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e 37|l W 7|2 =& 0| = from APCC MME (multi model ensemble)
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Temperature at 2m for October-December 2021 Precipitation for October-December 2021

Issued: 17 Sep 2021 Unit: % (Probability) Issued: 17 Sep 2021 Unit: % (Probability)
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Probabilistic MME
Base Period: 1991-2010
© APEC Climate Center
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https://apcc21.org/ser/outlook.do?lang=en
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El Nifio & La Nifa (El Nifio-Southern Oscillation) ™X| &, Z7|&H A

El Nino
1
@ dry, sinking air
D warmer than average
D cooler than average
La Nina

Pacific Ocean

NOaa Climate.gov

Nino3.4 SST Anomaly (°C)

https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/?enso-sst_table

https://apcc21.org/ser/eastasia/outlook.do?lang=ko

Model Predictions of ENSO from Oct 2021
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Probabilistic ENSO Forecast for NDJ 2021
Issued: 20 Oct 2021
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Neutral

Weak La Nifa (52.1%)

© APEC Climate Center

A

* ENSO Intensity based on 3M Mean Nino3.4 SST Anomaly (Category Boundaries: +/-1.5, 1.0, 0 S'C.
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Aot nd vs. SA2E

Dynamical model Statistical model

3)1%‘ Use complex dynamical numerical %\’5 Use historical relationship between
models of the main Earth system regional physical variables and
component climate phenomena

o SAEE21800AC0 FHIFEEH AME GolR 22 JOAHCZ =20 =Y
o G J|R0E= SN2 E Z|Z0| ZULAX P =A%
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=42 o|8ct M 0|2 = 1950 EHCHEE... (Troccoli, 2010)
o

o gsid

o dstmdlo iU SX|-CH7|7 28| AL 0| 2| B %l(heat, momentum,
water fluxes)O| A X} EHY| 2 A A

® 7:”IE'|0:”EO-” QZII'O:!-I_'! _JI\_ |0:”EE|%|O| A'-_Q_El_l Model Grid with Resolved Processes
Z-J% AOI- EH&! EE %% Olﬂ I:H s HI‘) — »Sudacerraflaﬂonfx B R

® ZX|Z5: NOAA's CPC CFS, ECMWHF's SEAS systems racaton, || | =

o CNO|Eote HES BRSO, T4 ] |

e But, H[E0| HO| 1 2F0| YL{H 2= Of °
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e 22|Lt2f CHSE PNU-CGCM, SNU-GCM

o RE AXel A 01I*7<I7é1 akol| 12|
Downscale, A& 2 X ...

©The COMET Program
Program.1

https://climateai.medium.com/a-very-brief-history-of-seasonal-climate-forecasting-for-agriculture-8948736748ac
<Troccoli, 2010: Review Seasonal climate forecasting. Meteorol. Appl. 17:252-268.>

apec cumare center [

of a dynamical model used for seasonal climate prediction courtesy of UCAR COMET
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https://climateai.medium.com/a-very-brief-history-of-seasonal-climate-forecasting-for-agriculture-8948736748ac
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1870s, Indian Monsoon prediction fail (1877-1878) — Indian famines — Research

carried out the the Indian Meteorological Department (IMD) (Troccoli 2010)
® Southern Oscillation (SO) — pressure over South Pacific and the Indonesian region

(Walker, 1924)

All-India Summer Monsoon Rainfall, 1871-2017

(Based on IITM Homogeneous Indian Monthly Rainfatl Data Set)
T T
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Rainfall Anomaly (% of Mean)
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I Drought
I Flood

I Normal
© El Niiio
© La Niiia

30 Lm o L b b b by b b b b b L by Ly
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Years

1970s, relationship between SO and El
Nino, an inter-annual warming of SST
along the equatorial Pacific South
American coast is used to seasonal
prediction (Harrison et al. 2008)

Statistical models:

Relationships between relatively
stationary climate phenomena and
regional atmospheric variables

Changes of ‘relationships’ in longer-
period

<Troccoli, 2010: Review Seasonal climate forecasting. Meteorol. Appl. 17:252-268.>
<Walker, 1924: Correlation in seasonal variations of weather. IX. A further study of world weather. Memories of the Indian Meteorological

Department 24(9): 275-332.>

<Harrison et al., 2008: Seasonal forecasts in decision making. /n Seasonal Climate: Forecasting and Managing Risk, NATO Science Seri

Academic Publishers: Dordrecht, Netherlands:13-42.>
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® Component of operational climate prediction

Dynamical models

KMA GloSea
Statistical models
APCC MME

Climate physics

WiviO LC

Forecaster’s
capacity

To improve forecast skill,

Study carefully and expand your
knowledge on climate forecast.

