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= DESCRIPTION OF THE VERIFICATION

e Models:

e 31\

o COSMO 21, COSMO IT, COSMO PL, ICON PL, ICON IL (only MAM 2021) -> DO and D1

o COSMO D2 (stops SON 2020), ICON D2, COSMO 1 (stops JIA 2021), COSMO 1E (from SON2020)
-> DO

o ICON GR -> D0 and D1 (only May 2021)

e Observation: OPERA database by EUMETNET ® Scores: FSS, FAR, POD

e Resolution (forecast and observation): 0.025°, lat-lon ® Methods: 1 timestep, 3 timesteps

e Period: JJA 2020, SON 2020, DJF 2021, MAM 2021 e cumulation: 3h
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“Plot explanation

DJF2020 t0.2and 5.0 mm/-d0 - 1t
ulathT 3h. Area: Common Areang,
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Spatial scale [Km]
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ONP&FSS DO-1T - COSMO 21, COSI\/IO I'T, COSMO PL, ICON PL,
COSMO 1, COSMO D2, ICON D2

JJA2020 - FSS at 0.2 and 5.0 mm -dO - 1t

[ Sumulation: h.Area Common Area 2. — * 0.2 mm: COSMO 1, COSMO D2 and
i © 80mm ICON D2 have the highest FSS at all
- ,_L# : Eggﬁgi scales, COSMO PL the lowest, while
e L ICON PL and COSMO 1 are very
o *f*k:ff" /5 _ cosmoDz) similar and better then COSMO 2|
- | and COSMO IT among the middle
T, ones.
A= * 5.0 mm: ICON D2 has the best
S performance but all the models are
quite close to each other except for
= - | COSMO PL which is the worst.

Spatial scale [Km]
September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 6



o

A <
o
&

61'\0 Ng

a1k

““EAR and POD = DO - 1T

JJA2020 - FAR at 0.2 and 5.0 mm - d0O - 1t

Cumulation: 3h. Area: Common Area 2.
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JJA2020 - PODat 0.2and 5.0 mm - d0 - 1t

Cumulation: 3h. Area: Common Area 2.
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Spatial scale [Km]

Problems of COSMO PL mostly due to low POD

September the 10th 2021

Naima Vela - 23th COSMO General Meeting - Everywhere



yvO
91»

& C‘
O

Ng

CONSORTIUM FOR SMALL SCALE MODELING

cOsmo

nnnnnnnnnnnnnnnnnnnnnnnnn

o FSS DO - 3T - COSMO 21, COSI\/IO IT COSMO PL, ICON PL,
COSMO 1, COSMO D2, ICON D2

Fss

1.0

0.8

0.6

0.4

0.2

0.0

JJA2020 - FSS at 0.2 and 5.0 mm -dO - 3t

Cumulation: 3h. Area: Common Area 2. pv— ) 0.2 mm: COSMO PL has the
o som lowest skills, COSMO D2, ICON
| e e T D2, COSMO 1 and ICON PL are
—=t=i=" R similar at the top. COSMO 2| and
_ it comvona) COSMO IT in the middle.
o | * 5.0 mm: ICON D2 has the

| == highest FSS. The other are
similar. COSMO PL is the worst.

- * Great improvement at small
scales for all models if compared
to 1 timestep.

Sep.tember.the 1Oth820t21I cale [ml . Naima Vela - 23th COSMO General Meeting - Everywhere 8
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“““EAR and POD — DO - 3T

FAR

3wk

0.2 0.4 0.6 0.8 1.0

0.0

JJA2020 - FAR at 0.2 and 5.0 mm - d0 - 3t

Cumulation: 3h. Area: Common Area 2.

0.2 mm
5.0 mm

COSMO 21
COSMOIT
COSMO PL
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JJA2020 - PODat 0.2and 5.0 mm - d0 - 3t

Cumulation: 3h. Area: Common Area 2.
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Spatial scale [Km]

Problems of COSMO PL mostly due to low POD, even if good FAR.

POD values almost overlapping at big scales.
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Conclusmns JJA 2020 (1/2)

* COSMO 2I:
e DO: Low FSS, high FAR for 5 mm/3h, medium POD.
 D1: Medium values.

