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COSMO-LEPS Verification: First Results.
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Abstract

An objective probabilistic verification of the Limited—area ensemble system COSMO-
LEPS is being carried out at ARPA-SIM. In particular, results for the 24—cumulated
precipitation is considered in this work. Forecast values are compared against observa-
tions covering Northern Italy, but results for a bigger part of the COSMO-LEPS domain
(covering also Germany and Switzerland) are presented. COSMO-LEPS is compared
with ECMWF ensembles and different verification techniques are used. Finally, an anal-
ysis of the performances of the system at different spatial scales is shown.

1 Introduction

COSMO-LEPS is a probabilistic system for weather forecasts which combines the proba-
bilistic information coming form the ECWMF global ensemble system with the mesoscale
information introduced by Lokal Modell. Therefore the two main features of the system
are the probabilistic approach and the capability of forecasting surface parameters with a
greater detail with respect to global ensemble systems, leading to a better representation of
mesoscale-related processes. The verification package of COSMO-LEPS is designed keeping
in mind these characteristics, in order to retain and to evaluate the information coming from
both of them. As regards the necessity of understanding the behaviour of a probabilistic
forecast, probabilistic verification tools have been developed. Among them, the computa-
tion of Relative Operating Characteristic (ROC Curves), Brier Score and Brier Skill Score,
Cost-Loss Analysis and Percentage of Outliers has been implemented in the COSMO-LEPS
verification package. Though the computation of these scores is rather simple, their inter-
pretation is not straightforward, different indices describing different features of the forecast
system. In addition to this, the relationship between these scores is not a linear one. There-
fore, a global evaluation of the forecast system should rely on a set of indices. In this report,
for brevity reasons, only results in terms of the Brier Skill Score, ROC area and Percentage
of Outliers will be presented. A description of these indices is reported in Appendix. Bearing
in mind the other characteristic of COSMO-LEPS, which is the use of a mesoscale resolving
model, the probabilistic evaluation is performed only in terms of surface variables, using a
high-resolution dataset. In this report the focus is on the ability of the system of forecasting
intense precipitation events. A verification of the 2—meters temperature is also being carried
on. Different ways of comparing forecast and observed values are followed, in order to have
a clean comparison and aming at the understanding of the spatial-scale properties of the
forecast fields. After a brief description of the system (Section 2), verification results are
presented (Section 3), organised as follows: a comparison with the ECMWF ensemble in
terms of forecast precipitation over Northern Italy is shown in Section 3.1, while an evalua-
tion over a bigger part of the COSMO area is presented in Section 3.2. Results obtained by
comparing aggregated forecast and observed values over boxes of different sizes are reported
in Section 3.3. Finally, the used evaluation idices are described in Section 4.
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Figure 1: COSMO-LEPS operational domain (small circles) and clustering area (big rectangle).
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Figure 2: Details of the COSMO-LEPS suite.

2 The COSMO-LEPS operational system

The limited—area ensemble prediction system COSMO-LEPS has been running operationally
at ECMWF since November 2002. The suite is run and maintained remotely by ARPA-SIM,
with support given by ECMWF, and the necessary Billing Units are made avilable by the
ECMWF COSMO countries. Five runs of the non—hydrostatic limited-area model Lokal
Modell (LM) are available every day, nested on five selected members (the so—called Repre-
sentative Members, or RMs) of three consecutive 12-hour lagged ECMWF global ensembles.
The five selected members are representative of five clusters, built by grouping all the global
ensemble members on the basis of their similarity in terms of upper—air fields (see Fig.2; for
details on the suite implementation, the reader is referred to Montani et al., 2003b). The
limited-area ensemble forecasts range up to 120 hours and are integrated over a domain cov-
ering all the countries involved in COSMO (Fig. 1). The model version is 3.3, the horizontal
resolution is about 10 km and 33 vertical levels are used. LM-based probabilistic products
covering a ”short to medium-range” (48-120 hours) are disseminated to the weather services
involved in COSMO.
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Objective verification of the system has been carried out in order to quantify abilities and
shortcomings of the system.