Consensus Climate

Forecast
APEC CLIMATE CENTER -

every components are important.
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Operational dynamical model

® KMA running model for Korean operational forecast

1.5m Temperature (°C) Anomaly

Contour :FCST(int.5), Shading :Anomaly(FCST-HCST) , smthg :3

Valid Date : 20180917 - 20180923 (+4week)
Issue Date : 20180906 , F1

Earth System Research Division/NIMS/KMA
KMA GloSea5GC2 (N216L85, 00.25L70)

Initial Date : 20180821 - 20180827 (28mem)
HCST : 1991 - 2010 (180mem; 0817 0825 0901)
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Operational dynamical model

® APCC MME ® WMO LC MME
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Statistical Model

X|G7| S AT} E2|H5 S0 AR (2 Z A BB A)

SH 7|20 F2H - equation

Statistical model to predict Northeast Asia summer precipitation
Practically considered in the real operation by KMA
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A Prediction of Northeast Asian Summer Precipitation Using the NCE!
Climate Forecast System and Canonical Correlation Analysis

MinHo Kwon* and Kang-Jin Lee

Ocean Cireuation and Climate Research Division,
Korea Institute of Ocean Sciences and Technology, Gyeongg 426-744, Korea

Abstract: The seasonal predictability of the intensity of the Northeast Asian summer monsoon is low while that ¢
western North subtropical high variability is, when state-of-the-art general circulation models are used, relatively high

120E

—

western North Pacific subtropical high dominates the climate anomalies in the western North Pacific-East Asian re
This study discusses the predictability of the westem North Pacific subtropical High variability in the National Cente

e e

i o ] ) ) oo ) Fig. 3. (a) WNPSH predicted by NCEP CFS (blue line) and time series corresponding to the leading SVD mode of 850 hPa
Envionmental Prediction Climate Forecast System (NCEP CFS). The interannual variability of the Northeast zonal winds (purple line). (b) EASRA from CMAP (blue line) and EASRA predicted by the CCA model (purple line). (c) Maps

SUIMMEr MOonsSoon is h]gh]\ comrelated with one of the western North Pacific ‘iUblTllij"'.I] H]th Based on this relatiol of the point by point correlation coefficients between JJA precipitation anomalies from CMAP and the CCA model for the
we suggest a seasonal prediction model using NCEP CFS and canonical correlation analysis for Northeast Asian sw

precipitation anomalies and assess the predictability of the predicion model. This methodology provides sigmificant skill m

the seasonal prediction of the Northeast Asian summer rainfall anomalies.

Keywards' monsoon, seasonal prediction, the western North Pacific subtropical high, canonical comrelation analysis

apec cmaTE center [ 15
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Statistical Model

® Statistical forecast model for Changma (Korean summer rainy season)
® Considered in the real operational forecast by KMA
® Changma phenomena, limitation of period

The Development of a Statistical Forecast Model for Changma

SEUNG-EON LEE AND KYONG-HWAN SEO

Division of Earth Environmental System, Department of Ammospheric Sciences, Pusan National University, Busan, South Korea

(Manuscript received 1 January 2013, in final form 14 July 2013 o = = -
P ' v felLiet 7|2 e SEIRY
[} i §n

> A EEE

Foloof lo] Aol T2

ABSTRACT

Forecasting year-to-year variations in East Asian summer monsoon (EASM) precipitation is one of the
most challenging tasks in climate prediction because the predictors are not sufficiently well known and
the forecast skill of the numerical models is poor. In this paper, astatistical forecast model for changma (the
Korean portion of the EASM system) precipitation is proposed that was constructed with t
based predictors. A forward-stepwise regression was used to select the predictors that inclu
temperature (S5T) anomalies over the North Pacific, the North Atlantic, and the tropical
Seasonal predictions with this model showed high forecasting capabilities that had a Gerril
~().82. The dynamical processes associated with the predictors were examined prior to their
diction scheme. All predictors tended to induce an anticyclonic anomaly to the east or sout
which was responsible for transporting a large amount of moisture to the southern Korean
predictor in the North Pacific formed an SST front to the east of Japan during the sumr

~

m— Prediction |

| e Observation

Normalized values

maintained a lower-tropospheric baroclinicity. The North Atlantic SST anomaly induced dot S . . .
5 . . . . . . 94 95 96 97 98 99 00 Ol 02 03 04 OS5 06 07 08 09 10 11 12
propagation in the upper troposphere, developing anticyclonic activity east of Japan. Fo Years

tropical Pacific SST anomaly triggered a cyclonic anomaly over the South China Sea, which wa
atmosphere—ocean interactions and induced an anticyclonic anomaly via northward Rossby
tion. Overall, the model used for forecasting changma precipitation performed well (R = 0.8f
predicted information for 16 out of 19 yr of observational data.

