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Outline

« A Dbrief introduction to SAL.
FMl's real-time SAL verification setup.

 What can we see from SAL?

. Diagnosing the NWP model by using SAL verification
method.
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Verification of precipitation

 Traditional verification methods penalize higher-resolution

models.

High resolution forecast Low resolution forecast
RMS ~ 4.7 RMS ~ 2.7
POD=0,FAR=1,TS=0 POD ~1, FAR ~0.7, TS ~0.3
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Verification of precipitation

 Traditional verification methods penalize higher-resolution

models.

High resolution forecast Low resolution forecast
RMS ~ 4.7 RMS ~ 2.7
POD=0,FAR=1,TS=0 POD ~1, FAR ~0.7, TS ~0.3

—p Other methods (e.g. object based), which can capture
the signal of possible additional value, are needed!
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Structure Amplitude Location
(SAL)

« SAL is object-based quality measure for the verification of QPFs.

* SAL contains three distinct components that focus on Structure, Amplitude and
Location of the precipitation field in a specified domain.

« S: Model precipitation areas too large/flat or small/peaked. [ -2...2]
. A: Difference of domain averaged precipitation. [-2...2]

. L: Location component = difference of mass centers of precipitation fields +
averaged distance between the total mass center and individual precipitation
objects. [0...2]

Wernli et al. (2008) SAL — a novel quality measure for the verification of quantitative precipitation forecasts.
MWR, 136, 4470-4487.
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FMI's real-time SAL verification setup

AROME 2.5km (32h2

00,12 UTC runs +24h
No DA

>
Hourly 3D data: .
AN Radar simulator
SNOW Radar properties
GRAUPEL

CLOUD WATER Beam propagation and attenuation

CLOUD ICE
TEMPERATURE
HUMIDITY
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FMI's real-time SAL verification setup

AROME 2.5km (32h2) Radar simulator

00,12 UTC runs +24h Radar properties
No DA Beam propagation and attenuation

AROME dBZ Observed dBZ in model grid

AROME 08AUG2008 00 UTC Forecast. Radar reflectivity [#87] Observed radar reflectivity [dBZ].
08AUG2008 10:00 UTC (ara32h2,2.5km). 0BAUG2008 10:00 UTC.

=7 A B
56 56
48 48
40 40
32 32
24 24
16 16
8 8
) 0
Max: \“\ Max:
45.1562 of 47.0547

Radars:VAN,IKAANJ,KUO,KOR VM Radars:VAN,IKAANJ,KUGC,KOR VM
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FMI's real-time SAL verification setup

SAL verification
Fixed threshold for object detection = 16dBZ
Forecast lengths 1-24h are processed, every hour.

" Each SAL point is ready ~20min after obs. is available

AROME O08AUG2008 00 UTC Forecast. Radar reflectivity |4
08AUGZ2008 10:00 UTC (ar032h2 2.5km).

e &\? tﬁﬁs\

Observed radar reflectivity [dBZ].
0BAUG2008 10:00 UTC.

Max:

45,1562 of

Radars:VAN,IKA,ANJ,KUO,KQR VM Radars:VAN,IKAANJ,KUO,KOR,VIM

Max:
47.0547
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What can we see from SAL?

™ —  All cases {9105 points)
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Too strong \N_ All cases {3105 points}
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Too strong \1‘

- Center of mass
+— well matched

0o h

A-—component
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, Center of mass
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What can we see from SAL?

False alarms

Good forecasts!

A-—component

Missing events =

la

S—component
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What can we see from SAL?

Model: convective-
Obs: stratiform

=
2 o
E
3
L
Model: stratiform
o Obs: convective

S—component
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Diagnosing the NWP model by using SAL
verification method.

or

What SAL is able to tell us about the
precipitation forecasts of AROME model?
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TOO Strong wespr f'“t“ cases {9105 points}
E O = perfect score
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S vs. A - Precipitation cases
Jun 2008 — NOV 2008 O = perfect score

Density distibution (%, N=4028) S, =-0.07 A,,.=-0.08 S, . =0.04 A__~0.06
All-Precip Lin2008-Now2008 - m=d

2

ToO strong ===

Too weak —'t

= o 2
S 1

Small / peaked area Large / flat area
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Svs. A-Time dependencyo = perfect score

+1 @nmhs’mtutmn %, N=1018)5, =025 A, =021 S||1-|=g||—02bA mag="0.18

-precip Jun2Cog NC\?ZI}CIE F:ne%ast =)

+ E
1 3Den1-08tuth’%‘ M=1004) -% 02 A, —0.01 S, Siag=0.0 0.01 Am,a- 0.01

PR LN 208 - Nau 08. Fo-etast length

ra

+ 7 1 Z:It\ft]rlbutlon e, N=10100 5., =-0.00A_, =003 §

-LIECi dunEOOS NU\E;OJS Fore gst [E thm?

