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1 Introduction

The parameterisation of convection in limited-area models is an important source of uncertainty as regards
the spatio-temporal forecast of precipitation. As for the limited-area model COSMO, hitherto, only the
Tiedtke convection scheme (Tiedtke, 1989) was available for the operational runs of the model in convection-
parameterised mode. In addition to this the Bechtold scheme, implemented in ECMWF global model, has
recently been adapted for COSMO applications. The development and implementation of ensemble systems in
which different convection schemes are used, provides an opportunity to upgrade state-of-the-art probabilistic
systems at the convection-parameterised scale. The sensitivity of the COSMO model forecast skill to the use
of either the Tietdke or the Bechtold (Bechtold et al., 2008; 2014) schemes is assessed by performing different
sets of experiments. This study is part of the CTAO COSMO Priority Task.

The performance of COSMO model run with the different schemes is investigated in ensemble mode with
particular attention to the types of forecast errors (e.g. location, timing, intensity) provided by the different
convection schemes in terms of total precipitation.

A 10-member ensemble has been run for approximately 2 months with the Bechtold scheme, using the same
initial and boundary conditions as members 1-10 of the operational COSMO-LEPS ensemble system (which
has 20 members, all run with the Tiedtke scheme). The performance of these members is assessed and
compared to that of the system made of members 1-10 of COSMO-LEPS in terms of total precipitation
prediction.

Finally, the performance of an experimental 20-member ensemble system (which has 10 members run with the
Bechtold plus 10 members run with the Tiedtke scheme) is compared to that of operational COSMO-LEPS
over the 2-month period. The new system turned out to have higher skill in terms of precipitation forecast
with respect to COSMO-LEPS over the period. In this approach the use of the Bechtold scheme is proposed
as a perturbation for the COSMO-LEPS ensemble, relatively to how uncertainties in the model representation
of the cumulus convection can be described and quantified.

2 System description and methodology of analysis

Some experiments have been performed, in order to evaluate the COSMO model performance in ensemble
mode when it is run either with the Tiedtke or the Bechtold scheme, so as to assess overall abilities and
shortcomings of the system (Vasconi, 2017). Firstly, we have built a test suite to run a 10-member ensemble
with the Bechtold scheme (referred to as Cleps-10B), which uses the same initial and boundary conditions as
members 1-10 of the operational COSMO-LEPS (which has 20 members, all run with the Tiedtke scheme).
This suite has been run from 28 March to 31" May 2017 with an integration domain covering Central-
Southern Europe and Italy (shown in Fig. 1), at the horizontal resolution of about 7 km and 40 vertical layers,
and with a 132-hours forecast range, always starting at 00 UTC. In particular, the sensitivity of the ensemble
system to the different parameterisation schemes has been assessed by comparing the performance of Cleps-
10B to that of Cleps-10T, which is the 10-member ensemble provided by members 1-10 of COSMO-LEPS,
the operational ensemble system of the COSMO consortium, over the verification period.

A further step in the study of COSMO ensemble system sensitivity to different formulation of moist convection
is the implementation of a new probabilistic system, hereafter Cleps20bt, in which a multi-physics approach
in the model representation of the cumulus convection is followed. This system is generated by adding the
members of Cleps-10B to members 11-20 of COSMO-LEPS. Therefore, Cleps20bt has 10 members run with
the Bechtold scheme plus 10 members run with the Tiedtke scheme and no duplication of initial and boundary
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Figure 1: COSMO-LEPS integration domain (blue area) and clustering area (inside the red

line).
Acronym Ensemble size Convection scheme  1Cs-BCs
COSMO-LEPS 20 Tiedtke from ECMWF-ENS
Cleps-10B 10 Bechtold the same as 1-10 of COSMO-LEPS
Cleps-10T 10 Tiedtke the same as 1-10 of COSMO-LEPS
Cleps-20bt 20 Bechtold + Tiedtke the same as COSMO-LEPS

Table 1: Main features of the ensemble systems of Section 2

conditions. The basic idea of the Cleps20bt implementation is that certain closure parameters used in model
formulation (as for the moist convective processes) may be based on approximate physical knowledge. As a
consequence their values may be somewhat arbitrary, or they may have been tuned to give optimal results
for test cases that are not necessarily representative of more general applications and/or for applications at

high resolution. A summary of

the ensembles features is presented in Table 1.

