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1 Introdution

In the framework of the projet COSMO-NExT, a on�guration of COSMO at 1.1 km of resolution (named

COSMO-1) is under development at MeteoSwiss. COSMO-1 has also been used at CIRA, for the realization

of some tests, in ollaboration with MeteoSwiss and ARPA Piemonte. The �rst aim of this work onerned

the testing of this partiular on�guration over the Italian domain for a 6 days period. This on�guration

has been named COSMO-1_ITA. A preliminary ativity was onstituted by optimization of parameters,

mainly onerning the numeris, for the seleted domain. Furthermore, to evaluate the performanes of the

COSMO-1_ITA on�guration, di�erent typology of observations have been used for the validation: satellite

data and radio soundings, in order to evaluate the on�guration performanes respetively in the upper layers

and through the di�erent layers of atmosphere. Furthermore, a omparison of the results has been realized

omparing the output of the 1km simulation with on�guration of COSMO at di�erent resolutions: 2.8km

and 7km. The last analysis performed over COSMO-1_ITA simulation's results has been the analysis of the

kineti energy spetra to loate the e�etive resolution of the run.

2 Desription of the test ases and features of the simulation

The test ase interested a 6 days period, from 25

th

to 30

th

of November 2012. The synoptial situation during

these six days was quite diversi�ed: in the �rst day the Mediterranean area was interested by a high pressure

ridge (Figure 1) that, in the following days, gradually ollapsed pushed towards Eastern Europe by an Atlanti

perturbation (Figure 2).

(a) (b)

Figure 1: Geopotential at 500hPa for 25

th

, 26

th

at 00UTC. Data taken from the analysis at 00UTC of the

ECMWF global model.

From the afternoon of 27

th

to 30

th

of November 2012, indeed, Italy was interested by an intense southern

moist �ow due to a low pressure system entred over the western Mediterranean Sea. This synopti pattern

aused an intense thunderstorm ativity with widespread preipitations over the peninsula. The preipitation

over the southern Italy, on whih the simulation domain is entred, started the 27th of November.
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Figure 2: Geopotential at 500hPa for 27

th

, 28

th

, 29

th

, and 30

th

at 00UTC. Data taken from the analysis at

00UTC of the ECMWF global model.

The hoise of this period, then, due to the high variety of weather onditions, made it possible to evaluate

the performane of the model under various meteorologial onditions.

The nesting strategy used to perform the simulations is shown in Figure 3. The boundary and initial ondition

for the 7km simulations (COSMO-7_ITA) are taken from the foreast of the T1279 ECMWF model. The

output obtained from COSMO-7_ITA is used to initialize the simulations performed with COSMO at 2.8km

of resolution (COSMO-2.8_ITA) and with COSMO-1_ITA.

Figure 3: Nesting strategy used for COSMO-7_ITA, COSMO-2.8_ITA, COSMO-1_ITA on�gurations.
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In Figure 3, in the upper right image, is shown the omputational domain used for the optimized version

of 1km simulations. A �rst optimization, indeed, interested the seletion of the domain's dimension: the

new simulations of COSMO-1_ITA were performed on a bigger domain. In Figure 4 is shown the di�erene

between old (a) and new (b) domain.

(a) (b)

Figure 4: Comparison between old (a) and new (b) domain.

Moreover, some parameters in model dynamis have been hanged (Baldauf, 2010). Some of the most relevant

settings for the two on�gurations are shown below in Table 1.

Parameter name New on�guration Old on�guration

ie_tot=400, ie_tot=225,

Grid harateristi je_tot=300, je_tot=120,

ke_tot=60 ke_tot=60

Time step (s) dt = 5.0 dt = 5.0

Coe�ient for divergene damping xkd=0.1 xkd=0.01

Fast wave solver itype_fast_waves=2 itype_fast_waves=2

Bottom boundary ondition itype_bb_w=114 itype_bb_w=4

Runge Kutta advetion sheme iadv_order=5 iadv_order=5

Table 1: Namelist omparison between old and new (optimized) versions of COSMO-1_ITA.

To summarize, the most important settings hoosen for eah one of the three on�guration are reported below

in Table 2.

