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Operational NWP model: COSMO

COSMO-LEPS 
downscaling of selected ECMWF EPS members



Domain size 779 x 401

Grid spacing 0.0625 (7 km)

Number of layers / top 40 / ~22 km

Time step 40 s

Forecast range 72 hrs

Initial time of model run 00/06/12/18 UTC

Lateral bound. condit. IFS

L.B.C. update freq. 3 hrs

Initial state Interpol. LETKF

Initialization None

External analysis T,u,v, qv,ps, snow mask

Special features Filtered topography

Status Operational

COSMO-ME
(7 km)



COSMO-IT   
(2.8 km) Domain size 542 x 604

Grid spacing 0.025 (2.8 km)

Number of layers / top 65 / ~22 km

Time step and  scheme 25 s

Forecast range 24 hrs

Initial time of model run 00/12 UTC

Lateral bound. condit. COSMO-ME

L.B.C. update frequency 1 hr

Initial state Nudging

Initialization None

External analysis None

Special features Filtered topography

Status Operational



• COSMO models can be relocated for specific areas of 
interest, e.g.:

– Lebanon

– Afghanistan

– Japan

– Syria

– Lybia

– METOC support to:

• NATO Response Force (NRF)

• European Union Naval Force Mediterranean 
(EUNAVFOR Med)



Relocation setup capability
within 2 hours

EURO-ATLANTIC DOMAIN

NEAR EAST DOMAIN

Afghanistan DOMAIN

EURO-MEDITERRANEAN DOMAIN

ITALIAN DOMAIN

NORTH AFRICA DOMAIN

NWP LIMITED AREA MODELS – OPERATIONAL SCENARIOS



COSMO-DRIVEN WAVE MODELS - NETTUNO 



NWP operational suites running at COMET 

CLUSTER PORDOI 
(the past...)



The future: new HPCF environment 

• 51x DL380 G9 Computing Nodes
• 2x DL380 G9 Management Nodes

(2x12 Haswell cores - 64 GB)
• 1x MSA2040 DAS
• 6x Infiniband 36p FDR switches
• 102x Kepler K80 GPUs (24 GB)

(204 GPU units ≈ 500K GPU cores)
• 9 TB RAM

• 190 TFLOPS peak
• 308 TFLOPS peak (BOOST)
•  #300 TOP500 world
•  #5 in Italy
•  #1 in Italy with GPU

hybrid CPU/GPU

technology



New HPCF – I/O subsystem 

• 4x AS12 1+10 w/ 40 TB

 160 TB RAW
• 2x 16p 10 Gbps switches
• 4x Infiband Router2 nodes
• PANFS + NFS over Infiniband QDR

• 6.0 GB/s sustained READ
• 6.4 GB/s sustained WRITE 

• FULLY REDUNDANT Configuration



Progresses on Data Assimilation

time Background Forecasts

timeInitial conditions

Background Forecasts + Observations

Initial conditions

Analysis Step

Model Forecast Step

1999   2002   2011   

Optimal Interpolation (OI) 3D-VAR* Local Ensemble Trasform Kalman Filter (LETKF)

Ensemble Data Assimilation System (LETKF) 

Competitive alternative to variational methods  providing “optimal” analysis errors estimates for ensemble forec.

* 3D-VAR: 3 Dimensional Variational

Assimilation



 6-hourly assimilation cycle 

 40 ensemble members + deterministic run with 0.09° (~10Km) grid spacing (COSMO 

model), 45 hybrid z-sigma vertical levels (top at 27km)

 (T,u,v,pseudoRH,ps) set of control variables 

 Observations: using RAOB (also 4D), PILOT, SYNOP, SHIP, BUOY, Wind Profilers, 

AMDAR-ACAR-AIREP, MSG3-MET7 AMV, MetopA-B scatt. winds, NOAA/MetopA-B 
AMSUA/MHS and NPP  ATMS radiances + LandSAF snowmask, 

 “Relaxation-to-Prior Spread” Multiplicative Inflaction according to Whitaker et al 

