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Numerical Weather Prediction Models

Weather forecasting, beyond the few hours range
of nowcasting, is completely based on the support
given by Numerical Weather Prediction Models.
Such models are based on the numerical
translation of the physical equations describing
atmospheric motions and processes.

(1]3] Monitoraggio Nowcasting Very Short Short Medium
Range Range Range
oh Forecasting Forecasting Forecasting
. . P _ (N
scontinuity equation s e
18h
*momentum equation @ - - o
E:_ZQXV —aVp—ok +7
°thermodynamic equation Modellistica Numerica
RT 72h
Cp i =Q+-—
dt p
*humidity equation dq/dt = evaporation —
precipitation
* surface equations soil temperature and
moisture
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When the "conservation" equations are discretized over a given grid size (typically a
few km to several hundred km) it is necessary to add "sources and sinks" terms due
to small scale physical processes that occur at scales that cannot be explicitly
resolved by the models. As an example, the equation for water vapor conservation
on pressure coordinates is typically written as

/It is customary to call
the left-hand side of
the equation, ¢ S P
the "dynamics" of the L ——
model | |
which is computed

prlicitly /
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Numerical Weather Prediction Models

Numerical weather prediction models are usually divided in two major
categories:

* Global Circulation Models (GCM)

usually operated by the biggest Meteorological Centres, as ECMWF, DWD Germany, UK
MetOffice, Meteo France, NCEP Washington

GCMs integrate the models_equations over the entire globe witha high , vertical
extension due to the necessity of describing also stratosphere/troposphere interaction.

The global,coveragte of GCM induces a limit in the attainable horizontal resolution; this
limitis given by the available computer resources.

The task of describe weather evolution with greater local accuracy, is usually
committed to national weather services which have implemented national
modelling operational suites based on

e Limited area Models (LAM)
LAM integrate the model equations , with higher horizontal :
resolution,over a limited geographical domain. &5

Atmosphére

Terre
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Initial Conditions

Both GCM and LAM need an Initial Condition ( the state of the atmosphere at a
specified time) to start the numerical integration of model equations.

The procedure to generate this initial condition is complicate as the forecast model
itself and the former definition of Analysis has been now replaced by the concept of
Data Assimilation procedure.

IC is defined on the base of sparse non/homogeneous meteorological observations
coming from conventional networks (e.g. surface synop observations, upper air
soundings from TEMP) and non convention data like those coming from satellite.

The initial state, obtained through the DA cycle, must be “suitable” to be properly
interpreted by the model. The model is just a truncated and approximated
representation of the atmosphere and inconsistencies can lead to “strange” non
physical model reactions corrupting model forecast for the first part of the model
integration.
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NUMERICAL WEATHER PREDICTION IN EUROPE \\\

CUMETNET

The Nerwork of European Meteorological Services

SRNWP - Short Range Numerical Weather Prediction
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EUMETNET/SRNWP AND NWP IN ITALY W

Italy joined the COSMO Consortium with an international agreement signed )E/@ﬂ

USAM, the National Airforce Weather Service "

' . CONSORTIUM FOR SUALL SCALE MODELING -
i e www.cosmo-model.org

Members Commitee Display Heme Updates Obs. Exchange GIM 2012

Consortium for Small-scale Modeling

The Consortium for Small-scale Modeling (COSMO) was formed in October1998. It's general goal is to develop, improve and maintain a non-hydrostatic limited-area atmospheric model, to be used
both for operational and for research applications by the members of the consortium. Moreover, within a licence agreement the COSMO model may be used for operational and research applications
by other national (hydro-)meteorological services, universities and research institutes.

Participating national meteorological services

Today, the consortium, has as members these national meteorological services (presented in date-of-join order) :

& &
==

EMY

1

Germany DWD  Deutscher Wetterdienst
Switzerland MCH  MeteoSchweiz

Italy USAM  Ufficio Generale Spazio Aereo e Meteorologia

Greece HMMS  Hellenic Mational Meteorological Senvice

Poland IMGW  Institute of Metearology and Water Management

Romania MMA Mational Meteorological Administration

Russia RHM  Federal Service for Hydrometeorology and Environmental Monitoring

Other major members

Germany AGeoBw Amt fur Geolnformationswesen der Bundeswehr

Italy CIRA Centro ltaliano Ricerche Aerospaziali

Italy ARPA-SIMC ARPA Emilia Romagna Servizio ldro Meteo Clima

Italy ARPA Piemonte  Agenzia Regionale per la Protezione Ambientale Piemonte

Tiziana Paccagnella ARPA SIMC Ancona, May 2013 9




ARPA SIMC AND NWP IN ITALY

Italy joined the COSMO Consortium with an international agreement signed
USAM, the National Airforce Weather Service