Parameter name 7km 2.8km 1.1km

ie_tot=240, ie_tot=400, ie_tot=400,

Grid harateristi je_tot=160, je_tot=175, je_tot=300,

ke_tot=40 ke_tot=60 ke_tot=60

Time step (s) dt = 40.0 dt = 20.0 dt = 5.0

Interval between

two onseutive hinbound=3.0 hinbound=1.0 hinbound=1.0

boundary data

Subgrid-sale onvetion lonv=.true., lonv=.true., lonv=.true.,

itype_onv=0, itype_onv=3, itype_onv=3,

Swith for nudging lnudge =.TRUE., lnudge =.FALSE., lnudge =.FALSE.,

Table 2: Comparison between parameters settings for the three on�gurations.
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The number of vertial levels has been inreased from 40

th

for the 7km run to 60

th

for 2.8km/1.1km runs. In

Figure 5 is reported the distribution of the vertial levels desribed above. Anyhow no further investigation

has been arried out in this work about the number of the vertial levels to be used in COSMO-1_ITA, sine

previous studies show that the model behavior substantially does not hange, hanging the number of vertial

levels (Milelli, 2012).

Figure 5: Distribution of the vertial levels for COSMO-7_ITA and COSMO-1_ITA on�gurations. Note

that the same distribution of COSMO-1_ITA has been used even for COSMO-2.8_ITA.

The assimilation is performed through the use of the nudging tehnique only for the 7km simulations. As

reported in Figure 6, at 12UTC a simulation of COSMO-7_ITA has been realized with a foreast range of

12 hours and with assimilation enabled. The output of this run has been inluded in the initial onditions

of COSMO-7_ITA at 00UTC. In their turn the outputs of the 7km run at 00UTC have been used for the

nesting of 1km and 2.8km runs, performed only at 00UTC.

Figure 6: Sheme of performed simulations.

The inreasing in spatial resolution means also a more aurate desription of the analyzed domain harater-

ized by a omplex orography in whih are present, at very low distane, Mediterranean Sea and Appennines

(Figure 7).
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Figure 7: Comparison between the three orographies of the three simulations at the �xed latitude of 42

o

.

There is therefore the neessity of a proper treatment of orography and �ltering in the passage from 7km to

2.8km and 1km. In the Table 3 are reported the main harateristis for orography �ltering.

Parameter name int2lm 7km - 1km and int2lm 7km - 2.8km

Type of low pass �lter l�lter_oro=.true.,

and number of sequential ilow_pass_oro=4,

appliations of �lter num�lt_oro=1,

Parameter for �ltering and eps_�lter=0.1,

order of the orography �ltering norder_�lter=5,

ilow_pass_xso=6,

Extra smoothing lxso_�rst=.FALSE.,

of steep orography num�lt_xso=6,

rxso_mask=300.0,

Table 3: Treatment of orography and �ltering in int2lm.

3 Performanes evaluation

The performanes evaluation has been realized through the use of satellite images and sounding data. The

observed satellite data have been provided by ourtesy of University of Sannio, while sounding data were

freely available on internet. The deision to use these two di�erent types of data is derived from the spei�

harateristis that belong to eah of them and that in some ways make them omplementary.

Indeed, although satellite data have the great advantage of high resolution in spae and time and give

information of the weather in areas where no other observations are available, the use of satellite data o�ers

only the possibility to make an analysis of the situation of the upper part of the atmosphere. For this reason

a seond kind of validation has been performed.

In order to better understand the behavior of the atmosphere also through the di�erent layers, the seond

part of the validation work has been arried out through the omparison of observed soundings and simulated

soundings obtained from the three simulations.

As regards the omparison via satellite images, two hannels have been used: 10.8 �m (infrared hannel) and

6.2 �m (water vapor hannel), whih are typially used for the detetion of louds. The results have been

analyzed for two partiular ases: one loudless and the other one loudy whih show, respetively, the best

and the worst results. In Figure 8 are shown the di�erenes between observed and syntheti satellite images

(Saunders, 2008 and 1999), for the three simulations (olumn-wise) and for the two onsidered hannels (row-

wise) for the 4th hour of foreast of 26

th

November. In this ase the error is quite low for all the simulations,

for both hannels.
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Figure 8: Comparison of observed and syntheti satellite images for the three simulations, in the two seleted

hannels, for 26

th

November 2012 at 04UTC.

