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Are the models perfect?
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Are the

models perfect?
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Are models good
representations of
reality?
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Are the models perfect?
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Medel top /ATT—BRAMS 3D Eulerian model grid box /
20-30 b

Models are only simulations of reality
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Outline

Are the models perfect?

Forecast verification: an introduction
Classical methods

A critical vision

New spatial verification methods

SAL: an example of feature-oriented method
MODE: a method applicable to EPSs

Radar & satellite data

Software, conclusions, references
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e Forecast verification: an introduction

o) il € PREDIMED 1st meeting Palma 19-20 May 2012 - CSantos: QPF verification with SAL 6



What 1s verification??

Forecast: of a future

atmospheric state (or a good estimate of

reality e.g. analysis)

et ot g

vida LARTEE
t-i.!lwl.. e

P

Verification:
forecast vs observation
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Corresponding Observation:



cWhy verify?

* Improve quality
* Forecaster guidance

 Verification procedures should be included in a prediction
system to:

— Assess quality, accuracy, trends
— Ubderstand failures

— Compare quality of different prediction systems; e.g.:
compare the current system with experimental improvements
or other systems

« Administrative, scientific & economic (decision making)
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Quality and value

Quality: Agreement forecast - observation

Value: helps the user take better decisions

ExampleS: —

— Clear skies forecast over Sahara Desert during dry Bt e s~ =
season: high quality, little value e

— Isolated thuderstorms development forecast in a region
without pointing the local areas, quality is poor bit it
provides a high value to issue early warnings

Murphy:

— Murphy adds a third property: consistency with
forecaster's judgement
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References (“truths™)
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 Classical methods
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Subjective Verification

310ct-01Nov 2008 AccPcp06-06 HIRLAM
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* How did the model captured patterns / structures?
« What range of scales was the forecast better / worse?
* Intensity and / or location of events?

« “Eye ball”
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Objective Verification

Comparison by pairs (fc,ob),

and study statistical properties of veresenss!
the set {(fc,ob)} o ::::il S,
Score: metric related to some ] @
properties 10 8

9 12

i . 15 13

E.g.: bias =fc—ob; 2m T ()
forecast in Sevilla was 4°C and 22 18
observed was 3°C, then bias = 13 710
1°C ;What can we infer from 17 16
that? 19 3

23 24
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Acumulation vs Estratification

Pairs forecast / observation

Pooling in time and / or space
— Differences between non-homogeneus data can be

hidden
— Biased results to the most common regime sampled ACYE
(e.g. days without severe weather) /s _,ff};x’ e
. . . . !.e" _J,f’}"'( f..f';,f’ ] \/
Stratification in quasi-homogeneus subsets ~ /// /" |||
(seasonal, regional ...) QLD O
— High-light forecast behaviour according regime (e.g. | | | [[ /)
monsoon) r”J'E"‘i g
- Sub?tets must contain enough data for significant =~~~ E0C 18
results

— Biased samples can be used if different verification
methods are used to compare results
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VS Up-scaling
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Continuous: descriptive methods
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Continuous variables: scores

Score Computo Significado |Rango |Perf
Bias Diferencia entre
b prediccion y
F = ﬂ observacion ('00,00) 0
+
Error Evita compensaciones
absoluto H = d [0,c0) 0
medio _ 24C
Error Evita compensaciones
scraico | po___ard_|scsmerons | g | g
medio a+b+c+d y ’
Coeficiente C_orresppndencia 0
correlacion (fc—c)lob—c) ospoctoala
anomalias ACC= climatologia [-1,1] 1
\/ (fc—c)* (ob—cf
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Scores: spatial distribution
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E.g.: bias :
5!
Bias Interval (hPa)
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0-0.5
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o X |
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Scores: time series

* Long term trends

’ 6h aCC pCp _ Forecast error of Total 6-h Precipitation [nm] Europe 30.0-22.0 72.0 42.0
e Positive bias in bias 54h —— bias 60h -~ bias 66h —-=— bias 72h

summer (over fc pcp)
for 12UTC run

 Impacts to notice: os 4

0314

- 1999: cloud scheme _
~ 2000: T511 RIS
— 2003: convection oA

| B [! z [ ] 2 L
R e B : ; 3 0.1

- 2006 T799 0.2+ --:: ' -0.2
— 2010: T1279 03 o

""""""" B B0 IS B 1A SR S A AAR TR AR ARSI A A
1003 1004 1005 1006 1968 1060 2000 2001 3 2003 2004 2005 2006 2007 2008 2008 2010
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Scores: predictability limit

“Predictability limit” ~
“validity” of forecasts

Arbitrarily selected
ACC=60%

ACC decrease with
forecast step and
crosses 60% line on a
certain “validity day”
(e.g. D+4.5)

\ ACC=60%

RN

| Fore‘cast!Day u
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sScores:

predictability limit

— score 12mMA reaches BD%

ECMWEF forecast verification 12UTC — score 12mMA reaches 85%
geopotential 500hPa O score 12mMA reaches 70%
Correlation coefficent of forecast anomaly B score 12mMA reaches 75%

1 E Lat 350 to 75.0 Lon -12.5 10 425 score 12mMA reaches 80%
ACC will cross rope La 0 75.0 Lon 0

60% line in

different validity

days (D+5, D+7...) 9
as forecasts :
Improve with years 4

10

(12mMA = 12 months moving average) score 12mMA reaches 85%

—_— score 12mMA reaches 90%
day

ACC=60%

Bi= = \WTROE - o (Frern) e €

T T Acc=o%

T T TITTTT T T T T T T TT TT
1980 1981 19832 1983 1884 1985 1600 1087 1988 1988 1990 1991 1982 1993 1984 1995 1983 1997 1998 1999 2000 2001 2002 2003 2004 2005 2000 007 2008 2009
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Variables dicotdmicas: llueve o no

ob

1 0

82 38
1 Aciertos falsas 1 20

alarmas

23 222
O Fallos negativos 245

correctos

fc

105 | 260 365
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LOS -
tornados T T pc=2~
de Finley

fc 0 ~ “.
PC o 0964

 Pensemos en la prediccion de tornados (“evento raro”). El famoso Sistema
de Prediccidon Excelente (SPE) puede obtener PC=0.984.