AN
1@ ]

At National level,
USAM, ARPA SIMC and ARPA o W7
Piemonte signed the LAMI e.s MO www.cosmo-model.org
agreement to cooperate “Ee | Dispiay '
on the management and on the Consortium for Small-scale Modeling
development of the national ( )f’ D el e aros Amosprenc Todel (o ¢ e

NWP 0 pe rati 0 n al S u ites O Participating national meteorological services

Today, the consortium, has as members these national meteorological services (presented in date-of-join order)

ORI

EMY

SinCe 2004, LAMI iS the Official Germany owo Deutscher Wetterdienst

Switzerland MCH  MeteoSchweiz

NWP System to Support the Italy USAM  Ufficio Generale Spazio Aereo e Meteorologia

Greece HMNMS  Hellenic National Meteoralogical Senvice

N ati 0 n al C iVi I P rote Cti 0 n Poland IMGW  Institute of Meteorology and Water Management

. . . Romania NIMA Mational Meteorological Administration
aCtIVItIeS Russia RHI  Federal Service for Hydrometeorology and Environmental Monitoring
.

ROMANIA

ARPA-SIMC has been included ol ese e 273 AT s W e oS w2 5o P
among the Centres of B - g ape
Competence of the
National Civil Protection

ltaly CIRA Centro ltaliano Ricerche Aerospaziali

Sytem Italy ARPA-SIMC ARPAEmilia Romagna Senvizio Idro Meteo Clima
.

Italy ARPA Piemonte  Agenzia Regionale per la Protezione Ambientale Piemonte

Academic Communities
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T T CONSORTIUNM FOR SUALL SCALE MODELYG A
[t “f‘.:-u—r-ul |
 €@Osm

COSMO-Model Model Management COSMO Tasks Coding Standards  Home —

pEIeE UL General Description: Model Dynamics and Numerics
51% ?W zsic design | initizl and boundary conditions | physical parameterizations | external parameters | code and paralizlization | data assimilation

W W T
e it M 1
- COSMO Tasks The COSMO-Model is based on the primitive hydro-thermodynamical equations describing compressible non-hydrostatic flow in a moist atmosphere without any scale approximations. A basic state is

; = subtracted from the equations to reduce numerical errors associated with the calculation of the pressure gradient force in case of sloping coordinate surfaces. The basic state represents a time-
“"-‘Fﬂ'? L} ':""";L? independent dry atmosphere at restwhich is prescribed to be horizontally homogeneous, vertically stratified and in hydrostatic balance.

A, 'l il
e J" _';}u !.-_| = :\-: The basic equations are written in advection form and the continuity equation is replaced by a prognostic equation for the perturbation pressure (i.e. the deviation of pressure from the reference state).
"'-’}' :j‘.;l:'_ _1: :.-_— | The model equations are solved numerically using the traditional finite difference method. In the following we summarize the dynamical and numerical key features of the COSMO-Model.
FL¥ el e

i = E3 AN .
1,%1_%& Model Equations + nonhydrostatic, full compressible hydro-thermodynamical equations in advection form o
ki g‘ﬁ%qﬁﬁ: . g’..é + subtraction of a hydrostatic basic state (reference atmosphere) at rest. Options for B
35_‘:1;[“ ; ff-_,?ﬁ_'*;:;.“ = areference atmosphere defined with a constant At, with an increasingly negative vertical temperature gradient in the stratosphere and a limit to the vertical model
P! ‘#’ﬁ._ﬁfﬁ% extent.

& it = areference atmosphere based on a temperature profile

Til=} = Tsx + Ot EXFi-z/h_scal),
approaching an isothermal profile in the stratosphere and no limits of the vertical model extent.

