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Abstract. The limited-area ensemble prediction system times difficult to forecast accurately their space-time evolu-
COSMO-LEPS has been running every day at ECMWF sincetion, especially for ranges longer than 48h. In the recent
November 2002. A number of runs of the non-hydrostaticyears, many weather centres have given more and more em-
limited-area model Lokal Modell (LM) are available every phasis to the probabilistic approachrgcton and Kalnay
day, nested on members of the ECMWF global ensemble1993 Molteni et al, 1996 Houtekamer et g1.1996, which
The limited-area ensemble forecasts range up to 120 h anblas proved to be an important tool to tackle the predictability
LM-based probabilistic products are disseminated to severaproblem beyond day 2. Nevertheless, global ensemble sys-
national and regional weather services. Some changes of thems are usually run at a relatively low horizontal resolution
operational suite have recently been made, on the basis of th@0 km at most), making difficult their use where the forecast
results of a statistical analysis of the methodology. The analof severe and localised weather events is concerned. With re-
ysis is presented in this paper, showing the benefit of increasgard to the use of limited-area models within ensemble sys-
ing the number of ensemble members. The system has bedams, ARPA-SIM (the Regional Hydro-Meteorological Ser-
designed to have a probabilistic support at the mesoscale, fosice of Emilia-Romagna, in Italy) developed LEPS (Limited-
cusing the attention on extreme precipitation events. In thisarea Ensemble Prediction Systendio(teni et al, 2001
paper, the performance of COSMO-LEPS in forecasting pre-Marsigli et al, 200% Montani et al, 2001, 20033, which
cipitation is presented. An objective verification in terms of after some tests led to the COSMO-LEPS implementation
probabilistic indices is made, using a dense network of obser{Montani et al, 20038.
vations covering a part of the COSMO domain. The system The LEPS methodology allows us to combine the benefits
is compared with ECMWF EPS, showing an improvementof the probabilistic approach (a set of different evolution sce-
of the limited-area high-resolution system with respect to thenarios is provided to the forecaster) with the high-resolution
global ensemble system in the forecast of high precipitationdetail of the LAM integrations, with a limited computational
values. The impact of the use of different schemes for theinvestment. The methodology is based on an algorithm that
parametrisation of the convection in the limited-area modelselects a number of members out of a global ensemble sys-
is also assessed, showing that this have a minor impact witfem. In particular, the 51-member ECMWF EPS (Ensemble
respect to run the model with different initial and boundary Prediction System) is used. The selected ensemble mem-
condition. bers (called Representative Members, RMs) provide initial
and boundary conditions to run a limited-area model.
Following the encouraging results of the early experimen-
tal phase, the generation of an “experimental-operational”
limited-area ensemble prediction system, the COSMO-LEPS

The forecast of severe weather events is still a challenginf0lect, has started in November 2002 on the ECMWF
problem. The key role played by mesoscale and orographicomputer system under the auspices of COSNr{tani
related processes can seriously limit the predictability of€t al- 2003. COSMO (COnsortium for Small-scale MOd-
intense and localised events. Although the use of high-€ling, http://www.cosmo-model.ojgs a consortium involv-
resolution limited-area models (LAMs) has improved the NG Germany, ltaly, Switzerland, Greece and Poland which

short-range prediction of locally intense events, it is some-2ims to develop, improve and maintain the non-hydrostatic
limited-area model Lokal Modell (LM). COSMO-LEPS

Correspondence taC. Marsigli aims at the development and pre-operational test of a “late-
(cmarsigli@smr.arpa.emr.it) short to early-medium-range” (48—120 h) probabilistic fore-

1 Introduction
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e — e — e T geographical localisation of the regions most likely to be af-
fected by the flood events. Then, as regards severe precipi-
tation events, the impact the high-resolution within a proba-
bilistic system seems to be positive.

An objective verification of COSMO-LEPS is being car-
L or ried out at ARPA-SIM, focusing the attention on the precip-
itation forecast. Verification aims towards an understanding
of the abilities and shortcomings of the system, in order to
I~ ameliorate its design and to provide guidelines to the end
users (forecasters, civil protection, etc). In this paper, ver-
ification of daily precipitation has been performed over the
period September-November 2003. The probabilistic indices
used in this paper are: Brier Skill ScoM/i(ks, 1995, ROC
Curves Mason and Grahani999 and Percentage of Out-
liers (Buizza 1997). With regards to the system configura-
tion, the analysis focuses on the methodology that leads to
the choice of the Representative Members. This analysis has
been performed over the same period.

