c — :
e Verification Ir?te.rpretanon& . Climate monitoring
ISSUE OCCUR (Previous forecast, hindcast) description of prediction

ode - 3
(Hindcast/Forecast) ® . 3 th MME
Observation o [i8 i . _r -mon
o S Graphic L]
Communication (Individual model, MME)
with model holders [
‘ ¥ —— nsanm " o b= /oo
— & Py ! EI™ 25 Climate outlook
Decision on Application 4 '%\ ‘ - | discussion
Pre-processing (Index forecast, CLIK, etc) = :
model set L s
Participating Institutions APEC Climate Center APEC Member Economies I KMA

Figure 4.1. seasonal forecast operational system and schedule

- 115 -


http://www.apcc21.org

¢ Notice

Scheduled update of individual model prediction data!

PNU_CGCMv2.0 / PNU-RDA_CGCMv2.0

Forecast : 2.5¢ : 2020APR-2025MAY

Forecast : 1.0° : 20220CT-2025MAY

Hindcast : 2.59/1.0°  :v2020-v2025
PKNU_CGCMv1.0*

Forecast : 2.52/1.0° : 2025MAR-2025NOV

Hindcast : 2.5°/1.0°  :v2025
APCC_SCoPS

Forecast : 2.59/1.0°  :2022FEB~2022DEC, 2023JAN

*Hindcast : 2.5¢ 1v2022-v2025

*SST-only R

Figure 4.2. Notice regarding the scheduled update
of individual model prediction data.

HE MME AAdd S HRY AHE H7LE fste #A7]
A of dig ACC &£4< i3tk MA, AAZFE 58 dstr

zjxl? 71 F Aol tid ACCY 3 olFH kS 20159 FE FA7HA

o] Figure 4.3 AAEATH 71 D Z4 2% 20173 o|F 3 FY FAES B

20153d~2017d H+ iyl 2023 3~2025d HH ACC= 71°] ¢F 8.8%, F7F <F 8.1% IF4H

2o 2 Ve

T
o
o
£2
AN

Global ACC of MME Hindcast (3-year moving average) : T2M Global ACC of MME Hindcast (3-year moving average) : PREC

0.4100 0.5000

g
8

0.3900
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0.3600
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Anomaly Correlation Coefficient (ACC)
Anomaly Correlation Coefficient (ACC)
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T T Iz gz Iz s Iz s g s 3 BT Iz 3z Iz Iz I g

Figure 4.3. Three-year running mean of global hindcast ACC for temperature(left) and
precipitation(right).

Figure 4.4% 20083 1€-39 o =%E 202593 79~9€Y AgZ7tx AATF 71L& L Z<F9
AAZE S g ACCE €HHE AT Aiolth A H MERP ACC, AA-MN M2
MME ACC, & A4 #Z¥E Ninodd AFE HoAFEth dF AAES Adsty dA=
MERD thr] MMES] d&go] -8tA velstern, d 713t B+ ACCx 71 049, &=
0.37 FE2 2 gRIEATt. 53], ENSO ZA=7}t A= e Al7]ol A dS8o] aA F3Ee
o] YepdtHA /K3 5, 2024).

)
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Temperature ACC
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Figure 4.4. Global forecast ACC for temperature(top) and
precipitation(bottom) (black and colored dots) compared with the
observed Nino 3.4 index (blue line).

Figure 4.5+ AT 71 2 759 AAZE oSl gigk ROC Score?] 3 o] 5HHF4kS
Uehd ZAgolt) 7l25E JAZRE 389 dSFHdold/Ednlsz/Edolshel digk ke
ojulaty, 7H LEZL M WHF kot HA #ASAEE Est TJr—Z—Z}EO A

E% l%— HFoA 71 2 Z4 25 ROC Score 0.5 olde= FYm|gH 01]7‘ d5e
grsly Jde Aoz yeiwt 53], ol (Above-normal) 2 33 o] 3H(Below-normal) 2]
WMZFo4  ROC  ScoreZ} %5% E4dE& Ht ol #Hdol(Above-normal) EE
Hdo]3HBelow-normal) WF+= FEHIF signalS 7FAI AT HdH]s=(Near-normal) H 3ol A
signal>  <fgk Hid U E WHEA (nmse)ﬂr o2 QI3 md EFgHdAo] Frtetr] wWElo=E
AdE H(Kharin and Zwiers, 2003). EZF HA T 7|9 AAZE @A SF D AAT FGEASF
oA A thE] o5 A ol FEEHA UEhdT

rL M

(
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Temperature ROC
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Figure 4.5. Three-year running mean of global forecast ROC
scores for temperature (top) and precipitation (bottom).
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CWACFSv2

