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7|20 = (Climate Prediction)
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- Predict seasonal statistics of weather

- What determine this weather statistics?
: large-scale low frequency variability
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CUMATE
PROJECTIONS

SEASONAL
OUTLOOK

SHORT-TERM
FORECASTS

WATCHES

WARNINGS & ALERT
COORDIMNATION

FORECAST LEAD TIME

Water Resources
* Infrastructure planning
* Plan for water allocation during
drought
Agriculture * Manage reservoir
* Stralegic business planning Y000 Comro:
* Purchase seeds

lewvels for

Years
e Schadule planfing
¢ lmigate and apply nutrients
Maritime Planning m ~eRTAINTY
* Plan commercial shipping _apsT M e
in the Arctic 2 Weeks VR cv Energy
* Designale ship routing * Infrastructure and business
* Pian Navy ship sortie planning
(days) m = Manage hedging in futures markets
Aviation  Plan for spikes in energy demand
* Plan evacuations and sorties * Anticspate avaslabdity of renewable
¢ lssue aviation weathor alerts energy

Emergency Management

¢ lnform situational awareness

* Pre-stage emergency supplies

* Plan FEMA evacuation (days)

* Issue hazardous westher watches
and warnings (minutes to hours)

— SUBSEASONAL TO SEASONAL —>

DECISION TINESCALES

ATE CENTER
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Data Coupled climate Ensemble of
assimilation model forecasts
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and ocean initial
conditions

Ocean Model

Forecast skill Based on equations of physics i.e. Representing
depends on ability a computer simulation of the real uncertainty and
to depict initial state world (e.g. has clouds, solar chaos

radiation...)
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Signal, Noise, and Error
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Correlation skill Correlation skill
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(S22 E SI=(MME) 7E

CHY MME (Deterministic MME) 7|

Simple Composite Method: 1 :
Simple composite of individual forecast P= —Z F
with equal weighting. !

Multiple ReGression method:
Optimally weighted composite of individual forecasts. P = Z a;F
The weighting coefficient is obtained by SVD based regression.

Stepwise Projection Method : 1
Simple composite of individual forecasts, P= —Z F
after correction by statistical downscaling. M

Synthetic Super Ensemble method:

Weighted combination of statistically corrected multi model P = izai F
output based on minimization using EOF. M =
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MME (Probabilistic MME) 7|

Gaussian approximation to estimate tercile-based categorical
probabilities (above-, near-, and below-normal)

Multi-model combination with model weights proportional to
the square root of the ensemble size

Tercile map based on three category probabilities applying
Pearson’s chi-square test
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Precipitation for JUL 2020

Unit:mm/day
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Precipitation for JUL 2020
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Alternative scenarios

MOST LIKELY EESS:LIKELY

Rain and Snow

Heavy Rain

isk of Gusts 70-80mph Gusts

70mph
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— Day 3NH —— Day 5 NH

Day 3 SH
98.5

Day 5 SH
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Day 7 NH —— Day 10 NH
Day 7 SH Day 10 SH
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Forecast skill (%)
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1981 1985 1989

X 60% O| & S 2%t

« Z7|0|=: ECMWF

1993

1997
Year
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2001

2005 2009 2013
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(chance forecast2] 0| 54 S &2 50%)

¥ ECMWF 2E 9 2016-2025
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Field Lead S3 mean S4 mean S4 wins
(months)

Tropics T850 1 0.573 0.605 12112
Tropics T2m 1 0.601 0.635 12712
NH Z500 1 0.246 0.270 712
NH T850 1 0.266 0.306 10/12
NH T2m 1 0.345 0.375 10/12
Tropics T850 4 0.443 0.509 11/12
Tropics T2m 4 0.431 0.492 12/12
NH Z500 4 0.167 0.221 11/12
NH T850 4 0.192 0.249 1112
NH T2m 4 0.240 0387 10/12

Table 4.2.1 Area-mean of grid-point anomaly correlations for different variables, regions and lead
times, averaged over the 12 start dates. For scores computed in individual start dares, the last
column shows in how many cases (i.e.initial months) ACC is higher for S4 than for S3.