The methodology can be regarded as a downscaling of thi The paper |s.organ|s%d 35 fo"QV\r’]S' mbSék:uhg COSMO-
forecasts provided by a global ensemble, aiming at trans- EPS system Is described, as It has been since June 2004,
ferring to the probabilistic approach the benefit of the high-WhIIe in Sect.3 a _stat|st|cal anaIyS|§ of the methodology
resolution. The perturbations are introduced into the limited-'> presented, Iea}dlng oa hew .conf|gurat|on of the system.
area model both through the initial conditions and by meang” Sect-4 an objective verification of the performance of

of the perturbed lateral boundary conditions. The addedCOS'Vlo'LEPS is carried out, comparing the sy;tem with
value of the system resides in joining the skill of a global the ECMWF EPS. In S.erT’ the_ COSMO-LEPS s com-
ensemble system to depict the possible evolution scenariogarecj W't.h a parallel suite n .Wh.'Ch another_scheme for th.e
with the capability of an high-resolution LAM to describe parametrlsatlgn of the preupltatmg convection is used. Fi-
better local meteorological processes. Perturbations in th@a"y' conclusions are drawn in Se6t.

initial conditions have not been considered due to two main

reasons: the computational burden and the fact that COSMO-

LEPS is mainly designed for the medium-range (day 3-5),2 The COSMO-LEPS operational system

where the impact of the boundary conditions is regarded to

be more relevant. Recently (June 2004) model perturbationghe set-up of the COSMO-LEPS suite, as it was when the
have been introduced withing COSMO-LEPS by using two verification was carried out, is described in this section. From
different convection schemes. This was done in order to trythe beginning of June 2004 the suite has changed, as a con-
to consider a more local source of spread. sequence of the results obtained in S8etnd in Sect5.

The developed methodology makes use of a global ensem- A Cluster Analysis and Representative Member Selection
ble size reduction technique in order to avoid to increase toqalgorithm is applied to the ECMWF global ensemble sys-
much the computational costs: a price in terms of ensemtem. For a description of the Cluster Analysis technique, a
ble size is paid in order to save computational time for thetechnique which permits to separate data into groups whose
high-resolution integrations. The ensemble size reduction iSdentity are not known in advance, the reader is referred
necessary in order to render affordable the integrations of ao Wilks (1995. The Ensemble Prediction System (EPS)
number of limited-area model runs within a few hours. This js now based on &;255L40 model (spectral model with
permits to have the forecasts issued by the system availablguncation at wavenumber 255 and 40 vertical levels), corre-
in the early morning in the meteorological operation rooms, sponding to a horizontal resolution of about 80 km, and has
where its performances can be evaluated by the forecastes] membersNlolteni et al, 1996 Buizza et al.1999. Three
in real time. successive 12-h-lagged EPS runs (started at 12:00 UTC of

The extent to which the aim has been reached has beedayN-2, at 00:00 and 12:00 UTC of day-1) are grouped to-
evaluated both with an objective verification, which is pre- gether so as to generate a 153-member super-ensemble; (see
sented in this paper, and on a case-study basis. In the abowg. 2). A hierarchical cluster analysis is performed on the
mentioned references and Marsigli et al. (2004, it has 153 members so as to group all elements into 5 clusters (of
been shown that, over a number of test cases and for severdlfferent populations); the clustering variables are the geopo-
forecast ranges (48-120h), LEPS (the early experimentailential height, the two component of the horizontal wind and
system) and COSMO-LEPS (the real-time quasi-operationathe specific humidity at three pressure levels (500, 700, 850
system) have shown better performance than EPS for th@Pa) and at two forecast times (fc+96 and fc+120 for the
quantitative forecast of intense precipitation, as well as the'youngest” EPS, the one started at 12:00 UTC of 8&9);
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Fig. 1. COSMO-LEPS operational domain (small circles) and clus-
tering area (thick rectangle).

casting system using a LAM over a domain covering all
countries involved in COSMO (Fid).
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the cluster domain covers the region°36-60° N, 10° W— | Starting of LM integrations

AQP E (rectangle in Figl). Clustering Times
The use of the super-ensemble was introdudé@dntani . OLDEST EPS N

et al, 20033 aiming at increasing the spread of the global 2 *on | wom 200 eam

ensemble on which the cluster analysis is performed. ?ES 3 MIDDLE £PS 1 |

»

Within each cluster, one representative member (RM) isw = jmh

. ; o : s +108h| +1324
selected according to the following criteria: the RM is that _ 1 ; |
element closest to the members of its own clusters and most: YOUNGEST EPS i -
distant from the members of the other clusters; distances are jon +96h - +120h
calculated using the same variables and the same metric as ‘ y .

. . 12 00 12 00 12 00 12 00 12 00 12 00 12
in the cluster analysis; hence, 5 RMs are selected. Each RMy_, -1 N N+1 N+2 N+3 N+4
provides initial and boundary conditions for the integrations

COSMO-LEPS products ready

with LM, which is run 5 times for 120 h, always starting at youngest EPS ready
12:00 UTC of dayN-1and ending at 12:00 UTC of day+4.