- Higher resolution

- Coastal boundary
treatment

- Extended hindcast period

Météo-France

SYS9

- Higher resolution

- Extended hindcast period

- Enhanced atmosphere/
ocean/sea ice models

"

CGCMv1.0

SPS4

- Enhanced
atmosphere/ocean/land
surface/sea-ice models

- Extended hindcast period

GEOS-S25-3 O

- Extended hindcast period

- Llarger ensemble size and
higher resolution

- Only ensemble mean and
variance are available for
the hindcast

b222224

CWA
CWACFSv3

%

pO22224 SEAS5

NCEP "~
UFS

Hold

JMA
MRI-CPS4

Figure 4.6. Current status and planned updates of participating models in
the MME prediction system.

4.1.3.2.1 CWA

CWA+ 7]& TCWAITv1.l ®E=oA CWACFSvZ REE Jd=Aer, 8 WHAASS
Table 4.8914 A& = At 7|E 2o s 3 B A4 JF=7F S7lstar A =713t0]

107h 4= St 5 o

Table 4.8. Summary of the existing and improved CWA models.

2497 TCWAI1Tv1.1 CWACFSv2
7] =y 2 = GFS, T119L40 B, T395L60
AW 2dH gl g = NOAH, T119 NOAH, T395L4
g mdw gl = MOMS3, 1° x1° GFDL/MOM>5, T395L40
Y mdw g = N/A SIS, T395L3
GFE M FH) 30/30 30/30
A AIRE 778€ (0.5-month 3} 1078€ (0.5-month) =3+
Hindcast 713t 1991-2020 1991-2020
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Figure 4.7. ACC of individual models (symbols), mean ACC of individual models (black line),
and ACC of MME (bars) for global precipitation, SLP, SST, T2M, T850, and Z500.
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Figure 4.8. Differences in ACC between the improved and existing CWA
Models by key region and season.
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Figure 4.9. Global seasonal ROC scores of the existing (dotted line) and improved (solid line)
CWA models.
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Figure 4.10. Global ACC differences in MME between the existing and the
improved CWA models across seasons and regions.
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Figure 4.11. Global ROC score differences in MME between the existing and the improved
CWA models across seasons.

Nino3.4 A<=2] 73, 71& Edo] Fodk MME o= tin|
dZoM Agg TCCTH RE o=
AoAATE 5692 TCCOt A =+ Ae Folg

TCC: Nifi03.4 (1991-2010) TCC diff (%): Nifio3.4 (1991-2010)
10 T = 2.0

e 15/ LeaD1 DMME_CWACFSV2 (0.9620)
081 < DMME_TCWALTVL.1 (0.9606)

0.6 05 . I
—e— DMME_CWACFSV2 (0.9620) LEADL 0.0

0.4 _ .-~ DMME_TCWA1TV1.1 (0.9606)
2.0

10 :
W 15 LEAD2 DMME_CWACFSv2 (0.9394)

0.8 i5 DMME_TCWA1Tv1.1 (0.9374)
0.6 0.5

—e— DMME_CWACFSv2 (0.9394) _
04 1-9-- DMME_TCWALTv1.1 (0.9374) teaR2 o8
1.0 = 2.0

’ Tt gp—— 15 LEAD3 DMME_CWACFSV2 (0.9134)
0.8 ig MME_TCWA1Tv1.1 (0.9103)
0.6 1 05
-o— DMME_CWACFSv2 (0.9134)

