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1. Purposes of verification

Forecast verification is a process of assessing quality of forecasts.

e to monitor forecast quality
how accurate are forecasts and are they improving?

e t0 guide forecasters and users

help forecasters understand model characteristics
help us provide higher value forecasts to users

e {0 guide future developments of system

identify model faults and improve systems

help us compare and evaluate different forecasts
(model or guidance)



2. Verification methods

e For deterministic forecast
ACOR, RMSE, Bias (ME) ,MSSS
(ROC)

e For probabillistic forecast
ROC, Reliability diagram,
BSS (Brel, Bres)



Root Mean Square Error (RMSE)

1 N , F :forecast
RMSE = \/NZ(F' —Oi) O :observation
i=1

N :samplesize
Range: 0 to infinity, Perfect score: 0.

- RMSE measures absolute magnitude of the forecast
error.

. It does not indicate the direction the error.
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RMSE small RMSE large



Mean Error (ME)

1 N F :forecast
ME = —Z(Fi —Oi) O :observation

N <=
= N :samplesize

Range: variable, Perfect score: 0.

- ME measures average magnitude of the forecast error.
- It Indicates the direction the error.
2 2 2 1 2
RMSE® = ME* +0,” 0. =2 (X -a-ME)
=1
RMSE can be divided into ME(systematic error)
and random error (o,).



Anomaly Correlation (AC)

N
> (FR-C)(©O,-C) F :forecast
=1 .
O :observation

\/Z(Fi_ci)z\/Z(Oi_Ci)z C :climatology

Range: -1 to 1. Perfect score: 1.

AC =

- AC measures correspondence or phase difference
between forecast and observation, subtracting out the
climatological mean at each point.

AVAVNERS oA

AC=1 AC <<1



SN

AC  positive (1)  AC  negative

RMSE large RMSE large
AC  positive(=1) AC  negative

RMSE small RMSE small



Mean Squared Skill Score (MSSS)

MSE where MSE is the mean squared error
MSSS =1~ MSE — 1 & (F o )2 F :forecast
MSEC B WZ Y O :observation

i=1
Perfect score: 1 (when MSE=0)

_ and MSE_ is the MSE of climatology
Climatology forecast score: O

forecast.

MSSS can be expanded (Murphy,1988) as s : squared root

-

—h

2 sr— —\2 of variance
MSSS = Zsfr _[ 3] | f=0 +2n—1 1+2n—1 . correlation
S, fo S, S, (n—1)2 (n 1)2 . forecast

. observation
Ve SICE Yo, o)
The first 3 terms are related to Fio = S.S,
(D phase error (through the correlation)

@amplitude errors (through the ratio of the forecast to observed variances)
®@bias error




Reliability diagram

< Reliability Diagram >
Event : Z500 Anomaly gt+000
one—month forecost (28 doy mean : day 2—29)
Spring ( 2008/02/28/12 - 2008/05/28/12 )

The reliability diagram plots the Fullil::vd}-ﬁaﬂuh"ﬂr
. Diashi G =F tF
observed frequency(Y-axis) Brier Scores x 100 mq";:rer ceores
agaInSt the forecaSt MH_{ O C e BBt b |
probability(X-aXiS). cIimatoIogy ASS=8.928 Hrel=05%.0 Hres=13.8
=g perfect reliabilit -
c ol ~ P04 ¢
The diagonal line indicates perfect 3 ‘”"\ 3
. - 0.6 1 F03 &
reliability (observed frequency S ool =
equal to forecast probability for g 04 025
& 0.3
each category). 3 ool |, 8
gory) 2 22 Aforecast frequen¢d’ 5
o " TR, F—————— L
0 010203040506070809

Forecast Probability

Points below(above) the diagonal line
indicate overforecasting
(underforecasting).
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Brier (skill) score

[0 Brier score measures mean squared error
of the probability forecasts.

1 & , p, :forecast probability
BS = N Z ( P: — Oi) 0, : observed occurrence (Oor 1)
=1

N :samplesize

Range: 0 to 1. Perfect score: 0 Climatology: 0(1—0)
Random:1/3

O Brier skill score measures skill relative to a
reference forecast (usually climatology).

