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: I /o E%gm (r)erc‘;gs?oaﬂg-u; Franch / German storms (surface pressura)
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Our knowledge of climate model and initial condition is not never perfect !

-> Perfect forecast is impossible.
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Time

Initial condition
uncertainty

(HIEQE =&l

X, BEEXHITI| S5, 1963)
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Best ]

TotojAe] B

. Worst 2t

Fetof Mo B

Worst BH - U 0| =7} HAE Y4E B2
UAHE M E0| A1 (Signal, WZHL M) T} i 0] = (Noise, Z2 AH)

Signal >> Noise : more predictable

Signal << Noise : less predictable

=M JI8E
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(Systematic Error)

(Random Noise)

More samples Cancellation of errors
: Ensembles : Multi-Model

[sDa Y4E(MME) J1E

- 19909 H A& Krishnamurti =

- J|I2RE! 200 HE XA

- APCC(2005~, 154 22, WMO-LC(2009~, 141 =), NMME(2011~, 6J 2=,
FUROSIP(2005~, 6J4 &)
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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)

B JTCL;I L4 7| .7_|', climatology Numerical Models
Hindcasting =~ Nowecasting  Forecasting
* Forecast(real-time forecast)
S
1991NDJ 1992NDJ 2010NDJ 2022NDJ
e, > > = >
e, . . . .
( Hindcast ] ( Forecast )
( Climatology ) [ Anomaly = Forecast - Climatology
k WX = WSS - JI=d

XI|ERUHZ CHE, APCCMME 35 7|7t (1991-2010)AH8 , 25 A7 X| CHE 2 2020 7K S A &
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(Simple MME) Simple
Composite Method
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(Calibrated MME)
Step-wise Pattern
Projection Method

MRG

(Weighted MME)
Multiple Regression
Method

(Weighted MME)
Synthetic Multi-Model
Super Ensemble Method

» Simple composite of
individual forecast with
equal weighting

1 /
P;MZE

* (Calibrated MME which is
obtained from the adjusted
(or corrected) single-model
forecasts based on a
stepwise pattern projection
method (Kug et al. 2008)

1

P:MZ

>

!

Empirically weighted MME
with coefficient computed
by multiple linear regression
(Krishnamurti et al. 2000)

/

P=)aF

¢ Same as MRG, but with
EOF-filtered dataset (Yun
et al. 2003)

P:Zailfi’

- APCC

¥  APEC 23uH
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B =3} (Parametric Estimate) * A Gaussian fit estimate is more
accurate than counting for
Statistical fitting method Gaussian distributed
OEXIE7 EM BECE MECHs 71 810 EM 22| forecast variables (WI”(S 2002;
PDFZ 2t B 2|0 HE2 FHSI= WY Tippett et al. 2007).
ENSO-Neutral o .
Climatological Forecast PDF * Most .Of ope.rajclonal centers use a
PDF \ / Gaussian  fitting method for
tercile-based categorical
probabilities of global climate
El Ni :
Nina ino ENSO variables (e.g., IRI, JMA, MSC).
° a Nl/na/ neutral | | Nino .
-0.5°C 0.5°C -0.5°C 0.5°C
P(A) = N, _ number of ensemble members falling into AN P(A) zl_ra F(x)dx
N total number of ensemble members -

F(X) :theoretical PDF (e.g., Gaussian, gamma)

> 7|?&|'9§ EFSHH, A LA 24| b2 T, HZ A 01 2 2 0f| A
et 7 =CHO| 7|=22] Gaussian PDF)
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Model 1 Model 2 Madel N

NN AN
“ Probabilistic Multi-Model Ensemble “
model weight forecast probability of an event
M
— / n : Ensemble size of i model
P(E) Z n - n' P(E / Model, ) M : Total number of participating modes in MME
i

L APCC 12

i APEC JRuE

Uncalibrated multi-model ensemble, with model weights proportional to the square root of ensemble size of
individual models
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[SDE 2HE (MME) JI=

(EX1) (EX2) (EX3)
60%
o 47%
45% 45% 467
30%
10% 10% 7%
BN NN AN k BN NN AN BN NN AN J
“ Below Normal “ - “ Near Normal ??? “
v
“ Chi-square Test ”
k
2 _ 2 k : number of categories
X = ;(Oi B Ei) /Ei O : observed frequencies in forecast

E: expected frequencies

If differences are not significant at 5% sig. level.
- UNCERTAINTY!!!!
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Temperature at 850hPa for 2006 JJA