0.4 4~ DMME_TCWAITV1.1(0.9103) LEAD3 °'°'|

JAN FEB MARAPR MAY JUN JUL AUG SEP OCT NOV DEC JA‘N FEB MAR APR MAY ]le jL]L AUG SEP OCT NOV DEC

Figure 4.12. (Left) Nifio-3.4 TCC of MMEs with the
improved (solid) and existing (dotted) CWA models. (Right)
Percentage TCC differences (%).
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Figure 4.13. Forecast anomaly maps of temperature
(top) and sea surface temperature (bottom) from the
existing model (a) and the improved model (b).
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Table 4.9. Summary of the existing and improved CMCC models.
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Figure 4.14. Global mean bias in SON for precipitation, SLP, SST, T2M, T850, and
7500 from the improved CMCC model.
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Figure 4.15. Regional ACC in SON for precipitation, SLP, SST, T2M, T850, and
2500 from the improved CMCC model.
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Figure 4.16. Global ROC in SON for precipitation, SLP, SST, T2M, T850, and
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Figure 4.17. Regional TCC differences in SON between the existing and the
improved CMCC models for precipitation, SLP, SST, T2M, T850, and Z500.
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Figure 4.18. Same as Figure 4.17, but for ACC.
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Table 4.10. Summary of the existing and improved METFR models.
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Figure 4.19. Same as Figure 4.14, but for the improved METFR model.
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Figure 4.20. Same as Figure 4.15, but for the improved METFR model.
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ROC Curve: prec, JJA {1993-2010)
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Figure 4.21. Same as Figure 4.16, but for the improved METFR model.
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Figure 4.24. Directory structure of the MME Automated Forecast
System for the extended hindcast period.
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Figure 4.25. Hindcast availability period by MME participating models for
forecasts of January, February, and March-December. White indicates missing
data, and light green/yellow denote the common hindcast period.
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Figure 4.26. Probabilistic ENSO forecasts (%) for 2025
SONDJF based on hindcast periods 1991-2010 (top)
and 1993-2016 (bottom).

=3+ Figure 4.27-& SON(9-114€) 7]zt ths| hindcast 7157k 713t &4 AZ o] 7| &E&
A Zol(R)E HATHoZ YEHA Zolth. #5 "L Hd tin] 7o oW &E A
°o|F HoFi, - ¥ Hd din] o] wewd FE AolE YRtk 7I3F 4 ¥
Ao tgHE oA 12(above-normal) A FEo] 7+4sta A &(below-normal) 1HAY
FE2 F7lshe Aol &RlEHM, 53 I sl sl wstrt T A vEbdh

- 135 -



Diff. in Prob. of Above-Normal Temp. (%) Diff. in Prob. of Below-Normal Temp. (%)

. SEP(LT1) 1993-2016 vs 1991-2010 o SEP(LT1) 1993-2016 vs 1991-2010

0 B0E 60E 90E 120E 150E 180 150W 120W 90W 60W  30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0

OCT(LT2) 1993-2016 vs 1991-2010 OCT(LT2) 1993-2016 vs 1991-2010

60N =1

30N -{ Y

305 -

60S -

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

NOV(LTS) 1993-2016 vs 1991-2010 NOV(LT3) 1993-2016 vs 1991-2010

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

IIDDDDDDDDDDII IIDDDDDDDDDDII

-12 -10 -8 -6 8 10 12 -12 -10 -8 -6 10 12

Figure 4.27. Differences in probability (%) of above-normal temperature (left) and
below-normal temperature (right) in SON between hindcast periods 1991-2010 (top)
and 1993-2016 (bottom).
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Figure 4.28. Probabilistic forecasts (%) for temperature (eft) and
precipitation (right) in SON for hindcast periods 1991-2010 (top) and 1993
-2016 (bottom).
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Figure 4.29. Directory structure of the high-resolution verification system.
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Figure 4.30. Regional ACC of precipitation (top) and T2M (bottom) for 2025 JJA
real-time forecasts: low-resolution (left) vs. high-resolution (right).
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Figure 4.31. Regional RMSE of precipitation (top) and T2M (bottom) for 2025
JJA real-time forecasts: low-resolution (left) vs. high-resolution (right).
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Figure 4.35. Regional ACC of precipitation (top) and T2M (bottom) for
OND hindcasts: low-resolution (left) vs. high-resolution (right).
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ROC Score : PREC, OND (1993-2016)
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20-year Sliding o Ratio and —Regression Slope (SOl vs NINO3.4)
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Figure 4.38. 20-year sliding standard deviation ratio
and regression slope between SOI and NINO3.4.
Yellow lines indicate periods when NINO3.4 is
positive, and blue lines indicate periods when
NINO3.4 is negative.
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Figure 4.39. Observed Oceanic Nifio Index (Dotted Line) and
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Figure 4.40. September-October anomaly maps of SST (top), precipitation, and Z500 (bottom).
Panels show La Nifia conditions (left), 2024 observations (center), and 1-month lead forecasts
(right).
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Figure 4.41. Observed (gray) and forecast (green)
Nifio-3.4 index (dotted) and relative Nifio-3.4 index
(solid).
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Figure 4.42. Hindcast relative Nifio-3.4 index(bar) and Nifio-3.4 index(solid-line)
for the period 1992-2010.
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Figure 4.43. Hovmoller diagrams of SST, OLR, U850 issued in Oct (upper)
and Nov 2025 (bottom).
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Table 4.12. List of 66 Regions frequently appeared in the APCC Climate Outlook and WMO
GSCU

