Nonlin. Processes Geophys., 21, 3833 2014
www.nonlin-processes-geophys.net/21/393/2014/
doi:10.5194/npg-21-393-2014

© Author(s) 2014. CC Attribution 3.0 License.

$s920y uadQ

Provision of boundary conditions for a convection-permitting
ensemble: comparison of two different approaches

C. Marsigli, A. Montani, and T. Paccagnella
ARPA-SIMC, HydroMeteoClimate Service of ARPA Emilia-Romagna, Bologna, Italy

Correspondence taC. Marsigli (cmarsigli@arpa.emr.it)

Received: 26 July 2013 — Revised: 20 December 2013 — Accepted: 9 January 2014 — Published: 12 March 2014

Abstract. The current resolution of the operational global 1 Introduction
models favours the possibility of driving convection-
permitting limited-area model (LAM) simulations directly,
sparing the necessity for an intermediate step with a coarserthe current resolution of operational global circulation
resolution LAM. Though the resolution of global ensemble Models (GCM) paves the way towards driving convection-
systems is generally lower than that of deterministic ones, iPermitting limited-area model (LAM) integrations directly,
is also possible to consider this opportunity in the field of With lateral boundary conditions (LBCs) provided by a
ensemble forecasting. The aim of this paper is to investigatglobal model. Presently, high-resolution LAM runs are gen-
the effect of this choice for driving a convection-permitting erally nested in coarser-resolution integrations of the same
ensemble based on the COSMO model, for a specific apmodel. The intermediate step with a coarser-resolution run
plication, namely the forecast of intense autumn precipita-is usually performed to ensure a ratio of spatial resolutions
tion events over Italy. The impact of the direct nesting in Petween nested models in the range ofi25: 1. The aim is
the ECMWEF global ensemble is compared to a two-stept© reduce the loss of information due to nesting which would
nesting, which makes use of a LAM ensemble system withaffect the nested model in the case of a larger resolution gap
parametrised convection. Results show that the variability in(Se€ for exampl&varner et al. 1997andDenis et al, 2007).
troduced in the geopotential field by the direct nesting is usu- With the resolution increase of the GCMs, the intermediate
ally contained within the uncertainty described by the stan-Step With a coarser-resolution LAM could be avoided, with
dard ensemble, and differences between pairs of membe@0mMe potential benefits. First of all, removing one step in the
following different nesting approaches are generally smallefesting procedure would decrease the time needed to perform
than the ensemble error, computed with respect to analythe whole cascade up to the convection-permitting integra-
sis. The relation between spread and error is even improvedon. With a consequent reduction of the computational costs.
by the direct nesting approach. In terms of precipitation, it This would be most beneficial in an operational environment,
is found that the forecasts issued by members with differ-requiring timely delivery of products. Secondly, one short-
ent nesting approaches generally have differences at spati&Pming of the intermediate LAM run is that nowadays this
scales between 16 and 180 km, depending on the case, henégually runs in the so-called “grey zone”, where convection
not negligible. Nevertheless, the skill of the LAM ensemble iS partly resolved and partly sub-grid. This is recognised to
precipitation forecasts, evaluated by means of an objectivd€ @ delicate issue for many models (see €grard et al.
verification, is comparable. Therefore, the overall quality of 2009. On the other hand, the coarser spatial and temporal
the 2.8 km ensemble for the specific application is not deteri"esolution of the LBCs provided by a global model could in-
orated by the provision of lower resolution lateral boundary troduce errors in the forecast, especially if the LAM domain
conditions directly from the global ensemble. is small, as is often the case for convection-permitting mod-

els. Some studies have addressed this issue.