(2010)

 Additive noise from EPS

 Lateral Boundary Condition from deterministic IFS perturbed with ECMWF-EPS

 Climatological Perturbed SST

 Adaptive selection radius using a fixed number of effective observations (sum of 

obs weights)

CNMCA – LETKF analysis 

(Bonavita, Torrisi and Marcucci, Q.J.R.M.S.,2008,2010 )

 OPERATIONAL SINCE 1 JUNE 2011

 LETKF Formulation (Hunt et al,2007)

MODEL ERROR

BOUNDARIES 

PERTURBATION



BUFR

TEMP

Radiosounding Assimilation
RAOB in BUFR are operationally assimilated in CNMCA-LETKF system.
Time and space displacements are taking into account. A vertical thinning is applied in 
order to reduce large amount of data mantaining “significant” levels

2 months statistics

Monitoring using COMET-LETKF 
From 1 apr to 28 apr 2014

RAOB (RAO) vs RAOB “no displacement” (TER) 
OBS INCR STATISTICS



1 JAN – 1 APR 2015

MODE-S Monitoring
Monitoring using

CNMCA-LETKF systemMODES in BUFR format from KNMI



MODE-S Assimilation

Relative difference (%) in RMSE,

computed against IFS analysis with respect to the experiment

without MODE-S

for 00 UTC COSMO forecasts from

11-nov 2014 to 10 dec 2014

negative value = positive impact

Thinning: 30 km

Forecast verification
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Following Kalnay et al (2012) the observation impact on the 
reduction of forecast error:

November 2014 – March 2015

Total Single

(by V. Cardinali)



COSMO KENDA Priority Project

KENDA
(Km-Scale Ensemble-Based Data Assimilation) 

TASK: To develop a separate DA scheme for the convective scale (in which conditions such as non gaussianity, 
strong non linearity, flow dependent and poorly know balance are much more dominant), and to use a similar 

approach for a generalized system for global and regional modelling.
The main FOCUS of the KENDA project has been on the algorithmic development of the LETKF

Assimilation of conventional observations and (work in progress) high resolution remote sensing data (radiances, 
RADAR data, screen level observations, ground based GNSS slant path delay, ASCAT soil moisture)

COSMO: Consortium for Small-scale Modeling (Germany, Switzerland, Italy, 
Greece, Poland, Romania and Russian)



Transformed SOIL MOISTURE

NEED TO RESCALE THE SATELLITE OBS TO THE MODEL VALUES

layer structure of the hydrological part 

of the COSMO TERRA_ML soil model

• ASCAT derived Soil Moisture: degree of saturation (%) in the first 2 cm
• COSMO TERRA_ML model soil moisture: liquid water content (m H2O) in the various model layers

To compare observed and model values the model values are 
transformed (to have quantities independent from the thickness of 

the layers) in volumetric water content (m^3/m^3) and then 
interpolated in the first 2 cm 

+

• CDF matching method
• Normalization methods



CDF matching:
To scale the ASCAT derived soil moisture to the model 

climatology so that the cumulative distribution 
functions (CDF) of satellite and model soil moisture 

match.

local regression analysis

global regression analysis

Normalization method:

OR

Transformed SOIL MOISTURE



Quality Control before assimilation
of ASCAT soil moisture DATA 

The soil moisture’s obs increments
are highly non gaussian, too 

concentrated around the value 0 
(due to the fact that the obs incr are 
very close to the 0 value in dry and 

saturated condition)

 an observation is discarded if its observation increment is larger (in absolute value) than a value 
which is typically in a range between 2 and 3 times a typical climatological standard deviation 

 The standard deviation is calculated considering a long period of data (observation increments) 
and pulling out the gaussian distribution that best fits them

CDF matchingNormalization method



Construction of a gaussian control variable

bias ~ 0
stdv ~ 1

symm = -0.18

not normalized obs incr

obs increments (CDF technique) (january 2015 - january 2016)

normalized obs incr

bias: -0.0012186
stdv: 0.0800698
symm: -0.3240673

 Method proposed by Holm (2001) to find a variable for humidity with gaussian forecast differences

 The Holm method is applied to the obs increments instead of to the forecast differences



The atmospheric short-range ensemble prediction system based on the CNMCA-LETKF system and the COSMO model has been testing
at CNMCA since july 2013. Now it is operational.