BS

BSS =1-
BS

Range: minus infinity to 1. BSS=0 indicates no skill when
compared to the reference forecast. Perfect score: 1.

reference



Decomposition of the Brier score

Murphy(1973) showed that the Brier score could be partitioned into three
terms(for K probability classes and N samples). These terms are shown

separately to attribute sources of error. - .. :
o :climatologcal occurrence

an(pk Ok an(ok 0)* + 0(1-0)

9 P \

reliability (brel) resolution (bres) uncertainty (bunc) ‘
the mean squared the mean squared difference measures the
difference between the between the observed frequency  variability of the
forecast probability and ~ and climatological frequency. observations.
the observed frequency. - indicates the degree to which
Perfect score: 0 the forecast can separete

different situations.

o 0,94
o 0.5 L 0.4

EXNE

g 0o climatologial

L 0.5

g o o forecast score:0

03

§ oz o Perfect score: 0(1—0)

o v
o

T T T 0
0 01020.30.40.50.60.70.80.9
Forecast Probability



1 Brier skill score

Brier skill score

= the relative skill of the probabilistic forecast to the climatology

BSS =

BS —BS

clim

BS

Skill score =

SCore forecast

Score

refe

rence

sScore

perfect forecast

— SCore

reference

0-BS

clim

BS

clim

BS . =bhunc

cllm

Range: minus infinity to 1. Perfect score: 1
BSS=0 indicates no skill when compared to the climatology.
BSS>0 : better than clim.

O Reliability skill score

Brel =1—

brel

clim

Perfect score;:

[ Resolution skill score

Bres =

bres

clim

Perfect score: 1

Event : Z500 Anomaly gt+000

ane—month forecast (28 day mean : day 2—29)
Spring { 2008/02/28/12 — 2008/05/29/12 )

Full{Red)=Raliability
Dash{Grean}=Forecast Frequency
Brier Scores x 100

1

N =0 = 560.0,00. 00— 0 M.
<B".~.‘.- B.9278 Hrel=950 Hes _1_15\6— SCOI'eX]_OO

~
e o = -

=, 0,9

h
£ 0.8 0.4 2
8 o7 o
E 0.6 0.3 ':-::
L 0.0 I:
E 0.4 0.21.;.
z 03 g
B 0.2 0.1 @
o X

g V— .

] U‘Iﬂlﬂll}lﬂﬁﬂﬁﬂ?ﬂﬂﬂg
Forecast Probability

The larger these skill scores are, the better.




Interpretation of

Reliability diagram and BSS

Event : Z500 Anomaly > 0
Northern Hemisphere

Spring of 2008 (2008/2/28 ~2008/5/29)

First week forecast
(day 2-8)

'
o

e el e PNt 0 et e e R

[I L] L] L] L] L] L] L] L] L]
001020304050 60.70E80.9
Forecast Probability

BSS>0
better than climatology
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=
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o
(¥

Third and fourth week

(day 16-29)

Bt

< IG0.0,90.0M—20.0M)

BS5=—6.1/ JBral=91.2 Bres=254/F

iy [ T e I i}
ERATERLEEE
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Observed b
=R

BSS<0

e T
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Forecast Probability

inferior to climatology

14



Relative Operating Characteristic

m ROC is created by plotting the hit Frrt - 500 Anemaly 310000 -
. . ana—maon forecas ay mean : day £—
rate(Y-axis) against the false alarm Spring  2008/02/25/12 — 2000/05/26/12 )
. . . . MH { 0.0 =380.0,90.0M=20.0N)
rate(X-axis) using increasing o X100 = 71.3 E
probability thresholds to make the )
yes/no decision. €
2 )
O The area under the ROC curve
(=ROC area) is frequently used as a " oo Aorm Rote GOy

Score.