= /lL ﬂ@ﬂ Wi 5 (34 RS a) e C PREDIMED 1st meeting Palma 19-20 May 2012 - CSantos: QPF verification with SAL 23



ob

El camelo T alld
de Finley O - ; N

f° 1 (1) : <@ L D )4 0 1
PC o 0964 PC o= 0.997

ob

fc
364

 Pensemos en la prediccion de tornados (“evento raro”). El famoso Sistema
de Prediccidon Excelente (SPE) puede obtener PC=0.984. A su vez, el
también famoso Sistema de Prediccion del Sinverguenza (SPS) obtiene un
PC aun mejor con esfuerzo minimo (no prediciendo nunca tornado)

« EIPC puede estar engordado de forma espuria, no es un score realmente
representativo de “precision” ®, tiene demasiado peso la “d”

« Hacen falta otros scores

’ﬂ@ﬂ Wi 5 (34 RS a) e Q= PREDIMED 1st meeting Palma 19-20 May 2012 - CSantos: QPF verification with SAL 24



- . , . _ 0
Variables dicotomicas: scores TaTh
fe Ojc|d
Score Computo Significado Rango Perf
+d
Percentage PC = a No es realmente
correct a+b+c+d indicativo [O, 1 ] 1
Hit rate 3 Sls: se predice el
H=—_ evento y se da [O 1 ] 1
a+c ’
False alarm NOs: se predice el
rate E= b evento pero no se da [O 1 ] 0
b+d ’
True skill a b Mide la habilidad para
score TSS= — b+ d igfna;;asl'_f ;’IL\'OS’ [-1,1] 1
a+C D+
Frequency b Mide la proporcion
PR _at entre evento predicho
bias index FBI = 2+ C y evento observado [O’ oo) 1
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Subjective and Diagnostic verification

310ct-01Nov 2008 AccPcp06-06 HIRLAM
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* How did the model captured patterns / structures?
« What range of scales was the forecast better / worse?
* Intensity and / or location of events?

« “Eye ball”
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Error In observations

0.2} R
» Classical assumption: 7 a1s) e Tv72 )
— oObservation error << model error . *
« What's happening? 0.05
— Verification measures can give wrong 0
(or at least poor) ideas 0 10 20 % 4 50
0.2
« Trends: p 15: e TerE
— Estimate of observational error .
— Include obs err as gaussian noise or 0'1__'
by sampling 0.054

— Surprising results ‘
prising 0 |IlI'ItIrmrml'mr||||'||||'|I|I'|l[|'[|l|'|_

0O 10 20 30 40 50

Courtesy ECMWF
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Sampling Error

. . . ! F
« Any measure must be given with its st Faa o2t 5,

associated uncertainty 100 T T T T T T T 1

Average caotegory error=1.09
10/90 % caotegory error Cl=[ 0.96 , 1.21

« Verification measures are statistical e0

estimates of the truth value
(population), computed with a finite
number of pairs (fc,ob)

= 3 L B L0

I
[ ]
b G R

Cotegory Error
=1

60 B
|

S 35 632 35 I
Forecast Percentile

Cq (% of Observed Below Forecast Quontile)

40 - .
» Without sampling error, conclusions : l
should not be made, e.g. model “A”
Is better than model “B” 20F -
° . . 0 fl | | ] ] ] ] 1 1 ] -
Trends. error bars, confidence T e e e e o
|nterva|S, bOOtStl’ap q (Quantile of Forecast Distribution)

Courtesy T.M. Hamill
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Flow dependent Verification

L Huchlrip Ly N!H“H HAD CL2 Positiva NAD CL4 Aflantic Ridge
DJF 27 years ERA=INT 1980=2006 DJF 27 years ERA=INT 1980=2006 DJF 27 years ERA-INT 1980-Z008 DJF 27 years ERA-INT 1%:4:—:9«

Courtesy L.Ferranti
* Z hip xvwp suryh#ikhdg Wrqgddiwawlilfdvirgte | #vhdvrqy

e Wihggv=H oxvwhulyj #rifiorz #hj o hvAdggH#ruhvsrgglgj#
vhuliff dvitrg
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Extreme and severe weather verif

Extreme # Severe

Low frequency — under-sampling makes traditional scores unuseful
Equitable Threat Score (ETS) — Extreme Dependency Score (EDS)
No mature methods

a b —~
TSS _ B £DS = 2IogD]thMnD_1 g0 1- 1
a + ¢ b + d logra/n(] 100

e
=

Courtesy D.B. Stephenson
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Limitations of classical verification methods

* Inconsistent with visual “eye ball”
— ltis not diagnostic (no information about reasons for errors “what was wrong”)
— Does fc look realistic?
— How can we improve the fc?
— How can we take decisions with the fc?