The LM is run with a horizontal resolutionx~10 km and  Fig. 2. Details of the COSMO-LEPS suite.
with 32 levels in the vertical; the time-step used for the inte-
grations is 60 s.

Probability maps based on LM runs are generated by as-
signing to each LM integration a weight proportional to the
population of the cluster from which the RM (providing ini-  This analysis is performed in terms of 24-h precipitation.
tial and boundary conditions) was selected. DeterministicThe forecast values at each grid point are compared with a
products (that is, the 5 LM scenarios in terms of surface andoroxy for the true precipitation occurred chosen as the +24 h
upper-level fields) are also produced. forecast by the ECMWF deterministic model. Itis not impor-

The products are disseminated to the COSMO communitytant the extent to which this proxy is a good approximation
for evaluation. COSMO-LEPS dissemination started dur-for the truth, because this is a comparison among different
ing November 2002 and, at the time of writing (Septemberconfiguration of the same model. The period chosen for this
2004), the system is being tested to assess its usefulness iast is September—November 2003 and the area is the cluster-
met-ops rooms, particularly in terms of the assistance givering area (rectangle in Fid.).
to forecasters in cases of extreme events. Results show that the Brier Skill Score (the higher the bet-
ter) is higher when the clustering is based on the most re-
cent EPS only (Fig3, black line), while it is lower for the
3-EPS super-ensemble (blue line). The difference between

The idea of joining three consecutive EPS to form a Super_the two is not so remarkable, but it remains at every forecast

ensemble is based on the need of enlarging the size of the e@?n?e'k-!_lre 2-EI|3tS tshuper-eniftar:nbieE(ereg line) hi? ant 't?]te;m?
semble on which the RM selection algorithm is applied. This late ski'l, equal to the one ot the - ensemble atine firs

. . . : last for ran i neral performan ing closer
permits an increase in the ensemble spread and a wider p ?pd ast forecast ranges, its general performance being close

of the phase space spanned by the global ensemble membe .thattﬁf tgeoléEPeS ensoer;bleéscl(r)nlla_\(rjcon(;:lusol?nﬁsre drawn
Nevertheless, this is obtained by paying a price in terms of¥ ﬁ? € tar a ?C rtI'S ar fthnSI er;a (n_ SI wn)h.
skill: the older the EPS, the less skillful their members are. In € percentage of outlers ot the Systems 1S aiso shown.

order to quantify the relative effects of the increased sprea(irhIS is the percentage of times the "truth” falls out of the
and of the decreased skill, the Representative Members chd@h9e of the foreqast va]ues, so the lower the better. The
sen with the current methodology are compared to those Chogercgntage of o_utllers (Fig) of the 1-EPS ensemble (black
sen using only one or two EPS. The three ensembles that arltl-,ne) IS rat_her hlgh_er than the ot_her two, _for every forec_ast
compared are, then: range, while there is almost no difference in terms of guthers
between the 2-EPS (red line) and the 3-EPS (blue line) en-
— the ensemble made up by the 5 RMs selected applyingembles. These results seem to indicate that the use of just
the Cluster Analysis and Representative Member Selectwo EPS in the super-ensemble can be a good compromise,
tion Algorithm on the three most recent EPS (referred permitting a significant decrease in the percentage of outliers
to “3-EPS”), which is the original operational configu- but leading to only a small worsening of the skill.

ration. In order to quantify the impact of the ensemble size on

_ the ensemble made up by the 5 RMs selected applyin he performance of the system, the cluster analysis has been
the Cluster Analysis and Representative Member Selec:epeatEd by fixing the number of clusters to 10 and by select-

tion Algorithm on the two most recent EPS (referred to ing, then, 10 Representative Members. This has been done
“2_EPS") for each of the three ensemble configurations already consid-

ered, leading to the three configurations: 3-EPS-10RMs, 2-
— the ensemble made up by the 5 RMs selected applyindePS-10RMs and 1-EPS-10RMs. The impact of the ensemble
the Cluster Analysis and Representative Member Selecsize proves to be quite remarkable; the difference between

tion Algorithm on the most recent EPS (referred to “1-
EPS”).