Fi1G. 3. Comparison of normalized precipitation predictions (blue bars) with observations
(red bars). All years are cross validated (see the text for details). The dotted lines at +0.43 and
—0.43 represent the threshold values for the tercile prediction. The correlation between predictions
and observations was (.85, the RMSE was 0.54, and the Gerrity score (GMSS) was 0.82.

Predictors:
North Pacific, North Atlantic, tropical Pacific SST

apec cumare center [

16



APCC

Operational Climate Prediction

On Korean Climate
® Dynamical models
® Statistical models

® Capacity of forecasters (on climate prediction)

Google 3 SN (o]
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Forecast skill from weather to climate projections

Timescale showing the skill progression from weather and seasonal forecast to climate projections, as used in VISCA DSS.
Source: Adapted from iri.columbia.edu/news/ ga-subseasonal-prediction-project

FORECAST SKILL

Prediction Types, Skill, and Lead Times

WEATHER FORECASTS
prediction skill from CLIMATE PROJECTIONS

initial conditions

excellent

good

fair

poor

ZelQ

prediction skill from accurate

/ prediction skill from initial conditions, scenario selection & forcings
ocean state, soil moisture, climate (e.g. GHG emissions, land use)

modes (e.g. ENSO & MJO)  SEASONAL OUTLOOKS
prediction skill from
ocean state, longer
climate modes
(e.g. ENSO, QBO)

.\.

Daily Values Weekly Averages Monthly or Seasonal Averages ~30 Year Climatologies

Days 1-12 Weeks 3-4 30-90+ Days Decades to Centuries

FORECAST LEAD TIME

Adapted from iri.columbia.edu/news/qa-subseasonal-prediction-project

olstmHo| of 2

710 L

S2S (subseasonal to seasonal)
R F U~ 170 E

FEEZ
Seasonal outlooks

170 &~ 670 E

2Y A28 8¢

B0 =, 82| 7HA]
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Forecast skill of seasonal forecast

ROC Score : PREC, NDJ (1991-2010)
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® Component of operational climate prediction

Dynamical models

KMA GloSea
Statistical models
APCC MME

Climate physics

WiviO LC

Forecaster’s
capacity

Consensus Climate

Forecast
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o A4S (Ensemble)
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® E|'35E" A= (Multi Model Ensemble)
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Model Predictions of ENSO from Oct 2021

3.0 “Oy: {
 CPC CONSOL | Dynamical Models 55) &
— YN AVG B NCEP P2 % BCC S s

25 STAT AVG LDEO ey SN

Vosikov Main
Geophysical Observatory

Climate Center

IRI/CPC s Boiing

assas,
mf I HYDROMETEOROLOGICAL
T CENTRE OF RUSSIA
Central Hydrometcenter
Weather Bureau of Russia

Euro-Mediterranean Center B
on Climate Change m
Sa PUSAN \
4251} NATIONAL UNIVERSITY \U'

Pusan Japan Meteorological

National University O Agency

Korea Meteorological
Administration

Nino3.4 SST Anomaly (° C)

OBSERVED JORECAST

JAS  Sep SON OND NDj D JFM FMA MAM  AMj M) JA

apec cmaTE center [ 22



_;F_?jol CIE Lt
7| ZtOtCt &0
chl obArE o)