» Observational Uncertainty/Error:
— Specific “new” methods: Saetra&Hersbach, Candille&Talagrand “Observational Probability”

« Sampling Uncertainty/Error:
— Can lead to false conclusions
— Specific methods: Confidence Intervals, Bootstrap

« Severe and extreme weather
— Severe = Adverse
— A forecasting system can be useful on detecting signals even without good scores
— Distributions-oriented verification, extreme events scores e.g. EDS

« Spatial scale models and observations: insensitive to location-shape errors
— Interpolation methods
— Correlation
— E.g. patterns, structures
— E.g. double penalty can give better scores to a coarser grid model
— “New” methods: Up-scaling, Fuzzy, Feature/Object-oriented (e.g. SAL)
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Double Penalty

Which rain forecast would you rather use?

Mesoscale model (5 km) 21 Mar 2004 Global model (100 km) 21 Mar 2004 Observed 24h rain

1“'%":RMS=4.6 mm

Courtesy Beth Ebert
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Double penalty

Problematic aspects of grid point based error scores

(@)

e (b) @

hitrate=0
(d) ... but (a) is “better”
C = than (b)-(d)

hitrate >0

.. but forecast has not the right
“structure”

Davis et al. 2006 (MWR)

TROHEN

oy G— —

= C:
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Escalas espaciales fc vs ob

 Limitaciones de los métodos clasicos:

- Son “reduccionistas” en cierto sentido: trabajan con conjuntos pares (fc,ob),

suponiendo que sus medidas estadisticas pueden representar ciertas propiedades.

- Métodos de interpolacion, correlacién, etc

— E.g.: patrones, estructuras, problema del “double penalty”: los modelos son mas
realistas pero son penalizados

- No es verificacion diagndstica, necesitamos valorar la utilidad de los modelos

« Se requiere nuevos meéetodos y una buena cobertura de observaciones

— Redes climatoldgicas de alta densidad se quedan cortas <= 5km

- Radar y satélite

« Software especializado:

— Scripting

— Plug-ins

— OOP

- Database, geografia

- Formatos, volumen
NCEP op:

W= ""-38—1kmw')"'t0u1 &km_(zmz-)c re

Mesoscale model (5 km) 21 Mar 2004 Global model (100 kmj 21 Mar 20044

Observed 24h rain

. ® Sydney

'RMS=13.0 mm “RMS=4.6 mm |

Courtesy Beth Ebert
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- - New methods HR Observations
ﬁ E  Radar
?/ « Satellite
o’ )

What are we looking for?

Diagnostic verification

— Ex[plicit, detailed and quantitative information about failures, useful to improve model,
able to measure quality fairly

— E.g. SAL: identify precipitation areas in the forecast pcp field, the observed pcp field,
and compare giving: location and phase, amplitude, structure, etc.

Evaluate the spatial scales in which the model is “skillful”
— Avoid double-penalty
— Nowadys, this skill is not at grid-scale, but a bit coarser

Objective and subjective evaluations will become closer

What do we need?
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* New spatial verification methods
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Intercomparison Of Spatial Fc Verif Methods

Project
filtering | )
= : : * How do the methods inform about

RS MR L ik TR performance at different scales?
s ol G Y| {'-;g% 43 « How do the methods provide

2 s B 'a%:}; 5‘;{2; information on location errors? |

_ . 4 oy « Do the methods provide information on

' oS . S, intensity errors and distributions?

-

3

* Do the methods provide information on
structure errors?

* Do the approaches have the ability to
rovide information about hits, misses,
alse alarms, and correct negatives?

displacement | « Do the methods do anything that is

counterintuitive?

* Do the methods have selectable
b o =" parameters and how sensitive are the
L o ot —— results to parameter choice?

« Can the results be easily aggregated

? \ /
|
‘\' 1 - S, W P
NN ; . o across multiple cases?
T w
T, m

feature-based field deformation

v § NN « Can the methods be used to identify
~—~ S '\ timing errors?
——— ; i ; } \ « Can confidence intervals or hypothesis
—_—

tests be readily computed for the
method?
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Method type
Traditional

Features-based
Features-based
Features-based
Neighborhood

Field-deformation
Field-deformation

Neighborhood
Scale-separation

Field-deformation

Features-based
Scale-separation
Neighborhood
Features-based
Scale / Features
Features-based
Point
Scale-separation

WCETS

A
'rocrustes
'rocrustes2
‘omposite
‘RA

)IST

QI
OM-DAS
SS

W

1SV

fODE
{eighborhood

No*
Yes (see text)
No*
Yes
No*
No*
Yes (see text)
No*
No*
Yes (see text)
Yes (see text)
Yes (see text)
Yes (see text)
Yes (see text)
Yes (see text)

i:: B .r'll.!_"_h?m‘@c HI"'E'_- "'7:-&’ Cm—t;..'_'-* ‘_' cf‘f

Indirectly
Yes (see text)
Yes

Yes

Yes (see text)
Yes
Indirectly
Yes

Yes
Indirectly
Indirectly
Yes

Indirectly
Yes
Indirectly

Yes
No*
Yes
Yes
Average intensities
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
Yes
Yes
Yes
Yes
No
No
Yes
No
No
No*
No
Yes
No

Yes

Yes

Yes (see text)
Yes

Yes

Yes

Yes

No

Yes (see text)
Indirectly
Indirectly
Yes (see text)
No

Yes (see text)
Yes
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Neighborhood

- 5 whers in window — ET5 & 30% covernge — ET5
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Scale-separation

e.g

scale 1 =k,{. res — scale 2 = 1? km res scale 3 = Ezf k'r.n res < Casati 2009
Intensity-scale
L CASATI