3 Statistical analysis of the methodology
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reduced EPS (SON 2003 - proxy rain - no weight) reduced EPS (SON 2003 - proxy rain)
20 mm/day
0,6 T T 0,3 T P
o—e 2eps-5rm
o—e leps-5rm
o—e 2eps-5rm —o mig] m(ope)
o—e 3eps-5rm (ope) 2oe 10

04 leps-10rm
2eps-10rm
3eps-10rm

3eps-10rm
02— TS T —

Brier Skill score
o
N
outliers

e -

02 \ | | 0 \ \ \
24 48 72 96 120 24 48 72 96 120
forecast range (h) forecast range (h)

Fig. 3. Brier Skill Score as a function of the forecast range for the Fig. 4. Percentage of outliers for the RM EPS. The different config-
event precipitation exceeding 20 mm/24 h relative to the RM EPS.urations are: 5 clusters algorithm based on 1 EPS (black line), on 2
The different configurations are: 5 clusters algorithm based on 1gpS (red line) and on 3 EPS (operational configuration, blue line);

EPS (black line), on 2 EPS (red line) and on 3 EPS (operational con4 clusters algorithm based on 1 EPS (gray line), on 2 EPS (orange
figuration, blue line); 10 clusters algorithm based on 1 EPS (grayline) and on 3 EPS (cyan line).
line), on 2 EPS (orange line) and on 3 EPS (cyan line).

bers. This permits us to quantify the impact of the increased
each 5-member ensemble and the correspondent 10-membegsolution alone. The problem of the very different resolu-
ensemble being about 0.1 in terms of Brier Skill Score, fortions of the two systems is tackled by upscaling both systems
every configuration. This is shown in Fig, where the blue to a lower resolution: the grid point forecasts of both mod-
line (3-EPS-5RMs) is to be compared with the cyan line (3-els are aggregated over boxes ofx4155°. For each model,
EPS-10RMs), the red line (2-EPS-5RMs) with the orangethis was done in two ways: averaging all the forecast values
line (2-EPS-10RMs) and the black line (1-EPS-5RMs) with falling into the box or selecting the maximum among all the
the brown line (1-EPS-10RMs). The impact of doubling the forecast values falling into the box. The comparison is made
ensemble size is almost the same for every configuration anth terms of 24-h precipitation, against observed data from a
is predominant with respect to the impact of changing thevery dense network of raingauges. Precipitation is accumu-
number of EPS on which the Cluster Analysis is performed.lated from 06:00 to 06:00 UTC. In order to properly compare
In terms of Outliers (Fig4), it can be seen that doubling the forecast values on grid points and observed values on station
ensemble size greatly reduces the Percentage of Outliers, bypints, the observations within a box are treated, as the fore-
due to the dependence of this measure on the ensemble sizeast values, in two ways: all the observed values falling into a
a direct comparison may be not appropriate. box are averaged and the obtained value is compared directly
These results led to two major modification of the with the averaged forecast value or the maximum among all
COSMO-LEPS methodology at the beginning of June 2004:the observed values falling into a box is selected and com-
the super-ensemble has been built by using only the 2 mogpared with the maximum forecast value. The comparison is
recent EPS and the number of clusters has been fixed to 1€arried out over a large area included in the COSMO-LEPS
(2-EPS-10RMs configuration), nesting Lokal Modell on eachdomain, covering Germany, Switzerland and Northern Italy.
of the so selected 10 RMs. The dense network of stations recording daily precipitation
(about 4000 every day) is shown in Fhy.
The three ensemble systems compared are:
4 \ferification of COSMO-LEPS against the EPS
— the COSMO-LEPS system, made up of 5 members, 10
In order to quantify the added value brought about by the  km horizontal resolution, referred to as “cleps”;
mesoscale probabilistic system, COSMO-LEPS is compared
with the EPS. The comparison is made difficult by two main
factors: the difference in the number of ensemble members
(5 for COSMO-LEPS and 51 for the EPS) and the differ-
ence in terms of resolution (10 km for COSMO-LEPS and - the operational 51-member ECMWF EPS starting at
80 km for the EPS). As far as the population of the ensem- the same initial time as COSMO-LEPS (the “youngest”
bles is concerned, COSMO-LEPS is also compared with a  EPS constituting the super-ensemble), 80 km horizontal
small EPS ensemble made up by the 5 Representative Mem-  resolution, referred to as “eps51”.

— the EPS mini-ensemble composed of the 5 Representa-
tive Members chosen from the super-ensemble, 80 km
horizontal resolution, referred to as “epsrm”;
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49°N 49°N Fig. 6. Brier Skill Score values for the precipitation threshold
48°N 48°N 20 mm/24 h. The blue line is relative to cleps, the red line is relative
to epsrm, the green line is for eps51. Average observed and forecast

47°N 47°N values over 1.51.5 boxes are compared.
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44°N 44°N 0.875 e
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39°N 39°N forecast range (h)
7°E 9°E 11°E  13°E 15°E Fig. 7. ROC area for the precipitation threshold 20 mm/24 h. The

blue line is relative to cleps, the red line is relative to epsrm, the
Fig. 5. Network of station providing 24-h precipitation (06:00 UTC green line is for eps51. Average observed and forecast values over
to 06:00 UTC) for the COSMO verification. 1.5x1.5 boxes are compared.