Central Africa East Africa North Africa

Sahel South Africa West Africa

Antarctic Southern Ocean Arctic

Barents Sea Bering Sea East Siberian Sea

Kara Sea Laptev Sea Maritime Continent
Arabian Peninsula Central Asia China

East Asia India Indonesia

Middle East Mongolia Papua New Guinea
Russia Siberia South Asia

West Asia Southeast Asia Arabian Sea

Bay of Bengal Philippine Sea Equatorial Atlantic

North Atlantic South Atlantic Subtropical North Atlantic
Subtropical South Atlantic Tropical North Atlantic Tropical South Atlantic
Central America Europe Equatorial Indian Ocean
Indian Ocean South China Sea Alaska

Canada Caribbean Mexico

North America USA Coral Sea

Equatorial Pacific New Zealand Australia

North Pacific South Pacific Subtropical North Pacific
Subtropical South Pacific Tropical Pacific Tropical North Pacific
Tropical South Pacific Brazil South America
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Subregion Boundaries

Figure 4.44. Boundaries of 343 subregions for global outlook
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Table 4.13. List of 17 subregions in the Pacific

Northern Melanesia

Southern Melanesia

Northeastern Micronesia

Northwestern Micronesia

Southeastern Micronesia

Southwestern Micronesia

Northeastern Polynesia

Northwestern Polynesia

Southeastern Polynesia

Southwestern Polynesia

Western Equatorial Pacific

Central Equatorial Pacific

Eastern Equatorial Pacific

Central Off-Equatorial North Pacific

Eastern Off-Equatorial North Pacific

Central Off-Equatorial South Pacific

Eastern Off-Equatorial South Pacific

HA WA Q3 FA-E-FoE FEHE VIF W TRV FES
t}. Equatorial Pacifica} Off-Equatorial Pacifice ENSO 21& ¢} s¢F - 7] Hozxr8o] A
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314 2o (Micronesia 3 Melanesia)¢t2] 3ol A8l ALttt =3 outlook ARSI
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Ui E3stA] FoviAE oF A5 54, A A RE, 7|$AA 725 743 A ¥
@3t Pacific subregion AAE WHERITh ©] F+Z&+& Pacific Outlook®] oS A& A& B
3, Outlook A&3FE 98 signal 5 2 A9 AA LugFo 7|Hto = 220t} o|g A

=0z A9 FE2 masknc FYE A At signal & ¥ A9 matchingol] €& 3t

Pacific Subregion Boundaries (updated/reassigned/reduced)

Vs

Figure 4.45. Boundaries of 17 subregions for the Pacific outlook
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Figure 4.46. Process flow of forecast signal detection for the
Pacific outlook
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3-month mean forecast signals (gridfill) with subregion boundaries
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Figure 4.47. Example of forecast signals mapped over the subregion masks. Different colors
correspond to different signals (category/strength)
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SST Anomaly (Lon 100-270, Lat -5-5) - 4 steps
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Figure 4.48. Example of 4 seasonal SST anomalies of interest for the
outlook generation
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Figure 4.49. Process flow of SST anomaly signal detection
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Heidke Skill Score: PREC (DJF) — classes
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Figure 4.50. Example of HSS distribution of different category mapped over the subregion
masks
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Write one very short sentence summarizing the following ENSO probability forecast
(the most probable state of ENSO and its probability) result for coming seasons.

- DO NOT replace month ranges (e.g., "December-February") with words like "winter" or
"summer"

- These ranges refer to forecast periods covering both hemispheres.

- Keep month ranges exactly as written in the input.

- Start with mentioning the most probable ENSO phase and its probability and describe
notable change until the end and finish with description of the last season.