=0.125

1.25

scale 4 = 40 km res scale 5 = 80 km res

™ N

0.5

=N
L o
5
2
)
e T
N
scale8=640kmres 0
! L1 0 0O 14 B 4
0 O 1/32 ®m 1/2 W 8
- o 1/16 @ 1 m 16
O 1/8 m 2 m 32
=0.029
Eg;g;,; 5 10 20 40 80 160 320 640 128
Frir: T Wavalat crnla camavmante af the hinasmr Rald diffarvancs Far the RITRADOIT cace ctiidar Far thrachald AF 1 e I-.'I
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Feature-based

Observed Forecast
Define entities using a threshold

Horizontally translate the forecast until a pattern matching
criterion is met

Displacement is the vector difference between the original and
final locations of the forecast

Compare properties of whole objects
Extensible to ensemble

E.g.: Ebert 2009: CRA, Davis 2009: MODE (both extensible to
ensemble), Wernli 2008: SAL (not matching but field as a
whole)
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Field-deformation

LA L B = L

FRE A LA TR SN PR B B SR

W

44

: T e OB e.g
- V- P : Keil and Craig 2009:
7 ' 5 :
425 Optical Flow
P A S -
= W T ‘.g E s
) iy .
=
* 5 “‘?‘J"h'-‘d oss’ [ ¢ )J’.Jf.ﬁ:'n.--".\-,_r.l
.r'_.'
T~ — - 4 "o
3 -;_,_b?'- : S ) ;: " ‘ A - Ll *
- = ’ ‘ "
- |
e AMPgixv)
FARLE 1. Summary of geometnic cases 1-5 depicting a briel description, the DAS, normalized DIS and AMP valves (ie, DIS/ D, and
AMP/ Iy with Dy, = 360 km and [, = 154 mm), and the corresponding rank.
Case Description of forecast [eature DAS DIS/D s AMP/, Rank
l M-point displacement .62 .55 0.a7 |
2 200-point displacement 1.00 0,00 1.00 .
i ll"‘r-l'ui.nl d:\p];u:-:nu:nl, based ]1||_r_h 1.11 021 .ol 5
1 125 pomt dsplacement, wrong aspect ratio 1.09 0.2 .87 1
3 125-point dsplacemenet, biased very high, but overlapping 1.02 0.19 0.53 3
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SAL: an example of feature-oriented method
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SAL

Problematic aspects of grid point based error scores

(@) (b)
e hitrate=0

(C (d) ... but (a) is “better”
F &= than (b)-(d)

(e)
G,D hitrate >0
L

... but forecast has not the right
“structure”

Davis et al. 2006 (MWR)
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SAL

Classical problem of double penalty
Feature-oriented — ~ subjective verification

E.g: SAL measure
— S (Structure)
— A (Amplitude)

— L (Location)
Perfect forecast: S=A=L =0

S requires patterns/objects definition, currently simple
algorithms, need improvement

PREDIMED 1st meeting Palma 19-20 May 2012 - CSantos: QPF verification with SAL
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SAL

S: Structure -2 0
objects Perfect
too small or
too peaked

A: Amplitude -2 0
averaged Perfect
QPF under-
estimated

L: Location 0

Perfect

== A TRO E i o (FrE ) il G

+2

objects
too large or
too flat

+2

averaged
QPF over-
estimated

+2

wrong location of
Total Center of Mass
(TCM) and / or of
objects relative

to TCM
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SAL

L medium

e (b) @
(d)

=

L large

L large

S>>0
A=0

Davis et al. 2006

L medium
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Europe HR obs 2008 Europe HR obs 2008 up-scaling 0.25
R _

Up-scaling
What is the truth?

Up-scaling Europe HR obs
available at ECMWEF: a first
simple approach:

» For each grid point consider d
 obsr< d— ob considered

* R=Xr"R/xXr® witheg. a=2

« Overcome missing data at most
resolutions

* |n this work

« Each model is compared with its own
“natural up-scaling’

e e.g. 1799 with up-scaling 0.25
* e.g. T399 with up-scaling 0.50
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UPSCALING parameters for HIRLAM HN

. —l e |
e 20 deg

AEMET, Agencia Estatal de Meteorologia

R(0.059): distance

140.0
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5.0
1.0
0.3
0.0
-0.1



UPSCALING PARAMETERS: threshold in num. of stations

&H
T
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| :?,.,-:-"'f . - :/’_,.f
P e A 000 ek - ?-—-|'—--—-———————-—————.-‘-‘:.--——-— - z--.--I —————————————————— ~———5 1
5 L ‘ ¥ -.r - ¥ -"__ - fj
o | Lt (B » vald
- — p— -.\‘. ‘_,_.-r‘_ | E : - L ., . -

Large scale pcp

== O/ RERC e o (Lavers )i G

Convective pcp

Without pcp

AEMET, Agencia Estatal de Meteorologia

2 stations

140.0
110.0
50.0
50.0
20.0
10.0
5.0
1.0
0.3
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-0.1

Grid: HIRLAM HNR
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. without
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UPSCALING PARAMETERS: distribution function

Inverse Distance Weighting Nearest Neighbor

T 1

| I
3 "_._ '-' o =

T .
] i | il
2 Re™
Z e—brI E:?
Exponential IDW J (
a=2 -> gaussian dist. Uizi
t sigma > 1t 2b

smoothing
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I Forecast 0.25 Euraps HR oba 2008 up-scaling 0 EUWPE.HE r?EE '.ZID'DB
; : T WAl