* COSMO IT:

* DO: Low FSS for 0.2 mm/3h, medium for 5 mm/3h. Medium FAR and POD.

* D1: Almost identical to COSMO 2I.

* COSMO PL:
* DO: Very low FSS and POD, medium FAR.
e D1: Bad results for all scores.

September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere
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“"Conclusions JJA 2020 (2/2)

* [CON PL:
 DO: Medium FSS and FAR, low POD.

e D1: High FSS for 0.2 mm/3h, medium for 5 mm/3h (gets better at bigger scales). All
FAR results are very close to each other. Good POD for 0.2 mm/3h, bad POD for 5
mm/3h at small scales, better for great scales.

* COSMO 2D:

* DO: Good values for all scores at 0.2 mm/3h. Medium values at 5 mm/3h.

* [CON D2:

e DO: Very good results for all scores.

* COSMO 1:
e DO: High POD but also high FAR at 0.2 mm, so medium FSS. Medium scores for 5 mm.

September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 11
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eSS — DO - 1T — COSMO 21, COSMO [T, COSMO PL, ICON PL,
COSMO 1k, COSMO D2, ICON D2

SON2020 - FSS at 0.2 and 5.0 mm - dO - 1t

Cumulation: 3h. Area: Common Area 2. * 0.2 mm: ICON PL, ICON D2, COSMO
- 2 02mm D2 and COSMO 1E have the highest
I IR FSS at all scales, COSMO PL,
o _ st |+ cosuorr COSMO IT and COSMO 2I the
AT - ICONPL #— lower, with a little improvement for
=it cosoDz| the italian models for higher scales.
L * 5.0 mm: ICON PL has the best
) e results at all scales, COSMO 21 the
e et et worst. ICON and COSMO D2 have
e S PR el Ll good scores followed by COSMO
s 1E COSMO PLand IT are just a
) little better than COSMO 21.

Spatial scale [Km]
September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 13
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““EAR and POD = DO - 1T

3k

SON2020 - FAR at 0.2 and 5.0 mm - d0 - 1t SON2020 - POD at 0.2 and 5.0 mm - d0 - 1t
Cumulation: 3h. Area: Common Area 2. Cumulation: 3h. Area: Common Area 2.
2 & 0.2 mm 2 A D2 mm
o 5.0mm o 5.0mm
8-
B COSMO 2| B COSMO 2|
w | : m COSMOIT w | m COSMOIT
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2.8 2.8 8.4 14 252 476 ) 182
Spatial scale | Spatial scale [Km]

Very good FAR for ICON PL. COSMO PL always has the lowest POD

September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 14
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ONP&FSS DO - 3T - COSMO 21, COSMO IT, COSMO PL, ICON PL,
COSMO 1k, COSMO D2, ICON D2

SON2020 - FSS at 0.2 and 5.0 mm - dO - 3t

 [——Cuisn o sesCoonsmse * 0.2 mm: COSMO PL has the lower
P (| e 2omm skills, together with COSMO 21 and
- ______i_______::::.-f—__—_-f__-;:_::ﬂf”:‘ + GosMo T COSMO IT for smaller scales, while

. - lcoNPL the others are similar.

. « lconDz * 5.0 mm: ICON PL has the highest
FSS, COSMO 2l is the worst for all
: scales.

e g s S * General improvement at small
Si—e———+ " scales for all models if compared to
) 1 timestep. This is more visible for
= — . the lower threshold.

Spatial scale [Km]
September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 15
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“““EAR and POD — DO - 3T

FAR
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SON2020-FAR at0.2and 5.0 mm - d0 - 3t

Cumulation: 3h. Area: Common Area 2.

& 0.2 mm
o 5.0mm

= COSMO2I
= COSMOIT
COSMO PL

B [COMNPL <Gl
COSMO1E

COSMO D2

= [CON D2 ?—
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Spatial scale [Km)
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SON2020 - PODat0.2and 5.0 mm-do - 3t

Cumulation: 3h. Area: Common Area 2.