- Do not say what you did

Results:

NDJ: La Nina (60.0%)

DJF: La Nifia (48.3%)

JFM: Neutral (57.0%)

FMA: Neutral (59.5%)

Figure 4.51. Example of LLM prompt for ENSO probability forecast. Prompt consists of
header and signals (after “Results:” )
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La Nifila is the most probable ENSO phase, with a probability of 60.0% in NDJ,
decreasing to 48.3% in DJF, before shifting to a neutral phase with 57.0% and 59.5%
probabilities in JFM and FMA, respectively, indicating a notable decrease in La Nifia

probability from NDJ to DJF

Figure 4.52. Description of ENSO probability forecast generated by LLM
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Table 4.14. Comparison of the ENSO Alert system criteria before and after the revision.
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Figure 4.54. (Top) ENSO alert from other institutions and APCC before(APCC) and after
revision (APCC_NEW), (Middle) NINO3.4, and (Bottom) SOI index. (Period:
2014.01.~2024.12.)
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Figure 4.55. ENSO alerts, NINO3.4 and SOI index from other
institutions and APCC as displayed in the Pacific Regional
Climate Centre ENSO Tracker (Top: before the revision of
criteria, Bottom: after the revision, period: 2023.08~2025.07).
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Table 5.1. Participant model description of APCC BSISO forecast system.

Institute Ensefmble ForeF s s Resolution
Size Period frequency
Climate Forecast T126
System 4 40 days Once a day L64
NCEP 1574, T190
Global Forecast ,
System 1 16 days Once a day LG4
Australian
Community Climate N216
Australia and Earth-System 33 30 days Once a day
Simulator Seasonal L85
2
ECMWF Ensemble 36km
ECMWF Prediction System 101 40 days Once a day L137
CWA Climate TL359
CWA Forecast System 3 40 days Every 5 days L60
version 2
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Figure 5.2. Example of BSISO composite map displayed on the website.
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Figure 5.4. Contents of BSISO forecast.
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Figure 5.5. Contents of BSISO verification.
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Figure 5.7. Data format of input data for APCC BSISO forecast system.
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Figure 5.9. BSISO phase diagram and pentad mean OLR before (left) and after
(right) construction for pre-processing of ECMWF input data.

Table 5.2. Differences in the BSISO input data

pre-processing  system  before(previous)  and
after(current) implementation.
JE il
= wral ECMWF>APCC  APCC->ECMWF
o HEE 22
H3 F71 e e
x| HE
(for JIAHH) Oied I
X HB D-1 D-3

A X01E

THEM Itz (1202)
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6. APCC AtA| o & 22 (SCoPS) 2¥ & WEHE M=

6.1. 73 ¥ &3

SCoPS= Ad 2 AldY d5< 5x=2 /idd ti7]-sid-siy A 2doln, oF 80km2
F< THINGEE 7IX APCC AA dSEPAEAN dAA7HA = 20179 114 5E w2 APCC
E AZASFo Fordz &5 Ao,

6.2. A2 % WY
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Figure 6.1. APCC in-house model (SCoPS) operating system.

6.3. 23

SCoPSe] %7]z712 NCEP CFS (National Centers for Environmental Prediction Climate
Forecast System) A&2#t59} Argo (Array for Real-time Geostrophic Oceanography) A&E
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Figure 6.2. Verification of TCC and RMSE for the SON season by hindcast period
(top: 1991~2010, bottom: 1993~2016).
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Figure 6.3. Verification of TCC and

© Climate Prediction Department

RMSE for NINO3.4 during the SON season by

hindcast period (top: 1991~2010, bottom: 1993~2016).
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Figure 6.4. NINO3.4 index for the SON season by hindcast period (top:
1991~2010, bottom: 1993~2016)
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Figure 7.1. December cumulative precipitation (mm month-1) over south Korea since
1973 from station observations. Climatology period is 1991-2020, and the three
categories are divided by #0.43 standard deviation. Blue dots indicate the below normal
(BN) category, gray dots indicate the near normal (NN) Category, and red dots indicate
the above normal (AN) category.
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Figure 7.2. December composite patterns of anomalies of precipitation and 850-hPa horizontal
wind anomalies for the AN, NN, and BN categories from observations (GPCP, NCEP2). The
composite period is 2008-2024 and climatological period is 1991-2020. The cross-hatched areas
indicate precipitation anomalies that are significant at the 95% level based on a t-test.
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Figure 7.3. December composite patterns of anomalies of precipitation and 850-hPa horizontal
wind anomalies for the AN, NN,and BN categories from real-time SCM MME forecasts during
2008-2024.
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Figure 7.5. An example slide for the December 2025 precipitation forecast over South
Korea, showing composite patterns of convection and horizontal winds for the three
categories based on observations and SCM MME forecasts.
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Sum mary APCC MME FORECAST TABLE