As for the spatial resolution of LBCsg Elia et al(2002
showed that the quality of the LAM simulation is rather in-
sensitive to the resolution of the driving data. However, this
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is true if boundaries are set far from the region of inter- In this work, it is studied how the performance of the
est, which is usually not true for convection-permitting sim- COSMO-H2-EPS ensemble varies if the 2.8 km runs receive
ulations. Temporal resolution is also an issue, since LBC4Cs and BCs from the ENS members directly, skipping the
are often produced at much lower frequency than the timentermediate step with COSMO-LEPS at 7km. The aim is
step used in the LAM. If information changes rapidly at the to evaluate the effect of removing this step, heading for the
boundary, then the LBCs might not reflect the actual changes$uture operational set-up of the ensemble, which will benefit
in the state of the atmospherefmonia et a].2009. Termo-  from the resolution increase of ENS, up to 20 km. Though
nia (2003 found that the use of a coupling update interval of in the present configuration the resolution gap between driv-
3h has a detrimental effect on the forecast quality of a verying model (32 km, retrieved on a grid of25° mesh size)
intense storm, affecting significantly the depth of the low- and driven model (2.8 km) is quite high, it is believed that an
pressure systenbavies(2014 showed that, with an 11km assessment of the difference between the two nesting proce-
resolution model, 3-hourly LBCs already lead to a loss of dures on the specific ensemble application can provide sci-
information with respect to hourly LBCs at a 12 h forecast entific guidance useful for defining the operational set-up. It
range Amengual et al(2007) found that for regional climate is also worth mentioning that, in its operational configura-
model (RCM) runs the update frequency of LBCs has a largetion, the 2.8 km ensemble will not use as ICs the downscaled
impact on the downscaling results than their spatial resoluENS analyses, since high-resolution perturbed initial condi-
tion. Nevertheless, the ratio between the two factors is detions will be provided by a LETKF scheme developed in the
pendent on the actual resolutions involved and on the forecastOSMO consortium (KENDA systenReich et al. 2017),
range. As for the relation between the two effects and theiwhich is currently under testing.
impact on LAM ensembled\utter et al. (2004 showed that The paper is organised as follows: in the next section, the
the impact of coarsely resolved LBCs or temporal interpola-configuration of the ensembles is described. Then, in Sect.
tion of LBCs on error growth is quite similar. Both effects results are commented on, divided into an analysis of fields
act to remove small-scale features from the external fieldsof geopotential at 500 hPa and precipitation. Finally, conclu-
passing through the lateral boundary, thereby constrainingions are drawn in Sedct.
ensemble dispersion. The impact of coarsely resolved LBCs
has been identified as stronger than the one of temporal inter-
polation when the LBC update frequency is reasonably high2 Configuration of the ensemble systems

In this work, the issue of LBC resolution is considered in
the framework of ensemble forecasting. The aim of this pa-COSMO-H2-EPS is an ensemble system specifically de-
per is to investigate the effect of the provision of LBCs to a signed for the Hymex Project, which was run regularly dur-
LAM ensemble run at a convection-permitting resolution by ing SOP 1.1, taking place from 5 September to 6 Novem-
a global ensemble, compared with providing LBCs from anber 2012. The ensemble consists of 10 runs of the COSMO
intermediate LAM ensemble run at coarser resolution. Themodel at 2.8 km horizontal resolution, with 50 levels in the
analysis is confined to a specific meteorological situation,vertical, over a domain including most of the target areas
namely autumn precipitation cases over the Mediterranean. of the project. In particular, it covers a large part of Italy,

Aiming at the development of an ensemble system at theSwitzerland and the French Mediterranean coast (fig-he
convection-permitting scale over Italy, ARPA-SIMC has im- model domain contains 3998412 grid points. The ensemble
plemented an experimental ensemble based on the COSM@as run once per day, starting at 12:00 UTC, for a forecast
model Steppeler et al.2003 during SOP (Special Obser- range of 36 h.
vation Period) 1.1 of the Hymex Projedd YMEX, 2010—- Initial and boundary conditions are provided by the first
2020. The ensemble, named COSMO-H2-EPS (COSMO10 members of COSMO-LEPS. COSMO-LEPS receives, in
Hymex 2.8 km Ensemble Prediction Systaviarsigli et al, turn, ICs and BCs from 16 members of the ECMWF ENS,
2013, consists of 10 runs of the COSMO model at 2.8 km selected as the most representative members of the full en-
horizontal resolution, with 50 levels in the vertical, and re- semble through an ensemble reduction algorithfuolfeni et
ceives perturbed ICs and LBCs from the first 10 membersal., 2001, Marsigli et al, 2001). Therefore, perturbed ICs of
of COSMO-LEPS (COSMO Limited-area Ensemble Predic- COSMO-H2-EPS are also derived from ECMWF ENS ones
tion SystemMontani et al, 2011). COSMO-LEPS, running by means of a two-step interpolation: first from the ENS
at 7 km horizontal resolution with parametrised convection,archiving grid to the COSMO-LEPS grid at 7 km and then
in turn receives initial and boundary conditions from the from it to the COSMO-H2-EPS grid at 2.8 km. This implies
global ensemble of ECMWEF, referred to as ENS. ENS is cur-that no data assimilation is performed for the two ensembles;
rently running with an approximate horizontal resolution of initial conditions are simply downscaled from global analy-
32 km, which is planned to increase to about 20 km in 2015.ses. Model perturbations are also applied to the 2.8 km runs,
This may enable direct use of LBCs from ENS members tosince few parameters of the COSMO physics schemes (tur-
drive ensemble systems for the convection-permitting scaléulence, microphysics, soil scheme) are set to values differ-
(2-3 km). ent from the default ones in the 10 COSMO runs. It should
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be highlighted that this same model perturbation technique is T T TR T T T TR T
adopted in COSMO-LEPS, with some differences in the pa-
rameters which are perturbed. These pertubations affect th¢*™
model run starting from the first time step, but do not af-
fect the analysis, therefore ICs are not changed due to mode
perturbation. For a comprehensive description of the two ...
systems the reader is referredMarsigli et al. (2013 for
COSMO-H2-EPS and thlontani et al.(2011) for COSMO-
LEPS. r

