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From: FMI &8 operational verification system,
of late 1980s to early 1990s, i.e. before
PC graphics or Internet were ”"invented”

Monthly printed statistics
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From: FMI &8 operational verification system, July 1989
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From: FMI &8 operational verification system, July 1989

Cold bias: —1.5°C
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From: FMI &8 operational verification system, July 1989

Cold bias: —1.5°C

Forecaster AF's cold bias: —2.5°C
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Individual verification, Summary Statistics

Forecaster comparison + Tmax forecasts, Helsinki
Skill = 1 - MAE (fc) / MAE (pers)

24 hr +A8hr |-
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Case, HUNGARY (zsotér)

Verification per forecasters, Jan — Dec 2000, Budapest

Complex Score

80
75
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Case, NORWAY (Korsmo)

Personal verification feedback by e-mail !

He qot an e -mail ‘Hm
mmu work_telated .
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Case, NORWAY (Korsmo)

Personal verification feedback by e-mail !

EEi:uh:T;::l: \\_{:liv:ii:ai‘;n I?IEZS(S):Z-EDS-?;T; O[::_\(r::duw Hs:\:m: helen.korsmo @ met.no 05/23/2004 03:.00 PM_ &1 = Fo recaste r receives a u to m atic e m ai l
Avistabell for 23/05-2004, KL. 12:00, skrevet av magnuso, parameter: ‘T2m B com paring own su bJ eCtive T forecast
STED @ SUBJ:12+24[SUBJ.SCORE [HIRLAM20: 00+36 HIRLAMI0: 00+36 ECMWF 12+48 W-I th ObS erv at-l ons:
Alta 7 7| BLINK!' 5 7 7
Andpya [ 6| BLNKI@ 6 6 7
Bardufoss | 6 7 BNk ® 8 8 9 .
T 7 : ; |AT|<1°C O 1 point &
Brgnngysund 8 8| BLINK!'®D 7 8 8 o -
T 8 : : ATl <2°C O 0,5 point 2
Hammerfest j 4 BL[NK!@ 4 5 4 I AT | > ZOC D O pO]nt @
Karasjok 6 5| vk ® 4 4 5
Tmistea j 6| BLNK' @ 4 6 7
B il i ® . 4 : ,- A summary score is calculated:
Lty B 6/ BLINK!® 4 5 6 / . .
Lompseatyen| 2] 3 pe® 0 i : " | Ratio of total personal points to
Mosjgen 7 9 Bra! 9 8 9| /1 . .
— o ® . - maximum possible
Rtz || o 7 Bk @ 7 7 /o
Rustefjelbma j 4 LNkt ® 3 & / & . .
w7 7 an® 6 o/ 1 || _r- Similarly for NWP forecasts
Saltdal 7 0l e, 10 N 10| A
Sletnes fyr Z 4] Lk @ 5 / 5 //
S ¥ doozs il o0 - Scores only available to individual
Svolver L 7| BNk & 7 1 7
Tonwigly | 6 3| mvk® y [ forecasters * NOT * to the bosses!
Tromsg 6 6/ BLINK!® / 7 / 7 7
Vadsg [ 4| BLNK!® = 5 2
Vardg 4 4 BLmnk @ 5 5 4
Du scorte 22.5 av 25 mulige pa temperaturvarslingen din!
Karakteren din blir dermed S .
Hirlam20 scorte 17 av 25 si du varslet bedre enn Hirlam20. L]
Hirlam10 scorte19.5 av25 si du varslet bedre enn Hirlam 10|
-\"‘"—. EC scorte 20.5 av 25 | sa du varslet bedre enn EC. 0
N E% A e T = T R [T i
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Case, NORWAY (Korsmo)

Personal verification feedback by e-mail !

| File Edit View Go Message Tools Window Help
Subject; Verifikasjon for 2004-05-23 12:00:00 From: helen.korsmo @ met.no 05/23/2004 03:.00 PM_#1
S
Avistabell for 23/05-2004, kl. 12:00, skrevet av magnuso, parameter: T2m ]
STED ﬁ SUBJ:12+24 SUBJ.SCORE HIRLAM20: 00+36 HIRLAMI10: 00+36 ECMWF 12+48
Alia 7 7| BNk ® 5 7
e [ 6| BLINK!I® 6 6 7
Bardufoss _6 i BLINK! @ 8 8 9
Bodg K 7| LNkt ® 7 7 8
Bremnpysund | 8 8| BLINKI® 7 8 8
G I [ 8 Bral 8 8 8
T T [ 4] BNk ® 4 g 4
Karasjok 6 5| Bk ® 4 4 5
Kautokeino | 6 6/ BLINK!'® 4 6 7
Cticms || 3 3| Bk @ g 4 2
Lakselv 3] 6| BLINK!I® 4 5 6
Longyearbyen 3 2| Bk ® 0 1 2 /
Mosigen | 7 9 Bra! 9 8 9/
Nord-Solver 79 8 BLINK! © i 6
Nordreisa | 6 7| BLnk!® 7 7 /1
Rustefjelbma i 4 BLNK!® 5 4 / 4
Rost [ 3 7| BLINK!® 6 t}/ 7
Salidal = - @ 10 N 0 A
Sktnesfyr | 3 4 Bk ® 5 s A
Sortland _5 7 Bra! g / 7 / 7
Svolver 7 7| BLWK!® 7 e 7
Torsvégfyr | 6 5| BLNk!® J el 4
Tomss | 6 6/ BLINKI® AT 7 7
Vadsp 3 4| BLNk® A = g 2
Vards 4 4| BLnk!® s 5 4
7

You scored 22.5 of 25

Hirlam20 scored 17.0 of 25
Hirlam10 scored 19.5 of 25
ECMWEF scored 20.5 of 25

Du scorte 22.5 av 25 mulige pa temperaturvarslingen din!
Karakteren din blir dermed S .

Hirlam20 scorte 17 av 25 si du varslet bedre enn Hirlam20.
Hirlam10 scorte19.5 av25 s du varslet bedre enn Hirlam10,
EC scorte 20.5 av 25, sa du varslet bedre enn EC.

e U e
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Case, FINLAND (single site in Lapland up north)

Summer ily D+
Tmax ‘ aily @farecast errors

@

From: FMI §& operational verification system, present
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Case, FINLAND (single site in Lapland up north)

25

20

15

10

mmer I 4
Summe Tma:u; Qaily D+Bforecast errors

Almost arecord T!

Immediate

+7-8 °C forecast error => feedback
might help

July 10-11

From: FMI §& operational verification system, present
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Case, FINLAND (single site in Lapland up north)

mmer i +
Summe Tma:u; Qaily D+Bforecast errors

Almost arecord T!

Immediate

+7-8 °C forecast error => feedback
might help

July 10-11

From: FMI §& operational verification system, present

, Winter Tma
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Case, FINLAND (single site in Lapland up north)

Summer Tmax daily D+5 forecast errors

Almost arecord T!