The performance of the ensemble systems was analysed by considering the probabilistic prediction of 6-h
cumulated precipitation exceeding a number of thresholds for forecast up to 132 hours over the 2-month
period. Since precipitation has a high-spatial variability, a high-density network, made of about 1000 stations

100 km

Figure 2: Observation network used for verification.
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over Northern Italy (Fig. 2), has been adopted in order to assess the predictive skill of the ensemble systems.
For the comparison of the model forecasts against station reports the grid point closest to the observation
one is selected. In particular the performance of the different ensemble systems of Table 2 is examined for
six different 6-h cumulated precipitation thresholds: 1, 5, 10, 15, 25, 50 mm/6-h. Several thousands of events
were reported for the first two thresholds, and several hundreds for the 15 mm/6-h threshold. On the other
hand it is immediately worth pointing out that, when considering the highest thresholds (25, 50 mm/6-h), a
low number of occurrences, even below 10 for the 50 mm/6-h, was found over the verification period. As a
consequence this does not allow any solid statistical conclusion on the effective performance of the system for
these events over the period.

For each forecast range, the model performance has been evaluated by computing the following "traditional"
probabilistic scores (Wilks, 1995): the Brier Skill Score (BSS), the Ranked Probability Skill Score (RPSS),
and the Percentage of Outliers (Buizza, 1997). A summary table of the verification features is reported in
Table 2.

Verification features

variable: 6-h cumulated precipitation (00-06, 06-12,..UTC);
Period: from 28" March to 31" May 2017 (about 60 days);
region: Northern Italy;

method: nearest grid-point; no-weighted fcst;

obs: non-GTS network, no obs error;

fest ranges: 0-6 h, 6-12 h,..., 126-132 h;

thresholds: 1, 5,10, 15, 25, 50 mm/6 h;

systems: Cleps-10B vs Cleps-10T, Cleps20bt vs COSMO-LEPS;
scores: BSS, RPSS, Percentage of Outliers.

Table 2: Main features of the verification configuration for the ensembles

3 Comparison of 10-member ensemble system run with different schemes

The BSS (Brier Skill Score) for the Cleps-10T and Cleps-10B is presented in Fig.3. A 24-h running mean is
here applied to "smooth" the diurnal cycle in model performance, improving the readability of the plot. This
score tries to represent a quantitative estimate of the added value detectable in precipitation prediction by
using the model forecast rather than a reference one (in this case, climatology of the observed sample over the
verification period). The attention has been focused on two thresholds (1 mm/6-h and 15 mm/6-h), which
have a quite large number of occurences (higher than 1000 for the former, some hundreds for the latter) over
the verification period.

It is worth noticing that the BSS shows clearly the loss of predictability with increasing forecast range for
both systems. The model forecast has added value with respect to the reference climatology up to +120 hours.
However the plot shows a different skill of the 2 systems when different thresholds and forecast ranges are
considered. Over the verification period, Cleps-10T performs generally better than Cleps-10B for the lower
threshold (1 mm/6-h), while the opposite is true in high precipitation rates prediction for forecast ranges
from 3 days onwards. In other words, the ensemble systems seem to describe different types of forecast errors,
possibly related to the different convection schemes (Vasconi, 2017).

In addition to this, the RPSS (Ranked Probability Skill Score) of this system has been computed for different
forecast ranges and compared to that of COSMO-LEPS during the same period. The plot in Fig. 4 shows a
better performance of Cleps-10T for the forecast ranges up to +48 hours.

These results can be seen consistent with the theory according to which the ensemble systems which are
run using either convection schemes can describe a larger variety of uncertainty and errors in precipitation
prediction.

Finally, the skill of the two systems has been assessed in terms of Percentage of Outliers (that is the cases in
which observed rainfall value is not inside the ranges of possible values predicted by the ensemble members,
Fig. 5). Firstly it is worth pointing out that the total percentage of outliers (left panel) for both systems tends
to decrease with increasing forecast range because of the increasing spread with time between the ensemble
members. A better performance of Cleps-10T, which has a lower number of outliers than Cleps-10B, can
be noticed, in particular for the earlier forecast ranges. The right panel of Fig. 5 represents respectively the
fraction of points in which observations lie above/below the range of predicted values by the ensemble system.
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Figure 3: 24-h running mean of BSS in Cleps-10T and Cleps-10B (orange and green line
respectively) for 1 mm/6-h and 15 mm/6-h (solid and dashed line respectively) thresholds.
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Figure 4: 24-h running mean of RPSS in Cleps-10T (orange line) and Cleps-10B (green line).