12 1 2 12 1 2
OBS MEAN 1.1 0.9 12
Range{lower/upper)| 0.5/1.7 -1.5/-0.3 0.6/1.8 19.8/28.6 17.4/26.8 27.6/44.9
Forecast SCM ANO 0.76 1.13 1.04 | 387 | 1.00
PMME(B/MN/A) 17/32/51 14/29/57 14/29/57 i = 39/36/25 32/34/34
TCC OBS vs SCM 0.37" 0.32 0.27 0.38* -0.20 -0.07
ROC OBS vs PMME 0.60/0.50/0.40 0.65/0.50/0.35 0.50/0.50/0.42 0.42/0.50/0.49 0.55/0.53/0 .41 0.43/0.50/0.49
HSS OBS vs PMME -0.01 -0.02 -0.06 -0.05 -0.08 -0.12
Trend OBS trend -0.40 0.57 0.94 20.12 -4.60 -2.44
[93-23] SCM trend 0.95 119 1.04 -1.66 3.77 -1.41
Caor TwsP 0OBS 0.21 0.43° 0.40%
SCM 0.52" 0.50" 0.26
WMO Seasonal(PMME) + (54%) + (58%) + (59%) - (85%) EC EC
ECMWF(Seasonal) + (46%) + (58%) + (54%) - (55%) EC EC
ECMWF(S28) 8/29/63 49/30/22
Total Forecast 0+ 0+ 0+ . 0- 0
DIF mme 7| 2 #FECF 2 HSHI|2 1)
(MME) @THEEE X 7|2 B F3eddy), @°HE SMEIES M7 I2d, OE I72g B8 832
123 @}%(%‘-% B 3, @MEEY OREE ©#Y (Hs ) _ 712 ‘T%Lg H=: = 55 (0+4)
(B5) @B LEIoD(0] (Ze=-), @ELLE, sHE = Fies) iy, BEE s, =8 S Zifg et | EF 838 0
LiLhs?|2 BIEE F (712 +/-) @ 32 A27|124)
1= (MME) @BHHE T 7|28 BR STeddy), @OHE M27|TE HA G gMEISY RS @+ | 722 A Ul £ 55 0+
= | &= @l LladoDio] (7I20) @EHT 712 B 22 FTHZIL0+) @712, TS HUTH 712y | ¥+ A H: EE HE ©)
sz | (MME) 712 89 Hi= EE 55 (04)
= | @z Z== "4 Hl=x (o)

Figure 7.6. Summary of the APCC MME seasonal forecasts. The consensus forecasts are
produced using MME forecasts, model analyses, and observational statistical forecasts.
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Figure 7.7. SST PMME forecasts over East Asia for November 2025-January 2026, issued in

October 2025.
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Figure 7.8. Data produced by 15GPCs are collected and standardized, and the resulting
seasonal prediction information is provided through the WMO-LC website
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Mol A A A7) d=A5 AAHAE(GPC, Global Producing Centre)25-E AH oZA8ES
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TR &S AFEEH. olF o s A FoiEdEd, 20108 69 Bk
CPTEC(Centre for Weather Forecasts and Climate Studies, GPC CPTEC)°] #oisle] & 1270
GPC AAZ d=5Aem 20179 =9 7] 4HDeutsche Wetterdienst, GPC Offenbach)e]
7b=lo] 1378 GPC AAZ @AEsgon 2021do] CMCC(Centro Euro-Mediterraneo  sui
Cambiamenti Climatici)7} GPCZ A A =™ 147 GPC A A SFRF AT} 202339 A= 7|4A
(GPC Pune)o] 1=l @Al F 1571 GPColA AA ASFSAEE Al Aot (Table 2.18)

olF T Ho Fdl= AEAHY AR g H A= AHH S wol= 7Nte] HoH, =

AA FHe & Y= AV HAU
WMO A=AE <= 157 GPCollA Al &Fste forecaste} hindcast A4+ AEAEHNA EF
3 AL AN BEF 48E 5, 9] Fo A5 el AR ¢ Zo] FYEG. HE B
2 oad 2o
2m 71, A, sl & 5(SST), sl 7]H(SLP), 850hPa <%, 500hPa A $]a1%=, 850hPa
=]

u, 850hPa v, alH. (¢}, SST, 850hPa u/v, 3l AZ = A ZFE= GPCo b

d=2 AAFE2 MME 7|H3¥ §&EE4 MME 7S ®asle +3sta oy ZAAHEH
MME 7]¥2 Simple Composite Method (SCM), Simple Linear Regression (SLR), Singular Value
Decomposition (SVD), Genetic Algorithm (GA) & Al&3slx o 3&EE2 MME 7]H: Min et
al. (2009)ol A1 AtE WHS ALt on e olF 7IHE 53 MY A- Ad5AE7 A
Ak= ™, hindcast 71Xt GPC 2t &% 71+<] 1993-2009 - AH-&3oh.