(a) Above Normal (b) Near Normal (c) Below Normal
|

goN AAAAA { NI T | BT I { BT | s (I I Ty T | goN 1 goN ----- | I O I W | IR | R S L { I T I B
60N : 7 60N - - 60N - ;
30N 30N o 30N o
0 0 0
308 308 - 308 -
60S - 60S - 60S -
908 s ———— ———— ——— ———— ———— [ o0s A 90S
0 60E 120E 180 120W  60W 0 0 60E 120E 180 120W  60W 0
30 40 50 60 70 80 90 30 40 50 60 70 80 90
80% 70%
2 i Tempy at 2m for N b 2020-1:» 221 & &
AN NN BN ' AN NN BN

55%

BN ==

NN BN

Towsad 20 Oct 2000 © APEC Clisate Coner

25%
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i!!EE 3] nvironment
? l*lunada Precipitation for June-August 2021 Temperature at 2m for June-August 2021
o= 718 ALt 188 - Issued: 19 Feb 2021 Unit: % (Probability) N Issued: 19 Feb 2021 Unit: % {Probability)
w ag1
@ B R .
Met Office o =l
A3 71 03 g39F2 nYA J1YY ‘T’-é, jﬁ o
]
7 ) ’ 30°N
S m A o B
BOIE 7|12 HE A0} 135°E 150°E 75°E 80°E 105‘“5 120°E 135°E 160°E

(§27|’3’§) é?}ﬂ?‘?i&ﬂ?ﬁ Below Normal Above Below Normal Above

[ . EEEC . .

2 e %6 s 0 5 8 7050 b 40 580 70 20 20 70 80 3047 0 40 50 5 To S0 G %0 20 o0 70 80
% HYOROMETEOROLOGICAL
CENTRE OF RUSSIA
ol ok ENSO Alert System
Issued: 19 Feb 2021 2021 MAMJJA
cimnce INACTIVE Climate Prediction Tool to Help Mitigate Damage of Extreme Weather
prreddrra WATCH WATCH Singapore, Singzpore | 03 June 2016
Su-xISH ]
Esagoa 7iREsiee (@, ALERT ® o ALERT
Sy LRI o
n i € . °5n ° %
(& The quality of one-month o
o3 714 )
; 54
NAGTIVE MME forecast is very good f
© APEC Climate Canter

and that is hugely important”
(Dr. Quang Nguyen, VietNam)

IS AH U=t s APECI|SME ZIIOIXIE S¢ot
=2 2= 16 (=) =20 = 85 2 OO0 HS

(02 70004 2=21%)
(https://apcc21.org/ser/global/outlookSummary.do?lang-ko)
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10
11
12
13
14

15

Institute
APCC SCOPS
BCC CSM1.1m
BoM ACCESS-S2
CMCC SPS3.5
CWB TCWB1Tv1.1
ECCC CANSIPSv2.1
HMC SL-AV
IMA JMA/MRI-CPS3
KMA GLOSEA6GC3.2
MetFR SYS 8
NASA GEOS-525-2.1
NCEP CFSv2
PNU CGCMv2.0
UKMO GLOSEA6
MGO MGOAM-2

Model Name SST Specification (H/F)

Predicted/Predicted
Predicted/Predicted
Predicted/Predicted

Predicted/Predicted
Predicted/Predicted
Predicted/Predicted
Observed/Persistent
Predicted/Predicted

Predicted/Predicted
Predicted/Predicted
Predicted/Predicted
Predicted/Predicted
Predicted/Predicted
Predicted/Predicted

Persistent/Persistent

VIIVIE

Masking/

OLR
O/olr

o

O/ olr

o/
f: olr, h: -

X/ olr

X

O/olr
X/ olr
(0]

X
f: O, h:-
/ olr

Ens. (H/F)

10/10
24/24
27/11

40/50
30/30
20/20
10/20
10/50

12/42
25/51
4/10
20/20
35/35
28/42

6/10

2 XA SST masking /=: O, 815 X, f: forecast, h: hindcast
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Forecast
Period

6-month
6-month

5-month
5-month
6-month
11-month
3-month
6-month

6-month
5-month
8-month
6-month
6-month

5-month
3-month

- ‘
3(6)-month

H;Z‘:::;t Resolution
1982-2013 T159, L31
1991-2015 T106, L26
1981-2018  N216(~60km), L85
1993-2016 ~0.50x0.50, 46L
1982-2019 T119, L40
1980-2020 1:5; %3;_585
1990-2015 1.125x1.40625, L28
1991-2020 T319, L100
1993-2016 N216, L85
1993-2016 T359, L127
1981-2016 288x181, L72
1982-2010 T126, L64

1980-present T42,L18

1993-2016 N216, L85
1979-2004 T42, 114
1991-2040 2.5°x2.5%, 1.0

(ZhAY:

4 248/ =M MME 20 X)

O]

SUH JISEHMHIA AETH3E

File Type

NetCDF
NetCDF
NetCDF

NetCDF
GRIB1
GRIB2

GRIB2

GRIB2
f err: Binary

GRIB2
GRIB1
NetCDF
GRIB1
Binary

NetCDF

f: GRIB1
h: NetCDF

1 °)
x1.0

= APCC

APEC JIR4H
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Data Quality
Collection Check
FTP o
l I ISSUE OCCUR
Model data
(Hindcast/Forecast)
Observation 3 o
e S e
Communication
with model holders
) . 13:lh Decision on
Pre-processing i model set

Participating Institutions

4ED\

APEC Climate Center
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MME '?'GIZ'I_IHI al ol

-
MME Prediction

(DMME, PMME)
\.

