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Abstract. Computer power has grown to the point that very-
fine-mesh mesoscale modelling is now possible. Going down
through scales is clumsily supposed to reduce uncertainty
and to improve the predictive ability of the models. This
work provides a contribution to understand how the uncer-
tainty in the numerical weather prediction (NWP) of severe
weather events is affected by increasing the model grid res-
olution and by choosing a parameterization which is able to
represent turbulent processes at such finer scales.

A deep moist convective scenario, a supercell, in a simpli-
fied atmospheric setting is studied by mean of high resolution
numerical simulations with COSMO-Model. Different tur-
bulent closures are used and their impacts on the space-time
properties of convective fields are discussed. The convective-
resolving solutions adopting Large Eddy Simulation (LES)
turbulent closure converge with respect to the overall flow
field structure when grid spacing is properly reduced. By
comparing the rainfall fields produced by the model on larger
scales with those at the convergence scales it’s possible to
size up the uncertainty introduced by the modelling itself on
the predicted ground effects in such simplified scenario.

1 Introduction

Numerical meteorological forecast at many European and
American Meteorological Organizations commonly sched-
ules a drastic reduction of the space scale for the realization
of limited-area predictions (Kain et al., 2008; Roberts and
Lean, 2008; Xue et al., 2007). Whether this approach can
be of real advantage for solving the problems of the uncer-
tainty of the decision-maker, it is doubtful, in particular, for
the solution of the problem of nowcasting (Kain et al., 2008;
Roberts, 2008; Roberts and Lean, 2008). The extraordinary
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enhancement of the computer power has been promoting a
reduction of the modelling horizontal resolution. Obviously
such brute-force approach does not guarantee a priori the
success.

Two important classes of meteorological numerical ap-
proaches are available in the field of simulation of severe
weather events with domain size ranging between 3000 km
and 1 km (Wyngaard, 2004): mesoscale modelling on the
larger domains and large-eddy simulation (LES) on the
smaller one.

The mesoscale modelling is aimed to produce weather pre-
diction at horizontal resolution of the order of O(∼10 km)
whilst Large Eddy Simulation (LES) is, traditionally, focused
on fine scale Planetary Boundary Layer (PBL) convective
processes with resolution of the order of O(∼0.1 km). Fig-
ure 1 clarifies their ranges of applicability that did not overlap
for many years.

In traditional mesoscale modelling, the energy-containing
turbulence scalel is largely exceeded by the typical
mesoscale grid-spacing so that little or nothing of turbulence
is resolved. Contrary, in LES, the energy and flux-containing
turbulence eddies are resolved.

The recent possibility of simulating convective sys-
tems with very fine resolution makes the distinction be-
tween mesoscale and LES model disappearing (Wyngaard,
2004). In the range of scales between1meso≈10 km and
1LES≈0.1 km, a twofold approach is possible to simulate
turbulent processes. On the one hand, downscaling the sub-
grid scale turbulence parameterization used in mesoscale
models, on the other hand, upscaling the LES closure. Since
neither LES nor mesoscale models were designed to operate
in this range, Lilly (1967) named it “terra incognita”. Now
the interest is to understand which results can be reliably ob-
tained from simulations of deep convective processes real-
ized within “terra incognita” (Wyngaard, 2004), which is a
necessary step to assess the amplitude of the contribution to
uncertainty stemming up by the modelling itself.
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Fig. 1. A schematic view of the turbulence spectrumφ(k) as a
function of the wavenumber magnitudek. It peaks atk∼1/l, with l

the lengthscale of the energetic eddies.1 is the model grid-spacing.
In the mesoscale limit (left side),l�1mesowhile in the LES limit
(right side),l�1LES (adapted from Wyngaard, 2004).

