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•continuity equation 

•momentum equation 

•thermodynamic equation 

 

•humidity equation                  dq/dt = evaporation – 

precipitation 

• surface equations                  soil temperature and 

moisture 
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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. 

Numerical Weather Prediction Models 
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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  
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 It is customary to call 

 the left-hand side of  

the equation,  

the "dynamics" of the 

model 

which is computed 

explicitly 
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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 with a  high vertical 

extension due to the necessity  of describing also stratosphere/troposphere  interaction. 
 

 The global coverage of GCM induces a limit in the attainable horizontal resolution;  this 
limit is  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  
 

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



8 Tiziana Paccagnella ARPA SIMC Ancona, May 2013 8 Tiziana Paccagnella ARPA SIMC Ancona, May 2013 

NUMERICAL WEATHER PREDICTION IN EUROPE 
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EUMETNET/SRNWP AND NWP IN ITALY 
Italy joined the COSMO Consortium with an international agreement signed  

USAM, the National Airforce Weather Service 

www.cosmo-model.org 
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ARPA SIMC AND NWP IN ITALY 

At National level, 

 USAM, ARPA SIMC and ARPA 

Piemonte signed the LAMI 

agreement to cooperate 

 on the management and  on the 

development of the national 

NWP operational suites. 

Italy joined the COSMO Consortium with an international agreement signed  

USAM, the National Airforce Weather Service 

Since 2004, LAMI is the official 
NWP system to support the 
National Civil Protection 

activities. 
ARPA-SIMC has been included 

among  the Centres of 
Competence of the 

National Civil Protection 
Sytem. 

www.cosmo-model.org 
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THE COSMO MODEL 
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THE COSMO MODEL 
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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). 

 

ASSIMILATION BY NUDGING 
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NUMERICAL MODELLING AT ARPA-SIMC 

Numerical Modelling 

ARPA-SIMC 

LAMI:National cooperation 

COSMO: International cooperation 

D
eterm

in
istic fo

recastin
g

 

COSMO I7 (+72) 

COSMO I2 (+48) 

DPCN: support and coordination 

through specific agreementsNational 
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NUMERICAL MODELLING AT ARPA-SIMC 

Numerical Modelling 

ARPA-SIMC 

LAMI:National cooperation 

COSMO: International cooperation 

D
eterm

in
istic fo

recastin
g

 

COSMO I7 (+72) 

COSMO I2 (+48) 

DPCN: support and coordination 

through specific agreementsNational 

CINECA  

Supercomputing 

resources 

ARPA SIMC 

LINUX cluster 
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COSMO I7 
Operational @ 
CINECA 
• Twice per day at 00 

and 12 UTC 

• Time range + 72 
hours 

• Horizontal 
Resolution ~ 7km 

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

• IC through Nudging 
of observations 

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 

 

Test Suite @ 
CINECA 

Hot Back-up@ 

CINECA 
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COSMO I2 
Operational @ 
CINECA 
• Twice per day at 00 

and 12 UTC 

• Time range + 48 
hours 

• Horizontal 
Resolution ~ 2.8km 

• BCs from COSMO I7; 
BC frequency 1 hour 

• IC through Nudging 
of observations 

Test Suite @ 
CINECA 

Hot Back-up@ 

CINECA 

The major difference 
compared to COSMO I7 is 
the switch-off of the 
parametrized convection 
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NUMERICAL MODELLING AT ARPA-SIMC: 
MAJOR ONGOING DEVELOPMENTS 

Numerical Modelling 

ARPA-SIMC 

D
eterm

in
istic fo

recastin
g

 

COSMO I7 (+72) 

COSMO I2 (+48) 

COSMO I2 (+18) 

Very short Range 
Better support during the 

monitoring  phases related to 
Civil Protection Alerts 
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COSMO RUC 
Pre-operational @ 
SIMC 
• Eight times per day 

at 
00,03,06,09,12,15,1
8,21 UTC 

• Time range + 18 
hours 

• Horizontal 
Resolution ~ 2.8km 

• BCs from COSMO I7; 
BC frequency 1 hour 

• IC through Nudging 
of observations 

At present the major 
difference compared to 
COSMO I2 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. 



20 Tiziana Paccagnella ARPA SIMC Ancona, May 2013 

COSMO RUC  
scheme 
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NUMERICAL MODELLING AT ARPA-SIMC: 
MAJOR ONGOING DEVELOPMENTS: 

IMPLEMENTATION AND TEST OF THE NEW ENSEMBLE BASED 
DATA ASSIMILATION SCHEME KENDA  
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Attività Modellistica 

ARPA-SIM 

Accordo “LAMI” 

USAM ARPA Piemonte 

COSMO 

P
rev

isio
n
e D

eterm
in

istica 

COSMO I7 (+72) 

COSMO I2 (+48) 
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Attività Modellistica 

ARPA-SIM 
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COSMO I7 (+72) 