EZH WMO A=Al = AL dSARe] Heses A714o= ASdn 45 1’41”% 67}

F@2m 71, 7, sl 2=, dw|r|e, 850hPa &%, 500hPa A1) olH, d4+d &%
T‘:— AF= = GPCol 3] E3HdTh AAH2ZH o= H5S ol JH#AS(ACC, Anomaly
Correlation Coefficient), W+ AFL 2LZHRMSE, Root Mean Square Error), MSSS (Mean
Square Skill Score), Gerrity Skill Score (GSS)< Alg3tx dow FTFEEH o= HFLS
Reliability Diagram, ROC Curve % ROC Score, ROC Map, Brier Score (BS), Brier Skill Score
(BSS)& Al&sta Ut

AZE WMO A71dx 5 AS AA(WMO LRF-SVS, Long-Range Forecast Standardised
Verification System)ell w2} 4=3§ =™, hindcast HF A &% 71+ 717+ 1993-2009d o] o
3 AR Az AEEHE H%@. #ZA5 = forecasts} hindcastol] wheh @] 2 &H )

ATAE = @d] dSAsE Aibste ol XA &, WMO 3d=9] 875 wEahe
FAE AHIAE MFA 072 A g3t = GPC ARE FH3t  ‘one-stop shop’ FHEl
2 zﬂ* sl daso] 44 8T & AEE A AH oA F R 8 S Fol7] ¢
3 = AF7IE E -9 ¥€EE S AME AFE dF JRe WMO 4 RS 4
= 71734 FEIRE Sd AAeE AFEHA, FY - A - AdHE - Ay A AHY T O

g ZokollA Z8HTh
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2025d WMO A =AE 9 A3+= o234 2o

- GPC Beijing?] A5 3 ¥ul HAPo R Q3] 2273 I& FHoly A5 A4k o
o T BE ASCY)

- GPC Pretoria®] Al iAoz Qs AlgAz e nlold) 2 A7 A13YQ2Y)
- GPC Pune®] Member #& 75 H7A 2 A4 2 4H(2¢Y)

- GPC Beijing =2 CPSv3 f1#lo]=2 QI3 74 AKX AHE2Y)

- GPC Melbourne?] System w2 275 +5 = +=4HQ H(3Y)

- GPC Offenbache] md JHo]E(systemd)Z A3 AT FZ AH o %L ZZ 3 4
A4<9)

- GPC CPTECY] A5 E ZA= dsl A=" 74 24 3 2 B =9¢dd)

- GPC Toulouse =& ool E(system D= A3 A5Tx FAH o4 2D =273 F=HEG

¥)
- GPC Offenbach®] gcf s22 A& Fegto 2 Q13 =AY H Htyg(GY)
- GPC Pune®] SST 7 FA=Z 13 HE 94 2 A wg6Gd)

- GPC A =" 7 A3E 92 § AW A4 3 4 GPC A% H2E 1364
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) 2 As AP

20259 WMO A=AEE +J3tHA st 2 /5 A5 =AU GPCAE YU olER
dAstE JWPFAT G WMO A=A 2 FAME

- GPC-Beijing®] = do] 7]& CMACSMvl.lo|A CMACPSV3ZE U o|EXHTHA AmF=
1=

WA mE AR Ay Z=E JfdE e A5 A, £F3, A4S z2 3398 )Est
At} GPC_Beijing Forecast and Hindcas ®+3} 7ol tis] A7 g Z=& A3}
o A5t Y oo Z WA AT FYFEE 7]1E NetCDF-30l4 HDF-5 7= 3L

Hindcast7]3t Sthel && W7t 247094 21702 ZFasksinh
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def data_read Beijing(self):
nviron['HDFS_USE FILE LOCKING'] = 'FALSE' #Add by JM Han 250221
ivar in range(len(s ar_fi))
1}_{self.anltim}*{str(self.run).zfill(2)}.nc"' 4
in_dir+in_fi)) f . arl}_{self.start_dd}*{str(self.run).zfill(2)}.nc"
ob(in_dir+in_fi))
#ncfile MFDataset (f) cfile t(f)
for file in f
nc.Dataset(str(f[0]), mode='r') #modified by IN Han 250
ncfile.variables[self.var_in[ivar]][:] str(f[e]), m ') #modified by JN Han 250221
iables[self.var_in[ivar]][:]