In the last decades, a significant number of studies have
been devoted to test the sensitivity of the numerical simula-
tions in modelling atmospheric phenomena using very fine
horizontal resolutions. On the basis of previous non hydro-
static cloud models simulations employing grid resolutions
of 2 km or less (Rotunno et al., 1988; Weisman and Klemp,
1986; Skamarock et al., 1994) Weisman et al. (1997) in-
vestigated the effects of horizontal grid size between 1 and
12 km on the representation of convective process. Changes
in terms of timescale of the convective evolution, rainfall
rates, intensity and size of the simulated convective system
were found. Grabowski et al. (1998) performed two- and
three-dimensional simulations of cloud systems showing that
model resolution affects the upper-tropospheric cloud cover
and consequently the upper-tropospheric temperature ten-
dency due to radiative flux divergence. Petch et al. (2002),
in order to obtain a satisfactory representation of the trans-
port of moisture from the sub-cloud layer into the free tropo-
sphere, in both shallow and deep convection cases, found that
horizontal grid-spacing should be less than one quarter of the
sub-cloud layer depth. Adlerman and Droegemeier (2002)
approached a simulation problem very similar to the one de-
scribed in next section. They found that the simulated su-
percell exhibiting repeated cycling when solved at1∼1 km
evolved into a nearly steady-state unicellular storm at coarser
grid-spacing of 2 km. Bryan et al. (2003) studied squall lines
from a turbulence perspective using grid-spacings between
1 km and 0.125 km. The results revealed that simulations
with high resolution produce changes in terms of precipita-
tion amount, system phase speed, cloud depth, static stability
values, size of thunderstorm cells, and organizational mode
of convective overturning as compared to coarser-resolution
simulations. The statistical properties of the simulated squall
lines were demonstrated still not converging between the
0.25-km and 0.125-km resolution runs.

Along the same lines, this work aims to contribute to
the understanding of the uncertainty in numerical weather
prediction (NWP) of severe weather events due to different
combinations of turbulent parameterizations and fine grid-
spacings.

A deep moist convective process in a simplified atmo-
spheric scenario, a supercell, is solved by mean of high reso-
lution numerical simulations with COSMO-Model at differ-
ent grid-spacings with two turbulent closure parameteriza-
tions.

Since the middle of 1900’s, many studies and numerical
experiments have been conducted to evaluate the structure,
longevity (Klemp and Wilhelmson, 1978b) and propagation
(Rotunno and Klemp, 1985; hereafter indicated as RK85) of
severe convective storms. Some of these studies identified
the main responsible factors for the development of right
(left) moving storms. Weisman and Klemp (1982, 1984,
1986; hereafter indicated as WK82, WK84, WK86) identi-
fied buoyancy and vertical wind shear as the two parame-
ters responsible for storm structure and evolution and WK84
also demonstrated that a steady supercellular growth is due
to high curved hodographs. WK86 highlights how the shape
of the vertical wind profile can strongly influence the form
that the convection motion might take. In a strong shear con-
dition for clockwise-curved wind shear profiles, the authors
showed a quasi-steady cyclonically rotating updraft develop-
ment from a short-lived cell due to the growth of a pressure
forcing on the right flank of the original updraft.

In this work, we demonstrate that the turbulent closure pa-
rameterizations and the resolution do influence the predictive
ability (Paola et al., 2006) of COSMO-Model in modelling
the evolution of a supercell. We demonstrate that a horizon-
tal grid-spacing exists under which the convective-resolving
solutions does converge with respect to the overall flow field
structure.

By comparing the rainfall fields produced by the model
run at coarse resolution with the ones at the convergence
grid-spacing, the uncertainty produced by subgrid small-
scale processes on the resolved ground effects is shown. The
amount of uncertainty due to the parameterization of subgrid
turbulent processes at a certain resolution is reduced when a
finer resolution is adopted so that a significant part of those
processes are not longer parameterized.

The paper is organized as follows. Section 2 provides a
brief overview on the limited area model and its setting on
which the deep moist convective system is simulated. Sec-
tion 3 describes the results in terms of kinematics of the phe-
nomena whilst Sect. 4 compares the rainfall fields produced
by graupel and rain sedimentations with different setting for
turbulent closure and grid-spacing. Section 5 discusses the
results and possible conclusions.
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2 The convective scenario

2.1 Initial conditions and numerical method

A supercell convection scenario has been chosen for this
study. Two are the main reasons for simulating supercell
phenomena: first of all, considering the analysis of deep con-
vective scenario in the literature (WK82, WK84, WK86, and
RK85), a supercell seems to be a good test-bed for numer-
ical experiments. The well-known dynamical evolution of
the supercell makes changes in results of simulations, due
to changes in both turbulent closures and grid-spacing, rel-
atively easy to recognise. Secondly, research findings have
suggested that, supercell can be occasionally prolific precip-
itation producers (Moller et al., 1990, 1994; Doswell et al.,
1996). On the basis of these considerations an analysis of
this convection scenario might offer an improvement on the
understanding of the uncertainty affecting the prediction of
severe weather events which may be the cause of flash floods
in basin where the hydrological response timescales is very
short.