Up-scale obs to fit model QPF

Pcp fields Rij for QPF(f) and QPE(0)

Find objects
Thresholding Rij = R* =f R95 , f=1/15 empirical
Clustering — N objects

Object properties

Rn = X R(n)jj

Vn = Rn / R(h)max

xn = X R(n)ijx(n)nij / X R(n)ij = center of mass

Pcp field properties  ——
D = (1/U) X Rij ~ E[R] G e 3 ]
V = YRnVn/ Rn ~ E[R2] .

x = X Rijxij / X Rij = center of mass
r= X Rn|x-xn|/ XRn

d = max distance inside domain

SAL measures
S =2 (Vf-Vo) / (Vf+Vo)

A = 2 (Df-Do) / (Df+Do)
L1 = |xf-xo|/d

L2 =2 (rf-ro) / d
L=L1+1L2

SAL plot
= RO D i o (R ) il € PREDIMED

—>Ww
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SAL: measured aspects of forescast quality (1)

e AMPLITUDE A

Normalized difference of the domain-average pcp values between obs and fc fields.
Measure of quantitative accuracy of the total amount of pcp in the region.

Al-2,2] A = 0 total agreement
\ = PRonca) = D(Rop) A > 0 model overestimates
0D Roa) + DRI A < 0 model underestimates ;= XRimoa) = X(Ro,)
] - n
_— | 2 d
PR =5 = B Not sensitive to .
rotation around CM SR x - x|

n=1

e LOCATION L=L1+L2
L1-> Normalized distance between the CM of the obs/fc pcp fields — ;  _ g[l’m'""d - "{R*"‘-“'l] ,
First order indication of the accuracy of the pcp distribution ) d
L2 - Takes into account the average distance between the CM of the
total pcp field and infividual pcp objects = relative positions of objects in the field.
L[0,2] with L =0 = CM and average distance objects-CM are equal in obs and fc fields

; e T = AEMET, Agencia Estatal de Meteorologia 56
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SAL: measured aspects of forescast quality (Il)

STRUCTURE S

Compare the volume of the normalized pcp objects. y - 2 R,/RY™ = R, /R,

Information about size and shape of objects. (L)€ Rn
Individual object volume - total pcp of the object normalized by its max value.
A weighted mean of all objects pcp volume is calculated for obs and fc fields.

N

e R, V. ‘ V(R oa) — VIR
VIR)=———

A :
R.H
1

nh.*-c.)

> [}'5[1X{ Rl'nnnﬂ} + V‘- Ruhﬂ-‘.}] '

il —

S - normalized difference between obs and fc weighted mean volumes.
S[-2,2]

S >> 0 -> model predicts widespread pcp but observations show small convective events

S << 0 - model predicts small and/or picked pcp objects compare to observations

= Z—GIQ%WG Pigm &5 C‘:'—l-.; I g AEMET, Agencia Estatal de Meteorologia



SAL plot

Central Europe [45N,5E 50N.15E] 12Dec2008 24hAccPcp(6-

TH0D+2 jobjd, Pead i)

QPF

. Structure -2

objects
too small or
too peaked

2

:  Amplitude

averaged
QPF under-
estimated

Location

0
Perfect

Perfect

0
Perfect

+2

objects
too large or
too flat

+2
averaged

QPF over-
estimated

+2

wrong location of
Total Center of Mass
(TCM) and / or of
objects relative

to TCM

Point

C) SAL=(0.2,0.1,0.1)

A-component

M)

153

MN| O

S-component

Quantitative, explicit and accumulative
information about different aspects of
precipitation forecast performance
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Fraquency

Frequency

40 &0

20
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Verifying analysis
1 1 L] 1 1 1
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nurrber of objects in the analyse

Verifying analysis
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Wernli et al: aLMo & ECMWF

observations ECMWF * QPF SAL perfOrmance
« summer 2001-2004

« German Elbe catchment
» Up-scaling (3500 stations

A-component

DWD, 10km)
e aLMo 7km

« ECMWEF 0.25 interpolation

R Twwld « Caveats

P
i : « R*=fRmax
it : « where f=1/15
ST ER === I “ " D g==| * Results
PR SO TOUPUUOUNN RUUSTOUN . DA DUk H SEUSUUUOUUeIot IO AR « ECMWEF overestimates S
- -1 1 2 2 -1 0 1 2
S-component S-component

Courtesy Marcus Paulat
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Work at AEMET

SAL code adaptation (provided by Marcus Paulat, DWD)

Up-scaling code implementation of two algorithms
— Cell (with problems of missing data)
— Structure functions r

Research about models QPF SAL performance on one season
— SON 2008

— |Iberian Peninsular

— Up-scaling 3000 stations

Research impact of:

— Pcp threshold R* = f Rmax, over Spain f = 1/5..1/20

— Model resolution: Hirlam_0.05, Hirlam_0.16, ECMWF T799
— Model interpolation (original rotated to regular)
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Work ECMWF-AEMET

 Collaboration framework ECMWF-AEMET

— Anna Ghelli, Carlos Santos
— Up-scaling & SAL code installed on linux cluster

* Research about models QPF SAL performance on one year
— 2008
— Central Europe ( 55N/5E/45N/15E )
— Up-scaling 3000 stations

« Research impact of:

— Pcp threshold R* = f Rmax, f = 1/15, stratification on 1.0mm pivot
— Model resolution: T799, T399 (cf)
— Forecast step: D+2, D+5
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SAL

Objective and fair comparison of models with different resolution without penalty for
the finer ones, e.g.. ECMWF 25km (T799), HIRLAM 16km, HIRLAM 5km