Immediate
+7-8 °C forecast error => feedback

might help

July 10-11

From: FMI §& operational verification system, present

, Winter Tma

Fcr expects

"Sthday” T

- 10-12 °C forecast error => dropping
to - 50 °C

l.e. alltime record!

January 1-2

pertti.nurmi@fmi.fi
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Outline:

Introduction ...I guessyou heard it already
General guidelines
Verification measures for continuous variables

Verification measures for categorical events
Verification measures for probability forecasts
Forecast value aspects

Examples of practices at selected NWSs —
scattered here and there during the presentation

YV V. V.V V VYV V

ertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 / 17
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Kirst notes on (operational) verification:

v An essential daily, real-time, online practice
In the operational forecasting environment

v A fundamental means to improve weather
forecasts and services

v An act (or even “art’?) of countless methods
and measures

v An active feedback and dialogue process
between forecasters, modellers, developers,
decision-makers, customers, public... thus
serving the whole (meteorological) community

ertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 / 18



Principles of (all) verification:

v Verification activity has value only if the
generated information leads to a decision about
the forecast or the system being verified

= User of the information must be identified
= Purpose of the verification must be known

v"No single verification measure can provide
complete information about forecast quality

v Forecasts need be formulated in a verifiable form
=> e.g. How to verify worded forecasts?

pertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 7/ 19



Goals of (operational) verification:

v “Administrative”
— Feedback process to operational forecasters
— Monitor the quality of forecasts and potential trends in quality

— Feedback process to decision-makers, customers, public
= Justify costs of provision of weather services

= Justify additional or new equipment, models, ...
v “Scientific”
— Feedback process to modellers and developers

= |dentify strengths or weaknesses of a (NWP) forecast or guidance
product leading to improvements, i.e. provide information to direct
R&D

v “Value” (not discussed here)

Wy pertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 7/ 20



Operational online verification, “ State-of-the-Art”

v' Comprehensive evaluation of all forecast(er)s

v’ Stratification and aggregation (pooling) of results

v’ Statistics of guidance forecasts - e.g. NWP, MOS, competitor
v Instant feedback to forecasters

v’ Statistics of individual forecasters — e.g. personal biases

v Comprehensive set of tailored verification measures

v Simplified measures for laymen

v' Continuity into history

v' Covers/Serves all users/customers

v' Covers/Serves official monitoring / target scores

v" Clear and functional Web user-interface;
Including user-guide, tutorial, glossary, ...

ertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 /21



Case, FINLAND (very briefly)

pertti.nurmi@fmi.fi

¥ Alea iacta est Helsinki - Netscape

File Edit Yiew Go Communicator Help

+« 2 3 D a2 £ S & &

Back Foreard Reload Home  Search  Guide Frint  Security Siop

E ILMATIETEEN LAITOS

Alea iacta est ~ "Dice is thrown”

Forecaster's Interface

Forecast |[AM »| Station |Helginki-Vantaa hd
Forecast®r | Are=pta N Ia\g: N * Y X u t p u t)

%j‘;jfmg +"Feed-in” = Input )

User interface:

Instructions. Change password.

Verification statistics:

TAILORED OFFICIAL NWP
STATISTICS SCORES STATISTICS

Please report any problems to

Erﬂumﬂ@&gm.fm.ﬁ.

Hz

Design of Operational Verification Systems
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Case, FINLAND (contd)

¥ Alea iacta est Helsinki - Netscape

File Edit Yiew Go Communicator Help

+« 2 3 D a2 £ S & &

Back Foreard Reload Home  Search  Guide Frint  Security Siop

E ILMATIETEEN LAITOS

Alea iacta est ~ "Diceis thrown”

Hz

Forecaster's Interface

=l
=] Password: [Fr***2>

Forec ~| Station |Helsinki-Vantaa

Forechsier |Anja Hakkinen

Foneard |

Check status | For administration

For forecasters

Instructions. Change password. / / For modellers +
forecasters
VYerification statistics: /

TAILORED OFFICIAL NWP
STATISTICS SCORES STATISTICS

Please report any problems to Z|
Erﬂumﬂ@&gm.fm.ﬁ. y

pertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 / 23
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Case, FINLAND (cont'd)

The integrated verification system (somewhat outdated)

g p————

e\

W W W

application

Reporting
Tool

Instant feedback
of forecasts vs. obs

Timeseries graphs
of forecasts vs. obs

"Black-listing"
of missing forecasts

Time-averaged

AR T
‘ 25 years
of CFO forecasts
Wi T
RO forecasts
since 1997

statistics
| o R
Error
distributions
L R
ME, MAE "All-known"
Skill Scores verification measures

l ' Annual, quarterly,

Reliability
monthly statistics

diagrams
... etc. of selected scores

Design of Operational Verification Systems
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Case, FINLAND (cont'd)

“Old” (outdated)
Verification system:
only 6 stations

Forecast

Input via: Under construction!

“Intranet

spreadsheets”

\ (11 NeW”
Verification
system:
v ~ 100 stations

Forecast
input via:
Grid Editor !
l.e. from points
to grids

pertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 7/ 25



Case, FINLAND (cont'd)

The Forecasting-Verification Process

NWP guidance (idealistically)
T - Grid Edited
End Product

ﬂfﬁ.l-)_{\‘\\ '”'“..l" { [

I

Verification

.

Wy pertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 / 26



Case, NORWAY (Korsmo)

Observations Production and verification |ntranet verification portal

=]l

06239
11.6

Mzseren] 5 -
n

W of point forecasts

N
Model guidance ~_

5 Quba

databases

VePS

Forecaster Verification
Newspapers Presentation

TV System

pertti.nurmi@fmi.fi Design of Operational Verification Systems

Sok | Databe
Kohlinger

® MODFLY | @ QuBa
@ KvALOBS 4
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Case, NORWAY (Korsmo)

VePS — Verification Presentation System

— | v Graphical user interface to produce verification
FiL valy e results on demand
m.a - v' Forecasters log in to check their own
el verification results
. v' Timeseries, contingency tables, scatterplots,
“ O L geographical distributions produced according
—— ' to user specifications
”'.Hl o o | v' Forecasts and observations read from the
o aioss| a» | Quba historical database in real time
‘ v Connected to the meteorological workstation
Diana, where the verification results are
displayed on the map

pertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 / 28



Case, SLOVENIA (Razinger)

Verification score

1) sedect region for verificadion analysis

" Area: asi x|

¢ Country: | Czech Republic x|
latitude Nord

¢ Borders: longitude Westl |—lungi1:uda East
latitude South

" Staton: LJUBLJAMABEZIGRAD () :I

2 select time range

from: |1 ~[|3 x[j2002 x| tor |19 =[[11 x[]2003 |
from: | Sep >||2002 =| to: |[Mov x||2003 x|

¢ lastmonth

g

" last 10 days " last 3 months " all datarange

3 refect ai feas? one mode!