Verification
(Previous forecast, hindcast)

-@ ®-

Graphic
(Individual model, MME)

@ @

@ L

Application
(Index forecast, CLIK, etc)

: Iasued: 21 Sop, 2020

m
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Outlook

'RE
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Interpretation &
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Dissemination
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Verification

e What is verification?

- Verification is the process of comparing forecasts to relevant observations
: Verification is one aspect of measuring forecast goodness

- Verification measures the quality of forecasts

- For many purposes a more appropriate term is “evaluation”

e Why verify?
- Administrative purpose

Monitoring performance
Choice of model or model configuration (has the model improved?)

- Scientific purpose
Ildentifying and correcting model flaws
Forecast improvement

- Economic purpose
Improved decision making
“Feeding” decision models or decision support systems



Verification Skill Score

» Skill Score

= Non-categorical forecast
- Root Mean Square Error (RMSE)

- Anomaly Pattern Correlation Coefficient (ACC)

- Temporal Correlation Coefficient (TCC)
- Mean Square Skill Score (MSSS)
- Gilbert Skill Score (GSS)

= Categorical forecast

- Relative Operating Characteristic (ROC) score map

- ROC Curve and Score
- Reliability Diagram
- Brier skill Score
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® Hindcast | APEC Climate Center X +

<« c 0O @ apcc21.org/ser/hind.do?lang=en

- APCC LOGOUT | HELPDESK | CONTACTUS | SITEMAP | 2301 Q
APEC CLIMATE CENTER

Research Climate Information Services International Cooperation Notices About us
C|Imate |nf0rmat|0n + Home = Climate Informaticn Services > Seasonal Forecast > Verification > Hindcast
Services Hindcast
- Seasonal F t
» Forecast Deterministic MME Probabilistic MME
=S Select period of interest
CiniEL 2021 v NDJFMA
SST
Verification domain and index information(Download) *
v VMerificati
& Deterministic MME
- Forecas t
lenomaIy Correlation Coefficient
- Hindcast
Select a variable
» Methodology

Precipitation v
» Model Description

Anomaly Gorrelation Coeff. : PREC, NDJ {1991-2010) Anomaly Correlation Coeff. : PREG, FMA (1991-2010)
1.0 1.0

08

08 —

sl (1T

00 -—
@ APEC Chimate Center

+  BSISO Forecast

+  Applied Forecast

ACC
ACC

+  Climate Monitering

+  Climate Service Toolkit

04+
lulilull
(] 1]
0.2
B APEC Climate Center

(https://www.apcc?1.org/ser/hind.do?lang=en)
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Observation Data

e What is "truth"” when verifying the forecast and hindcast?

The "truth" data that we use to verify forecasts generally comes from observational data. Such as:
- Rain gauge measurements
- Temperature observations
- Satellite-derived cloud cover sl O ST ECMWF model

¢ m \ s
. N ’
 Reanalysis Data e Céq | ﬁ
\ ; !
Station observations are the best, but in the Pacific there are et 1 /,,LU/Q\ Assimilation @ /\
T

not enough for verification.
Use gridded 'observational' data instead.

- NCEP/NCAR R1 (1948~Present)
- NCEP/NCAR R2 (1979~Present)
- ECMWEF ERAS5 (1950~Present)

T 1
1980 1990 2000 2010 2020

eg. A schematic of the reanalysis process
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- APCC
Verification for Deterministic Forecast ‘

( Real-Time Forecast ) ( Observation )

Temperature at 2m for June-August 2022

Issued: 16 May 2022 Unit: deg K (Anomaly) 90N 2m Temperature : Jun2022 - Aug2022 [Unit : K]

_| Deterministic MME
Base Period: 1991-2010

| © APEC Climate Center

GOS e - : : : . - , . '
30W 0 30E B60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 BB 0B 120E - TS0E 180 1SOW 120W - S0W 60w ?2,!“3 9
B W e —— I @
) . SR e e e e R e e
25 2 15 1 05 0 05 1 15 2 25

1) What is the average magnitude of the forecast errors?
2) How well did the forecast anomalies correspond to the observed anomalies?