X ECMWF 7| 20| 52 F= e (284 15) 714d(2007-2011)

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005
0
-0.005
-0.01

SEAS5-54: annual mean difference

a‘[ iw . Il

NH 2-4

NH 5-7

EMSLP EZ500

T850 HETZm

TR2-4

PREC_T

TR5-7

Figure A 4: Annual mean of SEASS - 54 differences in aggregated anomaly correlation over NHEX (NH) and
TR30 (TR), for re-forecasts verifying at 2-4 month and 5-7 months, based on 1981-2010 15 member re-l
forecasts. Bars for NH indicate the 1 sigma sampling uncertainty in the correlation difference.

X ECMWF 7| 20| F 23 Yoo (A2 ) 7H M (2011-2017)
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APCC WMO(KMA/APCC &) NMME C3S
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(https://apcc21.org/ser/global/outlookSummary.do?lang-ko)

onme ion
MetOffice: @

UK Met Office

National Aeronautics
and Space Administration

ol [ Ervirorment
* M canada

Meteorological Service
of Canada

»ﬁ Do o russn
Ensemble ® cmec

_ Resolution ' Resolution (hindcast[% e\ e : ko @)
Institute  Country Model (Atmospheric) (Ocean) forecast) ' ““Hindcast period s
APCC Korea SCoPs T159L31 03-05x1.0L40 10 "1982-2013 @
BCC China CSM1.1m T119L40 1x1/3 24 1991-2015“
BoM Australia ACCESS-S2 N216L85 0.25 L75 1 1982-2018
CMCC Italy 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
JMA Japan MRI-CPS2 TL159L60 0.3-0.5x1.0 L53 10/51 1979-2014
KMA Korea GloSea5GC2 N216L85 ORCAO025L75 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-presentcLimate center [N
UKMO UK GloSea5 N216L85 ORCAO025L75 28/42 1993-2016
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Hindcast (Retrospective forecast): & & 7| Z} climatology

Forecast(real-time forecast) : 2 H| 0| =

\ ) \

f f

Hindcast Issue date Forecast
1991-2010 NDJ 2022 Oct. 2022 NDJ

T4 MME 0| = (Deterministic MME Forecast)
— T XHanomaly)E NS
— HXHanomaly): 0| F 21t 7| £ (E= EE Z)) 1fo] Xt0]

2lE MME 0| = (Probabilistic MME Forecast)
- 39 EdEH NS (HHELC 22, WAt b, HiH
— 1991-2010 7| Zt2] hindcastE 7| EL 2 32 | HF MY
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A8 et HEER
(properties of usable information)

e Credibility (ME]/d): &= 2t st7}?

HEO BH Y NZ FHC A9

* Salience (3 827d): A2 XI9| & Q o Attof| X ototr)?
- Scale, Variables, Products
* Legitimacy (‘8T/d): FEol =80 HSOoAF =7}

-ZH2Hd T 7tsd, Openness



Anomaly Correlation Coefficient

APEC 7| 2 ME| CIZ R AUM S 7| 20| S A| A B

e Credibility (& E|/d)

Global 3month mean Precip. and 2m Temp. hindcast skill

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2015 2020 2021

Real time forecast skill during last 3 years (19-21), ROC score

Individual models’
improvement
+
Increased diversity
(8 countries = 11
countries)

N 3 e N

Temp 0.695 0.692
Prec 0.584 0.582

0.642 0.663
0.576 0.562

0.684 0.670
0.585 0.576

SOfA[OF St 2E ME MM

MpIIS 1 2m foe Jung-August 221
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Data tools

JELENEN
HXIT Z2MAE oS

« Global Map of Yield Anomalies for Maize

Maize yield for comming harvest from Dec 2022 to Mar 2023 predicted
using APCC MME (SCM) forecasts from Oct 2022 to Mar 2023
= D P s =3