Prognostic Variables « harizontal and vertical cartesian wind components (uv,w)
« temperature (1)
« pressure perturbation (p’, deviation from the reference state)
« specific humidity (q_v) and specific cloud water content (g_c)
= gptionally. cloud ice content (q_i), specific water content of rain (q_r), snow (q_s) and graupel (g_g)
= gptionally: turbulent Kinetic energy (tke)
Diagnostic Variables = Total air density i

2 meter temperature

10 meter wind speeds

maximal wind gustin 10 meter
precipitation fluxes of rain and snow
and much mare ...

-

-

-

-

Coordinate System rotated geographical (Iatlon) coordinate system horizontally

generalized terrain-following height-coordinate with user defined grid stretching in the verical. Options for
= base-state pressure based height coordinate
= (3al-Chen height coordinate and

- exponential height coordinate (SLEVE) according to Schar et al. (2002)

-

& Internet | Modalitd protetta: attivata hov ®T5% 0w
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THE COSMO MODEL \\
ISMO i/
c@smo

COSMO-Model Model Management COSMO Tasks Ceding Standards  Home

General Description: Model Physical Parameterizations

dynamics and numerics | initizl and boundary conditions. | ba:

esign | external parameters | code and pars ssimilation

Avariety of subgrid-scale physical processes are taken into account by parameterization schemes. Some parts of the present physics package of the COSMO-Model have been adapted from the farmer
operational hydrostatic models EM/IDM, but some are based on new developments or have been taken over by GME orthe IFS. The following table gives a short overview on the parameterization schemes
used operationally and on additional options implemented so far.

Grid-Scale Clouds and + Cloud water condensation and evaporation by saturation adjustment.

Precipitation = Precipitation formation by a bulk microphysics parameterization including water vapour, cloud water, cloud ice, rain and snow with 3D transport for the precipitating
phases.

= Option for a new bulk scheme including graupel.
= Option for a simpler column equilibrium scheme.

LA

P8
a1

Subgrid-Scale Clouds = Subgrid-scale cloudiness is interpreted by an empirical function depending on relative humidity and height. A corresponding cloud water content is also interpreted.
Option for a statistical subgrid-scale cloud diagnostic for turbulence.

Moist Convection + Tiedtke (1989) mass-filux convection scheme with equilibrium closure based on moisture convergence. Option for a modified closure based on CAPE.
» Reduced Tiedtke scheme for shallow convection only.

Radiation = O-two stream radiation scheme after Ritter and Geylen (1992) for short- and longwave fluxes (employing eight spectral intervals); full cloud-radiation feedback.

Subgrid-Scale Orography + Subgrid-scale orography (S30) scheme by Lott and Miller (1997) which deals explicitly with a low-level flow that is blocked when the subgrid-scale orography is
sufficiently high.

Subgrid-Scale Turbulence = Prognostic turbulent kinetic energy closure at level 2.5 including effects from subgrid-scale condensation and from thermal circulations.
= Option for a diagnostic second order K-closure of hierarchy level 2 for vertical turbulent fluxes.

= Preliminary option for calculation of horizontal turbulent diffusion in terrain following coordinates (30 Turbulence).
Surface Layer » ASurface layer scheme (based on turbulent kinetic energy) including a laminar-turbulent roughness layer.

= Option for a stability-dependent drag-law formulation of momentum, heat and moisture fluxes according to similarity theory (Louis, 1979).

Soil Processes = Multi-layer version of the former two-layer soil model after Jacobsen and Heise (1982) based on the direct numerical solution of the heat conduction equation. Snow
and interception storage are included.

= Option for the (old) two-layer soil model employing the extended force-restore method still included.
Sealce Scheme + Based on work by Mironov and Ritter (DWD)

FLake Model + AFresh-water Lake model by Mironov (2008)

€ Internet | Modalita protetta: attivata v ®I5% v
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ASSIMILATION BY NUDGING \\\

Thus, the so-called nudging
equation describes a
continuous adaptation of the
model values towards the
observed values during the
forward integration of the
model (Fig.1).