3 Verification results

The objective verification is mainly made in terms of probabilities of occurrence of selected
weather events. In principle, each of the 5 COSMO-LEPS member contributes to the forecast
probability of occurrence of the event by 20%. Nevertheless, due to the way the RMs driving
the 5 LM integrations are selected form the super—ensemble, a weight can be assigned to
each LM run, computed as the percentage of members from the super—-ensemble that falls
in its own RM’s cluster. Scores computed by assigning this weight to each LM forecast
are referred to “weighted”. This “weighting procedure” is applied to the COSMO-LEPS
members when probability maps are computed. Nevertheless, first verification results show
that the “not—weghited” COSMO-LEPS performs slightly better than the “weighted” one
or, at least, that difference between the two are not significant. In this report, results from
the comparison between the two configurations are shown in Section 3.2.

Verification has been performed in two ways: by interpolating the gridded forecast values on
station points where observations are available or by individuating a couple of representative
observed and forecast values on boxes of fixed size. The interpolation of forecast values on
station points has been performed in either of this two ways: by taking for each station the
value on the nearest grid point or by averaging the values on the 4 nearest grid points. On
the other hand, the unique value per each box is obtained either by computing the average
value in the box or by choosing the maximum value in the box.

3.1 Comparison against ECMWEF ensembles

A comparison between the COSMO-LEPS ensemble and the ECMWF available ensemble
systems has been carried out over the network of stations covering Northern Italy, collected
for the purpose of verifying LM. The period considered ranges from November 2002 to
January 2003. Verification has been performed in terms of 24—hour cumulated precipitation.

3.1.1 Interpolation on station points

The first verification results compare COSMO-LEPS performance with that of the ECMWF
ensembles. The indices have been computed for the entire super—ensemble, made up of three
consecutive EPS (“epsse” model) as well as for the most recent EPS used in the construction
of the super—ensemble (“eps51” model) and for the ensemble made up of the 5 ECMWF RMs
chosen from the super—ensemble (“epsrm” model). Results are presented in terms of Brier
Skill Score, a higher value corresponding to a better results and the zero level indicating the
limit of usefulness of the forecasting system.

An interesting result is that the performance of the super—-ensemble is comparable with that
of the most recent EPS alone (Fig.3, black and blue lines, respectively). The 5-RM ensemble
(green line) is almost always less skillful than COSMO-LEPS (red line), which benefits
from the gain due to the nesting of the limited—area model. COSMO-LEPS performance is
slighlty worse than that of the super—ensemble at the lower threshold (top left panel) and
comparable to it at the intermediate thresholds (top right and bottom left panels). When
heavy precipitation is considered (over 50mm/24h, bottom right panel), COSMO-LEPS has
some skill at the 4-5 days forecast range, where the ECMWF ensembles show no skill. In
order to better understand the results, it is important to remind that a bigger ensemble
is favoured in terms of the Brier Skill Score (Talagrand et al., 1999). The reason of the
good performance of the super—ensemble can be understood also looking at the percentage
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Figure 3: Brier Skill Score (the higher the better) as a function of the forecast range (in hours)
relative to the 24-hour cumulated precipitation forecasts by COSMO-LEPS (cleps, red line), by the
ECMWF super—ensemble (epsse, black line), by the most recent of the three EPS (eps51, blue line)
and by the 5 ECWMF RMs ensemble (epsrm, green line) for different precipitation thresholds: over
10 (top left), 20 (top right), 30 (bottom left) and 50 mm/24h (bottom right). Forecast values are

bilinearly interpolated over station points.
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Figure 4: Percentage of outliers as a function of the forecast range (in hours) relative to the 24—
hour cumulated precipitation forecasts by COSMO-LEPS (cleps, red line), by the ECMWF super—
ensemble (epsse, black line), by the most recent of the three EPS (eps51, blue line) and by the 5
ECWMF RMs ensemble (epsrm, green line).
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Figure 5: Brier Skill Score (the higher the better) as a function of the forecast range (in hours)
relative to the 24-hour cumulated precipitation forecasts by COSMO-LEPS (red and black lines)
and by the ensemble made up with the 5 RMs of ECMWF (blue and green lines) for different
precipitation thresholds: over 10 (top left), 20 (top right), 30 (bottom left) and 50 mm/24h (bottom
right). Black and green lines are relative to the scores computed for the average values over boxes 1.5
x 1.5, while red and blue lines are obtained by comparing the maximum values over the same boxes.

of outliers, which is the percentage of cases in which the observed value lies out of the range
of the forecast values. As shown in Fig. 4, the use of the 153—member ensemble permits to
have enough spread to reduce to its mimumum value the percentage of outliers for every
forecast range.