[ asoo I oasi2 [ oasToo [ oasTi2 [ oaLoo T ariz T Eciz [ ETalz

43 sedec? variabie for verificadion

" T2m " T2mmin ¢ T2mmax
surface ¢ T2m corr. " T2m min corr. ¢ T2m max corr. " 10m-Fx{
variables: ¢ 10m-FF ¢ 10m-DD C 10m-U " 10m-V
" Pmsl (" RH2m T co " RR24h

Verification score 2/2

Zelected region: SLOVENIA

Selected period: pericd betwreen 2002-3-1 and 2003-11-20
Selected modela: as12 astl2

Selected variable: T2m

5) select verification score
¢ ME ¢ MAE ¢ RMSE ¢ SD
&) select data filtering conditions

include only stations abowve | m and belowl m
reject data if difference is more than ||:| °C

T) and finally, select data view

" scatterplot FClal x| " graph
" mumber/FC " table
" soore/FC ¢ map FC[o0 +]
" score/time HH [00 -]
Show scores== |

pressurelevel; ¢ 925 ¢ 850 ¢ 700 ¢ 500 ¢ 250
wariable: CHOCTCRHCFFODD CU Y

Cantinues= |

CC-cloud cover, RR-precipitation, RH-relative humidity, FF-wind welocity, DD-wind direction,
U-zonal wind component, YV-meridional wind component, FX-wind gusts

pertti.nurmi@fmi.fi
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Separate from forecast
production, i.e. input
system ???
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Case, USA (Loughe et al.)

n T “ s Real Time Verificaﬁon'SyStem

v Developed by NOAA’s
Forecast Systems
Laboratory (FSL)

v' Cornerstone for
verification within the
FAA Aviation Weather
Research Program
(AWRP)

v Feedback to forecasters,
model developers,
managers

I-time venfication system (RTVS) that

and managers. FVEB also

‘ EXp e I'lm ental tools and methods in development)
T

Cellmg and VlSlblhty

1\

& CWD MRS b
S '4-';— -

Reference

e

Produet Momter

Contact Webmaster
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Case, Australia (Ebert et al.)

New Web Forecast Verification System (WebFVS)

Page 3 - Netscape

File Edit Yiew Go Communicator  Help

4 ¥ 3 & £ B & & 8 3 N

: Back Forward  Reload Home Search  Metscape Print Securty Shop Stop
v “'Bookmarks & Location:Ihttp:ﬁbluneIZ.bom.gov.auMebFVSMebFVS.htm ;l @YWhat's Felated
WEB High Lights Alerts via SPC Monitoring
FORECAST ; ;
= Long Term Forecast Evaluations Daily Runs Logs
VERIFICATION
@ Welboumne and Sydney Max-Win charts T3 Max FC3|VER| OBS| MOD | VER| OBS
Ta3 Min FCS|VER| OBS | MOD | VER| OBS
. ) NT HMax FC3|VER| OBS | MOD | VER| OBS
o Min BE|| DSts|| Blaks)|| L o1w)|| i) | tehaie)
_ 2003 Temperate Region Max charts HT Min FCS | VER| OBS | HOD | VER| OBS
HOME ‘ VIC Max FCS|VER| OBS | MOD | VER| OBS
City Cfficial Fest OCF Fest VIC Min FC3|VER| OBS| MOD | VER| OBS
START ‘ Melboume e 1min R MawMlin NST Max FCS|VER| OBS | MOD | VER| OES
3 : Temps WS Hin FC3|VER| OBS | MOD | VER| OBS
By S fmax om max QLD Max FC3|VER| OBS | MOD | VER| OBS
Canberra maz QLD Min FCS|VER| OBS | MOD | VER| OBS
- Hobart tnazx Wa  Max FCS| VER| OBS| MOD | VER| OBS
Adelaide A Wa Min FCS|VER| OBS | MOD | VER| OBS
Sh  Max FC3|VER| OBS | MOD | VER| OBS
Perth HEE vmaum GIﬂer? Sh Min FCS|VER| OBS| MOD | VER| OES
| Max{Min Temperatures ‘ e
| -Rairfal Daily Forecast
Taswania FC3| QB3
L @ | @ LatAvisbleDays Extra Verification Gossa'y] AMES Soutn mastratia el
|' Fite Weathe ‘ New South Wales FC3| OBS
e i wIC FCS|VER| OES | MOD | VER| OBS
HN3U
l' ‘erification Glossary i QLD
QRain HT
Extra Verification Glossary Wi
34
TAS

Visitor number -

Last updated; Mondsy, 25 August 2004 11:49
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Case, USA (Brill; www.hpc.ncep.noaa.gov/npvu/gpfv)

** WARNING ***

The inherent quality of the verification statistics contains
seasonal and geographical variations. Specifically, the
scores contain degradation in...

(1) Northern latitudes during winter due to poor ground
truth data when precipitation is frozen, (2) For the three
RFC areas west of the Continental Divide due to an

Inconsistency in

| Yerification Glossary j

LExtra Verification Glossary J

\/

... might a.0. cover information on potential misuse /
misunderstanding of verification...

pertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 / 32



NWP verification (Some of the points apply to all verification)

AN NI N N N Y N NN

AN

"Easy” to implement (in the free atmosphere)

Common, well-established practices, measures and scores exist
Verification vs. numerical analysis & observations

Comparison of model versions & different models

Global, hemispheric, local areas, station-based (stratification)

Fuetiisalta veraclonkinat INVPaverification

with MOS, PP, EP, ...

"Special treatment” -> EPS

BUT: Do the forecasters generally have easy, direct, automated
online access to all of these ?

| doubt it, although they should have'!

ertti.nurmi@fmi.fi Design of Operational Verification Systems 17.9.2004 / 33
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Case, ECMWE (web)

NWP | je. anomaly correlation skill > 60 %,

at the rate of day per decade

Official target: Extension of predictability,

ECMWF FORECAST VERIFICATION 12UTC

500hPa GEOPOTENTIAL

ANOMALY CORRELATION FORECAST
LAT 20.000 TO 90.000 LON -180.000 TO 180.000

e e+ SCORE REACHES 60.00

— 5 CORE REACHES 60.00 MA

9.5 Forecast Day MA =12 Month Moving Average

B\

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

pertti.nurmi@fmi.fi
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Case, Germany (Damrath)

NWP | Time series of MSLP tendency correlation coefficient

region Northern Atlantic and Europe

KL —> BKF —> CM,—> | GME —>

0.35

0.90

=
o
&)

tendency correlation
=
r.]
(=1

=1
-4
(%]

0.70 1

0.655

1970 1977 1974 1978 1978 1980 1982 1984 1086 1988 1090 1997 1994 1996 1398 2000 2002
wear
Yarification results for tha peried from 1968 till 2003
for foracasts of mean surface leval pressure
Areq: Maorth Atlantic and Europe
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Case, Australia (Ebert et al.)