In Figure 9 are shown the di�erenes for the 13

th

hour of foreast of 30

th

November. In this ase, espeially

for the 10.8 �m hannel, the error is higher for all the simulations: white areas in the images (highlighted

by red irles) denote values of model higher than observed, in other words the model is hotter than reality;

dark areas (highlighted by blue irles), instead, denote model values lower than observed, in this ase the

model is older.

Figure 9: Comparison of observed and syntheti satellite images for the three simulations, in the two seleted

hannels, for 30

th

November 2012 at 13UTC.

To summarize the results obtained for all the days of simulation two statistial indies have been alulated,

as desribed in Reihert et al., 2005. The �rst is the orrelation oe�ient, alulated as reported in (1):
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where x are pixel values of the syntheti image, y are the pixel values of the observed image and n is the

number of pixels in image. The seond index used is the Root Mean Square Error, alulated as in (2):
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where x are the pixel values of the observed image, x̂ are the pixel values of the syntheti image and n is the

number of pixels in image.

In Figure 10 is reported the omparison between the orrelation oe�ients of the three simulations for the

10.8 mum hannel (upper image) and the 6.2 mum hannel (lower image).

Figure 10: Comparison between the orrelation oe�ients of the three simulations for the two hannels. In

the tables are reported the mean values of orrelation oe�ient for eah day.

The simulations at di�erent resolution show almost the same pattern exept for results obtained for 28

th

/29

th

.

For these two days the best results are obtained from COSMO-7_ITA on�guration. Moreover, is visible a

general good agreement with observations for periods without louds for both hannels. Instead a lower

agreement between observations and syntheti satellite images haraterizes loudy periods, espeially for IR

10.8 mum hannel.

COSMO Newsletter No. 14: April 2014 www.osmo-model.org



4 Working Group on Interpretation and Appliations 61

A onsistent result is also obtained in terms of RMSE (Figure 11).

Figure 11: Comparison between the RMSE of the three simulations for the two hannels. In the tables are

reported the mean values of RMSE for eah day.

Indeed, even in terms of RMSE the three simulations show almost the same pattern. The error is lower for

periods without louds for both hannels and is higher for loudy periods, espeially for IR 10.8 mum hannel.

Conerning the WV 6.2 mum hannel, instead, there is almost no error for the entire period.

An analysis in terms of statistial indies has been realized also between the two di�erent on�gurations of

COSMO-1_ITA, the old and the optimized one. The results are shown in Figure 12.
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Figure 12: Comparison between the orrelation oe�ients of the three simulations for the two hannels. In

the tables are reported the mean values of orrelation oe�ient for eah day.

From Figure 12 is visible a general improvement of the results with the use of the new on�guration of

COSMO-1_ITA. Indeed the orrelation between observed and syntheti satellite images is higher and the

maximum RMSE is lower than the one obtained with old on�guration, for both hannels.

Furthermore, soundings data have been used to analyze two partiular ases: one of good agreement with

observation (26

th

of November at 04UTC) and one of lower agreement (30

th

of November at 13UTC) whih

orrespond to, respetively, high orrelation (low RMSE) and low orrelation (high RMSE). The evaluation of

the performanes for these two ases has been arried out through the use of soundings. The observed sound-

ings are taken from the station of Pratia di Mare, that is loated inside the simulation domain (Figure 13),

at 00UTC and 12UTC.
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Figure 13: Loation of observation station of Pratia di Mare.

Simulated soundings are realized using the nearest grid point of the model to the observation station, for the

di�erent resolutions, at 00UTC and at 12UTC. The simulated soundings at 00UTC are obtained through the

use of the analysis data (whih in this ase is the model output at 00UTC).