A large amount of outliers below the minimum forecast value, indicative of an overestimation of minima of
precipitation amount by Cleps-10B runs, can be seen. In particular the percentage of outliers lying below the
minimum predicted values is higher for Cleps-10B than for Cleps-10T for all the forecast ranges studied. This
seems to indicate that members with the Bechtold scheme tend to produce some light prepitation also when
it is not observed. On the other hand, the fraction of analysis point above the maximum tends to be similar
or slightly lower for Cleps-10B. This excessive drizzle effect could be due to the shallow convection treatment
adopted by the Bechtold scheme. This scheme in fact allows "shallow convection" to produce precipitation,
whereas the Tiedtke scheme does not. It is possible that further tuning of the Bechtold scheme, when adopted
at high resolution, is necessary to address this “drizzle” issue.
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Figure 5: Left panel: Percentage of outliers for different forecast ranges in Cleps-10T and
Cleps-10B (orange and green line respectively). Right panel: Percentage of outliers above/-
below maximum /minimum predicted values

4 Performance of Cleps20bt and comparison with that of COSMO-LEPS

A quantitative evaluation of Cleps20bt skill in terms of precipitation forecast over the the same period is then
presented. The basic idea of this study is that ensemble systems which are run using either convection schemes
can describe a larger variety of uncertainty and errors in precipitation prediction (Vasconi, 2017). Thus the
implementation of ensemble systems in which the two schemes are "mixed" seems to be a reasonable issue to
deal with uncertanties due to the ambiguity linked to the use of a scheme or the other. It is worth pointing
out that the implementation of this experimental system is consistent only because the average skill of the
model when it is run in ensemble mode with the Bechtold scheme turned out to be roughly indistinguishable,
from a statistical point of view, from that provided by running the model with the Tiedtke scheme, as shown
in the previous Section. In fact, in a well-constructed ensemble, the skill of each individual member, averaged
over a large number of events, should be approximately identical not to introduced biases and/or systematic
errors in the ensemble members distribution.

The forecast skill in terms of precipitation of Cleps20bt is then assessed and compared to that of COSMO-
LEPS. The main results of this study are presented in the following plots.

In Fig. 6 BSS (Brier Skill Score) is presented for different forecast ranges by considering several thresholds. In
particular the focus is on the same threshold as for the 10-member case, for which a relative large number of
events has been reported (1 mm/6-h and 15 mm/6-h). In order to provide an overall description of the model
system performance for the different precipitation thresholds, the values reported in the plot are obtained,
once again, by computing the running mean of the 6-h precipitation forecast skill over 24 hours. The plot
shows that Cleps20bt has higher values of BSS than COSMO-LEPS for the thresholds reported, especially
for forecast ranges from 42 hours onwards (blue and red lines respectively).

In addition to this, the RPSS (Ranked Probability Skill Score) of this system has been computed for different
forecast ranges and compared to that of COSMO-LEPS during the same period. The comparison between the
24-h running mean of RPSS for the two systems is presented in Fig. 7. Also in this case a better performance
of Cleps20bt than that of COSMO-LEPS is evident for forecast ranges from 2 days onwards: for example
RPSS in the forecast range +60-66 hours is about 5% higher in Cleps20bt than in COSMO-LEPS; it is about
10% higher in the new system for +90-96 h, +96-102 h ranges.

A similar behaviour can be detectable also in other scores (Brier Score and ROC Area), which are not
presented here.