EPS verification ,

Forecast error in Australian region
date and experiment 1D : 2004050912.rto_test — gasp

200 | | T 1 T T | | | 200
= singe run [ 32 membera ) =
L — mean of the plume d|
| S—" mean of the enzemble
B - cantrol 7l
= | EETERE. cantrol 7235 =
B e e e e e e e e e e e e e o T SREE S e =S — 150

100

HTSCO (m)
2
3
[

) . 50

RMS error
GASP (global model) EPS 1

0 24 46 72 95 120 144 168 192 216 Z40
Time in hours
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Case, Australia (Ebert et al.)

EPS verification ,

/!

Applicableto all probabilistic,
and even categorical, forecasts!

@— Poor Man's Ensemble

PME ROC for rainzl mm 47
1o T T T —
~
/ -
s
s
s
v i
@
5
[154
=
:E -
y Forecast ]
~ 24 —— 4
4.2 s BEh —— o
r 4BH ——
- EDh ——
T2h—— A
ool . . . ;
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PME ROC for rainzS mm 47
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PME ROC for rainz10 mm 47
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0.5 -
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Falze #larm Rate
FME ROC for rainz50 mm d7'
B 1o LA L LA S B S B B B A B S B
08 =
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Case, Australia (Ebert et al.)

EPS verification , _
Relative value)>- Poor Man's Ensemble

PME walue for rains1 mm d”7 PME walue for rainzS mm d7' PME walue for rainz10 mm 47
T v e e o T T T 1T T
OHR - 0ar - 0.8 -
& | 7 o o T
Z 0BF B 3 0&H B 2 086 4
£ 1 = = 1
& b o T i
= i 5 i
= e B
=z A ] = 0.4 B = 0.4 ]
cost | Forecast Forecost |
- ! 24h—— |
a2 H - 0.2 H s —— 0.2 JEh—— 4
oo : : . L] 0. : i ] 0.0l : : . e, |
&0 o2 o4 0.6 0.8 1.0 0.0 0.2 0.4 iR uF:) 1.0 0.0 0.z 0.4 0.5 5] 1.0
Coat Loss Ratio Cost/Loss Ratic Cost/Loss Ratie
PME ~alue for rainz15 mm 47 PME walue for rain=25 mm d7 PME wvalue for rainz50 mm 47
B I v L L B B B S B B B B S S B B LI ' L L SO s S B S B B B B B 10 L O R S B s B B B B B
OHR - 08 - 0.8 —
& 7 0 [ I )
= CBH - 2 0E~ - 2 0.6 -
2 - = £ F ]
2 1 2 2 F ]
= i k= = L
= = 5
T 04 ] =2 04 T = 0.4_ ]
Forecost | Forecast L Forecost |
24h—— Z4h—— H 24—
0.2 I —— 4 .2 Jgh —— 0.z 3Eh——
48h —— 4 48h —— 8h—
EDh —— 4 BOh —— Boh —— 4
h—— A 7eh— F2h—— A
o0 L L i oo ! h 0.0 L L L L
o0 0.2 o4 0.5 0.8 1. 0.0 0.2 0.4 .G 0.8 1.0 0.0 0.z 0.4 885 8] 1.0
Goat Loss Ratia Cost/Loss Ratie Cest/Loss Ratie
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Uncertainty - Why Probability Forecasts ?

©“... the widespread practice of

ignoring uncertainty when
formulating and communicating
forecasts represents an extreme
form of inconsistency and generally
results in the largest possible

reductions in quality and value.”

- Allan Murphy (1993)
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Uncertainty - Why Probability Forecasts ?

©“... Go look at the weather,
| believe it’s gonna rain”

- Legendary Chicago Blues Artist

Muddy Waters (early 1960s)
"Clouds in My Heart”




Case, Hungary (Toth)

44 4 model versions
42 subjectivel

4 — OAL6 ] y
. _ EALL evaluated

y O 3D-V
36 - <@>
34 B
32 ]

T2m Precip. Wind Cloud. lcatlon

(to be built in operational verification systems,
e.g. to help choose the right model):
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Case, Hungary (Toth)

a4 4 model versions
4 subjectively
4. — | \mAL6
. ﬂ BALL evaluated
’ 03D-V
36 <®>
3,4 N—————
32 1 y y
T2m Precip. Wind Cloud.
N
T -q.'-w\ RRESE. Bvh0P e G020 o Julid30 BABE = 1F
.| Objective T2m verification = 'é_ p < oo .compared with
W+ | ECM ' | objective verification
20 i, < o /] scores...
i . I:,.r'-'—-'---'-f'l-u-'w.:....i
f  ———— L 1
s
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End product, public weather

and rare event verification:

» Verification feedback in the internet, rather
than intranet, which often seems to be the case
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Case, NORWAY (Korsmo)

Intranet verification portal, example temperature time-series

L= i)

File Edit View Go Bookmarks Tools Window Help

<@ - @ . 2 E | I@ hitp //fou/~veriffindex. html jé_Searﬂh F';aru"r -

Back Reload
4} Home ‘ “WkBookmarks ¢ Red Hat Network [fSupport (§Shop (fjProducts fTraining

ﬂ Heteorologisk Forsknings— og
5mﬁ!.no utviklingsdivisjonen

fat Verifikasjon
Temperatur / Roma 05.08.2003 — 05.08.2002
Temperatur
Stasjon:
I Roma | 3
Figurtype:
ITidsserie for siste maned j a0
I Visfiguri nytt vindu
' ]
= 30 o
Daglig tabell, dato: 8
04.09.2003 ~| 2g
[ Vistabell i nytt vindu
Vis tabell
26 +
Forklaring
1 J 1 1 1 J 1 1 1 J 1 1 1 J 1 1 J 1 1 J 1 1 J
1 1 1 1 1 1 1
Ver
Aug 06 Aug 11 Aug 186 Aug 21 Aug 26 Aug 31 Sep 06
Vind Min Micdl Maks St N
——— synop: 12 257 208 353 23 2
Nedbprii 0 0 0 ... Hiram1 otk o
————— Hiram2oUK: 00+28 245 208 a1 2 a2
RR,N, T2m,FFl0m = ____. EC'K: 12+48 251 206 aza 21 ag
® 0 osubj 12:24 2% 07 a5 23 20
Geopotensiell hoyde
Middalfai Std fail RMEE MAE Maks abs fail M
Hirama20'K - synop -0 15 15 12 az2 29
EC*K - synop 0 12 12 1 28 2%
subj — synop 02 15 15 1.2 26 27
e £l 2 E2 @& | Done I =
. ! =)
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Case, AUSTRALIA (Ebertetal)

Official forecasts and objective (statistical) guidance at sites

Site-based verification for most
recent 30-day period

v'D+1 official (person) forecasts
& two statistical forecasts

)
040725 407 31 0 ] 040812 040318 Q40824 \/ T

%MErrs »= Bdg I;j'Fn::S—lﬁ_ —LaMOF—LA) = 1.1, 4.7, 5.O max & Tmin
v State-based verification
Official Analog statistics; large number of sites
=-aRNMSerar
— Box plots

— Number of errors > 4.5 °C
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Case, NORWAY (Korsmo)