A second experimental ensemble, named EXP-H2-EPS,”"
has been implemented for the present study. It has been rut,., ’
for 21 cases of the SOP 1.1 period, selected as events of mod
erate to intense (observed) precipitation. A description of the
meteorological situation during the SOP and of a few severe_ _
events can be found iBucrocq et al(2013 andFerretti et Fig. 1. Orography c.’f the COSMO model at 28 km h.or'zomal res-

. olution, also showing the extension of the integration domain of

al. (2013 (the latter focussing on lItaly). COSMO-H2-EPS.

The ensemble configuration of EXP-H2-EPS is identi-
cal to that of COSMO-H2-EPS in terms of resolution, do- _
main, model set-up, and parameter perturbation. The only
difference is in the way ICs and BCs are provided: for :m
EXP-H2-EPS they are derived directly from 10 members of « 1407 R LT T
ENS, the same members that have been selected to drivig 120 — .= L0 -
the first L0 COSMO-LEPS operational runs. Therefore, pairs; 100 — -
of members of EXP-H2-EPS and COSMO-H2-EPS can be §
compared directly: theth member of the former ensemble is
driven by an ENS member, while thidh member of the latter

80 —

60 —

rmse and spr

ensemble is driven by theh COSMO-LEPS member, which 40 = - rmse onCLEPS
was in turn driven by this same ENS member. It should be &, _ T opread oncLERs

underlined that the temporal resolution of the LBCs is also —— spread onEPS
different: hourly BCs are provided to COSMO-H2-EPS by | \ { ] { | \
COSMO-LEPS, while 3-hourly BCs are provided to EXP- 0 6 12 18 24 30 36
H2-EPS by ENS.

forecast range (h)

Fig. 2. RMSE of the ensemble mean (dashed lines) and ensem-

3 Comparison of the two ensembles ble spread (solid lines) for COSMO-H2-EPS (black, labelled “on-
CLEPS”) and EXP-H2-EPS (grey, labelled “onEPS"), in terms of
3.1 Analysis of 500 hPa geopotential geopotential at 500 hPa.

A quantitative assessment of the differences between the

geopotential fields at 500 hPa predicted by the 2.8 km ensemantees that the ensemble variability allows one to find, on av-
ble runs, when driven by COSMO-LEPS members and whererage, the true atmospheric state among the states predicted
driven by ENS members, is provided here. by the ensemble (e.Buizza et al.2005.

First, the spread and the root-mean-square error (RMSE) The spread and error of the two systems are compared in
of the ensemble mean in terms of geopotential at 500 hPa argig. 2. EXP-H2-EPS has slightly more spread than COSMO-
computed for the 21 cases and over the whole domain. EnH2-EPS, with a similar increase with the forecast range. The
semble spread has been computed as the root-mean-squar@incidence of the two spread values at initial time is due to
(RMS) distance of all the ensemble members from the enthe fact that the initial conditions of the two ensembles are
semble mean. RMSE of the ensemble mean has been conthe same ECMWF ENS perturbed analyses, downscaled at
puted against the operational ECMWF analyses interpolate@.8 km with an interpolation performed either in one step (for
on the 2.8km grid. Since analyses are available only evenfEXP-H2-EPS) or in two steps (for COSMO-H2-EPS). The
6 h, RMSE has also been computed every 6 h, while spreadelatively large value may be ascribed to some noise due to
has been computed hourly. The relation between spread artthe interpolation itself (visible in the z500 maps, not shown).
error is usually regarded as an indicator of the capability of The RMSEs of the ensemble mean of the two systems in-
the ensemble to represent the forecast error through the digrease with lead time, with lower error values for EXP-H2-
persion of the members. The spread matching the error gualePS with respect to COSMO-H2-EPS. Therefore, the direct
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nesting allows one to improve the spread—error relation in
terms of geopotential at 500 hPa, evaluated over the full pe-
riod and over the whole domain.