3.1.2 Average and maximum values in boxes

The aggregation of both forecast and observed values over boxes seems to be very important
in order to properly compare the two. This is particularly true when comparing models
with different spatial resolution. In this case, COSMO-LEPS has an horizontal resolution
of about 10 km, while ECWMF EPS runs have a resolution of about 80 km. In this work,
boxes are built in a way that permits a partial overlapping between them, in order to avoid
sharp and somewhat artificial boundaries between one box and the other. Average observed
and forecast values over partially overlapping boxes with size 1.5 x 1.5 degrees are compared
in this section. Due to the fact that averaging tends to smooth the precipitation field and
to reduce the maximum values and having COSMO-LEPS be designed for the forecast of
intense precipitation, a comparison of maximum forecast and observed values in each box
has also been carried out. This analysis has been performed for COSMO-LEPS and for the
5-RM ECMWF ensemble (“epsrm”) only, the verification of the super—ensemble over a great
amount of boxes being highly computationally demanding.

Results are shown in Fig. 5. Black and green lines are relative to the scores computed
by comparing the average observed and forecast values over boxes 1.5 x 1.5 degrees, for
COSMO-LEPS and epsrm respectively. Red and blue lines are obtained by comparing the
maximum observed and forecast values over the same boxes, for COSMO-LEPS and epsrm
respectively. It is evident that the average values are more skillful than the maxima for
moderate rainfall thresholds (10 and 20 mm/24h) and that COSMO-LEPS mean values over
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Figure 6: The same as in Fig. 5 but in terms of ROC area.

the boxes are more skillful than epsrm ones, especially for the 20 and 30 mm/24 thresholds.
At the higher precipitation threshold (50mm/24h, bottom right panel), only COSMO-LEPS
maxima, have some skill, especially from +72 hours onward. In Fig. 6 results on terms of
ROC area are also reported for the highest precipitation thresholds: 30 (left panel) and 50
mm/24h (right panel). According to this measure the better performance of COSMO-LEPS
for intense precipitation is more evident, especially in terms of maximum values for the
50mm/24 threshold. The difference between the two indices can be understood referring to
the Brier Score decomposition presented in Section 4.2. When an event is correctly forecast
with low probability, the Brier Score increases, that is it worsens, while the ROC area
increases.

3.2 Verification over Germany, Switzerland and Italy

The observational database used for COSMO-LEPS verification has recently enlarged, thanks
to the efforts of the COSMO community. An agreement has been established and 24-hour
cumulated precipitation data (06-06 UTC) from Germany, Switzerland and Italy are col-
lected, put in a common format and redistributed by Ulrich Damrath. The available network
is shown in Fig. 7.

This great amount of station (over 4000) has been used to verify COSMO-LEPS over a
larger domain. Verification has been carried out by comparing the observed value with the
forecast value on the nearest grid point. Computations is being repeated by averaging the
values over boxes of different sizes and will be presented in the next future. The results
obtained so far are quite unexpected: the Brier Skill Score values decrease substantially
(that is, they worsen) when computed over the bigger network with respect to the values
obtained by repeating verification over Northern Italy only.

This is shown in Fig. 8, where the two areas are compared: the black and the red lines are
relative to the verification over Northern Italy (weighted and not—weighted, respectively),
while the green and the blue line are relative to the verification made by using all the
stations (weighted and not—weighted, respectively). For precipitation exceeding 10mm/24h
(left panel), a decrease of the score when the whole network is used is evident, though its
values are still positive. At the highest threshold (50mm/24h, right panel), the skill showed
by COSMO-LEPS for the longer time ranges is missing when computations are made over
the whole network. The reason for this discrepancy cannot be ascribed to the different
altitude of the stations, the German stations (which constitutes the greatest part of the
network) being located mainly in the plain. An analysis has been performed by subdividing
the sample according to the stations’ altitude (not shown) and no differences able to explain
this discrepancy have been found. The different size of the two dataset can certainly play a
role and a clean comparison between the two different samples is not possible. Nevertheless,

COSMO Newsletter No. 4



8 Results and Methods of Model Verification

131

b ("B 8"E Y"E 1UYE 117E 1Z2"E 137E 14"t 157k

a
ST
N
—

6°E 7°E 8°E 9°E 10°E 11°E 12°E 13°E 14°E 15°E

54°N

53°N

52°N

51°N

50°N

49°N

48°N

47°N

46°N

45°N

44°N

Figure 7: COSMO network of stations were observed precipitation is available. Precipitation data

are cumulated over 24 hours from 06 to 06 UTC.