Finally the performance of the systems is evaluated in terms of the percentage of outliers (left panel in Fig.
8). In addition to this, similarly to the 10-member ensembles case, the percentage of outliers are discriminated
between the fractions of points in which observed values lay outside the forecast range over the full verification
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Figure 6: 24-h running mean of BSS values for 6-h accumulated precipitation exceeding 1 mm
and 15 mm (solid and dashed line respectively) for different forecast ranges in COSMO-LEPS
(red line) and Cleps20bt (blue line).
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Figure 7: 24-h running mean of RPSS values for 6-h accumulated precipitation for different
forecast ranges in COSMO-LEPS (red line) and Cleps20bt (blue line).

period (right panel in Fig. 8). The percentage of outliers is reduced in Cleps20bt over most of the forecast
ranges with respect to COSMO-LEPS, especially from 3 days (+72 hours) onwards.

The right panel in Fig. 8 shows that the total percentage of outliers is reduced in Cleps20bt as a consequence
of a decrease in the number of points wherethe total precipitation maxima are underestimated compared
to COSMO-LEPS. In fact the fraction of observations found above the maximum forecast value is lower in
Cleps20bt than in COSMO-LEPS, for most of forecast ranges, especially in the medium range (from +72
hours onwards). This is a quite encouraging result because Cleps-20bt turns out to perform better than the
operational COSMO-LEPS in forecasting the possible peaks in cumulated precipitation over the 2-month
period. It is worth underlining that the probabilistic forecast of these values is one of the most important
issue of operational systems, because it regards the correct prediction of heavy rainfall events, which may
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Figure 8: Left panel: Percentage of outliers for different forecast ranges in COSMO-LEPS
(red line) and Cleps20bt (blue line). Right panel: Percentage of outliers above/below maxi-
mum /minimum predicted values.

have a high impact on the society.

This result, together with those presented in this section, substantially agrees with the idea that, by adding a
physical perturbation to the system (like what we have done in this work using an ensemble system in which
two different moist convective schemes are used), we can obtain a more appropriate description of the phase-
space of all possible future atmospheric states which are compatible with the uncertain model formulation of
the moist convection sub-grid processes. Thus, according to this experimentation, the generation of a multi-
physics ensemble system provides a positive impact on the forecast capability at high resolution. This is
especially true in early-medium range, when model errors start playing an important role and it is crucial for
an ensemble system to provide an accurate description of the different sources of forecast deficiency (Vasconi,
2017).

4 Summary and Outlook

The impact of the use of two moist convection schemes (the Tiedtke and Bechtold schemes) has been studied
in ensemble mode. Firstly a 10-member ensemble with the Becthtold scheme (Cleps-10B), which uses the same
initial and boundary conditions as members 1-10 of the operational COSMO-LEPS, has been run has been
run for approximately 2 months. The performance of these members has been assessed and compared again
to that of Cleps-10T, the 10-member ensemble made of members 1-10 of COSMO-LEPS; in particular the
spread/skill relation of the two 10-member ensemble in terms of total precipitation is evaluated. Verification
has been performed for precipitation events occurred over Northern Italy (using the forecast at the gridpoints
nearest to about 1000 stations) from 28®" March to 31*" May 2017. The average skill of the Cleps-10B runs
turned out to be substantially indistinguishable, from a statistical point of view, from that provided by the
Cleps-10T ones. However a deeper analysis suggests that the two ensemble systems are characterised by
different types of forecast errors. Therefore a new 20-member ensemble system (Cleps20bt, which has 10
members run with Bechtold plus 10 members run with Tiedtke and no duplication of boundary conditions)
has been implemented. In this system the Bechtold scheme is used as a perturbation for the COSMO-LEPS
ensemble, so as to provide a quantitative description of uncertainties linked to the model representation of the
cumulus convection. Cleps20bt has been shown to have higher skill than COSMO-LEPS over the verification
period. In addition to this, the comparison of the Percentage of Outliers in the two systems shows a reduction
in the fraction of observed points lying outside the maximum or minimum forecast value in Cleps20bt. These
results suggest that the use of a probabilistic system in which a multiple moist convection formulation is used,
provides the opportunity to have a more comprehensive description of the uncertainties in total precipitation
forecast linked to the sub-grid cumulus representation.

However, further work is necessary on this topic. Firstly the sensitivity of model forecast skill in terms of
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other variables (2-m temperature, humidity, 10m- wind speed) has to be assessed. In fact the use of different
schemes is expected to have a great impact also on these variables at high resolution scales. In addition to
this, we plan to perform runs in ensemble mode for other seasons and at 5 km of horizontal resolution.
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