=

# Observations

il
i

model state

Forecast

T-E tir = T

[N

)_E lig)

I ]

Analysis of Atmospheric Fields:
Nudging-Based Data Assimilation

3.1 Concept and Basic Ideas

Mudging or Newtonian relaxation consists of relaxing the model's prognostic variables to-
wards preseribed values within a predetermined time window. Detailed deseriptions of the
technique can be found eg. Anthes (1974), Davies and Turner (1977), and Stauffer and
Seaman (1990), In the present scheme, nudging is performed towards direct observations,
which is more appropriate for asynoptic data (Stauffer and Bao (1993)) and high-resolution
applications than nudging towards 3-dimensional analyses ( Stauffer and Seaman (1994)). A
relaxation term is introduced into the model equations, and the tendency for the prognostic
variable i, t) is given by

a o - . . _ o1
Gt = Flgxt) @& Gy ST Wiix, 1) - [UR — vixg, 1)) (3.1)

ec[m&-s ]

F' denotes the model dvnamics and physical parameterizations, u'-'ﬁbs the value of the k'*
observation influencing the grid point x at time f, x; the observation loeation, Gy a
constant called nudging coefficient (currently set to 12 - 107%s~! for surface pressure and
6-107%s~! for the other assimilated quantities), and W} an observation-dependent weight.
This weicht alwavs takes valnes bhetween 0 and 1 {(execent for snrface nressnre of Section

Tiziana Paccagnella ARPA SIMC

Ancona, May 2013

13




NUMERICAL MODELLING AT ARPA-SIMC \
COSMO: International cooperation g)

J))>

DPCN: support and coordination

LAMI:National ration e i
ational cooperatio through specific agreementsNational

Numerical Modelling
ARPA-SIMC

COSMO 17 (+72)

COSMO 12 (+48)

BuIsesalo) ansIUIWILIBQ
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NUMERICAL MODELLING AT ARPA-SIMC \ A
COSMO: International cooperation E)\/@ﬂ

DPCN: support and coordination

LAMI:National ration e i
ational cooperatio through specific agreementsNational

Numerical Modelling
ARPA-SIMC

COSMO 17 (+72)

COSMO 12 (+48)
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Operational @
CINECA

 Twice per day at 00
and 12 UTC

* Timerange + 72
hours

e Horizontal
Resolution ~ 7km

 BCs from ECMWE IFS
(15 km h.r.); BC
frequency 3 hours

* |Cthrough Nudging
of observations

Test Suite @
CINECA

Hot Back-up@
CINECA

COSMO |7

ol

00000

00000

22222

00000

00000

00000

00000

Back-up @SIMC

Twice per day at 00 and
12 UTC

Time range + 72 hours

Horizontal Resolution ~
7km

BCs from DWD GME (20
km h.r.); BC frequency 1
hour

IC through Nudging of
observations

Tiziana Paccagnella
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Operational @

N COSMO 12

 Twice per day at 00
and 12 UTC e e The major difference

compared to COSMO 17 is
the switch-off of the
parametrized convection

* Timerange +48
hours

e Horizontal
Resolution ~ 2.8km

e BCs from COSMO |7;
BC frequency 1 hour

 |Cthrough Nudging
of observations

Test Suite @
CINECA

Hot Back-up@
CINECA
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NUMERICAL MODELLING AT ARPA-SIMC: \\,

MAJOR ONGOING DEVELOPMENTS /| @rﬁj
—
Numerical Modelling
ARPA-SIMC
O
o
COSMO 17 (+72) 3
=)
COSMO 12 (+48) &
A % Very short Range
< S RAIO D (T 18 Sl Better support during the
COSMO 12 (+18) =& PP g
N a
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Pre-operational @
SIMC

* Eight times per day
at
00,03,06,09,12,15,1
8,21 UTC

* Timerange + 18
hours

e Horizontal
Resolution ~ 2.8km

e BCs from COSMO |7;
BC frequency 1 hour

 |Cthrough Nudging
of observations

COSMO RUC

At present the major
difference compared to
COSMO 12 is assimilation
of Radar estimated rain

rate by applying the
Latent Heat Nudging
technique.

Forecasts available (after
this trial phase) after two
hours from the nominal
time of the start of the
forecast.

Tiziana Paccagnella
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COSMO RUC
scheme

L RUC Short range Forecast 12 UTC +18I']

o

.

L RUC Short range Forecast 09 UTC +18h

.

L RUC Short range Forecast 06 UTC +18h

=

RUC Short range Forecast 03 UTC +18h

ol

RUC Assim.
00-03

RUC Assim.
03-06

RUC Assim.
06-09

RUC Assim.
09-12

A

N_A

pA

.