First, the average observed value of each box, obtained bgan contain members started 12 or 24 h before the members
computing the mean of all the observations falling in a box, isOf eps51, due to the fact that the RMs are selected out of the
compared with the average forecast value relative to the sam@gged super-ensemble.
box, for each of the three forecasting systems. The Brier Skill The differences in the performances of the three systems
Score (Fig6) and the ROC area (Fi@) for the three systems are enlighted by the ROC area values (Fig.
are shown; for both indices, the higher the better. The event The full-size 51-member EPS (eps51, green line) has the
considered here is precipitation exceeding 20 mm/24 h ovepest scores at this threshold for every forecast range. The
1.5x1.5 boxes. Since the observed and forecast values are OSMO-LEPS system (cleps, blue line) has lower scores,
averaged over an area of ¥5.5, this threshold detects an put higher that those of the 5-RM EPS (epsrm, red line). The
intense precipitation. only exception is the +114 h forecast range, when the cleps

In terms of Brier Skill Score (Fig6) the three lines are score is as lower as the epsrm one. From these results, it
rather close together. The BSS values of the full-size 51-appears that, when the two systems with the same size are
member EPS (eps51, green line) are slightly higher tharcompared, “cleps” shows an improvement with respect to the
those of the other two systems, which means that its per‘epsrm”, especially in terms of ROC area. In order to better
formance is slightly better. Furthermore, the eps51 BSS iginderstand this result, the ROC Curves for these two systems
always positive, indicating the existence of some skill at all are also reported.
the time ranges. The difference between cleps (blue line) The ROC Curves relative to COSMO-LEPS and to the 5-
and epsrm (red line) is slightly in favour of cleps for the first RM EPS are shown for the event “average precipitation ex-
forecast ranges, when it has positive BSS values, while theeeding 20 mm/24 h”, for the forecast ranges +66 h (8)g.
reverse is true at the +114 h forecast range. The additionaand +90h (Fig.9). The “cleps” curves (blue curves) are
skill of eps51 can also be due to the more recent initial con-above the “epsrm” ones (red curves) for both forecast ranges.
ditions from which it benefits. In fact, both epsrm and cleps Considering the first cross from the top right in the diagrams,
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1.0 0.6
0.9+ o
o
(8]
0.8- -
E
0.7- ht
Q0
0.6 <
Eos- -0.2 ‘ ‘ ‘ ]
T0 24 48 72 96 120
forecast range (h)
0.4-
|
0.3 | Fig. 10. Brier Skill Score values for the precipitation threshold
’ 20 mm/24 h. The blue line is relative to cleps, the red line is rela-
0.2 tive to epsrm, the green line is for eps51. Maximum observed and
forecast values over 1:8L.5 boxes are compared.
0.1
00% 01 02 03 04 05 06 07 08 09 1 order to decide if the action has to be taken, he uses the prob-

FAR abilistic system, but he has to decide on which probability

threshold to rely. The first cross of the diagram corresponds
Fig. 8. Average values: ROC Curves for the precipitation threshold to the hit rate and false alarm rate a user can have if he de-
20 mm/24 h and for the +66 h forecast range. The blue line iscide to take a protective action when at least one ensemble

relative to cleps while the red line is relative to the epsrm. member forecasts the event, so he relies on a very low prob-
ability threshold. This situation is usually linked with cases
1.0 in which the possible loss is very high (human lives) with re-
spect to the cost of the preventive action. Finally, it has to
0.9 be reminded that the very first point of both curves, with co-
ordinates (1,1), is just a theoretical limit to which the curves
0.8 are extrapolated. Then, the first cross has to be considered
0.7 the first significant point of the curves.
Averaging the precipitation over boxes of this size per-
0.6 T mits us to understand if the amount of precipitation over a
- vast region is correctly forecast, without giving information
To on precipitation peaks, which are very important for hydro-
o geological purposes. A high-resolution system can produce
/ a significant improvement in the quantitative precipitation
0.3 forecast if it is able to provide this kind of information. For
this reason, a comparison in terms of precipitation maxima
02 has been performed: the maximum forecast value falling in
i a box is compared with the maximum observed value in the
’ same box. The boxes are of the same sizex1.5 .
The BSS values for cleps (Fid0, blue line) are clearly

0.0 . . . . . .
0.0 01 02 03 04 F(ASR 0.6 07 08 09 1 higher than those relative to both the epsrm and eps51 ones,

indicating that COSMO-LEPS is better able to forecast the

Fig. 9. Average values: ROC Curves for the precipitation threshold occurrence of high precipitation over an area. The system