Forecast

Steps for making ROC diagram

1. For each forecast probability category, count the number of
hits,misses, false alarms, and correct non-events

2. Compute the hit rate and false alarm rate in each category k

hit rate, = hits,/ (hits,+ misses,)

false alarm rate, = false alarms,/ (false alarms,+ correct non-events,)
3. Plot hit rate vs false alarm rate

4. ROC area is the integrated area under the ROC curve

Observed
yes no

no

total Observed Observed
yes no

Contingency Table

Forecast
pro bakility

Hit rate

Falze
alarm rate

=00

= 002

= 004

Relative Operating Characteristics
Event : Z500 Anomaly gt+000

one—month forecast (28 day mean : day 2—29)
Spring ( 2008/02/28/12 — 2008/05/29/12 )

100

NH { 0.0 =360.0,90.0M=20.0N)
Ax100 = 71.3

D 10 20 30 40 50 60 7O HO 90 100
False Alarm Rete (%)
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Interpretation of ROC curves

Event: Z500 anomaly >0

Spring 2008
Pring 1st week forecast 3rd and 4th week forecast

MH f 0.0 360.0,90.0M ED.UN:I th 0.0 260.0,90.0M ED.DN}
e 707

. -
100 Ax100 a87.7

IR
LI

%
o)
=

performance o o
o 50+
a0
T 304
20 -
%] qo%
0 10 20 30 40 50 60 70 HO 90 100 9% 10 20 30 40 50 60 70 Ho 90 100
Falzse Alarm Rote (%) Falzse Alarm Rote (%)
high resolution low resolution

(high potential skill) (low potential skill)

m ROC is not sensitive to bias in forecasts. Forecasts with bias may have a good
ROC curve if resolution is still good. In this sense, the ROC can be considered
as a measure of potential usefulness.

m On the other hand, reliability diagram is sensitive to the bias. It is needed to
see both the ROC and the reliability diagram.



SVSLRF

(Standard Verification System for Long-Range Forecast)

« WMO standard tool to verify skill in seasonal models

* [t was introduced by the Commission for Basic Systems
(CBS) of the World Meteorological Organization (WMO) in
December, 2002.

« Users can appropriately evaluate forecast skill with
common measures.



Outline of SVSLRF

Parameters

Verification regions

Deterministic
forecasts

Probabilistic
forecasts

Level 1

T2m anomaly

Precipitation
anomaly

(Nino3.4 Index)

Tropics(20S-20N)
Northern
extratropics(20N-90N)

Southern
extratropics(20S-90S)
(N/A)

MSSS

ROC curves
ROC areas
Reliability
diagrams

Frequency
histograms

Level 2

Level 3

T2m anomaly

Precipitation
anomaly
(SST anomaly)

T2m anomaly

Precipitation
anomaly
(SST anomaly)

Grid-point verification on
a2.5° by 25° grid

Grid-point verification on
a2.5° by25° grid

MSSS and its
three-term
decomposition
at each grid-
point

3 by3
contingency

tables at each
grid-point

ROC areas at
each grid-point

ROC reliability
tables at each
grid-point
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LC-SVSLRF

Lead Centre for the Long-Range Forecast Verification System

« Australian Bureau of Meteorology (BOM)
» Meteorological Service of Canada (MSC)

URL: http://www.bom.gov.au/wmo/Irfvs/ The Manual is here

World Meteorological Organization
Lead Centre for the isclair®y | Users Guide
Long Range Forecast Verification System

DISCLAIMER

DOCUMENTATION

Lead Center web site

Lead Centre role.
Documentation and

software.

You can get scores of several centers on || Yeiina datacets.

Submitting data.

Lead Centre website. Clossary.

USERS GUIDE

Variahles to be
assessed. <
Levels of Eul
assessment.
Diagnostic

measures.

What the Lead

Centre provides. TR rJ,;n;l.:m‘ #
How to submit
results.

Format for submitting
results.

Model system
details.

The Lead Centre provides access to verification datasets, verifying software,
documentation of the system, broad technical support, access to the final
verification data as well as graphing and display of results.

The WMO Lead Centre for the SYS-LRF is jointly managed by the
VERIFICATION MAPS Australian Bureau of Metearology and the Meteorological Service of Canada.

home | contact




3. Verification results on TCC web page

@ S5T Welcome to Tokyo Climate Center

Japan Meteorological Agency

=
© TCC home © sbout TCC @ Site Map © Contac

Home  World Climate Climate System Monitoring El Mifio Monitoring

Global Warming Climate in Japan Training Module Mews Arc
HOME = Ensernble Model Prediction

JMA's Ensemble Prediction System (Products of GPC Tokyo)

IMA operates a numerical prediction system composed of a global atmospheric circulation model and a land process model for one-month, three-month and summerfwinter season
forecasts. An ensemble prediction technique {which calculates atmospheric evolution from many initial conditions around the most likely one) is employed to increase accuracy, and
applied to probabilistic forecasts. Ensemble prediction maps and verification charts of one-month, three-month and summer/winter seasons prediction are available on this page.
Experimental products of three-month probability forecasts are also available.