COSMO-17 Forecast 00 (+00 - +12)

* ﬁ [ GTS+AIREP+Radar

— Condizioni al contorno previste

Tiziana Paccagnella

ARPA SIMC

— Analisi — Osservazioni

] l short cutoff
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NUMERICAL MODELLING AT ARPA-SIMC:
MAJOR ONGOING DEVELOPMENTS:

B R CONSORTIUM FOR SUALL SCALE!
e.s I { MPLEMENTATION AND TEST OF THE NEW ENSEMBLE BASED

AT DATA ASSIMILATION SCHEME KENDA

.| |Priority Project "KENDA"
.| Km-Scale Ensemble-Based Data Assimilation

Project leader: Christoph Schraff (DWD)

| Introduction

E
The aim ofthe projectis to develop a novel ensemble-based data assimilation system for the convective scale (i.e. 1- 3 km model mesh-size) and to show that it works scientifically and gives a
systematic positive impact (compared to nudging), in particular in convective situations, but also for low stratus conditions and near steep orography. The system has to be able to provide the
initial conditions for convective-scale ensemble forecasting.

Two approaches have been envisaged at the beginning of the project, that is the Local Ensemble Transform Kalman Filter (LETKF, see Hunt et al., 2007) and the Sequential Importance
Resampling (SIR) filter (van Leeuwen, 2003). The distribution of the resources should depend on the relevance of mon-Gaussianity. In some preliminary investigation, only moderate deviations
from Gaussianity have been found in most observation minus forecast statistics. Therefore, all the resources from the weather services in COSMO are being devoted to the LETKF in view of the
fact that for this method, successful meteorological data assimilation applications exist and less practical problems are expected than for the SIR approach. Then, the more basic research
required for the latter should rely mainly on resources from cooperating universities and research institutes.

Metivation

Qur strategy for (very) short-range NWP in the coming years is to deliver not only deterministic forecasts, but a representation of the probability density function (PDF) for the atmospheric state, e.q.
in the form of probabilities assigned to members of an ensemble running at a mesh-size of about 1 - 3 km. Furthermore, the use of indirect observations at high frequency is considered to
become more important in the future.

Compared to larger scales, several conditions relevant for data assimilation are much more predominant in the convective scale. These include non-Gaussian PDFs, flow-dependent and poorly-
known balance, and strong non-linearity. Therefore, it is considered more appropriate for the future to develop a separate data assimilation scheme for the convective scale and use a
potentially different (but in practice similar) approach for a generalised system for global and regional modelling. Such a system combining global and regional modelling is being developed in
the form of a global non-hydrostatic model with regional grid refinement at DWD and MPI Hamburg in the project ICON. Its analysis component will be based a hybrid 3DVAR (PSAS - physical
space analysis system) - LETKF system.

Thus, an alternative data assimilation technique appropriate for the convective scale needs to be developed. However, the problem of convective-scale data assimilation is far from being solved
nowadays. The main efforts by other groups and weather services in Europe are directed mainly towards 3D- and 4DVAR, but it is not clear how well this will work on these scales. For sure,
developing a new 4DVAR system would require huge efforts. Inthe light of the human resources in COSMO, which are more limited than within MeteoFrance/HIRLAMMHARMOMIE, let alone the UK
Met Office, embarking on this approach would imply the risk of always lagging behind the other groups.

Mare recently, ensemble approaches, and in particular (variants of) the Ensemble Kalman Filter, have received increased attention (above all in USA). They usually require significantly less
resources for development. Moreover, they can naturally be used to provide the initial conditions for convective-scale Ensemble prediction systems and are therefore much better suited for
forecasting and delivering representations of the PDIFs. By embarking on this approach, COSMO can attain a strong position within Europe with a chance for leadership in this area.