Intranet verification portal, example weather parameter

File Edit View Go Bookmarks Toaols Window Help

4 = 3

Back o) §§ I\&hnp'."."fnufweriffindex.html
ac eloa

ﬂwlﬁfr'

4} Home ‘ wbBookmarks 4 Red Hat Network [ Support fShop fProducts [ fTraining

ﬁﬁfﬁgfﬂgﬂ" Forsknings- og
& e utviklingsdivisjonen

fat Verifikasjon
Oslo, VA

{lempecaiiy Parameter: Vaer
:‘m_’ i Alle varslene gjelder k.12, og er 18, 24 eller 36 timers varsler.
Iﬂs]o“'— Kontingenstabellen viser hvor ofte en veertype er blitt varslet i forhold til hvor ofte den er observert.
F‘?S"’ H Tidsrom: 2003-08-07 il 2003-09-04.

i B

Kentingenstabell j Subjektiv kL.12+24 Hirlam20 kL00+36

™ Visfiguri nytt vindu |

[ Vis figur | | fiacsict PC=66.67 facsict
- Total ~
Forklaring | Q55 ﬁ dow [T FARPODBIAS | e @ o
MEel .. £ 000 000 000 o] L¥ L .
Vind b— S e
N .. £ 022 082 106 |s|TY 1 .
Nedbgr e— - b At
CHEREE | oo [ "~
RR, N, T2m, FF10m e g % i :
- Ll 2 4 7% 056 057 129 |e| % ...
Geopotensiell hgyde pliet e it L _Ee
EEE e EEE
Total 0 Total 0

PC=59.26

FAR POD BIAS
$¥ 1.00 0.00 1.00
< 021 0.65 0.82
/™5 100 0.00 4.00

7% 038 071 114

@ 0.00 0.00 0.00

PC=70.37

FAR POD BIAS
£F 000 000 0.00

$ 022 0.82 1.06

/™ 0,00 1.00 1.00

& &
2 | o
@ | b
o o

PC=33.33

FAR POD BIAS

4F 100 0.00 400
$% 038 029 047

/™5 100 0.00 5.00

e £l o2 E2 & | Done

i s
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Case, NORWAY (Korsmo)

Intranet verification portal, Forecast / Observed

example map plotting "-Qnae Weather SymbOl alg
|« <9 > ob 0 o[/ 3fmewmies] o>

Kilde T
’7(3‘ QUBA £ MODFLY L ﬂ
Par: | var | Statistikk [ varselObs 7|
modell: [ Subjektiv | Gyidig ki [z 3
Prog:  fz4 4 uwalg  |General  ~|

(o

veD: Jleond Hfs  Hls  H:fz 4

-
AN e | e |
|
LR I | R | ER= Y I R
I
Utfar o
=

Pl
e
&

Litfer I Skjul
I

é):?
~ = m

&
L
]

|
P

5 oo
" b
WePs War Subjektiv+24 Varsel/Obs Fredag 4. Juni 12.00 UTC i@) \Q
—_ i 2 no.
I @ Lat: ‘ E0°43'M  Lon: ‘ 11°54°E
7
L L i
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Case, NORWAY (Korsmo)

Intranet verification portal, example wind roses

L= i)

File Edit View Go Bookmarks Tools Window Help

€« . 2 . A @

Back Reload

I@ hitp:/fou/~veriffindex. html

/] 2_Search ;‘H_r; <

4} Home ‘ “WkBookmarks ¢ Red Hat Network [fSupport (§Shop (fjProducts fTraining

< Meteorologisk i -
G iuiiiien Forsknings- og
met.no  utviklingsdivisjonen

fat Verifikasjon

Temperatur

Ver

IVindmser hast =

[ Visfiguri nytt vindu
Vis figur

Nedbor

RR, N, T2m, FF10m

Geopotensiell hoyde

Fazerder

Tidsrom: 01.09.2002 — 30.11 2002

Antall tilfeller: 91

evakuind  brie ling  slorm  oekan

oz 33 w7 07 s  [me

synop:12 Subjektiv:12+24

Hilam10:00+36

Hilamb0:00+36 ECA2+48

I s

e £l 2 E2 @& | Done
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-~ [05.11.200

Maanmittauslaitos, lupa nro

e T

&
Karts @ i

ion problems:

Wind verificat
v'Height of the instruments

| v'Low level stability
v'Surroundings and obstacles




Tuulen nopeuden korjauskertoimet Tuulen nopeuden korjauskertoimet

Rauma Kylmipihlaja 1620 1018 06.06.1990-11.08.1998 Selkimeren eteldosa 16 Rauma Kylmapihlaja 1621 1018 12.08.1998- Selkameren eteliosa 16
23 25 25 23
24 - 24 24 24
za 23 zal 23
22 - 2z 22+ 2z
21 2.1 21 21
20 - zZn zZo- 20
19 = 19 19 19
18- 12 18- 18
16— 15 18— 18
15— 15 15— 13
14— 14 14 14
1al- 13 12 rarmar | nlemima 13
12 |- =manbmin mn amil ol iz 12 |- maniamii mnlamilai iz
5E y 1.1 11+ M’"\ ‘."‘ 11
10 e e S 10 10 L L NN Y]
g w as EIE-'-....IJ W os
08— o= 08— [oF:]
o7 |- o7 o7 |- o7
:g L | 1 | | | | | | i | 1 ] ] :: :g- | i 1 1 1 | | | i | 1 1 ] :g

axm ] ea) [=x] /| 1zo 150 180 Zio 240 Za 3 330 360 3ao am 1] = =] = 120 150 180 z1o 240 zm ) 330 360 e}




Tuulen nopeuden korjauskertoimet Tuulen nopeuden Kkorjauskertoimet
Kumlinge Bard 1500 0015 01.06.1986-19.12.2000 Saaristomeri 15 Kumlinge kk 1540 0023 07.11.2000- Saaristomeri1s




Case, FINLAND

Verification, Viralliset verifiointitulokset
Ofﬁcial targets Lérmpiitila =] Oswvuus: |Uusi (19999 = Jakse: [11-11.9 =] [2004 =]
Tacke! Info | ‘rhteenveto I

@.1.3004 - 11.9.2004

Lampotilaennusteiden osuvuus

100
D+1 D+2

1. KERA —= Hki-Vantaa g1.2 71.5
KEPA —= Tampere gz8 74.9
LSAP —= Tampere a4.7 783

KEPA —= Sodankyla 84.0 3.8

PSAP —= Sodankyld 893 77.0

[SAP —= Kuopio 804 71.3
Keskiarvo (1,2,4) 827 2.4
Keskiarvo (1,3,5) 831 745

D+1
D42

Osuvuus

(== e I =2 I B S I

Tawvoite wodelle 19959 80% vhdelle waorokandelle, 72% kahdelle. (merlitty katlowivalla)

Tust osuvmssuure mittaa alle annetun rajan olewien ennustusvirheiden osuutta.
Eaja on 3 astetta Sodankylassa ja 2 astetta muvalla Suomessa.

