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Abstract. This study is embedded into a wider project named “Tackle deficiencies in Quantitative Precipita-
tion Forecast (QPF)” in the framework of the COSMCQnsortium forSmall-scaleMO delling) community.

In fact QPF is an important purpose of a numerical weather prediction model, for forecasters and customers.
Unfortunately, precipitation is also a venyfiiltult parameter to forecast quantitatively. This priority project
aims at looking into the COSMO Model deficiencies concerning QPF by runnifeyeft numerical simulei-

tions of various events not correctly predicted by the model. In particular, this work refers to a severe event
(moist convection) happened in Piemonte region during summer 2006. On one side the results suggest that
details in orography representation have a strong influence on accuracy of QPF. On the other side COSMO
Model exhibits a poor sensitivity on changes in numerical and physical settings when measured in terms of
QPF improvements. The conclusions, although not too general, give some hint towards the behaviour of the
COSMO Model in a typical convective situation.

1 Introduction cross experiments performed in a second step (see Table
on which we focus in this work. Globally, more than 600

The main goal of this project was to gain a deeper undersimulations have been performed.

standing of the COSMO Model problems in terms of QPF. The test case here described considers a severe rainf

A list of test cases has been prepared by the Meteorologicakvent, which &ected the Northern part of Piemonte, at the

Services of the participating countries (Germany, Switzer-border with Switzerland, during 17-18 August 2006. The

land, Italy, Poland, Greece and Romania) on the basis of thevent was mainly convective in nature and characterized b

known problems of the model in theftirent regions of in-  the occurrence of intense deep moist convection leading to

terest. To ensure that those problems were not due to an oltklevant rainfall depths. The results of the numerical ex
version of the model or a specific implementation, the testperiments are compared in terms of peak and mean rainfs
cases were rerun with a COSMO Model reference versiondepths over the catchments both for short duration (6 h, ng
The test cases, for which the COSMO Model reference vershown here, seiilelli et al., 2007 and long duration (24 h).
sion reproduced the QPF deficiencies, constituted a final lisThe analysis of the results helps in giving a more precise ide
of 25 test cases (about 4 for each of the countries) recomabout the model parameters, about what parts of the mod
mended for sensitivity studie®ierer et al, 2007). Eventu-  need to be reformulated in order to improve the QPF an
ally a list of sensitivity studies concerning data assimilation, about the scales which can be actually solved by the mods
numerics, physics and initial conditions was prepared and apThis work will focus on some of the most relevant simula-
plied to each test case. For the sake of brevity the completé@ons.

lists of test cases and sensitivity studies cannot be reported

here (seaMilelli et al., 2007). The list of sensitivity stud-

ies includes about 20 modifications that were performed for2 Event analysis

all dates included in the final list of test cases, plus a few

highlights the presence of an intense cyclonic circulation dur

Correspondence tayl. Milelli . ing the event. On August 17 00:00 UTC, the upper air trougfi
BY (massimo.milelli@arpa.piemonte.it) (500 hPa) was localized near the Biscaglia gulf and during
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The analysis of the atmospheric scenario at the synoptic scdle
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Geopotential (dam) and temperature (*C) at 500 hPa Ticino
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ECMWF_FURCM_D250 — Thu 17 AUG 2006 18:00 UTC - Analysis

Figure 1. ECMWEF analysis of 500 hPa Geopotential (solid lines)
and temperature (colors) for 17 August, 18:00 UTC.

Figure 3. Observed rainfall depths in the north-western Italy. The
panel refers to the 24h cumulated rainfall depth (06:00UTC 17
August—06:00 UTC 18 August). The rain gauges are plotted in grey
and the warning areas in black. Th&ezted areas, indicated with
arrows, are Ticino (CH), Toce and, marginally, Sesia.

resolution network (Fig. 3), the big role of the orography is
easily recognised. Indeed, the most intense part of the event
occurred in the areas characterized by steep and high orogra-
phy, perpendicular to the dominant advection direction from
South-West to North-East.