Tiziana Paccagnella ARPA SIMC Ancona, May 2013 21
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COSMO

Accordo “LAMI”
USAM ARPA Piemonte

Attivita Modellistica
ARPA-SIM

COSMO 17 (+72)

COSMO 12 (+48)
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ENSEMBLE FORECASTING

A
<«—————  Possible

evolution

/ scenarios

Initial conditions
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ENSEMBLE FORECASTING

Model Errors

Accounting for
uncertainties

associated to
Numerical Forecast

Analysis Errors
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COSMO-LEPS suite @ ECMWEF: present status

vpider EPS

4 variables

3 levels
500 700 850 hPa

16 Representative
Members driving the 16
COSMO-model integrations
(weighted according to the
cluster populations)

T 00

European

COSMO-
LEPS
Integration
Domain

Kain-Fristch convection
scheme (members 1-8 T,
Complete members 9-16 KF)
Linkage -+
perturbations in
turbulence scheme and in
physical parameterisations

e suite runs twice a day (00 and 12UTC) as a
“time-critical application” managed by
ARPA-SIMC;

e Ax~7km; 40 ML; fc+132h;

e COSMO v4.21 since July 2012;

e computer time (30 million BUs for 2012)
provided by the ECMWF member states in
COSMO.

< youngar EPS
clustering
period
N
&

COSMO-

LEPS
clustering

area
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Generate 20-member hybrid ensemble (COSMO-HYBEPS) , where:

a)
b)
C)
d)
e)

under test in parallel suite

16 members comes from COSMO-LEPS,

1 member is nested on IFS (uses Tiedtke scheme),

1 member Is nested on IFS (uses Kain-Fritsch scheme),
1 member is nested on GME,

1 member is nested on GFS.

All members have Ax ~ 7 km; 40 ML; fc+132h;

COSMO-HYBrid Ensemble Prediction System:

TizignkylRagtagnellche ARPA SIMC

Ancona, May 2013
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Product visualization

Previsioni

Modelli ad area limitata
Cosmo-I7
Lami e-suite
Cosmo-I2

Cosmo-I7 corsa SIMC di backup
Cosmo LEPS (probabilistico)
Cosmo LEPS (corsa deterministica)

PPPF COSMO 12
COSMO Sreps
cosmo-I7-1Dvar

COSMO7-MeteoSvizzera

Cosmo 12 RUC

Modelli globali di circolazione generale

Previsioni Stagionali
stampe

tabella_previsioni_kalman

user: ugo :: aggiorna :: LOGOUT @2 ? _Menu

€ Internet | Modalita protetta: attivata v ®|100% ~
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Product visualization
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ENSEMBLE FORECASTING: DEVELOPMENTS \\\ ~
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1. Revision of the Ensemble Reduction Technique to select Bopundary condltlons
out of a coarser EPS
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1. Revision of the Ensemble Reduction Technique to select Bopundary condltlons

out of a coarser EPS

2. Design and testing of a 2.8 km ensemble

Hymex implementation

Hymex SOP: 6" Sept — 5" Nov 2012
Many models available, among which AROME-EPS 2.5km
= Many observations available (and many deployed on IOPs)

COSMO-H2-EPS set-up:
= 2.8km, 50 levels
* 10 members
= |Cand BC COSMO-LEPS
* 1run dailyat 12 UTC
' 36h forecast range

Tiziana Paccagnella
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1. Revision of the Ensemble Reduction Technique to select Bopundary conditions
out of a coarser EPS

2. Design and testing of a 2.8 km ensemble

3. Implementation and testing of a LETKF to provide smaller scale perturbations on
Initial conditions

Tiziana Paccagnella ARPA SIMC Ancona, May 2013




Objective/statistical verification

Operational verification in Italy

Angela Celozzi
Elena Oberto — Naima Vela
Maria Stefania Tesini
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Objective/statistical verification

=

Tiziana Paccagnella

Overview

* Verification using VERSUS
(CNMCA & ARPA-ER)

— Standard : T 2m, Td 2m, MSLP,
WIND 10m, TCC

' — Upper air: T, WIND
l 'LFS } — Conditional:
' T & TCC (obs) & Wind Speed
7 km §  CcOSMO-ME COSMO-17 Td & WIND speed

' * Precipitation using High-

2.8 km : i
isiad i Res Rain-gauges (ARPA-P)
Y Vs — Comparison of COSMO
i USAM ARPA models over Italian territory

e
a Lugano - Cosmo General Meeting
ey — 10-13 September 2012

36
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Objective/statistical verification

COSMIET Seacona Wind speed . Hay - 00 Run
Stratifcation | A taken TEWS S1aton - Perlog: LA 2011