I Notice I Main Products I Links

*« GPY products for seasonal
forecasts have been Latest Products
upgraded since 17

¥ WO DDE
(“arious Clima
related Produc

One-month Prediction

Februrary 2010, Please o and Data)
refer to the top page of the | O HE LIS e D » Maonthly Clima
"TCC Mews Mo, 19" for » 2500, TS50 & Psea (MNorthern Hemisphere) (@7 Jan2m1) oc faor
details. f-atieamn‘um:tism Nebii;\,r.p.u.tential & Surface air temperature {(60N-60S) @7
‘,‘. » Yerifications oo den o) "q Irag
;bﬁu! P 4w R 2 ?D‘re‘casts at station points {experimental} (7 Jan2m1) “T-1R

Three-month Prediction » Tropical Cyclo
Advisory © Tob

Typhoon Cent

# Three-month Prediction 45 Decead

5 ZE00, TS50 & Psea (Morthern Hemisphere) 08 beczmo)
¥ Strﬁmmngtmﬁ'vadtﬁﬁ bAtEA R &Ew;fgce air temperature (60N-605) (15 Deczod)
t® . \-’erlfu:atlon of recent predictions 7 mey 2o .",

*
:0 # Werification of hindcasts ‘v
‘s w.l}robablllstlc Forecasts and Yerifications (lSReim)‘ Atlas
Warm/l:nld S;a.sf:nr.u B 8itdoh --------- » World Data Ce
— for Greenhous
# Warm/Cold Season Prediction (s oct 2010
» Z500, T850 & Psea (Morthern Hemisphere) (8 oot 2mo
>.9t!e‘aﬂ1'ffmc:1|0n VBFUEMF p&tgntlal & Surface air temperature
‘.b Verchatan of hindcasts "
LN I - s uui n® ©
S Research
IMDdeI Descriptions IDDwnIuad GPC Long-range Forecast (LRF) Products Institute, JMaA
¢ Model Outlines + Download Grid Point Yalue (GPW) File » Meteorologica
» Operations for Extended-range Forecast Satellite Cent
Model Only registered NMHSs can access this page. kA

¢ Operations for Long-range Forecast Model > wiord
o YWhen receiving an e-mail entitled "[ADDS] ¥our Password will expire in a few Met €
days" from JDDS_admin (JDDS_admin@data.jma.go.jpy, you are kindly Btearn @'1‘3

requested to change your password at Organization
T L L S O O [ O I o U SN TN R ST T ] (WMO)




Verification of
operational 1-month forecasts

verification of one month forecast

hlaps

¢ Error maps for every forecast (updated every week
c Z300 T850 and PSEA
* Bystemtic error is removed.(Bias based on

dcas
Climatolozical als w alculated with T iy
g e Ensemble mean forecast error maps,
o Stream Function and Velocity Potential

* hiodel normals based on lindeast from 1983 to 200 RMSE and Anomaly Correlat|0n
Observed climatology were calculated with ERA-15(1%/%-1945).

¢ Rehahility diasrams for each season
o ROC curves for each season

Deterministic forecast

24-2000).

Probabilistic forecast

Scores

e Score in each vear

# Scorein each season } T|me seguence Of RMSE and AC

Summary of venfication i 2001

2002

Summary of venfication i 2002

AN

Summary of venfication i 2003

Summary of verification m 2004

Summary of verfication m 2003
Summary of verification in 2004
ANyT

Summary of verification in 2007




Verification of 1-month
Ensemble mean forecast maps (Deterministic)

Z500 over the Northern Hemisphere
:":E;HIO bservatlon it ?W-Fprec_a_s_t _-FI:IN Veriﬁcuti:Error nth forecast |

48 [m] 500 (ERROR) v wwex .o o 12 kt= 48 [m]

forecast period
|28 days mean V|

initial date

20101209122 »

corresponding
racent forecast

from left to right)
left : analysis (Shaded
patterns show anomalies.)

middle : ensemhble mean
forecast (Shaded

rettarne chows o maenalice s ASOR 0547 048 o070z

Stream function (850, 200hPa) ﬁ RMSE and Anomaly Corr.