COSMO I2 (+48) COSMO 

LEPS (+132) 
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Possible 

evolution 

scenarios 

Dim 1 

D
im

 2
 

Initial conditions 

ENSEMBLE FORECASTING 
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ENSEMBLE FORECASTING 

Accounting for 
uncertainties 
associated to 

Numerical Forecast 

Analysis Errors 

Model Errors 
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COSMO-LEPS suite @ ECMWF: present status 

d-1 d d+5 d+1 d+2 d+4 d+3 

older EPS 

younger EPS 

 

 

 

00 

12 
Cluster Analysis and RM identification 

4 variables 

Z U V Q 

3 levels 

500 700 850 hPa 

2 time 
steps 

Cluster Analysis and RM identification 

European 
area 

Complete 
Linkage 

COSMO-

LEPS 

clustering 

area 

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

• Δx ~ 7 km; 40 ML; fc+132h; 
• COSM0 v4.21 since July 2012; 
• computer time (30 million BUs for 2012) 

provided by the ECMWF member states in 
COSMO. 

COSMO-

LEPS 

Integration 

Domain 



27 Tiziana Paccagnella ARPA SIMC Ancona, May 2013 A.Montani; The 

COSMO-LEPS 

COSMO-HYBrid Ensemble Prediction System: 
under test in parallel suite 

 

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

a)  16 members comes from COSMO-LEPS, 

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

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

d)  1 member is nested on GME, 

e)  1 member is nested on GFS. 

 
 

All members have Δx ~ 7 km; 40 ML; fc+132h; 
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Product visualization 

Tiziana Paccagnella 
tpaccagnella@smr.arpa.emr.it 

 
HYDROCARE Final 
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Product visualization 

Tiziana Paccagnella 
tpaccagnella@smr.arpa.emr.it 

 
HYDROCARE Final 
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Product visualization 

Tiziana Paccagnella 
tpaccagnella@smr.arpa.emr.it 

 
HYDROCARE Final 
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Product visualization 

Tiziana Paccagnella 
tpaccagnella@smr.arpa.emr.it 

 
HYDROCARE Final 
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ENSEMBLE FORECASTING: DEVELOPMENTS 

1. Revision of the Ensemble Reduction Technique to select Bopundary conditions 
out of a coarser EPS 
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ENSEMBLE FORECASTING: DEVELOPMENTS 

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 
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ENSEMBLE FORECASTING: DEVELOPMENTS 

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 
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Objective/statistical verification 

35 

http://www.cosmo-model.org/content/consortium/generalMeetings/general2012/wg5-versus.htm 



36 Tiziana Paccagnella ARPA SIMC Ancona, May 2013 

Objective/statistical verification 

36 
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Objective/statistical verification 

37 
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HIGH RESOLUTION QPF VERIFICATION 

Station observation 

Grid point forecast 

Verification made in terms of: 

• Average value 

• Maximum value 

• 50th percentile (median) 

• 90th percentile 

in a box including 

more pixels 

Very high resolution    Low predictability at 
the pixel scale 

 

Verification of the single pixels    Verification of 
the statistical properties          over 
areas including more pixels 
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Verification of Precipitation: an example 

39 
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USERS AND APPLICATIONS  
Marine  
modelling  and applications 

Air quality 
modelling  and applications 

Hydrological 
modelling  and applications 

ENERGY  

Forecasters and direct users 

Civil Protection system 

Other services, etc. etc. 
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SWAN MED-ITA-RE 

Author Organization 
Organization 

logo 
Ancona, May 2013 

SWAN MEDITERRANEO 

Resolution: 1/4°  

Forcing: IFS + COSMO-I7 

One forecast every day at 00 UTC  

Forecast range: +72 h hourly outputs 

SWAN ITALIA 

Resolution: 1/12° 

Forcing : COSMO-I7 

One forecast every day at 00 UTC 

Forecastrange: +72 h hourly outputs 

SWAN REGIONALE 

Resolution: 1/120° 

Forcing: COSMO-I7 

One forecast every day at 00 UTC 

Forecast range: +72 h hourly output 
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COSMO-I7 

•10 m  wind 

• sea level pressure 

• 2 m air temperature 

• 2m dewpoint temperature 

• precipitation 

• net solar radiation 

• total cloud cover 
48 rivers and karstic springs 

BCs at Otranto strait 

4 harmonic components (M2, S2, O1, K1) by 

the Oregon State University (OSU) 

model and software. 

Mediterranean Forecasting System (MFS) 

 2km: U,V, SSH,T, S (…myOCEAN…) 

ADRIAROMS 

Author Organization 
Organization 

logo 
Ancona, May 2013 
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SWAN-MEDITARE 
(Sea-State) 

GNOME 
Oil Spill module 

AdriaROMS 
(Sea level) 

COSMO-I7 
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SWAN-MEDITARE 
(Sea-State) 

AdriaROMS 
(Sea level) 

COSMO-I7 

Xbeach 

Morphological module 
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CONCLUDING REMARKS 

Thanks to the COSMO and LAMI cooperation, and to the support of National Civil 
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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CONCLUDING REMARKS 

The awareness of our limits brought to the development of probabilistic prediction 
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. 
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Thank you! 

47 