“hit calendar” | oo 112 3] 4] 5] &]
time-serjes [~ 1| 2|3 4] 5| s 7] 6]
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Case, Australia (Ebert et al.)

Object-oriented verification: Daily rainfall - CRAs

LAFPS3E7S O0—24 fest for 20040817 Uaily gauge analysis far 20040817

=3

Theseshould N £ E

erification'systert Atready dlirig their tevetdpntent

Mo da t Forecast Validation statistics for 20040817 n=4280 Varif. grid=0.375"
(B from the eyes o fthe Common 1iSer
[ DL K pto a Nay m Ne eyes OLAe-COMIMOnU3ers
5—10 rm s 3?23 4 gridpoints raining 537 300 Correlation coeff = Q707
10—20 mm it Binz acare = 0559
20-50 mm : Average rainrate {mm/d) 4,44 8.0 e (i e e ]
50—100 mm 0 Rain wolume (km™) 5.38  3.70 rebabllity ol dstaction
100-isomm g 21| 257 280 Maxirmurn rain (mrm/d) 4100 38.52 E‘”Se “'“g;"‘ Km,t'o = L7 o516
—200 mm M 0.25° rain {rmrm/d) 48.78 anssan uipers score = O,

Equitable threot score= 0.4867

Verification of model QPF against gridded analysis of daily gauge data
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Case, USA (Ebert et al. & Loughe et al.)

Object-oriented verification: Daily rainfall - CRAs

Ver on Statistics: Precipitation - Netscape M=ES

. File Edit Wiew Go Bookmarks Tools Window Help

0 0 0 0O T ) [ | S, ) Impl ementation of
G (Ebert and McBride)

‘ " technique to the WRF
model evaluation

| APS /WRF 12km 12z—18z fest from 20020813_12z run
APS/WRF 12km 12z—18z fost fram 20020613122 run Stage IV & hr gccum ending 20020613_18z 4D
: : : - H
I 1)
o
o5 —100 —85
Stoge 1Y B hr aceurn ending 20020813187
51@0 —..1500 |
: y 40
Mo data Forecast Validation statistice for ZD020813_18Z valid gridpoints=1280680 Threshold=0.25 in
<ol - TTTTTTTTTTTooo = o=
- . <0.25 =0.25 Mean abs errer = 0.05 in/ 6 hr
e e Analysed Forecast  pys error = 0.21 in/ & hr
0.5-0.75 in A i Correlation coeff = 0.4388
i <025 | 16441 253 # qridpoints raining 1366 205 .
?,725 ir:'o Average rainrate (in/ B hr) Q.05 (.04  BioS score = U665
=3 Rain valurne (km:) 4.04 301 Probability of detection = 0.477
3-4in =025 | 714 | 652 Maximum rain (in/ & hr) 177  4gg  Foise alarm rofio = D.280
4-5in Hanssen & Kuipers score = 0.462 £ 35
Ebert and McBride, 2000 Equitable threat score= 0376
View stahstics for mdmdual Contiguous Ram Areas (CRAg)
CRA 1 o
[ Il 5
824 e 0 [ S e
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Road maintenance authorities

Energy production / consumption

Construction

Agriculture

Hydrological applications

Special occasional events, e.g. Beijing Olympics

Gz” Specialized customer plr‘)OdllCt
Fire brigade
etc...

v All of these need special, customer-dependent, focus

v' Feeback process both to the forecasters AND to the
users, in real-time, linked to the service

v Aposteriori (after service ended) vVerification is of little value
v Methodology must be user-oriented !

SN NN N N X X

verification:

AN
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Case, Australia (Ebert et al.)

Fire weather elements

DAY+ Errors on 20040330
Fcs Fcs

Location T T{ma=xT) |Error T{05Z) Error T{maxFDI) Error TD-REH TD-RH{maxT)} Error TD/RH{05Z) Error TD/RH{ma=xFDI) Error
Armidale 250 244 406  243] 407 244| 406 &0 107 27 106 26 107 27
Coffs Harbour 29.0 71| +18 253 437 271 19 16D 158 0.2 166 OB 1568 412
Grafton 23.0 - - 14.0 -
Inverell 270 1 1 | | &0 1 1 |
JemysPlains 330 1 1 | [ 100 1 1 1 -
[Lismore [250] 7ol 20] 7o) 20 %7 17| 160 148 +12] 148 +2] 145 +5

Fcs |;
Location UD |(¥VD(ma=xT) Error ¥D{05%Z) Error ¥D(maxFDI) Error ¥S WS({(maxT) Error ¥S({(05Z) Error ¥S{maxFDI) Error
|Armidale 270.0] 300 10 29000 +10 300.0] +1.0/150] ME E5| 148 402 W5 &5
|Coffs Harbour | 23.0 100 +.0| 300 00| 100 +1.0/250] 77 27 7 21| 77 27
Grafton | 45.0] I | - [ -[200] | I |
Inverell [ 1 1 [ -[150] | 1 |
Jerrys Plains  293.0 | | - [ -[>50] | I 4 -
[Lismore [113.0] 1300/ +1.0 o +a0 2600 +70/300) 7B +224| 7B 4224 94| +206
| T Forrest Fire Danger Inde@ | Qrass of Mootland Fire Danger Index 2

Location ‘ Eg? ‘FDI(laxT) Error FDI{05%Z) Error FDI(ma=xFDI)} ‘Errur‘ gg? ‘FDI(laxT) Errur|FDI(IJSZ) |Errur|FDI(laxFDI) Error
Armidale [ 84| 75 +14] g5 424 7ol +18] - -| - -| -| -| -
Coffs Harbour 75 B4[ 11 55 +13 60/ +1.5 00 oo/ 00 00| 00 ool +00
Grafton 8.0 -
Inverell 17.0 - - - - - -/ oo - - - - -
[Jerrys Plains [ 23.4] - - b - - -l oo - b b - -
[Lismore | 56| 81| +06| 51 06 20| +36) - -| - -| -| -|
Scone 263 130 #1133 130 H33 130 +133 : : : : : :
Taree AA AR + 7 A +5 1 an 455 nn nn H1n nn Hin nn Hin
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Specialized verification: Aviation, TAF

v “Totally it‘'s own world”

v Often separate from , terrestrial* forecast production...
Possibly requiring an independent verification system

v Similar prerequisites as for all operational verification
v Not elaborated here, except with one example

gy
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Case, FRANCE (Atger)

POD / FAR

Depend on p(E)

Taux de détection et de fausse alarme suivant les seuils de visibilité

Messages TAF courts année 2003

60000

+ 50000

F 40000

Nombre de cas

2
2
3
s

r 20000

| E Taux de détection [} Taux de fausses alarmes ™ Nombre d'observations “# Nombre de prévisions |

/x
L/

AR R

N

.
R

R
A AR

R

TR
R Y
N R
N N

N

—

100

Q0
a0
70

60
50

xne|

Visi < 8OO
Seuils en métres

Visi < 3000 Wisi < 5000

Visi < 1500

Visi < 350 Visi < 600

Visi < 150

ier 1999

Is jJanvier

te mensuels depui

reussi

Evolution des taux de

Plafond Messages TAF courts

‘ == Recommandation OACI [l Reussite TAF ] Réussite persistance

———

[=]
[=]
=

0w
@

T
[=] W
[=] @

80
%

salssnal suoisinaid ey

sbejuaosinod

¢Le00z
LLEDOZ

0LE00OT
60€002

Mois

Météo-France DPrévilcampas

Météo-France DPrevil

User (ICAO) -defined

target score
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Techniques of verification systems

v Personally, I'm a novice of modern IT techniques !
=> No answers on “How to do it?” in this talk

v Well-structured, rapid, interactive user interface and
verification database

v How about, e.g. packages like “R” ???