0.6 0.6
o
5 e
S O
w »
F 02
@ 5]
E 0 E 0+
0.2 T T T 0.2

N
~
N
[o2)
~
(o]
[«2)
i
N
o
N
N

2 2
forecast range (h) forecast ranae (h)

Figure 8: Brier Skill Score (the higher the better) as a function of the forecast range (in hours) relative
to the 24-hour cumulated precipitation forecasts by COSMO-LEPS for precipitation thresholds 10
(left panel) and 50 mm/24h (right panel). Black and red lines are relative to the scores computed only
over the italian stations (black line for the weighted configuration and red line for the not—weighted
one), while green and blue lines are obtained by computing the scores over all the stations (green line

for the weighted configuration and blue line for the not—weighted one).
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it is possible to suggest that COSMO-LEPS, at least in Autumn, performs better over Italy
than over Germany. This can be understood thinking at the mountainous terrain of the
Northern Ialy, with alternating mountains and plains in a narrow region, where mountains
act as a major forcing for the precipitation field, increasing the predictability associated to
this parameter, especially in case of intense events. In Switzerland the situation is different
with respect to Italy: the terrain is also mountainous, but we are mainly considering Autumn
cases, that is cases associated with flow form the south over the Alps. The tendency of LM
to underestimate the precipitation downwind could explain the rather poor performance
over this area (not shown). Of course, this analysis is a very preliminar one and further
investigations are needed.

As the difference between weighted and not—weighted ensemble is concerned, it is possible
to notice from Fig. 8 that the weighting procedure does not imply an improvement of the
scores. This is an example of a more general results: comparing the two configuration in
different ways, either the not—weighted one is more skillful or no difference between the two
has been found.

3.8 Comparison of different box sizes

The idea underlying the use of aggregated observed and forecast values in boxes is that
the very detailed information provided by Lokal Modell contains a non—negligible stochastic
component that has to be removed. This has already been expressed by Theis et al. (COSMO
Newsletter No. 2). The size of the boxes, which is related to the spatial scale badly resolved
by the model, is still an open problem. Every box has to be large enough to contain a number
of points that permits a robust statistics, both for observations and forecasts, but the box
size has to be also related to the characteristics of the model we are using, if we accept the
idea that aggregating Lokal forecasts on a certain scale will lead to more robust and reliable
estimate of surface parameters.

As the behaviour of the system for different spatial scales is concerned, the verification indices
have been computed by comparing average and maximum values over boxes of different
sizes. Forecast and observed values can have different densities in the boxes, COSMO-
LEPS forecast density being about 100 points in a box of 1 x 1 degrees. In order to reduce
the impact of this difference, a constraint has been imposed: only boxes where at least 10
observations are available are considered. Computation has been performed for November
2002 only, using the Northern Italy network. Precipitation has been cumulated over 24
hours, between 06 and 06 UTC.

Results (Fig. 9) indicate that the skill of the average forecast value for the moderate rainfall
threshold (20mm/24h threshold, top left), is maximum when box size is 1 x 1 or 1.5 x 1.5
degrees (blue and green lines). The scores drop when the 50mm/24h threshold is considered
(bottom left panel), with every box size. At this high threshold, only the maximum values
are still skillful (bottom right panel), especially for bigger boxes (1 x 1 or 1.5 x 1.5 degrees,
blue and green lines). At the moderate threshold, the maximum value is more skillful when
little boxes are considered (top right panel). In every panel the scores obtained by comparing
the observed value with the value forecast in the nearest grid point has been showed as a
reference (red line).