In Figure 14 are reported the results for the best ase (26

th

of November) at 00UTC and at 12UTC. In this

ase COSMO-7_ITA, COSMO-2.8_ITA and COSMO-1_ITA show almost the same pattern and there's a

general good agreement with the pattern of the observation soundings. For the worst ase (30

th

of November,

Figure 15), in the results of 00UTC the three simulated soundings show the same pattern, di�erent from the

observed one. In partiular, the analysis di�ers for lower levels (900-700 hPa) and for middle levels (600-350

hPa). Also in the image of 12UTC the simulations show a pattern quite di�erent from the observations, even

if here the 7km simulation exhibits a di�erent behavior ompared with the others two on�gurations. In

general, as regards the worst ase, the model shows a greater error in the reprodution of the thermodynami

state of the atmosphere.

These results are in agreement with what has been already seen in Figure 10 and in Figure 11, sine the best

ase shows good results even in terms of orrelation and error, as well as the worst ase shows worse results

in terms of orrelation and error. Therefore it is possible to say that a bad desription of the state of the

atmosphere through the di�erent layers, in turn, leads to a worse quality of the foreast. Moreover, while in

WV hannel results are always quite good, in the IR hannel error is higher, espeially in loudy periods.

This ould mean that the loud is rightly loalized, sine the error in terms of water vapour is low, but the

loud temperature is not well identi�ed.
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(a)

(b)

Figure 14: Comparison between observed and simulated soundings for the di�erent simulations for 26th of

November at 00UTC (a) and 12UTC (b).
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(a)

(b)

Figure 15: Comparison between observed and simulated soundings for the di�erent simulations for 30th of

November at 00UTC (a) and 12UTC (b).

The last analysis performed in the present work regards the study of kineti energy spetra, used to evaluate

the e�etive resolution of the COSMO-1_ITA simulations. A spetral deomposition was made with 2D-DCT

(Denis et al., 2002) of the horizontal omponents of wind at di�erent heights (200 hPa, 250 hPa, 300 hPa,

400 hPa, 500 hPa, 600 hPa, 700 hPa). The results obtained with this proedure have been avaraged daily. In

Figure 16 are shown results only for 26th and 30th November, but these results are on�rmed also for the

other days.
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(a)

(b)

Figure 16: Power spetral density of TKE for 26 (a) and 30 (b) November.

The results are in agreement with experimental spetra by Skamarok, 2004 sine for the largest spatial

sale the spetral solpe is approximately -3. The transition from -3 to -5/3 is around 50 km. The loss of

information is between 10 and 5 km, that is in the range of 5-10 times the nominal resolution of the model.

Further experiments show that for the same test ase the o�guration at 7 km of resolution has a lower e�etive

resolution, as expeted. In Figure 17 are shown results for COSMO-7_ITA for 26th and 30th November. In

this ase the resolution of the model is too oarse to reprodue the -5/3 spetral slope, so it an only reprodue

the -3 slope.
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(a) (b)

Figure 17: Power spetral density of TKE for 26 (a) and 30 (b) November for COSMO-7_ITA simulation.

4 Conlusion

The aim of the work was the evaluation of the performanes of COSMO-1 model over the Italian domain with

di�erent kinds of observations, suitable for the high resolution of the model, and with di�erent on�gurations

of COSMO (di�erent resolutions: 7 km and 2.8 km).

The behavior of COSMO-7_ITA, COSMO-2.8_ITA and COSMO-1_ITA is quite the same for almost every

variable analyzed in the validation, even if, for the loudy days analyzed, the three simulations have worst

performanes. In this regard it is neessary to perform further analysis, even on the longest test ase, sine

six days are a relatively short period to make preise estimates of error. In addition, further testing should

be performed also on other variables.

The analysis of kineti energy spetra shows a good agreement with experimental spetra by Skamarok. The

loss of information is between 10-5 km, whih is the e�etive resolution of the model. Is possible to onlude

that, using a higher resolution, is possible to analyze meteorologial strutures haraterized by a higher

resolution with respet to that of 7 km and 2.8 km. This on�rms that the nesting strategy used is orret

and an inrease of resolution an inrease the apaity of the model to foreast strutures more loalized in

spae and time. Anyhow this should be veri�ed with observations suitable for the validation of suh high

resolutions, suh as radar or non-GTS stations.
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