In order to check whether the direct nesting causes prob-
lems in particular meteorological situations, error and spread
have also been computed case by case. First, the RMS dif-
ference between the geopotential field forecasted by each
member of the COSMO-H2-EPS ensemble and by the cor-
respondent member of the EXP-H2-EPS ensemble is com-
puted. This is performed for each case separately, for each e —
forecast hour (from O to 36 h) and over the whole integra- 0z 4 6 810 13 16 19 22 25 28 31 34
tion domain. RMS differences are shown in Fg&as thin (a) forecast range (h)
solid lines, while the thick dotted line is the average RMS
difference, computed between all pairs of members. Results
are shown for 4 cases only, selected as representative of the
whole sample.

In order to provide a reference against which to evaluate
the magnitude of these differences, the spread of the two en-
sembles has also been computed for each case. The spread is
regarded as a measure of the uncertainty expressed by each
ensemble. Therefore a difference between pairs of members
smaller than the spread would not be detected in the stan- T T T
dard ensemble configuration. The spread is plotted as thick 0 2 4 6 830 13 26 19 22 25 28 31 34
solid lines, black for COSMO-H2-EPS and grey for EXP- (D) forecast range (h)

H2-EPS. Finally, the RMSE of the ensemble mean is also
computed for each case, and it is shown in Bigs a dashed
line, black for COSMO-H2-EPS and grey for EXP-H2-EPS.
RMSE provides the ultimate limit for the RMS differences
between pairs of members, since it quantifies the error of the
ensemble: until the difference induced by the different nest-
ing approach is smaller than the error of the ensemble, it is
not actually possible to establish if this difference is detri-
mental to the forecast. N =z

|na”Cases,thespreadOfeaChensemblegenera“y“es L L B
among the larger RMS differences between pairs of members ¢ e R aEoae as e s
and is larger than the average RMS difference. This indicates
that the variability introduced by nesting the 2.8 km model on
ENS directly is usually included within the uncertainty de-
scribed by the reference ensemble (COSMO-H2-EPS). Fur-
thermore, the RMS differences between pairs of members are
generally smaller than the RMS error of the ensemble mean,
with the few exceptions discussed below. This indicates that
in most cases the impact of the different nesting is lower than
the forecast error of the reference system.

Nevertheless, some differences can also be identified. The
behaviour of the major part of cases (15 cases) is close to B B BB B
the one shown in Fig3a, relative to the 2012092512 case. e R m e
The spread is smaller than the error of the ensemble mean
for both ensembles, the two spread curves remaining quitésig. 3. RMS differences between pairs of correspondent members
close together for the entire forecast range. The differenceghin solid), average RMS difference between all pairs (thick dot-
between pairs of members are generally small, and do noted), RMS spread (thick solid) and RMSE of the ensemble mean
give rise to additional uncertainty with respect to that rep- (thick dashed), as a function of the forecast range. RMS spread
resented by the COSMO-H2-EPS ensemble. In a few Case%nd error lines are black for COSMO-H2-EPS and grey for EXP-
among these 15, the RMS differences can increase up to thd2-EPS. Plots are relative to four cases only: 2012092892
level of the RMSE for a few hours during the forecast range.2012101412b), 201210251%c), and 201210301@).
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In the 2012101412 case (Figb), the spread increases
quite sharply after 18-21h of simulation, gaining distance
from the RMS differences, which become negligible, with
the exception of one pair of members. The spread curves
roughly match the error curves. In this case, a trough enters
the domain from the northwest corner after about 18 h of in-
tegration. The z500 field forecasted by member 1 of EXP-
H2-EPS (not shown) reproduces the observed trough and its
evolution quite well, at difference with the corresponding ————————
member of COSMO-H2-EPS. The other pairs of members © 2 4 6 8 10 13 16 13 22 25 28 31 34
do not differ that much, but provide less skillful predictions.  (a) forecast range (h)

In the 2012102512 case (Figc), the RMS differences be-
tween members are generally smaller than the spread and
quite below the RMSE values. Also in this case, a marked
spread increase is observed for EXP-H2-EPS after 20 h, lead-
ing to a better match to the RMSE. The meteorological sit-
uation is similar to the previous one, with one member of
EXP-H2-EPS performing better than the others and better
than the corresponding COSMO-H2-EPS member. In both
the 2012101412 and 2012102512 cases, additional spread is T T T T
gained with the direct nesting approach, with almost no in- 02 4 5 8 10 13 16 13 22 25 28 31 W
crease in the RMSE, mainly due to the better performance (b) forecast range (h)

of one EXP-H2-EPS member. A similar feature has been de-
tected in two other cases (not shown).