20 mm/24 h and for the +90 h forecast range. The blue line ish@s a positive skill for all the forecast ranges. In terms of
relative to cleps while the red line is relative to epsrm. ROC area, Figll, cleps still has the highest values, while

the distance between eps51 and epsrm increases. In terms of
both indices, the cleps performance worsens with increasing
it is evident that the two systems have comparable Falsdime range. Atthe +114 h forecast range, cleps has the same
Alarm Rate, but COSMO-LEPS obtains higher Hit Rate val- ROC area value as eps51, while in terms of BSS it still shows
ues. This cross is correspondent to the probabilistic issue “agome improvement.
least one ensemble member is forecasting the event”, whose The ROC Curves relative to COSMO-LEPS and to the 5-
practical meaning can be understood referring to a alert situRM EPS are shown for the event “maximum precipitation ex-
ation. If a user have a damage from the considered event, heeeding 20 mm/24 h”, for the forecast ranges +66 h (E&).
can avoid the related loss by taking a preventive action. Inand +90h (Fig.13). The “cleps” curves (blue curves) are
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1 1.0
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Fig. 11. ROC area for the precipitation threshold 20 mm/24 h. The 031
blue line is relative to cleps, the red line is relative to epsrm, the '
green line is relative to eps51. Maximum observed and forecast g, |
values over 1.51.5 boxes are compared.

0.1
1.0 00
0.0 01 02 03 04 05 06 07 08 09 1.
0.9 FAR
0.8+ Fig. 13. Maximum values: ROC Curves for the precipitation thresh-
old 20 mm/24 h and for the +90 h forecast range. The blue line is
0.71 relative to cleps while the red line is relative to epsrm.
0.6
§0_5, 5 Parallel suite with different convection schemes
0.41 The COSMO-LEPS members are differentiated only by their
initial and boundary conditions, which come from different
0.31 members of the ECWMF EPS. More spread can easily be
5] added by nesting LM more than once on each of the se-
0 lected EPS RMs, changing the model configuration. This
01 approach has been followed for an experimental version of
COSMO-LEPS, where the number of members has been in-
0081 02 o3 04 05 o6 07 08 09 T creased by mtegratl_n_g a pair of LM runs for_each_set of initial
FAR and boundary conditions, the twin runs being different only

with regard to the convection scheme. This was decided to
Fig. 12. Maximum values: ROC Curves for the precipitation thresh- perturb the model in the description of processes responsi-
old 20 mm/24 h and for the +66 h forecast range. The blue line isble of precipitation generation. The two convection schemes
relative to cleps while the red line is relative to the epsrm. implemented in Lokal Modell are the Tiedtke scheme (used

operationally, Tietdke 1989 and the Kain-Fritsch scheme

(Kain and Fritsch1990. Both are mass-flux parametrisa-
well above the “epsrm” ones (red curves) for both forecasttion schemes, where it is essential to estimate the convective
ranges. Considering the first cross from the top right in themass flux at the base of the cloud. The Tiedtke scheme uses
diagrams (correspondent to the probabilistic issue “at least dynamical closure that relates the cloud base mass flux to
one ensemble member is forecasting the event”), the relathe large scale forcing and atmospheric structure, while in
tionship between Hit Rate and False Alarm Rate of the twothe Kain-Fritsch scheme convective effects are assumed to
systems can be easily understood. At the +66 h (+90 h) foreremove convective available potential energy within a pre-
cast range, COSMO-LEPS produces more false alarms, FARlefined timed period.
being around 0.2 (0.25) for cleps and 0.05 (0.1) for epsrm, Starting from September 2003 to May 2004, a second suite
but it has a more than double Hit Rate, HIT being aroundwas run, parallel to the standard one. In the standard suite the
0.75 (0.8) for cleps and 0.35 (0.35) for epsrm. Tiedtke scheme was used for the parametrisation of the con-

This analysis has been repeated for higher maximum prevection, while in the parallel suite the Kain-Fritsch scheme

cipitation thresholds, up to 50 mm/24 h (not shown), indi- was used. The two systems are here referred to as “Tiedtke
cating that the COSMO-LEPS system has some skill in fore-suite” and“Kain-Fritsch suite”.
casting high precipitation peaks not reproduced by the lower A 10-member COSMO-LEPS can also be obtained by
resolution ensemble. simply joining the two suites, forming a system in which
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Fig. 14. ROC area values as a function of the forecast range forFig. 16.

forecast range (h)

72
forecast range (h)

ROC area values as a function of the forecast

averaged precipitation over 0«8.5° boxes exceeding 20 mm/24 h. range for maximum precipitation over &«5.5° boxes exceeding
The blue line is relative to the Tiedtke suite (operational), the red50 mm/24 h. The blue line is relative to the Tiedtke suite (opera-
line is relative to the Kain-Fritsch suite and the green line is for the tional), the red line is relative to the Kain-Fritsch suite and the green

10-member combined suite.

line is for the 10-member combined suite.