I i
[_ - g 5 |
e 2150 “,
Upper Air Wind Speed Him i
COSMO-17 e
JJA 2011 T u‘--;-'-');' ok St
m;: _1--.._-| :’i
*MAE near 2 m/s, RMSE a bit wh o} - &
bigger (but < 4m/s) "t mf '
sLargest error at about 250 hPa ;‘:L g:{i I
7 km q (but relative to Jet stream speed 5-::' ‘ 5:i ff
is small) RN R Tii."l.f:.,""" ey
2.8 km *Tendency to increase negative
bias in particularin the lower
layers and during night with = 00 UTC
— forecast step
o 5 U =12 UTC
Arp*d L
Lugano -
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HIGH RESOLUTION QPF VERIFICATION /7

Very high resolution
the pixel scale

= Low predictability at

Verification of the single pixels = Verification of

the statistical properties
areas including more pixels

over

Bl

) =7
Verification made in terms of: U e
Tt 5| Tt
- Average value e S
in a box including +o++o g It+tt o |4 Station observation
* Maximum value > more bixels e
p .++. ° -+ ° . .
] . L || YT+ Grid point forecast
e 50th percentile (median) FL AT
[ J -+ [ ] H [ J [ J
: + + 14+ |
* 90th percentile + F .0
W, 4 £
Tiziana Paccagnella ARPA SIMC Ancona, May 2013




Verification of Precipitation: an example

‘{Q & 5% strumenti ~ B2 . J| i { Schermata1-2di2 -~ » Iéj Opzioni di visualizzazione ~ > Chiudi

IFS-ECMWF IFS-ECMWF

Figura 15

Distribuzione geografica del Bias Score (a sinistra) e Probability of
Detection (a destra) di diverse catene modellistiche utilizzate ad
ARPA_SIMC per la previsione a +48 ore di precipitazione massima su
ogni macroarea superiore a 20mm/24h nella stagione Autunno 2012.

COSMO-12 COSMO-12

18:55

15/05/2013
v U




USERS AND APPLICATJONS
COSMO “ e

Marine

Accordo “LAMI” modelling and applications

USAM ARPA Piemonte

Attivita Modellistica

Air qualit
ARPA-SIM ; Y

modelling and applications

COSMO 17 (+72)

Hydrological
modelling and applications

COSMO 12 (+48)

ENERGY

A4

BOT)STUTUIT)2(] QUOTSTARI]

Civil Protection system

Forecasters and direct users

Other services, etc. etc.
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ADRIAROMS
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10 m wind M/ﬁﬂq
* sea level pressure il
* 2 m air temperature
* 2m dewpoint temperature
* precipitation
48 rivers and karstic springs | - e * net solar radiation
o e S - total cloud cover
-500 . d %
1000 - ,\H i BCs at Otranto strait
1500 . ; W S 4 harmonic components (M2, S2, 01, K1) by
1 12’?‘\-\7;;\ . - the Oregon State University (OSU)
18 T model and software.
14 (AR WY - . .
L Mediterranean Forecasting System (MFS)
17 - - 2km: U,V, SSH,T, S (...myOCEAN...)
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CONCLUDING REMARKS

Protection, ARPA SIMC is managing and further developing state-of-the-art
numerical modelling systems.

The future of Limited Area Modelling is toward the km scale. Even if Numerical
weather prediction has made very big progresses in the last decades, the
intrinsic low predictability of small scale processes still implies big challenges.

Models must be improved in their capability to better represent small scale
processes; data assimilation systems should be developed in such a way to use at
best the huge amount of information coming from the new observation
capabilities.
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The awareness of our limits brought to the development of probabilistic predlctlon
based on Ensemble Forecasting.

Big efforts are being doing by the scientific community to improve these systems in
such a way to have a proper link between the estimate of the uncertainty in the
forecast and the actual forecast errors.

How to use probabilities is a big issue and it should be matter of cooperation
between Meteorologists and users.

Tiziana Paccagnella ARPA SIMC Ancona, May 2013
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~ OFFSHORE WIND ENERGY DEVELOPMENT
f ,‘H,, ]N THE ADRIATIC SEA:
——"C __THE P.0.W.E.R.E.D. PROJECT AS PLANNING POLICY

Universita Politecnica delle Marche, Ancona, May 2013
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