' #Add by JM Han 250221
a3/

ou p.
#print (outdata)
self.__setattr_ (self.var_out[ivar], outdata)

Beijing [Unit: mm] Beijing [Unit: Pa]
Precipitation : MJJ2025 (issued on Apr2025) Mean Sea Level Pressure : MAM2025 (issued on Feb2025)
- —_— 0 n 0

o} 30E 60E 90E 120E  150E 180  1S0W  120W  90W  60W  30W 0 0 30E 60E 90E 120E  150E 180  150W  120W  90W  6OW 30w 0

S D N I S S N

3 25 2 -15 -1 -05 -025025 05 1 15
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Figure 7.9. During the process of improving each GPC’ s model, changes in the model file
structure and hindcast data period required enhancement to the WMO-LC seasonal prediction
production program codes

- GPC-CMCC hindcast 722 3s|4H &%
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L=y

- 208 -



Simple Composite Map
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Figure 7.10. As the GPC-CMCC model and hindcast data were modified, errors occurred in
data standardization, which led to inaccuracies in map-based SST information and resulted in
large deviations in index values for certain regions.
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Table 7.1. Description of WMO-LC Seasonal Prediction models

Forecast Hindcast
Data
GPC Institute Country System name System Forecast Raw Lozl Lozl Resolution
Format ) Forecast e Hindcast Periods e
Periods ) ) )
Periods Size Size
1 Beijing BCC China CSM1.1m Coupled NetCDF 7 month 13 month 21 2001 2020 21 2.5°X2.5°
2 CMCC CMCC Italy CMCC-SPs4 Coupled NetCDF 6 month 6 month 50 1993 2022 30 1.0°X1.0°
3 CPTEC CPTEC Brazil 2-tier GRIBI 5 month 6 month 15 1981 2010 10 2.5°X2.5°
United
4 ECMWF ECMWF . SEASS5 Coupled GRIB1 5 month 7 month 51 1993 2016 25 1.0°X1.0°
Kingdom
United
5 Exeter UKMO . GloSea6-GC3.2 Coupled GRIB2 5 month 6 month 42 1993 2016 28 1.0°X1.0°
Kingdom
6 Melbourne BoM Australia ACCESS-S2 Coupled NetCDF 5 month 6 month 11 1981 2018 3 N216L85
7 Montreal MSC Canada CanSIPSv2.1 Coupled GRIB2 12 month 12 month 20 1980 2020 20 2.5°X2.5°
8 Moscow HMC Russia SL-AV 2-tier GRIB2 3 month 4 month 41 1991 2015 11 0.9°x0.72°
9 Offenbach DWD Germany GCEFS 2.1 Coupled GRIB1 5 month 6 month 50 1993 2019 30 2.5°X2.5°
. South
10 Pretoria SAWS Af Coupled GRIB1 3 month 9 month 40 1982 2009 10 2.5°X2.5°
ica
11 Pune IMD India Coupled GRIB2 6 month 9 month 20 2003 2017 12
12 Seoul KMA Korea GloSea6-GC3.2 Coupled GRIB2 6 month 6 month 84 1993 2016 28 2.5°X2.5°
1.25°X1.25°
13 Tokyo IMA Japan JIMA/MRI-CPS3 Coupled GRIB2 6 month 7 month 50 1991 2020 10 ,
14 Toulouse Met France France System9 Coupled GRIB1 5 month 7 month 51 1993 2024 31 1.0°X1.0°
) United
15 Washington | NCEP/CPC Stat CFSv2 Coupled GRIB1 9 month 9 month 40 1982 2010 20 2.5°X2.5°
ates
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Figure 7.11. APCC Fire and Haze Early Warning System (FHEWS).
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Monthly History of Dominant Probabilistic Forest Fire Forecast for 2025
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Figure 7.13. Monthly History of Dominant Probabilistic Forest Fire Forecast for 2025
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Figure 7.14. 6-month Precipitation Forecast for Jan2025-Jan2026 (issude:2025.07).
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Monthly History of Probabilistic Forest Fire Forecast for 2026
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Figure 7.15. Monthly History of Probabilistic Forest Fire Forecast for 2025
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Figure 7.16. 6-month Precipitation Forecast for May2025-May2026 (issude:2025.11)
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Figure 7.17. Map providing High-Resolution Grid information for Morneo Island
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Figure 7.18. Participated in ASEANCOF and delivered a presentation on WMO’ s seasonal
prediction outlook
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