The 2012103012 case (Figd) offers the most notable
exception to the behaviour identified so far. The spread in-
creases with the forecast range, especially after 18h, in
agreement with the increase in the forecast error. Never-
theless, some members have differences larger than the en-
semble spread, so that the variability introduced by the di-
rect nesting can be detected as an “outlier” with respect to N —
the varlablllty described by the COSMO-H2-EPS ensemble. 0 2 4 6 8 10 13 16 19 22 25 28 31 34
Furthermore, two pairs of members have differences larger (c) forecast range (h)
than the RMSE. Since the RMSE of EXP-H2-EPS is higher
that the RMSE of COSMO-H2-EPS, it is concluded that for
this case additional error is introduced by the direct nest-
ing. In this case, a deep low-pressure system over the west-
ern Mediterranean develops and enters the domain approx-
imately at the 18 h forecast range. Three members of EXP-
H2-EPS provide a poor description of the position and inten-
sity of the low, unlike the correspondent COSMO-H2-EPS
members. For the other ensemble members, differences are
smaller. Similar behaviour is found on the following day, for s ra e e b e s e ae e e
the 2012103112 case (not shown). (d) forecast range (h)

The same analysis has also been performed in terms of o
mean sea level pressure (F#), in order to assess the ro- Fig. 4. The same as in Fi@ but for mean sea level pressure.
bustness of the previous analysis.

Results are generally in good agreement with those ob-
tained in terms of geopotential at 500 hPa. In the 201209251 2he problem already detected in terms of z500 and ascribed
case (Fig4a), few RMS differences reach values close to orto the evolution of the deep low-pressure system.
even above the RMSE. For most of the cases similar to this, Focussing on the 2012102512 case only, the behaviour of
though, RMS differences are well below these values. In thethe two ensembles is also discussed by analysing the spectra
2012103012 case (Figd), RMS differences of a few pairs of the perturbations (Figb). Perturbations are computed as
of members are also quite high in terms of MSLP, confirmingthe difference between each ensemble member and the en-

semble mean in terms of geopotential field at 500 hPa.
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Fig. 5. Perturbation spectra of the field of geopotential at 500 hPa for each member of COSMO-H2-EPS (left panels) and EXP-H2-EPS (right
panels) at the initial time (top), and at +6 h (middle) and +12 h (bottom) forecast range.

Initial state perturbations come, for both ensembles, fromwhich are in turn interpolated from the ECMWF ENS ones,
the ENS perturbed analyses, to which only the effect of thewith a two-step interpolation: the former from a 0.25 to
interpolation is added (Fid, top panels). It is recalled here 0.0625 degree grid, the latter from the 0.0625 grid to the
that the initial conditions of EXP-H2-EPS are directly inter- 0.025 deg grid. The spectra are identical up to a wavenumber
polated from the ECMWF ENS ones, from a 0.25 to 0.025around 1e-04, equivalent to a wavelength of about 60 km, ap-
degree grid, while the initial conditions of COSMO-H2-EPS proximately equal to the scale resolved by the global ensem-
are interpolated from the COSMO-LEPS initial conditions, ble (estimated as double the grid spacing), which provides
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all the larger-scale signals. For smaller scales, the spectris not possible to find a “knee”, the scale at which the ra-
behave quite differently. With the direct interpolation (top tio between RMS difference and spread halves is adopted as
right), perturbation amplitude is low on scales smaller thana quantitative indicator of the scale of the differences. Here
60 km. The magnitude of the perturbations decreases quitenly 6 cases are shown, selected in order to represent the full
steadily, with some noise especially at the wavelengths bespectrum of different behaviours of the 21 cases.

tween 10 and 5 km, close to the resolution of the 2.8 km grid. For the 2012092512 case (Fifa), the differences are
However, with the intermediate step (top left) there is a peakquite constant up to a horizontal scale ok 8 grid points,

of magnitude in the perturbations at wavelengths between 2@hen they start to decrease. A more marked decrease takes
and 10 km, approximately at the scale resolved by the 7 knplace for most forecast ranges at scales between 16 and
model, followed by a sharp decrease and with little signal32 grid points. Therefore, the precipitation patterns fore-
on the smaller scales. The peak at the 20-10 km wavelengthasted by the two systems have a minimum scale of differ-
is the part of the perturbations introduced by the interpola-ences of the order of 24 km, but differences remain relatively
tion on the 7 km grid. After 6 h of forecast (middle panels), high up to 90 km.