4 Description of the probabilistic indices

The forecast produced by a probabilistic prediction system of M members can be regarded
as subdivided in M+1 probability classes. The probability associated to each class is k/M,
k € {0,1,...,M}. For each probability class k and for each event, a contingency table is
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Figure 9: Brier Skill Score (the higher the better) as a function of the forecast range (in hours)
relative to the 24-hour cumulated precipitation forecasts by COSMO-LEPS. Scores are relative to
the average values in the left panels and maximum values in the right panels. Two precipitation
thresholds have been considered: 20 mm/24h in the top panels and 50 mm/24h in the bottom panels.
The red line is for the nearest point, black line for boxes of 0.5 x 0.5 degrees, blue lines for 1 x 1
degrees and green lines for 1.5 x 1.5 degrees.

built.

Contingency | observed
Table yes | no

yes | ap | by

no Ck dk

forecast

The following relations hold: ay + by + ¢x + dx, = N, ax + cx = No, by + dy, = N(1 — 0),
ar + by = Ng, ap = Niog and by = Ni(1 — ). N is the dimension of the verification
domain, while o is the observed frequency of the event. For each probability class, Vi is the
dimension of the subspace where the event is predicted with probability k/M and o is the
observed frequency of the event when it is predicted with probability k/M.

4.1 ROC area

The accuracy of probabilistic forecasts can be evaluated using the Relative Operating Char-
acteristic (ROC) curves (Mason and Graham, 1999). According to the Contingency Table,
the Hit Rate (H) and the False Alarm Rate (F) for each probability class are defined as:

N5
Hk _ ag _ ko_k,
ap + ¢ No
b Ni(1—0
7, k  Ni(1—0y)

- by + di N N(l—é) )

The two scores indicate, respectively, the proportion of events which were predicted by k
members and actually happened, and the proportion of events forecast by k members and
did not occur. If several warning thresholds are used for the event, corresponding to a set
of forecast probabilities, a set of cumulative hit and false alarm rates can be determined for
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the same threshold. The accumulation is made for the probability classes form the k—th to
the M—th. The set of cumulative H, plotted against the set of the corresponding cumulative
F, generates the ROC curve. The area under the curve is commonly used as a probabilistic
score, its maximum value being 1, and a value of 0.5 indicating a no—skill forecast system
(Mason and Graham, 1999).

4.2 Brier Score and Brier Skill Score

The Brier Score (BS) is the mean—square error of the probability forecasts (Brier, 1950).
The BS averages the squared differences between pairs of forecast probabilities and the
corresponding binary observations, representing the occurrence (or non-occurrence) of the

event. It is defined as follows: N
1
BS=+« > (i —0)?,

i=1
where the observation is 0; = 1 (0; = 0) if the event occurs (does not occur), while p; is the
fraction of ensemble members which forecast the event and the index i denotes a numbering
over the whole domain. BS can take on values in the range [0,1], the perfect forecast having
BS = 0 (Stanski et al., 1989; Wilks, 1995). The Brier Score can be also expressed as a
function of Hit Rate and False Alarm Rate. The relation, expressed in a different form by
Talagrand et al. (1999), is:

BSzain(l — %>2+(1 —5)?1&(%)2.

When an event is correctly forecast (high value of Hy) with a low probability (high value of
(1 — £)2), the Brier Score increases, that is it worsens.

The Brier Skill Score (BSS) is defined as the BS percentage improvement of the forecast
system with respect to climatology and it is computed as
BS.; — B B
BSS = M —-1— %
BSg; o(1—0)
A positive BSS indicates that a system has predictive power; the perfect deterministic fore-
cast has BSS = 1 (Stanski et al., 1989).

4.8 Percentage of Outliers

The Percentage of Outliers of a probabilistic forecast system is defined as the probability
of the analysis lying outside the forecast range (Buizza, 1997). Here, it is computed as the
fraction of points of the domain where the observed value lies outside the range of forecast
values. The M values predicted at each grid—point by a probabilistic forecast system can be
put in increasing order, thus determining M+1 intervals: v i f1, fiivi fo, -, Vi fu. In
this way, it is possible to compute the percentage of times the observed value lies in each
interval. If a sufficiently large number of cases is considered, the expected probability of the
analysis being inside each of the M+1 intervals is 1/M+1 (Buizza, 1997). The percentage
of times the observation lies in the first or in the last interval provides the percentage of
outliers. The percentage of times the observed value is smaller than the lowest forecast value
is called outliers below the minimum (first interval) and the percentage of times the observed
value is greater than the highest forecast value is called outliers above the maximum (last
interval).
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