Pa

G

Lower-than-previous—year: [l 3-month lead 8 4-month lead B 5-month lead 6-month lead

Higher—than-previous-year: Bl 3-month lead M 4-month lead M 5-month lead M 6-month lead
Other legends: No crop farecast is available Maize is rarely produced

Experimental, limited access

CLIK

(Climate information toolkit)

APCC Climate Data Serwce(ACDS)

S Download Data
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» Credibility (M 2|/d) + Salience (B3 27d)
PICASO

(Pacific Islands Country Advanced Seasonal Outlook)

(2 PICASO the Pacific 2010 SON (Kiribat) Convert MME
Q % forecast to local
® » : forecast for Pacific
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Europe builds ‘digital twin’ of Earth

« MAZ| 2]+, =2 o

v

to hone climate forecasts (Science, 2020.10)
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Yuhei T. et al.,

ARTICLE Skillful predictions
of the Asian
summer monsoon
one year ahead,
Nature

The teramn! variity ofthe Ason summr mensoon hes Snfcant mpacts n Asn Communications,

society. Advances in climate modelling have enabled us to make useful predictions of the

seasonal Asian summer monsoon up to approximately half a year ahead, but long-range 202 1 4
L]

predictions remain challenging. Here, using a 52-member large ensemble hindcast experi-

ment spanning 1980-2016, we show that a state-of-the-art climate model can predict the

Asian summer monsoon and associated summer tropical cyclone activity more than one year
ahead. The key to this long-range prediction is successfully simulating El Nifio-Southern

Skilful predictions of the Asian summer monsoon
one year ahead

Yuhei Takaya 1™ vy Kosaka® 2, Masahiro Watanabe ® 3 & Shuhei Maeda®

Oscillation evolution and realistically representing the subsequent atmosphere-ocean
response in the Indian Ocean-western North Pacific in the second boreal summer of the
prediction. A large ensemble size is also important for achieving a useful prediction skill, with

a margin for further improvement by an even larger ensemble. APEC CLIMATE CENTER | 7.
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a_All-season correlation skills for Nino3.4 (1984-2017)

P

2 0|85t M0 0=
Qoo QX HX &1
- Z I 90%, A 77%

Multi—model RMM composite

Correlation Skill

—e— CNN CanCM3 —e— CCSM3 —e— GFDL-aer04 —e— GFDL-FLOR-BO1

—e— SINTEX-F == CanCM4 —— GFDL-FLOR-A06

L L L L L L L I L L I
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Forecast Lead (months)

(Ham et al., Nature, 2019)

stern

P7 © el e P&

F2 Indian P3

Ocean

A 0 i
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(Kim et al., Nature, 2021)
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Climate Outlook for September [Lead+1] Tmean 2019:

AN The ESPreSSO™ thinks the Eastem Pacific 2 m air temperature through
teleconnection is important aspect to consider in APCC MME when predicting
September [Lead+1] Tmean in Korea.

In September 20189, the 2 m air ter

PCC MME.

Ire is tobe ionally positive in

As a result, the ESPreSSO™ pradicts the September Tmean to be AN (AN: 44%, NN:

: 20%). The mode of Tmean is predicted to be 20.6°C, with the Highest
Densﬂy Imer\.'als ({HDIs) of 50% and 90% are expected to be 20.0 ~21.2°C and 19.2

@ 58X (ex. SEILENOf| CHT
712005 S HA|

2z

21

0

1985 1990 1995 2000 2005 2015

Predictor information:

Specifically, September [Lead+1] Tmean in Korea is moderately
positively related to the Eastemn Pacific 2 m air temperature as
defined by £2m [170°W-110°W, 10°N-25°N] for some siations
through teleconnection.

In September 2019, the 2 m air temperature is predicted to be
exceptionally positive in APCC MME.

As a result, the ESPreSSO™ predicts the September Tmean to
be AN (AN: 44%, NN: 36%, BN: 20%).