10,04 A =002

%omc =0.08S =0 As=0.04
8. Foecast lengt Tﬁd e
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Svs. A-Time dependencyo = perfect score
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Svs. A-Time dependencyo = perfect score
+1 @nmhs’mtlutmnu"fol\l =1018)5,,,=0.25 A, =0.21 Sll'l'lﬁil_DEbA mag="0.18 +7 123|wt]r|tlzutlon’°for\l1010- =-0.00 LT (13 S =0
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Svs. A-Time dependencyo = perfect score
+ 1 @nmhs’m@tmn %, N=1018)5, =025 A, =021 Sll.nqil— 0.26 Apg=-0.18 +7 123|wt]r|tlmutlon‘% N=10100 5., =-0.00A,, =003 § =d_0 04A.nﬂc—0 02
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Svs. A-Time dependencyo = perfect score
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S vs. A — Precipitation type +1-6h

Diensily dislibulion 1%, N=360) 5,,,="0.11 Ay, =-C.12 8 4=-0.06 Ap.5=0.11
ERE) = perfect score

Frontal COSeE. &orecast Fe

Frontal

Strong conv. : " Open cell conv.

Density distribution (%, N=239) 8, | =0.08 /\y,, =-0.23 8, =-C.02 Apo=-0.24
Convective cells: ForvecasiE1l ch:1-6

Densily distribulion (%, N=240) =041 Ay, =027 87037 A 4=-0.25
Sirong corvectloﬁ Forecqglvﬁenthj Eh. "
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S vs. A — Precipitation type +1-6h

=G 12 Sr9=-0.06 Apog=0.1 | o — perfect score

Densily distribulion %, N=360) 5;,,="3.11 Ay,
Frontal cases. &orecast Fe

gt

Frontal

Strong conv. : " Open cell conv.

Densily distribulion (%, N=240) S,

Dengity distribution {3, N=239) &, v
Convective cells:

=041 A —-0.2?"3

= o037 A g=-0.25
Sirong corvectlcﬁ. Forecaglvﬁe th: 1 I'h. "

—0.08 /Ay =023 S . ~-C.02 A a=-0.24
MLt 1-o -

ForvecasiSi ff:n.h,1 5
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S vs. A — Precipitation type +7-12h

Dersily cislibulion (%, N=360i §,,,=0.23 A;,,=C.12 5 ,d_o 28 App=0. 12 _
= perfect score

Frental cases. &&ecast lzngth: 7-12

Frontal

Strong conv. : " Open cell conv.

Dengity distribution {3, N=211} &, = 041 Ay, =-0. ‘16 S a=-C.08 A q=-0.16

Dersily dislribulion (%, N=221) 8, =018 Ay, =017 8 =C.21 A 4="0.10 e
5?? Convective cells. Forecasal i 51

Sirong convection. Forecas? length: 7-1
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, Dt—:rlsily UislriULliurLgbﬁtzfaig:;?:&v :[3:.2 y ?_}E : =0. = O — perfect Score
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S vs. A — Precipitation type +7-12h

Dersily cislribLlion (%, M=360 S,,,=0.23 Ay, =C.12 S_.=0.28 A, ;=0.12

Frcntal cases. &&ecast lzndth: 7- 12';1I O ju— perfect Score

Frontal

Strong conv. :

Dengity distributiond@=211} S, =011 /,

Dersily dislribulion (%, N=221) 8., =-0.18 Ay =0.17 359?:{'21 Apag="0.10 v =
. onvective cells. Forecasal

Sirong convection. Forecas? length: 7-1
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S vs. A — Precipitation type +19-24h

[ | Lribet N=3591 5,,,=0.29 A —C ]75 =0.30 A _.=0.19
ErIy G Iuggf:ta cases. Forecast lengin: i =l 10 O = perfect Score
g
5]
<Ll
4
2

Strong conv. : " Open cell conv.

Densily distribulion (%, N=220) S,, ,=0.25 Ay, =0. 18 S C31A =017
Stron con\,ectloaﬁglzurecast angth: Ptﬁ]: "

Dengity distribution (9%, N=231) 8_, =018 A, —0.32 8 ~-C.08 A q--0.18
Convecive cells. ?:orecast ficgh: 15-2
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Densily cislribLlion (%, N=359 5,
Fronta cases. [

-2 0
Strong conv °
| |
Densily distribulion (%, N=230) S,, =025 A_, =0. 18 ) C31 ALag=0.17 Wetribution (%, N=231) 8, —0.16 A\,
Stron convectmaﬁgl:nrecast ength: Eﬁ]: " Convecive oels&?':orecast
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S vs. A —diurnal cycle 00 UTC +7-12h

] | Lribel N=182 =0."4 A, =002 5 ,.4=0.16 Ap.=0.08
elgrbc;rrt;lz;;e:“gégf?crurle_mf}‘fﬂ)B Nov20(8. Forecast length: 712 h. 1o O = perfect Score
F 4 8
F 46
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4
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Strong conv. : " Open cell conv.