- = -

> model running

H|8) o 22 o5

Ensemble

Resolution Resolution (hindcast/
Institute Country Model (Atmospheric) (Ocean) forecast) Hindcast period
APCC Korea SCoPs T159L31 0.3-0.5x1.0 L40 10 1982-2013
BCC China CSM1.1m T119L40 1x1/3 24 1991-2015
BoM Australia ACCESS-S2 N216L85 0.25 L75 11 1982-2018
CMCC [taly SPS3.5 1x1, L46 1/4x1/4, L50 20 1993-2016
CWB Chinese Taipei TCWB1Tv1.1 T119L40 1x1 30 1982-2019
HMC Russia SL-AV 1.125x1.40625 L28 10/20 1981-2010
JIMA Japan MRI-CPS2 TL159L60 0.3-0.5x1.0 L53 10/51 1979-2014
KMA Korea GloSea5GC2 N216L85 ORCA025L75 12/42 1991-2016
METFR France MF Sys8 TL359 0.25 L75 25/51 1993-2016
MGO* Russia MGOAM-2 T42L18 1979-2004
MSC Canada CanSIPSv2 1.4x1.4 T63L35 1.40x0.94 20 1981-2010
NASA USA GEOS-S2S-2.1 0.5 0.5 4-10 1982-2016
NCEP USA CFSv2 T126L64 0.25-0.5x0.5 L40 20 1982-2010
PNU Korea PNU CGCMv2.0 T42L18 2.8125 35 1990-present
UKMO UK GloSea5 N216L85 ORCA025L75 28/42 1993-2016
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® Deterministic forecast (DMME)

O| S 2 "WXLR M| &, HXl= 7|24 52 WA ZH 09| X}0|
— APCC MME " H7|7H2 20 (1991-2010) : MME O] E“*'OI 7|2t

MRl DE SAE HSTE S ABHE ofol0) Fscw

® Probabilistic forecast (PMME)
- EEY2 329 HFE EH (BN, NN, AN)
— 329 HF = 1991-2010 7| Zt hindcast 7| ¥t 2 Apg

 Nemas) i EE 4 mUE e A EHE Hofsiol SHHE UA
Temperature at 2m for November 2021 Temperature at 2m for November 2021

Issued: 20 Oct 2021 Unit: deg K (Anomaly) QoN

Issued: 20 Oct 2021 Unit: % (Probability)

90N
60N = o G e
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N " 2 TR
v s ”
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308 o

60S —
Deterministic MME

© APEC Climate Center
908 S T T T T T T T T 908 T T T T T T T T T
30W 0 30E 60E 90E 120E 150E 180 150W 120W 90W 6OW 30W 30W 0 30E GOE OOE 120E 150E 180 150W 120W 90W GOW 30W
) - -
25 2 45 4 05 0 05 1 15 2 25 80 70 60 50 40 0 40 50 60 70 80 0 40 50 60 70 80

https://apcc21.org/ser/global/methodology.do?lang=ko
Min et al.(2009)
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Hindcast, forecast

<Siva Reddy, 2015, A study on global ocean analysis from an Ocean Data
assimilation system its sensitivity to observations and forcing fields>

® Hindcast(Retrospective forecast) Numerical Models
. .I_.I.°=| I'I__=| 7| ?_I" climatology Hindcasting Nowcasting  Forecasting
Past Present Future

® Forecast(real-time forecast)

- X o=

\ ) \ )
f Y

Hindcast Issue date Forecast
1991-2010 NDJ 2021 Oct. 2021 NDJ
1982-2004 JFM 2008 JAN 2008 JFM

Hindcast data -> A 7| £ 2k, 7IE| 12| B3 (AN, NN, BN)
Hindcast: APCC-CIERE S E7|ZH /EREHEZ LIS
25 NNLX| CHE 2 2020 77X EHE A =
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Verification

o D EO| 0| == Forecast skill - Verification

ACC (Anomaly Pattern Correlation Coefficient)

RMSE (Root Mean Square Error)

TCC (Temporal Correlation Coefficient)

Climate Information
Services

|
|
| - R

» Mogel

+  BSISO Forecast

+  Applied Forecast

4 Climate Monitaring

+  Climate Service Toolkit

Research Climate Information Services International Cooperation Notices About us

» Home > Cimate Infarmation Senéces > Seasonal Forecast » Verlfication » Hindcast

Hindcast

[ e [T
Select period of interest

2021 v NDJFMA v

Verification domain and index information(Download) .