CONSORTIUM FOR SMALL SCALE MODELING

cOsmo

1.0

A D2 mm
o 5.0mm

B COSMO 2
= COSMOIT
COSMO PL
= [COMN PL
COSMO1E
COSMO D2
= [CON D2

I I I I | I
g.4 14 25.2 476 924

Spatial scale [Km]

182

Problems of COSMO PL mostly due to low POD, while FAR is similar to the other models.
Very good (low) FAR for ICON models.
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““Conclusions SON 2020 (1/2)

* COSMO 2I:
* DO: Low FSS, high FAR, medium POD.
e D1: Medium FSS for 0.2 mm/3h, low for 5 mm/3h. Very high FAR. Medium POD for
0.2 mm/3h, medium for 5 mm/3h getting better at bigger scales.

* COSMO IT:

* DO: Very close to COSMO 2I. Slightly better POD for bigger scales, slightly worse for
smaller ones.

e D1: Low FSS for 0.2 mm/3h, medium for 5 mm/3h. High FAR. Medium POD for 0.2
mm/3h, high for 5 mm/3h.

* COSMO PL:

* DO: Always bad values with the exception of FAR for 0.2 mm/3h.
 D1: Medium FSS. Low FAR. Very low POD.

September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 17
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“"Conclusions SON 2020 (2/2)

* [CON PL:
* DO: Very high FSS and very low FAR. Medium POD.

* D1: Good scores for FSS and FAR. High POD for 0.2 mm/3h, medium for 5
mm/3h.

* COSMO 2D:
 DO:Good FSS. Great POD. Medium FAR.

* [CON D2:
* DO: Very good FSS and FAR. Medium POD.

* COSMO 1E:

e DO: Very good FSS for 0.2 mm/3h, medium for 5 mm/3h. Medium FAR. Good
POD that gets better for bigger scales.

September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 18
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o FSS DO-1T - COSMO 21, COSI\/IO IT COSMO PL, ICON PL,

FS&
0.4 0.6 0.8 1.0

0.2

0.0

COSMO 1E, ICON D2

DJF2021 - FSS at 0.2 and 5.0 mm -dO - 1t

Cumyision;oh Ares Commondea2 * 0.2 mm: ICON D2 has the
> somm highest FSS at all scales and
| A e COSMO IT is the worst. Better
P F . performance of COSMO PL if
—i=I= ' ICOND? 4 compared to the other seasons.
* 5.0 mm: ICON PL has the highest
] FSS, the others have very similar
- behavior up to the middle scales
| Hd,_.f””_____ and then open up with COSMO
=== " PL behaving better than the
) others.
September the 10thszot21I cale [ml Naima Vela - 23th COSMO General Meeting - Everywhere 20
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““EAR and POD = DO - 1T

DJF2021 - FAR at 0.2 and 5.0 mm - d0O - 1t

Cumulation: 3h. Area: Common Area 2.

& 02 mm
o 5.0mm
0=, " COSMO 2|
"‘““a_\ = COSMOIT
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\ COSMO 1E
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14 252 476 92.4 182

Spatial scale [Km)

Very similar behavior for higher
threshold
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DJF2021 - PODat 0.2and 5.0 mm - d0 - 1t

Cumulation: 3h. Area: Common Area 2.
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& 0.2 mm
o 5.0 mm

B COSMO 21
® COSMOIT

COsSMO PL
= [COMNPL
COSMO1E
ICON D2
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Spatial scale [Km]

Low POD for COSMO PL (usual)
and ICON PL (unusual)
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DJF2021 - FSS at 0.2 and 5.0 mm - dO - 3t

Cumulation: 3h. Area: Common Area 2.

IAge
la Protezione Ambientale

A D0 - 3T COSMO 21, COSMO IT, COSMO PL, ICON PL,
COSMO 1E, ICON D2

& 0.2 mm
o 5.0mm

B COSMO 2|

= COSMOIT
COSMO PL

m [CONPL
COSMO1E

B COND2 <

-
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Spatial scale [Km]
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* 0.2 mm: ICON and COSMO PL have
the highest FSS at all scales,
COSMO IT the worst.