-0.17 Density distribution (%%, N=121} 8, | =-0.06 Ay, =-0.22 8 =-C.06 A

Densily distribulion (%, N=112) =035 Ay, =028 5= C45 A N
Convec:ive cells, 00UTC runsd %2008 ch&ﬁma Forecast lengh: 7-

Strong corvection, 00UTC runs jl.ﬂ12008 Novf?CICIB Forecast length

A
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S vs. A—diurnal cycle 00 UTC +7-12h

O | Lritact N=182) =0."4 A, ) B 15 A . =0.03
Fronta cates. ODUTC rars ondn. hagIRCCeRem 5 | o o = perfect score
g
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Strong conv. : Open cell conv.

-0.17 Density distribution (%%, N=121} 8, | =-0.06 Ay, =-0.22 8 =-C.06 A

Densily distribulion (%, N=112) =035 Ay, =028 5= C45 A N
Convec:ive cells, 00UTC runsd %2008 ch&ﬁma Forecast lengh: 7-

Strong corvection, 00UTC runs jl.ﬂ12008 Novf?CICIB Forecast length

A
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S vs. A —diurnal cycle 00 UTC +13-18h

D ot ST M e e A BB Foret oo ahe T2 e 1 o QO = perfect score
Frontal
8
5]
=L 1
2
Strong conv. : Open cell conv.

Dengity dist-ibution (%, N="25) 8, =0.09 A_, =0.07 & . ~0.01 A .,-0.14
Convect ve cells, 00UTC runs Jun2028- \.Icwfﬁs Furet?ast Ienh:%n— B h.

Densily distribulion (%, N=119) =030 Ay, =0.08 5, C28 A -0.15
Strong ccrvection, 00JTZ runs ﬁﬁzoos NovﬁDOS Forecast lencth q?1
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Svs. A- dlurnal cycle 00 UTC +13 18h

Densily cistribulion (3, N=1801 éﬂﬂ_o 24 Ay
Frontal cases, 00UTC runs Jungoog-Mova e 10 perfect Score
g
5]
L0
4
2

Strong conv. :

Dengity dist-ibution {8, N="25} &, =0.08 A,

Densily distribulion (%, N=119) =030 Ay, =0.08 5, C28 A
Convect ve cells, 00UTC runs Juns0d8-\ov2

Strong ccrvection, 00JTZ runs ﬁﬁzoos NovﬁDOS Forecast lencth
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S vs. A —diurnal cycle 00 UTC +19-24h

[ | Lribet N=184i 5,,,,=0.39 A, ,=0.28 5 —D45P| =0.26
Ib;rrlglrgaﬂ:barsle; IE)JHU{:?C runs Junatite-rovadhs. Forecastlangth: 16:34 h 16 O = perfect Score
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4
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Strong conv. : " Open cell conv.

Dengity distribution |{°/’e1 N=118} S,,,=-0.09 Ay, =-D.18 S =0 0‘1 Ay a=- CI o7

Densily distribulion (%, N=121}) =010 Ay, =0.07 5o C.0¢ A o
Convect ve cells, D0UTC runs JunEDJS oy 2C08. Forecas: lengta: r1"

Strong ccrvection, 00JTZ runs ﬁﬁzoos NovﬁDOS Forecast lencth

q?zﬁﬁ
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S vs. A —diurnal cycle 00 UTC +19-24h

D Frorial caces, DULTC s Jun 2 Bagae Foree . 157 1+ . o = perfect score
8
5]
<Ll
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Strong conv. : Open cell conv.

Dengity distribution |{°/’e1 N=118} S,,,=-0.09 Ay, =-D.18 S =0 0‘1 Ay a=- CI o7

Densily distribulion (%, N=121}) =010 Ay, =0.07 5o C.0¢ A o
Convect ve cells, D0UTC runs JunEDJS oy 2C08. Forecas: lengta: r1"

Strong ccrvection, 00JTZ runs ﬁﬁzoos NovﬁDOS Forecast lencth

q?zﬁﬁ
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Summary
« SAL is a fair method in comparison of different resolution models! It
won't penalize the higher resolution model.

* However, SAL can give information about the behaviour of high-
resolution precipitation forecasts alone.
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Summary

* On the average, the SAL scores of AROME are very good.

» Convective cases underestimate from too small system during the
first hours of the forecast.

* In the middle of the forecast frontal (and strong convective) cases
tend to overestimate from too large system.

* In open cell cases, precipitation structures are too large in the
afternoon. The distribution of SAL scores spreads as forecast length
Increases.
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THANK YOU!
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