Figure 2. UKMO-Bracknell analysis chart for 17 August,
18:00UTC. 3 The COSMO Model

The COSMO Model is a non-hydrostatic limited-area at-
the afternoon the trough moved gradually towards the At-mospheric model developed within the COSMO commu-
lantic French coastlineARPA Piemonte200§. Meanwhile,  nity for applications on the mesdand mesoy scale Step-
the anticyclonic ridge continued its expansion over Easterrpeler et al, 2003. The model is based on non-hydrostatic,
Europe; this structure triggered an intensification of strongfully compressible hydro-thermodynamical equations in ad-
baric gradient between Western and Eastern areas of Euwection form. Generalized terrain-following height coordi-
rope and consequently an increase of large-scale advectiomates with rotated geographical coordinates are used. The
of moist and unstable air over Northern Italy and in particu- model equations are solved on an ARAKAWA C-grid with
lar in the area of north-western Alps (Fig. 1). user-defined vertical grid staggering. They are spatially dis-

The flux of moist air continued for the whole day and dur- cretised with second-order finiteffirences. Time integra-
ing the evening the upper-level cold front crossed Piemontdion uses a 2nd order leapfrog (horizontally explicit, verti-
region (Fig. 2) intensifying deep moist convection in com- cally implicit) time-split integration scheme including exten-
plex orography areas. sions proposed bgkamarock and Klemfi1992. A 4th or-

This large-scale meteorological configuration, typical of der linear horizontal diusion is calculated. 3-dimension di-
late summer season, is known to induce extreme rainfalvergence damping andfecentering are applied in split time
events in the area of the north-western ItaRulari et al, steps. Damping at the top of the model domain is done
2009). Looking at the spatial distribution of the observed by Rayleigh damping (see for instanBems and Scéttler,
rainfall depths from rain gauges of the ARPA Piemonte high-2002) in the upper layers. Data at the lateral boundaries are
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Table 1. List of the cross experiments.

changes can be found Dierer et al.(2007) or in Milelli et

al. (2007%).
Concerning the Piemonte event, the results vary accorg
ing to the area of averaging (as it will be shown later) but in

wavelenght (km)

Figure 4. Turbulence spectrum of the COSMO Model forecast (in
red), compared to the theoretical spectrum obtained.ibgborg
(2999 (in green). The-3 and-5/3 slopes are also indicated (in

black). The two lines diverge a4 Ax. ical formulation. Moreover, the conclusions are similar for

different accumulation periods (6 or 24 h, not shown here).
When compared to the observed mean rainfall depths, mopt

prescribed using a Davies-type one-way nesting (s@ees  of the experimental settings provide quite satisfactory result
19760r Davies, 1983. (+/-10% with respect to the control run) with the exception
Subgrid-scale turbulence is parameterized by a prognosof the values given by the runs withfiiirent initial humidity

tic turbulent kinetic energy closure at level 2.5 including ef- conditions (2 runs), dierent microphysics (2 runs) and dif-
fects from subgrid-scale condensation and from thermal cirferent convection schemes (2 runs) in which the precipitatio
culations Mellor and Yamadal974). The surface layer pa- s sensibly reduced. It has to be stressed that the area of 3
rameterisation is based on turbulent kinetic energy and inerage is about 8500 Krand corresponds to the area of the
cludes a laminar-turbulent roughness layer. The formationthree @fected zones (Sesia, Toce and Ticino).

of precipitation is described by a bulk microphysics param-

and snow with a fully prognostic treatment of precipitation, a strong underestimation of the observed peak values wif
i.e. three-dimensional transport of rain, and snow is calcu-g shift of the maximum towards the Ticino area. The defi-
lated. Condensation and evaporation are parameterized byiency of COSMO Model at 7 km in reproducing the oro-
saturation adjustment while depositional groistiblimation  graphically triggered convection is not surprising and see
of cloud ice is calculated using an explicit non-equilibrium for other weather forecast models at horizontal resolution o
growth equation. Subgrid-scale cloudiness used for radiationhe order of 10 km. In this frameworkjn et al. (2001) have
calculations is parameterized by an empirical function de-recenﬂy synthesized a few common synoptic and mesosca
pending on relative humidity, ice content and height. Moist scenarios prone to heavy orographic rainfall based on th
convection is parameterized using a mass-flux scheme witltudy of some US, Alpine and East Asian test cases. Thd
an equilibrium closure based on moisture convergence folsingle out the following common synoptic and mesoscald
lowing Tiedtke (1989. Radiation is calculated using a two- jngredients leading to heavy orographic rainfall: a) condi-
stream scheme for short- and longwave fluxes (eight spectralonally or potentially unstable air stream impinging on the
intervals) including a full cloud-radiation feedback. A multi- mountains, b) avery moist low-level jet, C) a steep mountai
Iayer version of the soil model Solving the heat CondUCtionand d) quasi_sta[ionary Synoptic system S|0wing down thé
equation is applied. convective system over the threatened area. Among ther
a) and c) are recognized to be the most important factor
and certainly contributed to the occurrence of extreme ob
served rainfall.  The unstable nature of the air stream af
Before defining the dierent model configurations, it is im- fecting the North-Eastern mountainous area of Piemonte i
portant to point out that all of these experiments have beerconfirmed by the analysis of soundings located in Cuneo
performed switching f the data assimilation procedure. Levaldigi and Milano-Linate (not shown here). Moreover,