, Iberia Jan2009-Jan2010 24hPep(6-6UTC) : ECMWF=T795 , Iberia Jan2009-Jan2010 24hPcp(6-6UTC) : HIRLAM_016 , Iberia Jan2009-Jan2010 24hPcp(6-6UTC) : HIRLAM_005
L-component :u ] L-zompoment E ’ Lecompomnent E . '*.
® (001 : '. 1 = gool I. . ® k0l : .r_ =
0,102 ,: - ~ 0.1:0.2 . i.‘ = 0102 ) i - e
L] .|:::: ]:" 1 * : L] :-;-II'_ : * ® 0500 " il_ .:"
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1“.;"- 1-:‘ % - b "IT-" ‘_L g g W e & -t - .p .
. I, i r.'.-.' A . .",' - r 1 v H . b . 311‘1-":
2B I I y ‘.E-"-:-:ﬂ-ﬁ- 1§ TT A A O g _* - #i-"‘ e
g S g 9 SORATAE I XN § e
: e, "h 4. h‘ oy & = . . . ‘:1 t'lld' L S T lI.. L] - : . " .
\ . i :t:.hl . % “ E X . !. i > ‘1;. . . p * "I.Ji..‘._
. " . . II‘ * . . E: " . L . . . i " ) ®
| | +
2 y ) 7 g B y s 1 ] AaAaRS
S-component S-compe ent S-component
>0~ iti ' S o~ Mi : . . .
2 U= poelilvs D some L-> ~ mis-location A > ~ higher bias L< ~ better location
S big ~ over-population | and IV ~ S < population more balanced over |, Il, 11l
structures large and/or flat and IV ~ better structures
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SAL

Objective and fair comparison for models of different resolution, without
penalty for mesoscale ones; Structure (X) Amplitude (Y) Location (color)

SAL Diagram SAL Diagram
2 L-Eompanent | T 2 L-Sompanent 2 L<omponent
il N : o .
6 616305 1 32 | ".= 6 810345 1 32 6 610205 1 2
' g o
1 . E : 1 1 . ¥
: 4 [ + 5 ° -
£ ° g 5 } £ R
g umq_‘-:ﬁl—“—ﬂ g 0 g gp======-= 9 -_;Eﬁ_ L/ o S
: s | Mg 3 . : B
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1 < | -1 1 " L
o
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i Mjleo| o M|lea| o Hj|s8| o
1| e ™I L A
22 1 ] 1 2 1—2 -1 o 1 2 -2-2 -1 ] 1 2
S-component S-component S-component
ECMWF T1279 (17 km) HIRLAM 0.05 (5 km) HARMONIE 2.5 km
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Flow-dependent SAL

CL4 Aflantic R

CLI Blocking CL3 Negaltve NAD CL2 Positiva NAD idge
DJF 27 yeare ERA=INT 1980-1006 DJF 27 years ERA=INT 1980-2008 DJF 27 years ERA-INT 1580-2008 DJF 27 years ERA-INT 1580-2006
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Are the models perfect?
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What about the ensembles?




e MODE: a method applicable to EPSs
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= =

Object-Base Diagnhostic Evaluation, MODE
(Davis et al. 2006, parts | & I1)

Concepto: identificar objetos (areas) en el campo observado y
campo modelo relevantes para el observador humano, describir
dichos objetos por una serie de atributos cuantificables, identificar
sus contrapartidas en ambos campos, y comparar sus atributos.

Objetivo: evaluar el skill de predicciones de fendmenos localizados
y episodicos (pcp’s).
Método:

1-ldentificacion de objetos mediante filtrado espacial de los
datos: eliminar areas de pcp demaisado débiles en intensidad o
demasiado pequefos en area.

2-Busqueda de contrapartidas en ambos campos: criterios de
coincidencia

3-Estadisticas de los objetos por separado de cada campo y en
conjunto.

"i@m Wipm, 25 (- RS e € PREDIMED 1st meeting Palma 19-20 May 2012 - CSantos: QPF verification with SAL
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IDENTIFICACION DE OBJETOS

Campo original del modelo

: (a) Original

Filtrado de altas frecuencia espaciales
—> convolucién a un discode r =4 x

(b) Convolved reSOIUCIén

. Mdscara binaria = aplicar un umbral de
G pcp al campo filtrado (>x mm)

A ——

(c) Masked

Mascara aplicada sobre el campo
original = retiene las pcp originales.
Solo se consideran areas > 25 pix.

v N
o . CMAgp.

(d) Filtered

ap
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PROPIEDADES DE LOS OBJETOS

Intensidad: pcp considerada como una distribucion acumulativa.

Tamano o area. Variable independiente - escalas horizontales
asociadas a sistemas con diferente dinamica y predecibilidad

Centroide o localizaciéon del objeto.

Angulo de orientacion: eje mayor del objeto respecto a la direccion
EW

Razon de proporcionalidad= eje menor/eje mayor

Curvatura= 1/radio

Fraccion de area cubierta=area con pcp/area del objeto
Indicativo de la complejidad de la forma del objeto

Teniendo en cuenta la dimension temporal.
Duracion de sistemas de pcp.
Velocidad media de traslacion del sistema
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DIMENSION TEMPORAL: SISTEMAS DE PCP

Una secuencia de areas de pcp en tiempos consecutivos pueden formar
parte de un unico y coherente sistema de pcp que se desplaza en el
tiempo y el espacio.

Como se definen los sistemas en el modelo?