28 dgz mean : duLEfZQ : — 28 dgz mean : day 2—-29
mma‘mml; : 2010 12 (FORECAST) - \am&m fram 1

[ GE 1206 180  1Z0W  GOW ] GE  120E 180 120W _ eOwW % e 1k 0 uzw e
i U S v AT foat muse Pl Ty o)

gnrtm 070 471 049 064 fest, ACOR 088 087 075 081
Psmd;wusr} from : 2010 12 8 12 ki= 48

23




Verification of 1-month
Ensemble mean forecast maps (Deterministic)

Z500 over the Northern Hemisphere

e

*****

Observation Forecast Error
Verification of one—=month forecast { 28 day mean : day 2=29 )RTHN Verification of one—
ZHOD [AMALYSIS)  frem 2000 12 11 12 k= [m] Z500 (FORECAST) froen 2010 12 9 12 ki= 48 [m] Z500 (ERROR} from 2040 1

forecast period
|2E| days mean V|

initial date
2010.12.09.12F ~ |

corresponding
recent forecast

ifrom left to right?

left  analysis (Shaded
patterns show anomalies)
middle : ensemhble mean
forecast (Shaded <k,

Brs. ; 1 . 108,
rattarne ohoo oneraa lize are. ACOR 0541 OMB O8O O.237

ANL-Clim FCT-Clim
(JRA-25/JCDAYS) (model)

fost. RMSE 176 1388 196 143 o
fest. ACOR 0.905 0.938 0.915 0.955



Verification of
operational 1-month forecasts

verification of one month forecast

Maps

¢ Error maps for every forecast (updated every week)
o Z300. T850 and PSEA

* Bystemtic error is removed (Bias based on hindcast from 1982 to 2001.)

Climatological normals were calculated with WCEP/NCAR. reanaly=sis-1{1971-1978) ERA-15{1979-1993) and GANAL{1994-2000).

o Stream Function and Velocitv Potential
* Ny ed on hindcast i H H
T Probabilistic forecast

# Eeliahility diasrams for each season
o ROC curves for each season

-Reliability diagrams and Brier skill scores

Scores ROC curves and area for each season

e Scorein each season
¢ Scorein each vear

Summary of verfication in 2001
Summary of verfication in 2002
Summary of verfication in 2003
Summary of venfication in 2004
Summary of venfication in 2003
Summary of venfication in 2005
Summary of verfication in 2007
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@) S8BT Welcome to Tokyo Climate Center

lapan Metearological Agency

©TCC home @ about TCC

Home Climate in the World Climate System Monitoring El MNifio Monitoring Global Warming Climate in Japan Training

HOME = Ensemble Maodel Prediction

JMA's Ensemble Prediction System

JMA operates a numerical prediction system composed of a global atmospheric circulation model and a land process model for one-month, three-month and summer/winter season forecasts. An ensemble pr
calculates atmospheric evolution from many initial conditions around the most likely one) is employed to increase accuracy, and is applied to probabilistic forecasts. Ensemble prediction maps and verificati
month and summer/winter seasons prediction are available on this page. Experimental products of three-month probability forecasts are also available.

I MNotice I Main Products

v IJMA's one-month prediction
model was upgraded on 21 ILatest Products
March 2008. Available products
remain the same. Verification
maps of one-month probabilistic
forecastz at station points have

One-month Prediction

¢ One-month Prediction (05 5=
¢ Z500, T850 & Psea (Morthern Hemisphere) (05 52

been updated accardingly. & Stream function, Velocity potential & Surface air temperature (60N-605) (05 S=p 2008
3
B

Verifications (07 5=p

v IMA's extended ensemble A

- One month probabilistic forecasts at station points (experimental) (08 Jur 2008) MEW
prediction systemns (EPS) was P P (exep J {08 Jun 2008)

updated on 9 March 2007. Three-month Prediction
Flease refer to the "TCC News # Three-month Prediction {01 S=p 2008)
No.7" for details. # Z500, T850 & Psea (Morthern Hemisphere) (01 Sep 2008)
¢ Stream function, Velocity potential & Surface air temperature (60N-605) (01 S=p 2008)
» JMA's extended ensemble & ehifEET Of recent prediftibRe mmoen g0z
prediction systems (EPS) (for »* + \Verificati £ hindcast ',
three-month and warm/cold ‘s snincation of indeasts an?®