The supercell is developed by initializing the model ac-
cording to WK82 and WK84’s numerical experiments. The
model is run over a three-dimensional domain that is 150 km
in both cross-line (x) and along-line (y) directions and 20 km
in the vertical. The distance among the 60 vertical lev-
els is stretched gradually from about 80 m near the bottom
boundary to about 500 m near the top. The adopted hori-
zontal grid-spacings are 1 km, 0.5 km, 0.25 km and 0.2 km.
A thermal bubble is superimposed on a horizontal homoge-
neous field. The horizontal radius is 10 km and the vertical
one 1.4 km with a temperature in excess of 2◦C at the cen-
ter that gradually vanishes towards its edge. The bubble is
placed at (25 km, 25 km) in the x-y domain to avoid influ-
ence of the boundary on its development in the first time
steps of integration. For the whole set of the experiments,
the initial condition is represented by a directionally vary-
ing wind shear that determines supercell motion. The shear
vector turns through 180◦ over the lowest 5 km of the atmo-
sphere and becomes constant and unidirectional over 5 km
(Fig. 2). The curvature of the clockwise-curved hodograph is
strong enough to favour a right-moving supercell. The ther-
modynamics conditions make the CAPE value of the order of
1600–1700 J kg−1, which means a moderately unstable envi-
ronment for lifted parcels (Fig. 3).

The sources of uncertainty due to errors in defining initial
condition are out of the scope of the present analysis, which
only aims to assess the uncertainty due to model setting. Ob-
viously, the representation of the radiation uncertainty in the
interaction with soil and vegetation in the surface layer is dis-
regarded (Bougeault, 1997). Modelling of turbulence and its
effect on cloud microphysics are the only sources of uncer-
tainty.

Fig. 2. Wind hodograph. Dots denote the increasing levels, from
left to right, in the first 5 km. Wind is kept constant above 5 km.

Fig. 3. Skew-T diagram depicting dew point temperature (heavy
dashed line) and temperature (heavy solid line) profiles used in nu-
merical simulations. The green lines depict the saturation mixing
ratio. Blue ones, the dry adiabats. Red ones, the moist adiabats.
Tilted black ones, the isotherms.

The work is performed by using the limited area model
COSMO-Model version 3.2. The COSMO-Model is a non-
hydrostatic and fully compressible numerical weather pre-
diction model created in 1998 by the Deutsche Wetterdienst
(DWD, German National Weather Service). It is developed
ever since, in the context of the COSMO consortium, and
used for operational purposes by several national and re-
gional meteorological services in Europe. The physics of the
model is based on a wide range of turbulent, surface and mi-
crophysical schemes. For a more comprehensive description
of the model, the reader is referred to Steppeler et al. (2003).

www.nat-hazards-earth-syst-sci.net/9/1871/2009/ Nat. Hazards Earth Syst. Sci., 9, 1871–1880, 2009



1874 E. Fiori et al.: Turbulent parameterizations and grid-spacing effects in numerical modelling

The experiments are realized neglecting orography and
Coriolis forces. Davies (1976) and free-slip conditions are
applied to the lateral and ground boundaries, respectively.
Rayleigh layer characterizes the top-5 km of the atmosphere.
The mode-splitting time integration method is a 3rd-order
Runge-Kutta scheme and the model is integrated up to 3 h.
The adopted time steps are 6, 3, 1.5, and 1 s for runs from
1 km to 0.2 km. The high horizontal resolution ranging from
1=1 km to1=0.2 km, the lower range of convection permit-
ting and the range of convection resolving, according to Kain
et al. (2008), allows us to switch off the convection parame-
terisation.