* 5.0 mm: ICON PL has the best score
for all scales. COSMO PL gets better
than the others at bigger scales.
ICON D2 and COSMO 21 are the
worst at all scales.

e Usual improvement for all the
models at small scales at 0.2 mm if
compared to 1 timestep.
Improvement for ICON and COSMO
PL also at bigger scales for 5 mm
threshold.

Naima Vela - 23th COSMO General Meeting - Everywhere 22
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“““EAR and POD — DO - 3T

DJF2021 - FAR at 0.2 and 5.0 mm - d0 - 3t DJF2021 - PODat 0.2 and 5.0 mm - d0 - 3t
Cumulation: 3h. Area: Common Area 2. Cumulation: 3h. Area: Common Area 2.
2 & 0.2 mm 2 & 0.2 mm
o 5.0mm o 5.0 mm

:h'h-ﬁ. B COSMO 2| B COSMO 21
o | ““hh--.._.*"‘ff&% ® COSMOIT w | ~ B COSMOIT
= ey X COSMO PL = . COSMO PL

S = [CONPL = [CONPL
S COSMOE COSMOE
LR [COMN D2 [COM D2
[1] o [1+]
= o s
ki
o R34 o
= . g
=+ | =+ _]
= =
=
—_ _--.:_-_-_ -
o | —h T T o
° “‘“‘*—Lii;i;,ﬁ )
< < _
=] (=]
I I [ | | 1 [ I | [ | I
14 252 476 92.4 182 2.8 2 14 252 476 92.4 182
Spatial scale [Km) Spatial scale [Km]

Good FSS for COSMO and ICON Low POD for COSMO PL (usual)
PL driven by low FAR and ICON PL (unusual)
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%a,oN»vtOnClUSiOnS DJF 2021 (1/ )

* COSMO 21I:

e DO: Low FSS for 0.2 mm/3h, medium for 5 mm/3h. High FAR. High POD for small
scales, medium for bigger scales.

e D1: Bad FSS and FAR. Good POD.

* COSMO IT:

* DO: Very close to COSMO 2| with small improvement for FSS at 5 mm/3h due to
better POD.

* D1: Low FSS. High FAR that improves for bigger areas. Low POD at 0.2 mm/3h for
smaller scales, improves for bigger ones. Nice POD for 5 mm/3h.
* COSMO PL:
* DO: Medium FSS and FAR. Low POD.

e D1: Medium FSS. Medium FAR at 0.2 mm/3h, high at 5 mm. Medium POD at 0.2
mm/3h, very low at 5 mm/3h.

September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 24



A Arpa cOsmo
“Conclusions DJF 2021 (2/2)

 |CON PL:
e DO: High FSS (very high at 5 mm/3h). Low FAR. Low POD.
e D1: Good scores for FSS and FAR. Low POD.

* ICON D2:

* DO: Good FSS at 0.2 mm/3h, low values at 5 mm/3h. High POD: High FAR at 5
mm/3h.

* COSMO 1E:
e DO: Medium FSS. High FAR at 0.2 mm/3h, medium at 5 mm/3h. High POD.

September the 10th 2021 Naima Vela - 23th COSMO General Meeting - Everywhere 25
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Zion v‘FSS DO - 1T - COSMO 21, COSMO IT, COSMO PL, ICON PL, COSMO 1E,
ICON D2, ICON IL, ICON GR (only MAY)

MAM2021 - FSS at 0.2 and 5.0 mm - dO - 1t

Cumulation: 3h. Area: Common Area 2.

e 0.2 mm: ICON D2 and ICON IL have

- o samn the highest performances at all
] :f’; » coswoz! scales. COSMO IT and COSMO PL
. d,,,,f . COSMOPL| (at the bottom) are very similar for
R et e s IONIL = small spatial scales, but COSMO 2|
s i=— | cosuotel gets better at bigger scales.
- * 5.0 mm: ICON IL and ICON PL have
= o the highest FSS, COSMO 2! and
e e ey COSMO IT are the worst.
== * ICON GR*: data available only for
T the month of May. Very promising
E I | results.