the difference between the two spectra are significantly re- For the 2012093012 case (Figh), different behaviour is
duced, both at the 20-10 and 10-5 km scale. The two spectrdetected. The differences decrease quite steadily from the be-
become quite similar after 12 h (bottom panels), both beingginning, with a more marked decrease starting from the 4x4
characterised by a decrease in the perturbation magnitude farid point scale. Therefore, it is difficult to detect a minimum
wavelengths below 10 km. Therefore the geopotential perturscale for the differences. The scale at which the ratio halves
bations behave similarly from the point of view of how the with respect to its original value is around:332 grid points,
signal propagates at the different scales. Similar behavioutherefore about 90 km.

has been detected for the other cases (not shown). For the 201210612 case (Figc), the curves behave sim-
ilarly to those of the first case. For all the forecast ranges a
3.2 Analysis of the precipitation fields sharp decrease is observed, either ak 16 or 32x 32 grid

point scale. Therefore, the minimum scale of the differences
The impact of the different nesting approaches on the precipis in the order of 45 or 90 km, depending on the range consid-
itation forecast is first evaluated by analysing the precipita-ered. The 6 h forecast range should not be considered, since
tion patterns, then by performing an objective verification of only very light and localised precipitation was forecast and
the ensemble performances against observations. observed.

The difference between 6-hourly precipitation fields fore- For the 2012101712 case (F&d), the behaviour is inter-
casted by the members of COSMO-H2-EPS and of EXP-mediate: the curves decrease already from the beginning, but
H2-EPS has been computed, summing up the RMS differthe decrease is faster than for the 2012093012 case. The scale
ences between pairs of members. This computation has beeat which the ratio halves is between 16 and 32 grid points (45
performed at first on the original grid, then it has been re-and 90 km) for most of the forecast ranges, reducing to about
peated after an upscaling of the fields over boxes which con24 km only for the 12 h forecast range.
tain an increasing number of grid pointsx2, 4x 4, ..., up For the 2012102212 case (Fige), the curve decrease is
to 256x 256 points. Finally, the RMS difference has been initially very slow, then more pronounced. The scale at which
divided by the spread of the COSMO-H2-EPS ensemble, tahe ratio halves is quite large, about 64 points (180 km) for
provide an indication of its significance with respect to the the forecast ranges 18, 24, and 30 h, while it is smaller for the
variability of the reference ensemble. Computation has beeri2 (about 90 km) and 6 (about 45 km) h forecast range.
performed for each case and for each forecast range sepa- Finally, the 2012103012 case (F&f) has behaviour sim-
rately. In Fig.6 the ratio between RMS difference and spreadilar to that of the 2012101712 case for the first 4 forecast
is shown for six cases, as a function of the horizontal scaleanges: the curves decrease quite rapidly, especially from the
of upscaling, for forecast ranges from 0—6 up to 30-36 h. It8 x 8 grid point scale, reaching values of half the initial ratio
should be noted that the vertical scale is not the same in alat scales between 45 and 90 km.
the plots. This choice has been made to improve readability In general, two main behaviours are found: for some cases
and should not affect the analysis of the results, since, as deand some forecast ranges it is possible to detect a “knee”
scribed, RMS difference is normalised by the correspondentn the curve of normalised RMS difference, indicating that
spread. In order to identify the scale characterising the differ-a minimum scale exists at which the difference between
ence in the precipitation patterns, the curve decrease is anathe precipitation patterns takes place. This scale is of vari-
ysed: a marked decrease in the curve (referred to as a “kneedble size, from about 16 (in one case, not shown) up to
in the curve) indicates which level of upscaling is heeded toabout 90 km. For other cases and other forecast ranges, the
make the precipitation patterns significantly more similar to curve already decreases from the beginning, either quite
each other, compared with the spread of the ensemble. Thislowly or more rapidly. In these cases, the scale at which
level of upscaling, expressed in km of the upscaling box, dethe ratio halves has been considered: values are between 45
tects the minimum spatial scale of the differences. When itand 180 km. Overall, it is found that the difference in the
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Fig. 6. Ratio between the RMS difference between all the members of the two ensembles and the spread of COSMO-H2-EPS as a function
of the horizontal scale of upscaling (indicated as the size, in grid points, of each upscaling box) in terms of 6 h accumulated precipitation
for the different forecast ranges (from 0-6 to 30-36 h). Plots are for the cases (from top left to bottom right): 2012092512, 2012093012,
2012101612, 2012101712, 2012102212, 2012103012.