Two different turbulent closures available in COSMO-
Model are used for the four adopted horizontal grid-spacings.
Thus, eight numerical experiments were performed.

2.2 The turbulent schemes

The approach adopted by COSMO-Model is the traditional
one-and-a-half-order approximation, i.e. a turbulent scheme
based on the treatment of the prognostic turbulent kinetic en-
ergy (TKE).

The two COSMO’s closures used herein are called 1D and
LES. They differ from each other not only in the way the
eddy viscosity coefficientK is calculated but also for the
form of TKE equations adopted.

The 1D closure makes use of the so-called boundary-layer
approximation by imposing a horizontal homogeneity of the
variables. Horizontal fluxes are neglected. The only ac-
tive turbulent diffusion coefficients for the momentum (KM )
and heat (KH ) equations are those in the vertical direction
(KM,H

V )1. They are calculated as function of the turbulent
length scale (λ) (Blackadar, 1962), the prognostic turbulent
velocity scale (q) and two stability functions (σM , σH ), de-
pending on the Richardson number (Buzzi, 2008). Thus,

KM
V = qλσM (1)

KH
V = qλσH (2)

The horizontal diffusion is simply controlled by the 4th-order
computation mixing coefficient.

The boundary-layer approximation influences the way
the shear production term (hereinafter SPM ) in the TKE-
equation is calculated. Thus, in 1D-closure the SPM is com-
posed by the vertical shear of the horizontal wind (U , V )
only, e.g.

SPM = KM
V

[(
∂U

∂z

)2

+

(
∂V

∂z

)2
]

(3)

The LES closure uses a three-dimensional subgrid-scale
model instead of the boundary-layer approximation. Both

1K
M,H
V

means vertical turbulent diffusion coefficient for mo-
mentum (superscriptM) and heat (superscriptH ).

vertical and horizontal turbulent coefficients are active. In
particular, the vertical coefficients (K

M,H
V ) are evaluated in

according to the equations

KM
V = e1/2λφM (4)

KH
V = e1/2λφH (5)

where e is the TKE, λ is the turbulent length scale,φM

andφH are stability-dependent parameter, depending on the
Richardson number (Doms et al., 2005).

Instead, the horizontalKM,H
H are simply proportional

to the verticalKM,H
V , through a factor depending on the

anisotropy of the mesh, e.g.

K
M,H
H ≈ r

√
(2)

1

1z
K

M,H
V (6)

wherer is the mean radius of the earth’s surface,1z is the
elevation step and1 is the grid spacing.

In LES closure, the SPM -term of TKE-equation is a func-
tion of the vertical (SV ) and horizontal (SH ) components of
the deformation squared strain tensor2S2

ij , which means a
three-dimensional behaviour of the production of TKE, i.e.

SPM = KM
H S2

H +KM
V S2

V . (7)

2.3 The microphysical parameterization

The mathematical description of the overall evolution of a
cloud is made in COSMO-Model by the use of a bulk water-
continuity scheme in which only a few categories of water
are used and the shape and size distributions of the particles
are assumed, while the basic microphysical processes are pa-
rameterized.

The dependent variables are the total mass fractionsqx

of hydrometeors, which are distinguished between non-
precipitating (cloud waterx = c and cloud icex = i) and pre-
cipitating (rainwaterx = r, snowx = s and graupelx = g)
particles. The precipitating ones are defined by a Marshall-
Palmer distribution (Marshall and Palmer, 1948):

fx = Nx
0 e−λxD x = r,s,g (8)

whereNx
0 is the intercept value we did set to the constant

value typical of rainwater, snow and light graupel. The slope
parameterλx is determined by the predicted mass fractionqx

by inverting the integral

qx
=

Nx
0

ρ

∞∫
0

m(D)e−λxDdD x = r,s,g. (9)

2Deformation strain tensor by components:
Sij =

(
∂ <Ui >

/
∂xj +∂ <Uj >

/
∂xi

)/
2
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The corresponding budget equations solved for the many
forms of water substances read

∂qx

∂t
= Aqx +Sx x = c,i (10)

∂qx

∂t
= Aqx +

1

ρ

∂Px

∂z
+Sx x = s,r,g (11)

whereAqx represents the tendencies for eachx-type particle,
due to processes in which water content behaves as a passive
scalar. Px = ρqxvx

T , beingvx
T the mean terminal velocities

of thex-type particles, represent the sedimentation fluxes of
thex-type precipitating water category.