1.0
0.9 threshold is 20 mm/24 h. In terms of ROC area, the Kain-
Fritsch suite (red line) improves with respect to the Tiedtke
0.81 suite (blue line). The score of the combined suite (green line)
is a little higher than both 5-member suites, but it is very
0.79 similar to the Kain-Fritsch suite. This seems to suggest that
0.61 adding this kind of model perturbations without also chang-
ing the initial and boundary conditions is not very useful, the
Eo.& ' spread added by using two different convection scheme be-
,,r/ ing much lower that the other. In order to show more clearly
0.47 the differences between the 2 suites, the ROC diagram at the
03] ;/ +90 h forecast range is reported in Fid.
¥ Looking at the first crosses from the top right corner (low
0'2’[ probability classes), the Hit Rate of the Kain-Fritsch suite is
0.1A,L rather higher than that of the Tiedtke suite, while only a small
< increase in terms of False Alarm Rate is shown.
0.0

FAR

Fig. 15. ROC Curves for the precipitation threshold 20 mm/24 h
(average values) and for the +90 h forecast range. The blue lin
is relative to the Tiedtke suite (operational), the red line is relative
to the Kain-Fritsch suite and the green line is for the 10-member

combined suite.

perturbations in the model are added to the usual perturba-
tions in the initial and boundary conditions. This system is

referred to as “combined suite”.

A comparison of the three suites is made in terms of 24-
h precipitation using observed data from a network of rain-

00 01 02 03 04 05 06 07 08 009

1.

When verification is repeated in terms of maximum val-
ues over the same boxes, different results are obtained. Con-
sidering maximum values over boxes, a higher precipitation
threshold (50 mm/24 h) is chosen for this analysis. As shown

i Fig. 16, higher ROC area values are relative to the Tiedtke

suite (blue line), but the difference with the Kain-Fritsch
suite becomes narrower for increasing forecast range. The
combined suite line (green) still provides the best score, al-
though by a narrow margin.

Considering the ROC Curves at the +90 h forecast range
(Fig. 17), it appears that the small difference between the
two suites is due to a little increase in terms of Hit Rate for

the Tiedtke suite, while the False Alarm Rates are almost
identical.

gauges covering Northern ltaly (about 500 stations). The

comparison is made over boxes of Q&5 that cover this

These results lead to a third modification of the COSMO-

area. The average (maximum) of the forecast values falling_EPS suite from June 2004, in addition to the two described
in each box is compared with the average (maximum) of theat the end of Sec8: the 10 Lokal Modell runs are performed

observed values falling in the same box.

by using both the Tiedtke and Kain-Fritsch schemes for the

In Fig. 14the ROC area values computed in terms of aver-parametrisation of the convection. The scheme used within
age values over 0:80.5° boxes are shown. The precipitation each single run is randomly selected.
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6 Conclusions 1.0

The key role played by mesoscale and orographic-related 0.9+
processes can seriously limit the predictability of intense
and localised precipitation events. Deterministic limited-area 08
models are improving the forecast of locally intense events
in the short range, but it is still difficult to forecast accurately
their space-time evolution, especially for ranges longer than (¢
48 h. The high-resolution system COSMO-LEPS has been ;{(
designed as a tool for the prediction of heavy precipitation in 0.5 7
a probabilistic perspective. On a case study badisntani //
et al, 2003h Marsigli et al, 2004, the system has proved
to be successful in the prediction of intense rainfall events.
An objective probabilistic verification is being carried out at
ARPA-SIM so as to assess both the abilities and shortcom- 0.2
ings of the system, to address future developments of the sys-
tem and to provide guidelines to the users. 0.14
In this paper, an objective verification of the COSMO- 005,,
LEPS performances in forecasting precipitation has been ~ 0.

0.7+

0.4+

Hostsevan,
TR

w
e———gp,

0 01 02 03 04 05 06 07 08 09 L.
presented. The period considered is September—November FAR

2003 and forecast precipitation cumulated over 24 h is com-_ S
pared with observed data. Fig. 17. ROC Curves for the precipitation threshold 50 mm/24 h and

In order to quantify the added value provided by the for the +90 h forecast range. The blue line is relative to the Tiedtke

oo suite (operational), the red line is relative to the Kain-Fritsch suite
mesoscale probabilistic system, COSMO-LEPS has beegnd tée%reen Iine)is for the combined suite

compared with the ECMWF EPS. To make an appropriate
comparison of the two systems, the differences in the number
of ensemble members (5 for COSMO-LEPS and 51 for the Finally, COSMO-LEPS scores are worsening at the 5 day

EPS) and in the horizontal resolution (10 km for COSMO- f i leading t ducti fthe | f
LEPS and 80 km for the EPS) have been considered. As faforecast range, leading to a reduction of the improvemen

as the population of the ensembles is concerned, the reducé’&ith respect to the global systems. This could be linked to the