Verification for Deterministic Forecast

RMSE [Root Mean Square Error]

N
RMSE = iZ(Fi—oi)z
W 3

F : forecast
O : observation
W: weighting

What is the average magnitude of the forecast errors?

20224 APECTIZHH JISEEMHIA X3S

RMSE

"APCC

APEC JIR4H

Root Mean Square Error: PREC, NDJ (1991-2010)

1.2

1.0
08 —
06 -
0.4 —

02 —

0.0

Range: 0 to oo. Perfect score: 0.

i © APEC Climate Center
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Verification for Deterministic Forecast

ACC [Anomaly Pattern Correlation Coefficient]

> o (F, ~ F)(O, ~O)
ACC =1

ia)i (F —E)Zia)i (] _6)2

ACC

Over bar means time average (climatology)
F : forecast

O : observation

W: weighting

02 -

0.4

"APCC

APEC JIR4H

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

1.0 ]
0.8
0.6
0.4 —
0.2

0.0 —

© APEC Climate Center

8qo|n —

soidosjenx3'N —

soidosenx3's —

soidos) —

BISY'3 —

BISY'S —

BoLBWY N —

eolaWY'S —

BISElRASNY —
eiseINg'N —
1SETW —

oyoed’'S SNy

How well did the forecast anomalies correspond to the observed anomalies?

Range: -1 to 1. Perfect score:

1.

<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>



Verification for Probabilistic Forecast
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The Contingency Table
Event observed
Event
Forecast Yes No Marginal total
Yes Hit (H) False Alarm (F) H+F
No Miss (M) Correct Rejection (C) M+C
Marginal total H+M F+C H+F+M+C =N

Ex) Rainfall forecast

Hit :forecast said “it will rain” and it actually rains.
Miss : forecast said “it won’t rain” but it rains
False Alarm : forecast said “It will rain” but it doesn’t rain

Correct rejection : Forecast said “It won’t rain” and it doesn’t rain

— Hit Rate = H/(H+M)
— False Alarm Rate = F/(F+C)



Verification for Probabilistic Forecast
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The Contingency Table
Event observed
Event

Forecast Yes No Marginal total

Yes Hit (H:14) False Alarm (F:2) H+F

. ) Correct Rejection

No Miss (M:6) (C:22) M+C

Marginal total H+M F+C H+F+M+C =N

Ex) Rainfall forecast

Question 1) How many times rainfall actually happened?

Question 2) How many times forecaster issued rainfall?

— Hit Rate = H/(H+M)
— False Alarm Rate = F/(F+C)
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Verification for Probabilistic Forecast

HSS [Heidke Skill Score]
HSS
(H+F)(H+M)+ M+ C)(F +C)
Event observed (H + C) _ N
Event =
Forecast Yes No Marginal total N . (H + F) (H + M) + (M + C) (F + C)
N
Yes Hit (H) False Alarm (F) H+F
No Miss (M) Correct Rejection (C) M+C
Marginal total Ha Fac HeE+M4C = N Heidke Skill Score : PREC, JAS (2022)
Issued on 2022 JUN
60 —
40 —
e A skill score against chance RN — | mim ._
=L ]
e Relatively easy to calculate o
* _: *: Hindcast skill (JAS, 1991-2010) © APEC Climate Center

&
S

e Range : Negative value to 1

Jyed’'s SNy —
1SN —

soidos)  —
eIsy’y —
BISY'S —
BOLBWY'S —
BISEINTN —

\
o}
[=]
o
@

BOUBWY'N —
BISB[RISNY —

e Perfect forecast =1, No skill=0

soidosjenXg' N —
soidonenxy's —



Verification for Probabilistic Forecast

ROC [Relativ Operating Characteristic] curve

ROC Curve : PREC, NDJ (1991-2010)

Globe
1.0 -
. ] //.'/l
— Hit Rate vs. False Alam Rate .
— Hit Rate = H/(H+M) . y
é:ﬂ . /
— False Alarm Rate = F/(F+C) = Vi
o4 _’ // ROC Scores
Perfect 1 o AN:0.65
24 / * :
classifier 1OC curve " . onoe
1 O * 00 1 @ APEC Climate Center

0.0

Hit Rate

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

0.2

0.4

0.6

0.8

False Alarm Rate

1.0
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ROC Score : PREC, NDJ (1991-2010)

Above-Normal

0N

BON

l
30N

308

605 —

@ APEC CI fvate Cemef

908

30W 0 SCIE GOE 90E 120E 15DE 180 150W 120W QDW 60'-'\1' 30W

[0 0 . .
05 0.6 0.7 0.8 0.8

What is the ability of the forecast to discriminate

between events and non-events?

Range: 0 to 1. Perfect score: 1.
0.5 indicates no skill.
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