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. The class of investigated events

Heavy long lasting rain over the same area in complex orography

© Heavy rain: rain rates > 10 mm/5'
© Long lasting: continuous time series (> 1 hour) of heavy rain
© Same area: geographical surface about 5 km x 5 km or less

© Complex orography: steep mountains (h > 1000 m) and flat terrain

Why we are interested in this class of atmospheric events.
@ Weather forecasts and risk management (support civil protection actions)
Research on deep atmospheric convection and severe weather
@ High Performance Computing efficiency

]
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An event describing the class

September 09 2013 — Northeastern ItaIy

\ ) il & Nimis 8T
f p ! ttirrli5 . Ty
Majano Grande f’*?;‘ -1
| ESS | Cassacco '.-
y ’ 3 Savorgnanos
é Colloredo di Monte Tricesima del Torre
Albanc-Lauzzana = £ t
Faedis
\ Reana del
\ Roiale 96 mm
73 mm Tavagnacco
Fagagna Moruzzo = @l Povoletto
_J‘hhf'l[.j: . Feletto Godia Civi N
. Y wldale
. a San Vito e R Umberto Moimacch— - del Friuli
di Fagagna Cotonificio- Cormor Hemantacon

Passons Udine

Premarnacco
N di Prato Bl A
73 mm 70 mm 7|
Pradamano |7
i Localita : ¢
e Fuglano Praduttiva Buttrio \ K
Terenzano \ g b
- * 3 o " 3 A ] ]
Pavia di Udine i Corna.di ; D:uhroﬂ # s
Pozzuolo Manzamos Roeoe y P £
del Friuli 1 8 mm Eah Blovanni e Medana ,Garmje,Cef
BH  Crosada ¥ l-‘ Al Matisone o Y 3 Y
Google - \
: Zona \Q, mm il

100 civil protection volunteers involved to help flooded people

1 MEuro of costs and damages 4
At leas one event/year in the area (100 km x 100 km)




|
]
1

i

rain rate [an/5"]

16

14

12

18

® Persistence for more than one hour

Rain rate nmeasurenents on 2813 89 89 by neans of O05SHERE weather stations
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Knowledge about such events: measurements

@ High efficiency in water vapor condensation and precipitation (up to 20 mm/5'")

@ Large horizontal rain rate gradients (>100% change in about 2 km)
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Knowledge about such events: theoretical model

Y|

il

i

Deep atmospheric convection stationary over the same area

Stationary
localized
Mandatory elements yY I/\E
© Moist conditionally unstable synoptic flow e
© Complex orography | > o
I

Conceptual model
1. Conditionally unstable air impinging on mountains is lifted up to LFC

Deep convection take place and generates diffuse downdrafts

Downdraft flows are driven by orography in the boundary layer

In the boundary layer, synoptic flows and downdrafts interact lifting unstable air

o &~ Db

The synoptic flow and the downdraft interact stationary in a restricted area

@ The area interested by the interaction is a function or synoptic flow intensity,
and stability, the cold air outflow and the orography shape.
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Measured vertical profiles at WMO 16044

The flash flood took place from 14:00 UTC
to 16:00 UTC.

Here are thermodynamic profiles measured
20 km upstream the event area
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orographyc barrier and it was weak
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The basic question
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Are nowadays LAMs able to simulate such class of atmospheric events?

© Simulations with uniform flows and simple orography are known form literature.

©® What about WRF model in real cases?

These experiments hav been performed on
September 09, 2013 event

Domain 1 (continental) 50 km

WRF is run operationally
at ARPAFVG

Forecasts span 5 days

Domain 2 (national) 10 km Boundary and initial
Domain 3 (regional) 2 km conditions are GFS

3 nested domains to reach
2 km resolution over NE ltaly

Orography resolution 30"

I8 WRFV35 HPC shared-+distributed
,gl:_;,., ECMWF analysis as boundary conditions

memory 32 cores
Ciniatn™ (SRNIIRIE T . RS e

8
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@ All numerical experiments are implemented as workflows composed by actions
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Experiments organization and execution

©® Anew experiment workflow is defined by means of initialization files
® Simulation chains are run automatically according HPC resources availability
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Simulation and measurements comparison
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Simulations evaluation is focused on
a) rain rate efficiency b) rain amount over the event

Common problems in meteorological simulations quality evaluation
©® Time consistency between fields and measurement points time series
© Space consistency between fields and measurement points

Areas uszed for tests

H mal
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46,40

46.35M

Approach adopted for time consistency.
@ Define a time window centered on the event
@ Compare all simulated grid point time series

with measurements inside the time window

46.1H

Approach adopted for space consistency.
Define an area centered on the event area
@ Compare all simulated grid point time series

46,30

) .S -
with measurements inside the area Q&a_"
_,_,‘i . 134E 135E 136E 13?E 138E
Decrease area and time windows sizes vent

Time windows
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Empirical distribution approach

The basic concept is: the model gets close to the reality within the area/time window

Compare all grid points data with the corresponding measurements in the area/time window

Quantitative statistical tests
and statistical estimators
are used as closeness
measurement

Enpirical distribution for test:; AG218 - do3
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Empirical distribution for test: A3411 - de3
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Enpirical distribution for test: A3411 - de4
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Maximum rain rate and model resolution
Nested domains feedback ON

Enpirical distribution for test: A3411 - de4
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Enpirical distribution for test: A3411 - de3
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Maximum rain rate and domains nesting feedback

Enpirical distribution for test: A3411 - do4

Enpirical distribution for test: A3411 - des
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Enpirical distribution for test: AB316 - de3
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Integrated rain and domains nesting feedback

Enpirical distribution for test: A2418 - da4
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Enpirical distribution for test: AB316 = de3
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Effects of initial conditions

Example 0.6 km resolution
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dod_all_int.sinu39.62310,57312,45315,8529,95545, 753549, 49;:54, 16357, 733:30.32
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— Summary of main results

Increasing horizontal resolution.
Domains feedback ON

® the maximum rain rate increases up to 0.6 km (orography resolution),
then at 0.3 km maximum rain rate decreases

® the integrated rain increases as resolution increases up to 0.6 km
(orography resolution), then at 0.3 km it decreases

Domains feedback OFF
® the maximum rain rate increases
@ the integrated rain decreases

Effects of domains feedback.
@ The feedback reduces the extreme rain rate
The feedback reduced the range of empirical distribution rain rates

Effects of initial conditions. Longer run (more than 48h) before the event

@ Reduction of the extreme rain rate and distribution dispersion
@ No significant effects on integrated rainfalls

.
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Open questions and remarks
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The typical space and time scales of the ingredients required to produce such event
suggest the models should simulate accurately from the synoptic scale down to the
microscale, allover the domain and the time window covered.

Besides the pure research purposes

Is it worth to invest resources in improving the reliability of extreme rain rates empirical
distribution simulated by numerical models? (personally YES).

[El Weather forecast face extreme rain rates frequently.
[E Climate change scenarios aim to recognize shifts in rain rates distribution.

@ Is it necessary LAMs (and GCMs) reproduce the extreme rain rate events with their
typical space and time scale? (personally NO).

[El Extreme weather events forecasts is only one part of risk management. Information is
degraded along the management chain.
[E For climate change purposes microscale features are averaged.

A proposal to EULAG community

@ In the EULAG community, is the interest to investigate the class of events here
described, coupling EULAG with a mesoscale model (WRF)?

[El Mesoscale boundary conditions, measurements and expertise may be 17
given by ARPA FVG.
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Thanks for your attention
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