4 Description of the sensitivity studies
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general, the QPF of COSMO Model at 7 km shows a certain
insensitivity with respect to change in its physical and numert

recipital _ . - Different conclusions arise if the peak rainfall depths are
eterisation including water vapour, cloud water and ice, rainconsidered: in this case most of the experimental runs revegl
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Figure 5. Total Precipitation in ther-6ty+30h time interval for  Figure 7. Relative bias (%) of the ffierent simulations with re-

the diferent runs (see Table 1 for the description of the simula-spect to the Ctrl run (A1) for dierent domains in the-6ty+30h

tions). Total Precipitation in red (TP), Convective Precipitation in time interval (see Table 1 for the description of the runs). Average

green (CP), Grid-scale Precipitation in blue (GsP) and observationgerformed over Piemonte region. Total Precipitation in red (TP),

in black. Average performed over théfected areas. Convective Precipitation in green (CP) and Grid-scale Precipitation
in blue (GsP).

Toce, Ticino and Sesia - 17 August 2006 00UTC +06/+30

Average over integration domain - 17 August 2006 00UTC +06/+30
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Figure 6. Relative bias (%) of the dierent simulations with re- ) ) . ) . i

spect to the Ctrl run (A1) for dierent domains in the-6ly+30h Figure 8. Relative bias (%) of the dierent §|mglat|ons with re-

time interval (see Table 1 for the description of the runs). Averages,peCt_ to thel Ctrl run élAl) ffor d:]erednt do.m(.suns 'f” :]h&6h/+30h

performed over thefiected areas. Total Precipitation in red (TP), UMe mttf'—.\rva (;ee Tah e 1h olr td e gscr;pﬂon o tl e runsT). 'T‘\”Der'

Convective Precipitation in green (CP) and Grid-scale Precipitation""_":](_3 periorme over the who € domain o _t € simu ation. Total Pre-

in blue (GsP). cipitation in red (TP), Convective Precipitation in green (CP) and
Grid-scale Precipitation in blue (GsP).

the highest rainfall peaks were observed in a relief systemyjoes not “see” correctly these orography structures: the con-
having an average elevation of 2000m and a spatial width/ection dynamics cannot be properly triggered and lee-side

of order 10-20km. It seems clear that this model resolu-gffect is missing in the simulation. A more detailed analysis
tion is unable to capture the small-scale orography variabil-of the results is described Milelli et al. (2007.
ity proper of that area. In fact the theoretical horizontal res-

olution is around 7 km but theffective one is~30km as
shown in (Fig. 4). This value corresponds roughly tox4
and agrees with the values found in literature (see for in-In a second step of the project, cross experiments have been
stanceSkamarock2004. Therefore, the simulated air mass considered. They are performed using the latest version of

4.1 Cross experiments
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the COSMO Model. This version isftiéring from the ref-
erence version used in the previous simulations mainly by
microphysics changes in the warm rain scheme and change
of snow physics. The cross experiments are described in Ta:
ble 1.

The changes are related to the convection scheme, to the
initial humidity conditions and to the dynamics. In detail:

Tot. Prec. Diff. {mm/24hr
it Z

=

51N

50N

49N

48N

R

2

48N -

2

— the following convection schemes are tested: Tiedtke
(Tiedtke 1989, Kain-FritschiBechtold Bechtold et al.
200)) (see alsdKain and Fritsch(199Q 1993) and a
modified Tiedtke scheme with changes related to evap-
oration, turbulent entrainment, mixed-phase saturation
adjustment and exchange of cloud water and cloud ice
with grid-scale variables;

FIYE I Y = S

430 -

42N

4

40N -

L R

— the initial conditions have been modified: 10% increase

L Fi 9. Total Precipitation dference in ther6hy+30 h time in-
and 10% decrease of humidity; 9Hre At ! v+ me |

terval (06:00UTC 17 August—06:00 UTC 18 August) between A3

— differences in the dynamics have been introduced: threélnd Al (see Table 1 for the description of the runs).

time-level Leapfrog scheme with time-split treatment of

acoustic and gravity waves and Runge-Kutta scheme. about 35 000 krf) and over the whole domain of the simula-

The results in Fig. 5 demonstrate that there is indeed 41N (€€ Fig. 9) respectively. The reason for the behaviour g
sensitivity to these changes: the decrease of initial humiduns A3 and A4 could be found in the characteristics of the
ity together with Runge-Kutta scheme produces a relativel@in-FritsciiBechtold schemeBechtold et al.2001): here
reduction of precipitation (A1l vs. A2, A3 vs. Ad, A5 vs. the closure assumption is based on CAPE and the onset
AB), while the increase of humidity is almost balanced by convection depends on the large-scale vertical velocity (i