EPS made up of the 5 Representative Members has also beér;]crease of the limited-area model error, which, at this time

arlysd, alowing t quanfy I Impact of he creased . DSCOIS e erough fo v e moro
resolution alone. On the other hand, the problem of the very P y P y

different resolutions of the two systems is tackled by upscaI—StrUCtureS'

ing both systems to a lower resolution: the grid point fore- An analysis of the COSMO-LEPS methodology, leading
casts of both model are aggregated over boxes of L5. to the choice of the Representative Members, has been also
The observations are also aggregated over the same boxesShown, addressing the topics of the super-ensemble size (1
A comparison in terms of average precipitation values overEPS: 2 EPS, 3 EPS) and of the number of Representative
1.5x1.5 boxes shows that EPS performs better. Neverthe:Members (5 or 10). The analysis has been performed by ver-

less, COSMO-LEPS outperforms the reduced EPS composelfyind the precipitation forecast by the reduced EPS made up

of the 5 Representative Members in terms of ROC area, irPY theé RMs without running the nested LAM. The forecast
particular showing a higher Hit Rate. When the comparison'€ compared with ECMWF proxy rain over the same season

is carried out in terms of maximum values over boxes of the(Autumn 2003).

same size, COSMO-LEPS scores are the highest, in terms We showed that the use of just two EPS in the super-
of both Brier Skill Score and ROC area. This is due to the€nsemble seems to be a suitable compromise between the
capability of the mesoscale system to forecast high precipitaneed to decrease the percentage of outliers and the need to
tion values. The analysis of the ROC Curves shows that thignaintain a high skill. Furthermore, doubling the number of
improvement is not associated to a dramatic increase of th&epresentative Members (from 5 to 10) produces the greatest
false alarms. improvement of the skill.

Considering average precipitation over a quite large area, These results lead to a modification of the COSMO-LEPS
EPS is performing better than the mesoscale system. Newnethodology at the beginning of June 2004: the super-
ertheless, it is worth noting that meteo-hydrological applica-ensemble has been built by using only the 2 most recent
tions often requires information on a more local scale. TheEPS and the number of clusters has been fixed to 10, nest-
skill of the COSMO-LEPS system in forecasting the occur- ing Lokal Modell on each of the so selected 10 RMs. The 10
rence of precipitation maxima it is a clear indication of the Lokal Modell runs are performed by using both the Tiedtke
usefulness of the system in forecasting intense and localisednd Kain-Fritsch schemes for the parametrisation of the con-
events. vection. The scheme used within each single run is randomly
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selected. This choice was adopted since we did not see anyarsigli, C., Montani, A., Nerozzi, F., Paccagnella, T., Tibaldi,

significant difference when using either the Tiedtke scheme S., Molteni, F., and Buizza, R.: A strategy for High-Resolution

or the Kain-Fritsch scheme. Actually, an attempt was made Ensemble Prediction, Part II: Limited-area experiments in four

to increase the number of COSMO-LEPS members without Alpine flood events, Quart. J. Roy. Meteor. Soc., 127, 2095~

increasing the number of Representative Members. A pair of 2115, 2001. ) ) .

LM runs were performed for each set of initial and boundary 12rsigli: C., Montani, A, Nerozzi, -, and Paccagnelia, T.: Proba-

conditions over a test period, the twin runs being different bilistic high-resolution forecast of heavy.prempltatlon over Cen-
. ' L . tral Europe, Nat. Hazards Earth Sys. Sci, 4, 315-322, 2004,

only in the scheme adopted for precipitating convection. Re-  SRef-ID: 1684-9981/nhess/2004-4-315

sults show that the use of the two different convection schemgason, s. 3. and Graham, N. E.: Conditional probabilities, relative

did not produce a significant increase of the spread of the sys- operating characteristics and relative operating levels, Weather
tem. and Forecasting, 14, 713-725, 1999.

The new configuration of COSMO-LEPS system is being Molteni, F., Buizza, R., Palmer, T. N., and Petroliagis, T.: The
currently verified and the impact of the modifications on the ECMWF Ensemble Prediction System: Methodology and vali-
system performance is addressed. The verification methodol- dation, Quart. J. Roy. Meteor. Soc., 122, 73-119, 1996.
ogy is still under development, focusing on the proper way ofMolteni, F., Buizza, R., Marsigli, C., Montani, A., Nerozzi, F., and

performing a probabilistic verification of an high-resolution ~ Paccagnella, T.. A strategy for High-Resolution Ensemble Pre-
forecast system diction, Part I: Definition of Representative Members and Global

Model Experiments, Quart. J. Roy. Meteor. Soc., 127, 2069—
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