The Sx-terms describe the sources and sinks for eachx-
type water category due to various microphysical transfers
between the hydrometeors. Many bulk parameterizations
are available in COSMO-Model, from warm rain to three-
category ice scheme.

3 Results

3.1 Storm path

The supercell numerically modelled in this work is a right
moving updraft as in WK86 due to the kinematic initial con-
ditions depicted in Fig. 2. The vertical wind profile is a
moderate curved-hodograph which induces one major right-
moving updraft on the right flank of the system and many
short-lived thunderstorm systems on the left flank of the gust
front. Although all the 8 simulations show this general dy-
namics, differences in kinematics properties are evident in
terms of growth of the convective tower and splitting pro-
cesses. The initiation of convection is slower at coarse res-
olution: a longer time is necessary to obtain a complete cell
splitting process. Such differences in kinematics are made
evident by the inspection of the velocity patterns at different
elevations where the effects of both resolutions and turbu-
lent closure are clarified. For sake of conciseness, however,
the attention has been paid to the major right-moving cell as
the precipitation activity is mainly related to it (Moller et al.,
1990, 1994; Doswell et al., 1996). Firstly, the entire path
of each cell was captured by tracking its core as the pixel
which contains the maximum vertical velocity at the eleva-
tion of 5 km. The paths obtained in the first two hours with
1D- and LES-closure are plotted in Figs. 4 and 5, respec-
tively, by a sequence of dots 90 s apart. Each sequence in
both figures corresponds to a given resolution, from1=1 km
to 1=0.2 km.

The curvature of the path increases as the resolution de-
creases. Such divergence is very large for 1D-closure (Fig. 4)
whilst for LES closure (Fig. 5) the paths corresponding to
1=0.5, 0.25, and 0.2 km collapse each on the other.

Comparing Figs. 4 and 5 one major result is evident: by us-
ing a LES-closure the paths of the right-moving cell does not
change when the resolution is increased below1=0.5 km: in

some a global sense the LES-based simulations do converge
at fine resolution. This consideration is not true when 1D-
closure is adopted because the convergence of the paths is
not yet reached at1=0.2 km. Now, let us assume the 0.2 km-
LES simulation as our reference solution and the correspond-
ing predicted rainfall pattern as our ground truth. If the
reader accepts this assumption, the coarse simulation, with
1D turbulence closure, can be considered as representative of
a current state-of-the-art prediction when an operational de-
terministic cloud-permitting model is used. Comparing the
extreme paths, i.e. 1 km-1D run (brown path) and 0.2 km-
LES run (blue path), as in Fig. 6, a difference of∼20 km
between the two right-moving cell propagations can be esti-
mated. The case under study is a highly idealized one. If we
would like to interpret it in terms of uncertainty for a real-
time forecast of a rainfall event, this difference suggests that
the choice of the turbulent parameterization scheme and of
the grid resolution remarkably impact the forecast: it would
imply to warn an area that probably would not receive that
precipitation. The uncertainty in numerical modelling using
the 1 km-1D setting in fact is also evident by comparing cor-
responding horizontal cross-sections of the vertical velocity.
The pictures on the left-upper and right-lower corners of the
Fig. 6 are also reported in Fig. 7: they represent a snapshot of
the vertical velocity W field after 1.5 h from the run initial-
ization at an elevation of 1.5 km above ground level (AGL).
It is evident that the two settings generate different organiza-
tion in the convective field. In the 1 km-1D-case (panel A in
Figs. 6 and 7) a typical supercell-pattern is obtained since a
major cell is formed on the right side of the gust front while
some well defined convective tower is on the left side. In the
LES at1x=0.2 km (panel B in Figs. 6 and 7) the presence of
more intense features on the left flank of the gust front, which
is a direct consequence of the tree-dimensional characteristic
of the LES-closure, suggests a dynamics of the convective
process like a mesoscale convective system.