Note that the prediction skill of ESPreSSO™ for September
[Lead+1] Tmean is high (HSS 29.1%)

® 71201 Mo 0| =
Gl ZOIx} AIA| + 2TE AL OIS A

Map:

Conceptual Diagram of Climate Drivers and Responses:

Above conceptual diagram shows that the September [Lead+1] Tmean is moderately posttively related to the Eastemn Pacific 2
m air temperature as defined by t2m [170°W-110"W, 10°N-25°N] for some stations through teleconnection.

@ MHE o S UXIet - X[ (ex. REILIEL 7| =
Atojo] HEd, B B, 20| & HA L2 XAl

Verification Information:

@ 05852 43 Zat HAl

Lead |Cast| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
AL | 46 26 329 26 236 230 108 189 | 2041 | 351 128 108

1 |HND| 08 45 491 18 268 152 B8 223 | 304 | 3D 196 170
FORE | 200 25 -125 50 138 472 167 83 | 250 | #7 -83 83

AL | 33 33 289 151 318 207 149 47 311 208 128 230

2 |HIND | 36 -18 438 196 383 232 143 88 277 277 116 196
FORE| 25 175 125 25 &3 500 167 83 417 00 167 333

AL | 151 92 191 07 331 345 209 68 291 68 108 163

3 |HND | 170 89 223 62 330 241 250 116 223 116 143 277
FORE | 100 100 100 -200 333 667 83 -83 500 83 00 -167

"n
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APCC Deterministic MME

e SCM: simple averaged MME with equal weight

M
P = i F M: number of forecast models
M4 F: forecast of it model

e SPM: simple composite of individual model forecasts, after statistical
correction (downscaling) by pattern projection method (Kug et al. 2008)

1 X .
P= M Z Fi F. : corrected forecast of i model

Y(t)=aX, (t)+ A
Predictor field
(model hindcast) mEmmEEE X, ()
X(, j,t)

Predictant Y ()
p

(Observation)
Y(t)




APCC Deterministic MME

e MRG: empirically weighted MME with regression coefficients (Yun et al. 2003)

M: number of forecast models

P= Z a, Fi F.: forecast of i model
i=1 q;: regression coefficients during the training period
F > %
— F)
F Multi-model prediction
M A (or superensemble)
Actual dataset Multiple linear regression

(i.e., raw-model forecast)



APCC Deterministic MME

e SSE: empirically weighted MME with EOF-filtering of the actual dataset by
finding a consistent spatial pattern between the observed and individual
model forecast (Yun et al. 2005)

M n M: number of forecast models
P = Za,-lc/ F. : corrected forecast of if" model
=1 q;: regression coefficients during the training period
E(gz)

minimization

Multi-model prediction
(or superensemble)

2
E(¢
FM . c( . ) .
Mminimization

Actual dataset New dataset
(i.e., raw-model forecast) (i.e., EOF-filtered dataset)



(S22 E SI=(MME) 7E

CHY MME (Deterministic MME) 7|
« SCM (Simple Composite Method)

: Simple composite of bias-corrected individual forecast with equal weighting.

— N —
S, =0 +%Z(Fi,t - Fi)
i=1

F: :i™h model forecast at time t
F.,0 : Climatology of the i*h forecast and obs.
N :the number of forecast models involved

« MRG (Multiple Regression Method

: Optimally weighted composite of individual forecasts.
The weighting coefficient is generated using point-wise regression technique.

N
S;=0+ Zai (F.—-F) &  :regression coefficients obtained by SVD

OA

» P APEC CLIMATE CENTER {7.
Actual Data Set (N) Regression > SVD Prediction




(S22 E SI=(MME) 7E

CHY MME (Deterministic MME) 7|
« CPPM (Coupled Pattern Projection Method)

. Statistical downscaling forecast in which an optimal forecast field is
projected onto the observation at the target point

Y(t)=aX, (t)+ .
Predictor field
(model hindcast) sEEEEEE] X, (1)
X(, J,1)
Y (t)

Predictant
Y (t
(Observation) (1

« SSEM (Synthetic Multi-Model Super Ensemble Method )
: Weighted combination of statistically corrected multi-model output.