 MAIN CHARACTERISTICS
 40  members
 IC and BC: initial conditions are derived every 6 hours from the CNMCA-LETKF system. Lateral boundaries conditions are from IFS 

deterministic run perturbed using ECMWF-EPS.
 Surface perturbations: climatological perturbed sea surface temperature. 
 Model error: added the stochastics physics perturbation tendencies.
 Forecast range: the 40+1 COSMO forecast members run up to 72 hours at 00/12 UTC.

Ensemble Prediction at CNMCA

NETTUNO is a high resolution local scale wave forecast system operational in 
the Mediterranean Sea based on the COSMO-ME and WAM models (In 
cooperation with ISMAR-CNR of Venice). 
The sea state probabilistic forecast is obtained driving the wave model using
the hourly COSMO-ME EPS wind forecast members

NETTUNO-EPS

Validation of sea-state forecast has been done
at ISMAR-CNR

COSMO-ME EPS



28

Ensemble Prediction System

BG

IC

BG Forecasts

Analysis Step

BG Forecast Step

time

Analysis Step

COSMO-ME EPS  (running since july 2013)
IC and BC: initial conditions are derived every 6 hours from the COMET-LETKF system.       
Lateral boundaries conditions are from IFS deterministic run perturbed using ECMWF-EPS
Model error: stochastics physics perturbation tendencies is switched on from 1 May 2014
Forecast range: the 40+1 COSMO forecast members will run up to 72 hours at 00/12 UTC

COSMO-ME EPS

NETTUNO EPS (In cooperation with ISMAR-CNR of Venice)
NETTUNO is a high resolution local scale wave forecast system operational in the 
Mediterranean Sea based on the COSMO-ME and WAM models
The sea state probabilistic forecast is obtained driving the wave model using the 
hourly COSMO-ME EPS wind forecast members

COMET-LETKF

ANALYSIS

NETTUNO-EPS



SPREAD-SKILL DIAGRAMS 
1 JAN 2014 – 31 DEC 2014

IFS ANALYSIS OBS (with error)

OBS (with error)IFS ANALYSIS

T@500hPa T@500hPa

u@500hPa u@500hPa

by S.Sebastianelli

COSMO-ME EPS
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Courtesy of P. Pezzutto (ISMAR-CNR)NETTUNO - EPS



NWP MODEL VERIFICATION

For details, results,

reports, etc. see:

http://www.meteoam.it/page/verifiche-modelli

http://www.meteoam.it/page/verifiche-modelli
http://www.meteoam.it/page/verifiche-modelli
http://www.meteoam.it/page/verifiche-modelli
http://www.meteoam.it/page/verifiche-modelli
http://www.meteoam.it/page/verifiche-modelli


ITNWP – Current developments

• Further tests using DFI and COSMO single precision

• Investigation of assimilation of GPS ground stations and MODE-S

• Monitoring of local automatic stations and satellite derived soil moisture from
H-SAF

• Improvementent of radiance vertical localization

• Self-evolving additive inflaction/SPPT

• H-SAF soil moisture assimilation affecting low level variables

• Shorter assimilation window using KENDA



ITNWP – HPC and ICT challenges

• Migration and adaptation of operational suites to new HPC system

• Increase of horizontal resolution

• Implementation of Pre-Processing & Data Assimilation systems (currently
running at ECMWF) on new HPC cluster

• Implementation of COSMO-GPU model (experimental version)

• Investigation of Virtualised HPC Environment for R&D activities

• Data Handling and Archiving issues



ITNWP - Reporting activities



This is (not) the end…

“We do not research, we make it work”
(former Capt. E. Fucile, 2001)

Thank

You!