precipitation patterns forecasted by pairs of members is noforecast range. Therefore, the verification sample is slightly
negligible, even if in some cases it might be difficult to de- smaller than 1 month.
tect it properly with a synop observation network. It is not  Verification was first performed over the entire domain,
possible to draw conclusions about the influence of the forein terms of precipitation accumulated over 12h compared
cast range, since the cases have been examined separatelgainst synop observations (about 400 stations in the do-
and precipitation forecast in the different ranges is actuallymain), considering the forecast value at the nearest grid point
mainly dependent on the evolution of the phenomenon rathefor each observation location.
than on the forecast range itself. In Tablel the values of the ranked probability score (RPS)
Since differences are not negligible, an objective verifica-and skill score (RPSS) are shown for each system and for
tion has also been performed, in order to assess the quality afach forecast range (6—18 and 18-30h). The skill of the
the precipitation forecasts issued by the two ensembles. Thewvo ensembles is comparable, with a little outperformance
verification period extends from 25 September to 6 Novem-of EXP-H2-EPS over COSMO-H2-EPS.
ber 2012. As already mentioned, the experimental ensemble In Fig. 7 the Brier skill score (BSS) as a function of the
has only been run for 21 cases in this period, with a 36 hprecipitation threshold is shown. The scores are quite close
to each other for all thresholds and for both forecast ranges,
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Table 1.Ranked probability score and skill score of the two ensem- 0.30] o oocnmps _—
bles computed in terms of 12 h accumulated precipitation against -®  onEPS
SYNOP data. 0.
6-18h 18-30h 0.
Ensemble system RPS RPSS RPS RPSS 0
~
COSMO-H2-EPS 0.21  0.49 0.23 0.40 0.
EXP-H2-EPS 0.20 051 0.23 041
0.147
0.6 0.10°
- é 1‘2 1‘8 2‘4 3‘0 3‘6
733 (a) forecast range (h)
0.
0.607 —8—  OnCLEPS
© 0.55 &= - onEPS
@0 584
0.507
0.457
0.3 9]
%0 .40+
—e—  OnCLEPS o
0.2,'-' onEPS 0.35]
1 5 10 0.307
(a) thresholds (mm/12h) 0.251
0.6 0.20-
6 12 18 24 30 36
(b) forecast range (h)

Fig. 8. Ranked probability scorga) and skill score(b) of
COSMO-H2-EPS (solid line, labelled “onCLEPS”) and EXP-H2-
EPS (dashed line, labelled “onEPS”) as a function of the fore-
cast range. Verification is performed for 6-hourly precipitation over
northern and central Italy.

—&— onCLEPS
-8 onEPS

1 5 1IO
(b) thresholds (mm/12h) sisting in an upscaling of both forecast and observed values

Fig. 7. Brier skill score of COSMO-H2-EPS (solid line, labelled (Marsigli et al, 2008. The verification area has been cov-

“onCLEPS”) and EXP-H2-EPS (dashed line, labelled “onEPS”) as€red with boxes of @degrees 0.2degrees, then the aver-
a function of the threshold for the 6-18#) and 18-30 Kb) fore- ages (one for each member) of the values forecasted on the

cast range. Verification is performed for 12-hourly precipitation. 9rid points falling in each box are compared with the average
Numbers indicate the observed occurrences of each event. of the values observed on the stations falling in the same box,
provided that a box contains at least 3 stations.
Both RPS and RPSS indicate that the skill of the two en-

EXP-H2-EPS outperforming COSMO-H2-EPS for light pre- sembles is comparable (Fif), EXP-H2-EPS slightly out-
cipitation at the first forecast range (6—18 h). The number ofperforming COSMO-H2-EPS at the 24 and 30h forecast
events for each threshold is also reported in the plots. ranges. This dependence on the forecast range is ascribed to

Since some heavy precipitation events took place ovethe performance of the two systems over a few intense events,
northern and central Italy during the analysed period, a dif-which took place at these ranges, rather than on the forecast
ferent verification has also been performed, aimed at evalurange itself. In order to check the dependency on the precip-
ating the impact of the LBC diversity focussing on intense itation intensity, the Brier skill score is also shown, for the 1,
precipitation cases. Precipitation accumulated over 6 h ha$, and 10 mm thresholds (Fig).
been considered and scores have been computed against ob-While for the 1 mm threshold the scores are quite com-
servations collected by a dense network covering northermparable (Fig9a), for the higher thresholds EXP-H2-EPS has
and central Italy (about 850 stations). In order to perform ahigher BSS than COSMO-H2-EPS at the 24 and 30 h forecast
verification more suitable for high-resolution forecast of in- ranges, confirming that the outperformance is mainly due to
tense events, a different methodology has been adopted, coa-better forecast of high precipitation.
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compared with the one based on the intermediate step, for
a specific application, which is ensemble forecasting over
Italy with the main focus on the forecast of intense precipi-
tation. Analysis has been performed in terms of geopotential
at 500 hPa and precipitation.