B Deterministic MME

~|Anomaly Correlation Coefficient

Selsct a variable
Preciptation

Anomaly Gorrelation Goefl. : PREG, NDJ (1991-2010)  Anomaly Gorrelation Goell. : PREG, FMA (1991-2010)

] o]
:;Illlllllll_l.‘: Inhilall,

AcC

Reliability diagram

Brier skill score

https://www.apcc21.org/ser/hind.do?lang=en

ROC (Relative Operating Characteristics Curve)
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N
Verification for Deterministic Forecast

® ACC (Anomaly Pattern Correlation Coefficient)
OI5E Tt BEE ROl Z7HE SA [-1~1]

Z;' Wi l:f! - f )(Gi - O:I Over bar means time average (climatology)
AT = = = F: forecast

O: observation

_ _
J%Wi (J; —f)gé'lwi (o; _*5‘:'2 W weighting

Anomaly Correlation Coeff. : PREC, NDJ (1991-2010) Anomaly Correlation Coeff. : T2M, NDJ (1991-2010)

N A 2

0.6

1.0

AT R T

06 —

0.4 04 -

ACC
ACC

02 02 -

00 00
02 —: 02
© APEC Climate Center © APEC Climate Center
-0.4

0.4

8G0|D —
soidor] —
BISY'g —
BISY'S
1S3’ —
8qo9 |
BISY'3 —
BISY'S —|
1ISET'N —

ayioR4'S SNy —

OyioBd'S SNV —
soidos] —

BOLBWY'N —|
BOLBWY'S —
eisejesny —|
BISBINT'N —
BOLBWY'N —
BOLBWY'S |
Bisefessny —
BISBIN' N —

soidoseixa N —|
soidoenx3y's —f
soidosiedxga' N —
soidojenx3y's —

<Murphy, A.H., 1988: Skill scores based on the mean square error and their relationships to the correlation coefficient. Mon. Wea. Rev. 116. 2417-2424.
WMO, 2002: Standardised verification system (SVS) for long-range forecasts LRF). Monual on the GDPS (WMO-No. 485), volume 1. >
<https://www.apcc21.org/ser/hind.do?lang=ko>

apec cumare center [



Verification for Probabilitic Forecast

® ROC (Relative Operating Characteristic) curve
— Hit Rate vs. False Alam Rate
— Hit Rate (True positive rate) = TP/P
— False Alarm Rate (False positive rate) = FP/N

Perfect
classifier
10e

0.5

True positive rate

ROC curve

0.5
False positive rate

1.0

® ROC Score (Area)

TUC CLASS
P n
- T fprate= if tp rate
mqlr Tru.u:' F:_;Ilse
) Poeatives Positives
H}'pu[hcsﬁ precision = T;+PFP recall =
m N _ FJ|:5E' Truz
— Negalives Negalives _ TP4+TN
o accuracy = “poy
Column totals: F N F-measure = I."preclaloi+l."m:e.ll

observed

Fig. 1. Confusion matrix and common performance metrics calculated from it

— Underneath the forecast curve

— 0-1(0.5: random forecast)

ROC Curve : PREC, NDJ (1991-2010)

Globe
1.0
/./’
0.8 -
,/
@ v
(‘—u‘ 06 =1 //
o y/
= p/
I /
0.4 Vi
7 ROC Scores
y e AN:0.65
02 4 / . NN: 0.56
e— BN:0.63
© APEC Climate Center
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False Alarm Rate

Fawcett, Tom(2006). "An Introduction to ROC Analysis" Pattern Recognition Letters. 27 (8): 861-874.
https://www.apcc21.org/ser/hind.do?lang=ko
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ROC Score : PREC, NDJ (1991-2010)
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e
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B
E.:Summary

APCC MME A Eo0|=
L2|Liet 7| &4 B HY

IRI-CPC ENSO forecast

Prediction
System

Dynamilal model
Statistical model

Korean Operational Forecast

Ensemble prediction
Deterministic/Probabilistic
Hindcast, Forecast

Verification.'nformation

Climate forecast
information

apec cumare center [

29



=,
{NCER)
National Centers for
Environmental Prediction

Met Office
UK Met Office

‘%Bcc,,-sf

Beijing
Climate Center

FAETY]

O X Central
| | _'T ) B Weather Bureau

PUSAN
' NATIONAL UNIVERSITY

Pusan
National University

Australian Government
Bureau of Meteorology

Australian Bureau of
Meteorology

National Aeronautics
and Space Administration

APEC CLIMATE CENTER

Centro Eura-Mediterraneo
0l Cambiament Climatici

Euro-Mediterranean Center
on Climate Change

>

Korea Meteorological
Administration

* Environment
Canada

Meteorological Service
of Canada

Météo-France

e e
\\"h_/
vostxar
GEOPHYSICAL
SROnR
Voeikov Main
Geophysical Observatory

I HYDROMETEOROLOGICAL
CENTRE OF RUSSIA

Hydrometcenter
of Russia

()

Japan Meteorological
Agency
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