E(&?)

minimization
using EOF

Actual Data Set (N) Synthetic Data Set (N) Superensemble Prediction - B



(s 22 Yo =(MME)

/=

u X} 4Z(Cross Validation)

O training
O cross-validate

1971 Data period (30-year) 2000
(000000000 ceececcsce 00000000
©Q00000 000000
?¢QOO 0000

000000000
e 06 06 06 060 06 0 00 OOOOOOOOO

\ OOOOOOGGJO,

30 cross-validation

v ¥ cross-validation field

Q“Q.QQQQ.000000.00.0.00.000

» Taking out one sample out of the whole data period.

» Building statistical model with the rest of the period and applying the model to

the sample taken out.

» Repeating this procedure until the whole cross-validation field completed. < F&H



MSSS correlation (Prec)

MSSS correlatio
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MSSS correlation
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908 R L
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MSSS correlation
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MSSS correlation

(T850)

MSSS correlation
L b b b b b b b e e

7 =

60N — g

308

60S — S R

W0 T — T T T T
30W 0  30E 60E O0E 120E 150E 180
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150W 120W 90W BOW  30W

-061 -049 -036 -03 03 036 049 0861

MRG

MSSS correlatio

90N
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MSSS correlation
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60S
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SSE
MSSS correlatio
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ITER __.



CHY MME (Deterministic MME) 7|

Temperature for August-October 2010

Unit:deg K

b T | RS | | BT i | DL | T
Jow [ 30€ 60E 90E 120€ 150E 180 150w 1200 Sow Gow 3ow

EEEOCOO0D0O0EmE.
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® APEC Climate Center

Geopotential height at 500 mb for August-October 2010

Unit:m
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Precipitation for August-October 2010
Unit:mm/day
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© APEC Climate Center

Wind at 850hPa for ASO 2010
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(S22 E SI=(MME) 7E

MME(PI‘Obabi“StiC MME) 7|hé|'I Gaussian approximation
" Defining

Normal fitting method

terciles o~ - For the middle/upper tercile boundary :
TN mean plus 0.43 times the standard deviation
> M +0.430
/323/ 32;) :;/\ - For the lower/middle tercile boundary :
o | mean minus 0.43 times the standard deviation
M -> M -0430

" Forecast

o | Target year
probability : v POF
N Climatological
A Probability of Above-normal PDF ~, /
4 N ;\
N Probability of Near-normal / A \
,,/-""'/ — B
B Probability of Below-normal Lower Borderline Upper Borderline
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2E MME(Probabilistic MME) Z7|®™ multi-model combination

Model 1 Model 2 Model N

BN NN AN BN NN AN BN NN AN

M
P(E) =) P(Model,)x P(E/Model,)
i=1
L J J
model weight forecast probability of an event

4 N
M
P(E) = 1 ZﬁP(E/Model) - Weight for each model is proportional to
> n = the square root of the ensemble size of
i=1 Model, M B p—
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2 S MME(Probabilistic MME) 7™ tercile map

(EX1) (EX2) (EX3)

4 N

60%
o 47T%
45% 45% 46%
30%
10% 10% 7%
BN NN AN \ BN NN AN BN NN AN /
“ Below Normal “ - “ Near Normal ??7? “
v
“ Chi-square Test ”
k
2 _ 2 k : number of categories
X = Z(Oi B Ei) /Ei O : observed frequencies in forecast

E : expected frequencies

If differences are not significant at 5% sig. level.
9 UNCERTAINTY”” APEC Ll,!MATLC:’.NTER‘il
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2HE MME (Probabilistic MME) 7|

Temperature at 850hPa for 2006 JJA

(a) Above Normal (b) Near Normal
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