Results show that the variability introduced in the geopo-
tential fields by the direct nesting is often smaller than the
uncertainty described by the reference ensemble, represented
0.2 by the ensemble spread. When the forecast error is consid-
I ered, expressed by the RMSE of the ensemble mean, it ap-
T : . : ; , pears that the differences between pairs of members having

6 12 18 24 30 36 . . .

different nesting approaches are generally smaller than this
error, therefore hardly detectable from ensemble forecasting
0.7 evaluation. A case study-based evaluation highlights that few
cases show a different behaviour. In four cases the exper-
imental nesting approach leads to a better performance of
the ensemble, due to the better performance of one member.
Nevertheless, in two other cases, an additional error is in-
troduced on two ensemble members with the direct nesting.
These results are confirmed by a similar analysis carried out
in terms of mean sea level pressure.

Considering the relation between spread and error over the

(@ forecast range (h)

—8— onCLEPS

o /% onEPs whole sample, it is found that the direct nesting leads to an
g 15 18 0 30 36 improved relation, with spread slightly increased and error

(b) forecast range (h) significantly reduced.
o An analysis of the perturbation spectra indicates that the

geopotential perturbations behave similarly in the two ap-
proaches, from the point of view of the way the signal prop-
agates at the different scales. Both ensembles are charac-
terised by little signal on the small scales at initial time, as
expected since ICs are downscaled from analyses perturbed
at coarse resolution. Nevertheless, this feature will not af-
fect the 2.8 km ensemble in its operational set-up, since high-
resolution perturbed analyses derived from KENDA will be

—e—  onCLEPS used as ICs.
0.1,"™  onEPS In terms of precipitation, it is found that forecasts issued
6 12 18 24 30 36 by members with different nesting approaches generally dif-
() forecast range (h) fer on spatial scales which are highly dependent on the case,

ranging from 16 up to 180 km. Though these differences are
not negligible, it might be difficult to evaluate their impact
on the forecast quality, since spatial errors in the precipita-
tion fields may reach scales of 50-100 km even if forecasted
by a high-resolution model.
4 Summary and conclusions The skill of the ensemble precipitation forecasts has been
evaluated over the whole domain against synop data, show-
An analysis has been undertaken of the performance of twang comparable performances of the two ensembles. High-
different nesting approaches for convection-permitting en-resolution verification has also been performed over a re-
semble forecasting. The reference approach, adopted in th&tricted domain, where few intense events took place and a
COSMO-H2-EPS ensemble, consists of providing ICs anddense observation network was available. Results show that
LBCs to the 2.8 km ensemble by a coarser-resolution ensenthe skill of the two ensembles is similar, with a little out-
ble based on the same model. The experimental approaciperformance of the direct-nesting ensemble for intense pre-
implemented in the EXP-H2-EPS ensemble, is a direct nesteipitation. This evaluation points out that the overall quality
ing, where ICs and LBCs are provided by a global ensem-of the 2.8 km ensemble in terms of precipitation forecast is
ble, run at quite coarser resolution. The purpose of this worknot badly affected by the provision of lower resolution LBCs
was to investigate the effect of the direct nesting approachfrom the global ensemble.

Fig. 9. The same as in Fi@ but for the Brier skill score. Thresholds
are: 1 mm(a), 5mm(b), and 10 mn1c).
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This work should be regarded as the first step of a deepeGerard, L., Piriou, J.-M., Brozkova, R., Geleyn, J.-F., and Banciu
analysis, where more cases will be considered, especially in- D.: Cloud and Precipitation Parameterization in a Meso-Gamma-
cluding different weather situations. Furthermore, it is in- Scale Operational Weather Prediction Model, Mon. Weather
tended to study the impact of spatial and temporal resolu- Rev., 137, 3960-3977, 2009. . .
tion separately, considering the usefulness of hourly boundHYMEX — HYdrological cycle in the Mediterranean EXperi-

L . ment, Hymex Project, available atww.hymex.org last access:
ary conditions provided by the global ensemble. 4 March 2014, 2010-2020.
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