.
L L. = d

season predictions) was updated | * BB AR Ao aomsts !,,d.\,a_maa'hwui

on 12 September 2007. Please Warm/Cold Season Prediction

: : - Verification of hindcast
refer to the "TCC Mews No.9 ¥ Warm/Cold Season Prediction (20 Apr 2008)
for details. # Z500, T8S0 & Psea (Morthern Hemisphere) (20 b d
b & n A P AT, %h!iW.g&EenW& ase O n SVS L R F

‘. ¢ Verification of hindcasts 9
4 .t

IModeI Descriptions IDownIoad GPV (Grid Point Value)

& Model Cutlines # Download GPV file

¥ Operations for Extended-range Forecast Model

# Operations for Long-range Forecast Model Only registered NMHSs can access this page.
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Hindcast verification methods based on
Standardised Verification System
for Long-Range Forecasts (SVSLRF)

Verification of deterministic forecasts Verification of deterministic forecasts
PR T PeEA 2500/ TS50 -Mean Square Skill Score (MSSS)
Dependence of NSSS on Initial date .
| | -Contingency tables
e 3 by 3 contingency tables (in Japan)

(Category : Below Normal MNear Wormal, Above Normal)
BEATN | T2m|PSEA | Z300| T830

Verification of Probahilistic forecasts

+ Retibilty diagrams (Agergated veriicaton) Verification of probabilistic forecasts

[Anomaly > 0, Below MNormal, Near Normal, Ab

RAIN | T2m|PSEA | Z500| T850 . Rellablllty dlag rams
RlafﬁRggT;miE;gEc;rmja??iau epated verificatiod ROC Cu rves and ROC areas

(Anomaly >0, Below Normal, Mear Mormal, Above Normal)
RAIN | T2m|PSEA | Z300| T8350
Dependence of ROC arzas on Initial dats

= ROC areas (Grid point verification)
[Anomaly > 0. Below Mormal, Near Normal, Above Normal)
BATN | T2m|PSEA | Z300| T830

Yerification data




Examples of MSSS for precipitation

Dec-Feb

started on 10 Nov.

RAIN(esbl—se) [mm//day] Month=Dec to Feb
MSSS, MSE, MSEC for 22 years (1984—2005)
|mitial : 11.10 , Lead time : 1 month

{a) MSSS

AN e @1{%;;;5 '
g . Lait
3N Y GE T B <
20N A:::ﬂ\f.- _/I-I:)\L. n 34 < bz /]
. o p ! o
~, 4> "“_ai% E& v
10N 'Q__/_-n.; / B s 225
* 0.2 T Y T
Ed o o2 047
,,D o Vi %}J‘ =4
1054y, 0 &
205 prt O © TN A
S0E GOE 90k 120E 150E 180
MH TRF SH EU PAC JPH
0.0262 0.11354 0,030 0.00935 0.0514 0.0020

Jun-Aug
started on 10 May.

RAIN(esbl—se) [mm//day] Month=Jun to Au
MSSS, MSE, MSEC for 22 years (1984—2005

Imitial : 05.10 |, Lead time : 1 month
{a) MSSS
4nm--—“* E "i“ﬁﬁﬂz’ .
,'E-I.‘Jhl- Q{ﬁ_ —
i _% .- l\j (j?
o5 20N k o .
T0H +
III = / %ié M
10543 % s “'"""
Jos > ) 4 ,.f‘"h’ e
S0E BOE 12L'+E 15GE EID
MH TRP SH JPH
—0.1508 —0.5307 —0.0693 —U 1744 —D 0837 —0.0735

B Positive MSSS indicates that the forecast is better than

climatological forecast.
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Summary

Deterministic

Climatology

RMSE

ME e e 0

AC 1 ces +1

MSSS e 0) +1

MSE >0 >0 0

Probabilistic
Reliability diagram Fit to
the diagonal line

BS 1/3 bunc=0(1—0) 0
BSS(x100) 100 > o) +100
Brel(x100) 100> 100> +100
Bres(x100) 100> 0 +100

Roc area(x100) 100> 50 +100
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