Se buscan coincidencias entre areas de pcp separadas temporalmente
en 1h y espacialmente por < distancia umbral dada.

En sucesivas comparaciones del campo a 0h con los campos a 1h,2h,...,
se asignan valores crecientes al indice k (duracion) en caso de existir
coincidencia entre areas, y los valores de los atributos de dichas areas se
promedian, pasando a formar un sistema.

Las areas con ninguna coincidencia presentan k=1.

Resultado del proceso: se favorecen los atributos de las areas situadas en
medio del ciclo del sistema, debido a los pesos resultantes de los
promedios - los valores de los atributos del sistema son representativos
de su etapa madura.

Distancia umbral: obtenida a partir de la velocidad maxima de traslacion que
consideremos para los sistemas (144 km/h).

Velocidad media de traslacion del sistema:
(centroide final-centroide inicial)/k
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CRITERIOS DE COINDICENCIA MODELO-

OBSERVACION
Dimension espacial (areas): VAo + JAf Minimo de solapamiento
Favorecen las areas grandes < 2

D < VAo + VAo

Dimension espacial y temporal (sistemas):
Error de posicion = (xf-xo, yf-yo, tf-to) = errores separados

[(xf —x0)? + (¥f — y0)?]*/? < 4L

L= (Lf +Lo)/2

ESPACIAL

|tf — to| < 3h TEMPORAL
ko 4

05 <% _ 5 DURACION
kf
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ESTADISTICAS INDIVIDUALES DE AREAS

|dentificacion de sesgos en los atributos = errores sistematicos del modelo

Number of Areas < 1/size

10
— 10,000 ~
€ 8fass (a) Sesgo + para tamanos > 20-30
S af o  S e {10 5 celdas (modelos de 22 y 4km de
£ 2r o0 o ottt srorty - 410 7 .,
0 | I I 1 I I | L 9T oy C’o@éf’ Br%?u 1 reso'uc|on)_
4 | I | I | I | I T T I T ]
E 1.0 a—ajdldsma (b) —
< 08 [ 6%%%5515 i
J 06 |- PSS o 5 v L : Sesgo +
H- 04 1 L 1 L 1 | 1 | 1 L | L
Ko} 08 o T T T T T T T T T T T T . ~
B 07 %, (©) - Ligero sesgo + a pequenas
0.6 = + 1 s
S o5 - O 800 50005, 0 ©. & T o4 o A areas
UQ" 04 | + + 1
<< 03 L 1 1 | I | L | | | | ]
50 | | T | | T | | | | T | , .
& 40 . (d) ] No estadisticamente
@ 30 - Q =+ + o n . o o .
S 20 TR HC SR - significativo
£ 10 cﬁag%.:aESgS?“’SSa;agoooéDOE o - g
0 20 4|0 E:D BIO 1 60 1 ZI!D 1110 1 I|50 1 éO 260 2|20 2.|40 2I60 280
Size (=area'’?) (km)
modelo Ejemplo info extraible: areas elongadas o con similar orientacion
O observado pueden indicar pcp forzada por sistemas frontales
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ESTADISTICAS DE SISTEMAS DE PCP

En funcion de la duracion del sistema, k

= ﬁer ; ' ' ' " (a) |—1,000
c B (]
3 a4 A B I . X 10 g Number of Systems « 1/k
r=4 2 5 o + 0
- ol ! ! L L ! | L ! 1
— 40 T T T T T T T ] 1 s 4.
- (b) | Estadisticamente no
E"l 20l . Q— . + + | . . o .
2 U B t | significativo
0 | | | | | | | |
19.2 T 1
o v v v vov v @ Sesgo + del modelo
gg ' : + + & ; o :
<2 64 + s o ° ° . .
ﬂ’_ T | | 1 | | | ] ] Size m k

=3 JEEE NN SR SR R T SRR SR A C B
u= + + * |
EE | + + + _ . s
SETL . o e o ] Modelo predice mas pcp
N T s 4 s 6 7 8 s 10 m Intensa

Rain System Duration (h)

+  modelo
O observado
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DISTRIBUCION ESPACIAL
SISTEMAS DE PCP

En cada pto de grid se evalua el numero de areas
de pcp proximas (a una distancia s) mediante:

NUmero de sistemas con k>=3 en
cada pixel de 25x25 (100 km?2)

Numb.Rain Areas = z exp(—d?2,/s?)
m

= = LTHQQ Wigm; i @"—L.._* = C== PREDIMED 1st meeting Palma 19-20 May 2012 - CSantos: QPF verification with SAL

78



ESTADISTICA DE LAS

COINCIDENCIAS:

Critical Success Index (CSl)
CSI: Coincicencias/(Coincicencias+FalsasAlarmas+Pérdidas)

Decrecimiento lento con el tiempo

1.0 —— — : ' ! — . - | 19—————a—r -

D<0.5(A%+A %%
\\

0.8 L _! 08-

D < sum of object sizes

CSI
CSI

o - —— -
—

| D < average of objec t sizes

" DN R —— -

00 L L N ] 0.0 IS T W TN W W N -

6 12 18 4 30 36 42 48 1 5 9 13 17 21 25 29 33
Forecast Hour (area)™/dx (larger of two areas)

N¢ coincidencias depende del tamano de las areas
Plateau a mayores tamafios = areas de pcp de mayor tamafio asociadas a
sistemas de gran escala 2 mejor predecibilidad
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ESTADISTICA DE COINCIDENCIAS:
sesgos normalizados

2 [Af) — A%
>oam

f-f 1{{:*}.‘“ =

g 510;
'E 53]
E EELS
n-ﬂ_ | | | I
0 3 6 9 12 15 18 21
N Hour (UTC)
1.5 ® T T
= o 25% Percentile
= 0.5+ .
8
<. 500 ---------------------
-0.5 : ' ' :
0 3 6 9 12 15 18 21
Hour (UTC)
DR — RO
B Ili?;.:.'r'l‘ﬂ'} = Z H:J\f'
= = AT M@ ES M (SO0 ) e Qe

Parametros en funcion del momento del dia:

TAMANO DEL AREA DE PCP:

Sesgo de area +y fuerte durante el dia
El modelo sobrestima las tamanos,
exagerando la amplitud de la variacion
diaria observada.