Spatial scale [Km]

September the 10th 2021
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“““EAR and POD = DO - 1T

MAM2021 - FAR at 0.2 and 5.0 mm - d0 - 1t

Cumulation: 3h. Area: Common Area 2.

per la Protezione Ambientale

. CONSORTIUM FOR SMALL SCALE MODELING

MAM2021 - PODat 0.2 and 5.0 mm - d0 - 1t

Cumulation: 3h. Area: Common Area 2.

S 0.2 mm E 1 0.2 mm
3.0mm 3.0 mm
FY
= cosMO 2| .~ %| " cosmoz
© = COSMOIT o | ﬁ‘,»,f.g-*' B COSMOIT
o COSMO PL o f’,:/‘ COSMO PL
ICON PL ICON PL
ICON IL ) M‘f‘ ICON IL
ICON GR* —— e — 3 % | = ICONGR*
© COSMO 1E © i = /' COSMO 1E
ICON D2 e 8 /«' ICON D2
i o ;”"ff .__..x" L
= o o
e ___.’ff“' e
8 -
o = I‘_f,.f""-/
=] =] - .
e L
i'..‘__.__...-.'
o N
= =]
= =
= =]
1 I I I T J T
8.4 14 25.2 476 92.4 182 2 8.4 14 252 476 92.4 182

Spatial scale [Km)

Spatial scale [Km]

Bad FSS for COSMO 21 and COSMO IT may be driven by
high FAR. Also COSMO 1E has high FAR, but also high POD.

September the 10th 2021

Bad FSS of COSMO PL driven by low POD. Not the worst FSS
because of low FAR.
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CONSORTIUM FOR SMALL SCALE MODELING

cOsmo

“.0oFSS = DO - 3T — COSMO 21, COSMO IT, COSMO PL, ICON PL, COSMO 1E,
ICON D2, ICON IL, ICON GR (MAY)

MAM2021 - FSS at 0.2 and 5.0 mm - dO - 3t

nnnnnnnnnnnnnnnnnnnnnnnnn

Cumulation: 3h. Area: Common Area 2.

0.2 mm: ICON D2 and ICON IL have

E A 02mm the highest performances at all scales.
el COSMO IT is the worst at small scales,
I R e S PV T COSMO PL at bigger scales.
S - oL 4 * 5.0 mm: ICON IL and ICON PL and
i " ICON GR" 4= COSMO PL have the highest FSS at
2 e Son e e small scales. ICON PL is the best at big
scales. COSMO 2l and COSMO IT are
. | R S the worst at all scales.
[ e S * ICON GR: data available only for the
It e month of May. Very promising results.
i _e——e—" * Almost no improvement for COSMO 2|
and COSMO IT from 2D to 3D at 5
° | mm/3h.

Spatial scale [Km]
September the 10th 2021
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“““EAR and POD — DO - 3T

MAM2021 - FAR at 0.2 and 5.0 mm - d0 - 3t

Cumulation: 3h. Area: Common Area 2.

1.0

FAR
0.4 0.6 0.8
]

0.2

0.0

] I I I I
a.4 14 252 47.6
Spatial scale [Km)
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& 0.2 mm
o 5.0mm

B COSMO 2|
= COSMOIT
COSMO PL

= [CONPL
[COM IL
" [CON GR®

COSMO1E

B [CON D2 ﬂ—

Bad FSS for COSMO 21 and IT driven by high FAR.
Also COSMO 1E has high FAR, but also very high

POD. September the 10th 2021

Naima Vela -

[PIEMONTE]
CONSORTIUM FOR SMALL SCALE MODELING

per ,,Ic..e::zf,":::;::?:::::: Very promising resultsggla u o

both FAR and POD

MAM2021 - PODat 0.2 and 5.0 mm - d0 - 3t

Cumulation: 3h. Area: Common Area 2.

2 & 0.2 mm
o 50mm
= COSMO 2|
® B COSMOIT
s COSMO PL
= [CONPL
[COM IL
B [COM GR*
w | COSMO1E
= ICOMN D2
[
0
o
= _]
(=]
o
[a=]
=]
[a=]

/ Spatial sc.ale [I{m].a o
Good FSS for COSMOJ/LE driven by high POD. The good
FAR of COSMO PL compensated by terrible POD.
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“%mwtonclusi()ns MAM 2021 (1/ )

* COSMO 21I:

* DO: Medium-low FSS al 0.2 mm/3h, very low at 5 mm/3h. High FAR. Medium-
low POD.