=2

of

Runge-Kutta scheme with an overall reduction (Al vs. A7). the Tiedtke scheme the closure assumption is based on mo|s-

Comparing the fect of the cross experiments with reduced ture convergence and convection is triggered if the parcel’

initial humidity and Runge-Kutta scheme with their single temperature exceeds the environment temperature by a fixed

effects leads to the conclusion that they are simply summing@mperature threshold of 0.5 K, séedtke(1989). This de-
up (Dierer et al, 2007).

termines an overestimation of the average precipitation over

The bias in Figs. 6, 7 and 8, calculated with respect to thdhe plains and a reduction of the maxima over the mountains,

the Ctrl run (A1) shows that the area where the verificationVith respect to the Tiedtke scheme. Consequently, by enlarg-

is performed may vary the results. In fact, it is evident that N9 the averaging domain, more and more flat regions are ir
if we average over a larger area (Figs. 7 and 8), the initigiCluded a}nd _th|s countgrbalance the underpr_edlc_:uon over th
humidity increase plays a more important role, giving an in-AIPS Which is the dominantféect when considering only a
crease of precipitation in A7 with respect to AL. Moreover Part of the simulation area (Figs. 6 and 7).

there is a disagreement between the relatiteceof runs A3

and A4 in case we average over Piemonte region (Fig. 7) 05 conclusions

over the whole domain of the simulation (Fig. 8). In the lat-

ter case these runs show a relative increase of precipitationsensitivity runs have been carried out for a single test cag
The situation is more evident when we compare directly the(heavy convective precipitation event over Piemonte regio
difference between the total precipitation cumulated in 24 hon 17 August 2006) in order to look for the relative changes
of A3 and Al (Fig. 9). Itis evident that there is an overall A selection of most representative simulations has been ch
increase of total precipitation, but locally some structures aresen, in particular concerning cross experiments. Althoug
completely missing in run A3. Looking at the structures over there is no clear suggestion about an improvement of th

Belgium and Eastern France, there seems to be a shift of thgontrol simulation, because the main problem is the general

precipitation line, since we observe two parallel stripes of ynderestimation of the peaks due to subgrid unresolvable &
overestimation and Underest|mat|0n, but over Piemonte qucts (Orography) and no physica' parameterisation or nume

jUSt have an evident lack of convective cells. It has to beica| scheme can cure thifect, some indication can be here
pointed out that the precipitation in Figs. 6, 7 and 8 has beerjghlighted:

calculated averaging over the grid points falling into the three
warning areas of Ticino, Toce and Sesia (see Fig. 3, about — poor sensitivity of the model concerning average values
8500 knt), over the Piemonte and Ticino area (see Fig. 3, with some exception, but not in the desired direction
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(initial humidity, microphysics, convection schemes); Doms, G. and Sdittler, U.: A description of the non-hydrostatic
regional model LM. Part I: Dynamics and Numerics,
—in particular Kain-FritSC}‘BeChtOId scheme seems to httpy/www.cosmo-model.oygontentmodefdocumentation
spread (and increase) the precipitation over the domain, coredefault.htm 1-140, November 2002.
but the peaks over complex orography are smoothed; Kain, J. S. and Fritsch, J. M.: A one-dimensional entrain-
ing/detraining plume model and its application in convective pa-
— the validation results (average values) vary according to rameterization, J. Atmos. Sci., 47, 2784—2802, 1990.
the considered domain. Kain, J. S. and Fritsch, J. M.: Convective parameterization for

) o ) mesoscale models: The Kain-Fritsch scheme. The representation
It has to be pointed out that this is a single test case, but o cymulus convection in numerical models, Meteor. Monogr.,
the results are in agreement with the other cases included in 27, Amer. Meteor. Soc., 165170, 1993.

the study by other COSMO members. This kind of study will Lin, Y. L., Chiao, S., Wang, T., Kaplan, M., and Weglarz, R.: Some

continue inside the COSMO community, with further inves-  Common Ingredients for Heavy Orographic Rainfall, Weather

tigations. In particular, as far as the convection is concerned, Forecast., 16(6), 633-660, 2001.

it could be worth performing simulations at a higher horizon- Lindborg, E.: Can the atmospheric kinetic energy spectrum be ex-
tal resolution, using scales where the deep convection should Plained by two-dimensional turbulence?, J. Fluid Mech., 388,

be resolved by the model itself in an explicit way. 259-288, 1999. )
Mellor, G. L. and T. Yamada, T.: A hierarchy of turbulence closure
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