INTENSIDAD DE LA PCP:

P25 es sobrestimado por el modelo.

P90 es subestimado

El modelo predice una distribucion de pcp
demasiado estrecha.

Posible causa: parametrizacion de

la conveccidn (bias mayor a final de la tarde)

También se pueden representar CSl, errores
de sincronizacion y localizacion en funcion de
la hora del dia
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Count

Timing (h)
=
A

Centroid (km)

Normalized

A
o

75th Percentile
25" Percentile

1.5

=
[=]

0.0
00-02

120
a0
401

o
=40 -
-B0

120
00-02

0.5

rea Error
o o o
Sk o B
T T

0.0
00-02

0.4

0.3 =

Time of Day (UTC)

MODE proporcionado por el paguete
de verificacion de NCAR:
Model Evaluation Tools (MET).

Modificaciones posteriores del
MODE (interés total):
Davis et al. 2009

MODE aplicado a ensembles:
Gallus, 2010
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« Radar & satellite data
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HR obs data
SEVIRI

* Roebeling et al 2011: TRIPLE COLLOCATION OF SUMMER
PRECIPITATION RETRIEVALS FROM SEVIRI OVER EUROPE
WITH GRIDDED RAIN GAUGE AND WEATHER RADAR DATA

Mean precipitation E-OBS [mm day ] Mean precipitation Weather Radar [mm day ] Mean precipitation PP-VNIR [mm day ]
[ - B | W B e ] [ - B |
00 10 20 30 40 SO0 60 00 10 20 30 40 50 60 00 10 20 30 40 50 60

F1G. 1. Example of the mean daily precipitation amounts from E-OBS (left panel), Weather

{radar (middle panel). and PP-VNIR (richt panel) in mm dav™! over the period Mav-Aucust 2006,



HR obs data

RADAR
 Acc Pcp estimates 1h, 6h, 24h,
e Spain Composition
e 2km, 1 km

 |ssue: quality control
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Are the observations perfect?

—  Are the observations good
representations of reality?

—  Quality control
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Software, conclusions, references
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Software

* No hay paquetes de verificacion completos ni estandarizados
(de hecho no hay un sistema abstracto estandar de verificacion)

—  Inmensos volumen y diversidad de datos: GRIB, netCDF, BUFR,
etfc

—  Volumen colosal de metadatos: SQL o similar

—  Entorno de desarrollo

—  Lenguaje de programacion OO

—  Soporte array, estadistico, geografico, grafico
* Algunas opciones

—  Model Evaluation Toolkit (MET, NCAR)

—  Paquete de verificacion R (CRAN)

—  MetPy+Verify (ECMWEF pero no liberado)

-  HIRLAM

— Home-made: python [+ C++]
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PYDESIGN

models CRONTAB
leadTimes 006, 030 monthly retrieval

- lag: 4 months

|
upscaled
obs. grbFile

observations
obsHour 07:00

model grbFile
24hAccumPcp

obs. geoFile
24hAccumPcp

i)

repeat N days

_ r‘rl Grid template

“= 0 (model file)

SAL plot
5 Object plots
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Conclusions

 Models (ensembles, observations) are not perfect
— Verification can reveal strong and weak points, assess quality and value, improve and guide forecaster
— Verification against observations (point or up-scaling) or against analysis
— Many techniques, each forecast type may need an specific method

» Observations are not perfect, either
— Mesoscale, new high density observations (Radar, Seviri)

» Classical methods
— Statistical, scores-oriented (e.g. bias, RMSE, ACC)
— Acumulation vs stratification
— No unique, no perfect score

« Limitations in classical methods:
— Observational uncertainty
— Sampling uncertainty
— Seasonal stratification — Flow-dependent stratification
— Extreme and severe weather

— Space and time scales, e.g.: double penalty can give better scores to a coarser grid model, so new
methods must be explored for mesoscale

« Software: very young
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Conclusions

New spatial verification methods for pcp: ICP

Diagnostic verification needed
Neighborhood, scale-separation, feature-based, field-deformation

Example of feature-oriented novel method: SAL

Provides quantitative, detailed and accumulative information about different aspects of model QPF
performance: Structure-Amplitude-Location

Avoids double-penalty, allows fair comparison of different resolution models without penalty for finer ones
Help understand (modellers and users) features improvement in the forecasts
AEMET - ECMWEF: Research models 24h QPF SAL performance 2008 Central Europe and 2009 Spain

Results look promising

GCMs and LAMs overall behaviour: overestimation of structure size (S), overestimation of pcp (A), location to
improve (L), number of objects distribution shape to improve

Pcp threshold: Above 1mm much better performance not only on A, but also S and L
Model resolution: finer models perform better

On-going work

Explore other clustering algorithms
Research on factor f for R* = f Rmax (regional sensitivity, introduce variability...)

Other patterns: seasonal, flow-dependent, etc.
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