— Are they easy to link to various, different local database
structures?

v' Comprehensive user-guide/tutorial “tool bag”
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Verification "toolbaq”

Continuous variables, Exploring the data

v Scatterplots of forecasts vs. observations
— Visual relation between forecast and observed distributions
— Distinguish outliers in forecast and/or observation datasets

v Ad&_{gﬁﬁ_%m@tonal user-guide

jon ] differenc

stem

04 . d|
v Time- SGFIGMWYV&HIOHS (or
forecast error)

— Potential outliers in either forecast or observation datasets
— Trends and time-dependent relationships




Verification "toolbag”

Continuous variables:

Mean Error akaBias :

Mean Absolute Error:

(Root) Mean Squared Error:
(General) Skill Score:

Linear Error in Probability Space:

LEPS SKkill Score:




Verification "toolbaq”

Continuous Variables - Example 1;

Exploring the data

Tem; ECMWE; 67N, 27E

1.1. - 31.12.2002; +72hr torecast

2 ME =-0.6

MAE = 1.4
70 MSE =16.0

10 t’: {

Foracasl

L] : T -.’#;

-0 . ™ ]
R .‘-'
™ al L ]
0 e -l. b

-30

A
-4 -30 -20 -10 i} 10
Obsersation

Fall

A0

Diffarance

20

15

10

-0

TZm; ECMWF. 67N, 27E
1.1, - 31.12.2002; +72hr forecast

: "'
- B
]
- » ai
I. . an®
. . .
f'... l"I|I _.: -
s "o 3" ° o
X v & .
™
-iﬂﬁ‘éaﬁ“"-
. I
o™ £
40 -3 -20 -10 0 10 0 a0

Coservation

Scatterplot of one year of ECMWF three-day T2m forecasts (left) and forecast errors
(right) versus observations at a single location. Red, yellow and green dots separate the
errors in three categories. Some basic statistics like ME, MAE and MSE are also shown.
The plots reveal the dependence of model behaviour with respect to temperature range,
l.e. over- (under-) forecasting in the cold (warm) tails of the distribution.




Verification "toolbag”

Continuous Variables - Example 2

T2m; ME & MAE; ECMWF & PPP

T2m; ME & MAE; ECMWF & LAM .
Average over 30 stations; Winter 2003

Average over 30 stations; Winter 2003

61 -

5-] -e- MAE_ECMWF © MAE_ECMWF
At Lan -e- MAE PPP
@] & MAE -0~ ME_ECMWF
4 || - VE_ECWWF /_.\ 57 -o- ME PPP
-O- ME_LAM v

4,
3 4

Sl

0 L L v e e L A ey s e e B A e e e A
12 24 30 42 48 54 60 72 84 9% 108 120
(hrs) 0

-1 6 12 18 24 30 36 42 48 54 60 72 84 96 108 120 hrs

Temperature@ias and MAE comparisorbbetween ECMWEF and a Limited Area Model
(LAM) (left), and a ' ost-processing scheme (PPP) (right), aggregated
over 30 stations and one winter season. In spite of the ECMWF warm bias and diurnal
cycle, it has a slightly lower MAE level than the LAM (left). The applied experimental
“perfect prog” scheme does not manage to dispose of the model bias and exhibits larger
absolute errors than the originating model — this example clearly demonstrates the
importance of thorough verification prior to implementing a potential post-processing

scheme into operational use.
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Continuous Variables - Example 3

T2m; MAE; Average over 3 stations & forecast ranges +12-120 hrs

O End Product

© B "Better of ECMWF/ LAM"

O 41
Winter  Spring Summer Autumn Winter Spring Summer Autumn Winter  Time
2001 2001 2001 2001 2002 2002 2002 2002 2003  average

0]

15

10

T2m; Skill of End Product over "Better of ECMWF / LAM"

o skill

Winter  Spring Summer Autumn Winter Spring Summer Autumn Winter Time
2001 2001 2001 2001 2002 2002 2002 2002 2003  average

Mean Absolute Errors of End Product and DMO temperature forecasts (left), and Skill of
the End Products over model output (right). The better of either ECMWF or local LAM is
chosen up to the +48 hour forecast range (hindcast), thereafter ECMWEF is used. The

figure is an example of bot M
models, time-average) and(stratification seasons).

3 stations, several forecast ranges, two
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Continuous Variables - Example 4

Hypothetical climatological wind speed distribution Hypothetical cumulative density function
40 1,0

n
35 || = Climatology o 1

20 | / \ 08 -
25

e C(f

9 / N\
15 / \ 0,4 ,<
10 / \

- iy

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
mi/s m/s

Application and computation o@or a hypothetical wind speed distribution at an
assumed location, where the climatological frequency distribution (left) is transformed to
a cumulative probability distribution (right). A 2 m/s forecast error around the median, in
the example 15 m/s vs. 13 m/s (red arrows), would yield a LEPS value of c. 0.2

in the probability space (| 0.5 - 0.3 |, red arrows). However, an equal error in the
measurement space close to the tail of the distribution, 23 m/s vs. 21 m/s (blue arrows),
would result a LEPS value of c. 0.05 (| 0.95 - 0.9 |, blue arrows). Hence forecast errors
of rare events are much less penalized using LEPS.
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Skill comparison (example ,) ...

T.in forecasts + 3 station average - Skill =1 - MAE (fc) / MAE (ref)
ref = climatology ref = persistence

¥a T ; T ; T : ra T T T T T T T T Fil]

Bl L B0 =] -- ------------------------------------------------------------------- -- =]
"red" = 1925 i ]

B L L 50 50 L 50

40 -- -------------------------------------------------------------- L 40 40 -- 40

gL L L 30 an -- -- a0

2 T PP T P PP - 20 20 -- -- 20
- "blug" = 1994 - "blug" = 1994 -

DS L 10 o L 10

0 ] 1] 0

-10L— : : : : : -0 -10 i : : - - : - 10

o o ot ot i};: lead tim e et LI et wa:. l2ad tme
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Skill comparison (example ,) ...