* D1: Medium FSS. High FAR. Medium PQOD.

* COSMO IT:
* DO: Low FSS. High FAR. Low POD.

e D1: Low FSS. High FAR. Low POD at 0.2 mm/3h, medium at 5 mm/3h but gets
worse at bigger scales.

* COSMO PL:
e DO: Low FSS at 0.2 mm/3h, medium at 5 mm/3h. Great FAR. Terrible POD.
 D1: Low FSS at 0.2 mm/3h, medium at 5 mm/3h. Great FAR. Terrible POD.
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A Arpra cO®Osmo
“Conclusions MAM 2021 (2/3)

 |CON PL:
e DO: Medium FSS at 0.2 mm/3h, high at 5 mm/3h. Medium-low FAR. Low POD.
e D1: Medium FSS at 0.2 mm/3h, high at 5 mm/3h. Medium-low FAR. Low POD.

* ICON D2:

* DO: Good FSS at 0.2 mm/3h, medium at 5 mm/3h. Medium FAR. Medium-high
POD.

* COSMO 1E:
* DO: Medium FSS. High FAR. High POD.
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A Arp‘a cOsHo
““Conclusions MAM 2021 (3/3)

* |CON IL:
e DO: High FSS. Medium FAR. Medium POD at 0.2 mm/3h, high at 5 mm/3h.
* D1: High FSS. Medium FAR. High POD.

* ICON GR (MAY):

* DO: Everything great.
e D1: Everything great with the exception of POD at bigger scales.
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CONSORTIUM FOR SMALL SCALE MODELING
A\ ONg
o C Agenzia Regionale
o m per la Protezione Ambientale

‘General conclusion

o ICON models seem to have an overall good performance over the COSMO
ones

e Among the COSMO models, COSMO 1E seems to generally have better
performances (like COSMO 1 used to have)

o ICON GR seems very promising (even if it has been verified only for the
month of May)

e The best performance of the ICON models when compared to the COSMO
ones is in spring and autumn. The values are more mixed for summer and
winter.

o« FOR THE FUTURE: feasibility study to add a review of the precipitation
regime for each season to better evaluate the performance of the models.




[PIEMONTE]

L\ONg CONSORTIUM FOR SHALL SCALE MODELING
&6 0/[_
O -
& é T Agenzia Regionale
o m per la Protezione Ambientale
1 &

THANK YOU FOR YOUR ATTENTION!
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Fractions skill score
(Roberts and Lean, MWR, 2008)

We want to know
 How forecast skill varies with neighborhood size
 The smallest neighborhood size that can be used to give sufficiently accurate forecasts

* Does higher resolution NWP provide more accurate forecasts on scales of interest (e.g.,
river catchments)

Compare forecast fractions with observed
fractions (radar) in a probabilistic way over
different sized neighbourhoods

1 N
N z :(Pfcst - IDobs )2
N =1

FSS=1—

> 1{ > Fraction = 6/25 = 0.24 Fraction = 6/25 = 0.24
= Preot. +— > Py
N< 0 N&S ° observed forecast
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JJA2020 - POD at 0.2and 5.0 mm -d1 -1t

Cumulation: 3h. Area: Common Area 2.
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SON2020 - PODat 0.2and 5.0 mm -d1 - 1t

Cumulation: 3h. Area: Common Area 2.
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DJF2021 -F55at 0.2 and 5.0 mm -d1 - 1t

Cumulation: 3h. Area: Common Area 2.
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September the 7th 2020
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DJF2021 - PODat 0.2 and 5.0 mm -d1 -1t

Cumulation: 3h. Area: Common Area 2.
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MAM2021 - FS5 at 0.2 and 5.0 mm - d1 - 1t

Cumulation: 3h. Area: Common Area 2.
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MAM2021 - POD at 0.2 and 5.0 mm - d1 - 1t

Cumulation: 3h. Area: Common Area 2.
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