T, forecasts - 3 station average - Skill =1 - MAE (fc) / MAE (ref)
1995 1994
70 ; . ] ; 70 i . i 0
fl . 1ed cipEidony 0 w0 | &0
s . e il | 50
40 - 1 40 ! . o | 40
| i reen’ = persistence]
20 .. . L a0
20 - 20 -- --------------------------------------------------------- - - 20
1|:| ... | 10
1] - 1] - - 1]
-0 - L - : : ! -10 | ' L : ' : | 10
A T £ |ead fme DR S S S lead tirme
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Skill comparison (example ,) ...

T, forecasts - 3 station average - Skill =1 - MAE (fc) / MAE (ref)

ref = climatology ref = persistence
?l:l T T T T ?l:l ?I:I T T T T T ?I:I
GUEL e Ligm so B e L B0
fel = TEEy
a0 + - 50 50 - - 50
40 4 L 40 40 4 L 40
a0 - 50 S50+ sl
20 4 - 20 20 - - 20
"hlug! = 1336
10 + DD e e e s R S R e S e S - 10
0 0 1] 0
_-“:l 1 1 1 1 1 -ID _-“:l 1 1 1 1 1 1|:|
i}*& i}ﬁ' wa*'* i}*t' i}-‘*{:' i_."v“\l i}*.l i.""‘q’ W‘!‘ T-‘J‘i'El

lead ime lead ime
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Categorical Events

Event observed
Event
forecast Yes No Marginal total
Yes Hit False alarm Fc Yes
No Miss Corr. rejection Fc No
Marginal total Obs Yes Obs No Sum total
Event observed
Event
forecast Yes No Marginal total
Yes a b atb
No C d c+d
Marginal total a+c b+d atb+c+d=n
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Categorical Events

Bias = Frequency Bias Index
Proportion Correct

Probability Of Detection, Hit Rate

False Alarm Ratio
Post agreement
False Alarm Rate, Probability of False Detection

Hanssen & Kuiper’s Skill Score, True Skill Statistics

Threat Score, Critical Success Index
Equitable Threat Score

Heidke Skill Score

Odds ratio
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+>

_ Rain observed
Rain
forecast
Yes No fc =
Yes 52 45 97
No 22 227 249
obs X 74 272 346

Precipitation example

PC

PCD
FAR
PAG

Ooooor

.31 TS

. 81 ETS

.70 KSS

. 46 HSS

. 94 OR
17 ORSS

=1

0.
0.
0.
0.
1.
0.

44
32
53
48
92
85

Generalization of KSS and HSS — measures of improvement over random forecasts:
KSS= {Zp(f,0)-Zp(f)p(o)} / {1-Z(p())*}
HSS= {Zp(f,0)-Xp(f)p(o)} / {1-Zp(f)p(o;)}

Clouds observed
Clouds
forecast
0-2 3-5 6-8 fc Z
0-2 65 10 21 96
3-5 29 17 48 94
6-8 18 10 128 156
obs Z 112 37 197 346

No clouds (0-2) Partly cloudy (3-5) Cloudy (6-8)
B = 0. 86 B =254 B =0.79
POD = 0. 58 PCD = 0. 46 POD = 0. 65
FAR = 0. 32 FAR = 0. 82 FAR = 0. 18
F = 0.13 F = 0.25 F = 0.19
TS = 0.45 TS = 0.15 TS = 0.57
Overall: PC = 0.61 KSS = 0.41 HSS = 0. 37
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Categorical Events

Hit/miss frequency

el e e

100{- - -

co
&

()]
(&

Abs. frequency
Abs. frequency

0-2)  (3-5)  (6-9) 0-2)  (3-5) (6-8)
Observed category Forecast category

The previous data transformed into hit/miss bar charts, either given the observations
(left), or given the forecasts (right). The green, yellow and red bars denote correct and
one and two category errors, respectively. The U-shape in observations is clearly visible
(left), whereas there is no hint of such in the forecast distribution (right).
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Categorical Events

P+24 observed vs. forecast class

160 Observation
0-2 3-5 69

. 106

Frequency
o
]

Forecaster
o

Observed class Forecast class

Class

1 @ 8
BIAS 05 08 |[pe —575

TS 176 121 598 KSS = 24.1

POD 231 67.0

FAR 571 (85.8) 15.2
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Probability Forecasts

v" All forecasting involves some level of uncertainty

v Deterministic forecasts cannot address the inherent
uncertainty of the weather parameter or event

v Conversion of probability forecasts to categorical

events is simple by defining the “on/off” threshold.
Reverse is not straightforward.

v" Verification is somewhat laborious => Large

datasets are required to obtain any significant
Information
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Probability Forecasts: Measures

Brier Score

Brier SKkill Score
Ranked Probability Score

Ranked Probability Skill Score
ROC, Area based skill score:

ROC Curve
Reliability or 22 - >
Attributes Diagram | 2" éf Hmﬂnﬂﬂﬂ ; B

a
0 20 40 60 80 100 (%)

Observed relative frequency (%)
w
(e}

30

T - Climatology

| A BSSgjim = 0.23
z BSS pers = 0.52

0
0 10 20 30 40 5 60 70 8 <€ 100
Forecast probability (%)

—_
o

©
©

o
>

Hit Rate (H or POD)

0 0.2 0.4 0.6 0.8
False Alarm Rate (F)

1.0




Operational
verification
systems

In Europe 2003:

My best guess...

(Based on ECMWF
“Green book”
Member State
verification reporting)

pertti.nurmi@fmi.fi

End
Prod

verif.

EPS
verif.

EFI

verif.

Subj.
verif.

Season
verif.

Wave
height
verif.

Austria

Belgium

Croatia

(2+2)

Czech

Denmark

Talagrand

(33)

Finland

Other / Special:

Bi-annual verification reports intranet (?)

IOn—Iine verif. package intranet;IPeriodicaI verifcation reports

France

4 class

Germany

+ |+ |+ |+

© |0 N o o |~ W N e

(Greece)

1

Hungary

3 class

(33)

11

Iceland

12

Ireland

13

Italy

14

(Luxembourg )

15

Netherlands

16

Norway

17

Portugal

18

( Serbia & MN)

19

Slovenia

20

Spain

+

21

Sweden

5 class

22

Switzerland

23

Turkey

24

U. K.

8 class

On-line verif. package intrd/internet

On-line verif. package intranet;

On-line verification package| Periodical verification reports;

Monthly reports

Periodical verification reports;

IOn-Iine verif. package intranet - not reported;,

Total

719

6

Design of Operational Verification Systems
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Conclusions re. Operational
Verification System(s)

v Must cover the user AND the scientific perspective

v' Customers/users:
— Forecasters
— R&D modelers & developers
— Various customers, users, the general public
— Administration, decision-makers

v' Consistent package, must be made to last

v Not for “background backtalk”, but in the FOREFRONT
of everyday operational forecasting practice

v Tempting, user-friendly interface —> Rewarding to use
v Kept “operationally” up-to-data, e.g. no “loose links”
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Thank You
for bearing with me !!!
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