The uncertainty related with the position of the main right-
convective tower is also evident looking at the panels A and
B: the 0.2 km-LES major cell is at the bottom of the region
while the 1 km-1D cell is simply shifted towards right with
respect to the centre of picture. In the same time step the
maximum updraft velocity in the major cell of the 1 km-1D
run is recorded at (92 km, 50 km) (panel A in Fig. 7) while
it is at (86 km, 39 km) for the 0.2 km-LES run (panel B in
Fig. 7).

3.2 Rainfall depth pattern

Supercells modelled with 1 km-1D and 0.2 km-LES closures
have shown divergent paths of the right-moving cells and
different updraft patterns. As already said the case under
study is a highly idealized one. However, if we would like
to interpret it from a hydrological point of view, a difference
of a several kilometres in the main precipitating cell posi-
tion could be quite irrelevant for large catchments but not
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Fig. 4. Path of the core of the right-moving cell modelled using 1D-closure. Brown dots are for the run with1x=1 km, pink dots are for
1x=0.5 km, yellow dots for1x=0.25 km and blue ones for1x=0.2 km.

Fig. 5. As in Fig. 4 but using the LES turbulent closure.

Fig. 6. Path of the core of the left right-moving cell in the first two hours of 1-km-1D (brown) and 0.2-km-LES (blue) run. In the left
corner, horizontal cross-section of the vertical velocityW for 1-km-1D atz=1.5 km a.g.l. after 90 min from initialization. In the right corner,
horizontal cross-section of the vertical velocityW for 0.2-km-LES atz=1.5 km a.g.l. after 90 min from initialization. Arrows denote the
positions along the paths.
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Fig. 7. Horizontal cross-section of the vertical velocityW [m s−1]
at 1.5 km a.g.l. after 90 min from the initialization of the process.
Contours at 1.2 m s−1. A 1-km-1D closure andB 0.2-km-LES clo-
sure.

for smaller ones. This kind of error could produce unpre-
dicted floods. The difference of the convective patterns in-
fluences both intensity and spatial distribution of the rainfall.
A map of the rainfall depth over the time window on which
the 1 km-1D and 0.2 km-LES paths are sensibly divergent has
been produced in Fig. 8. The time window covers 30 min be-
tween 1.5 and 2 h from the initialization of the process.

Fig. 8. Rainfall depthh [mm], contoured at 5 mm interval, between
1.5 h and 2 h from the beginning of the convective scenario. Solid
line: 0.2-km-LES run. Dash-dot line: 1 km-1D run. The position of
synthetic raingauges A and B used in Fig. 9 are plotted.

The area covered by rainfall in the assumed truth-run
(0.2km-LES) is higher than in the 1km-1D run. This is a
direct effect of the LES closure that makes the turbulent dif-
fusion at fine resolution more efficient favouring the organi-
zation of smaller intense precipitating structures. In 1km-1D
run the most intense rainfall spots are displaced on the left
flank of the gust front whilst the LES case concentrates high
peaks in the area of the right-moving cell. The larger rainwa-
ter accumulation closer to the major cell in the truth-run has
been confirmed by the intensification of the downdraft of the
cyclonically rotating structures on fine resolutions.

3.3 Hydrological interpretation of the uncertainty
in a simplified atmospheric scenario

Previous sections have shown how a fine resolution experi-
ment, adopting LES turbulent closure, seems to converge in
terms of kinematic properties of the convective flow field.
The same correspondence has been found in terms of rainfall
depth spatial pattern (not shown). Here, the existing differ-
ences between the two simulations discussed in Sect. 3.2 are
evaluated from a hydrological point of view. To gain a clearer
understanding of the spatio-temporal variability of the pre-
dicted rainfall depth, two synthetic raingauges (A and B) are
supposed to be set, respectively, at the (85 km, 65 km) and
(100 km, 52 km) location. They are visualized in Fig. 8 by
two dots. In Fig. 9 the 1 km-1D predicted rainfall depth in
both raingauges is compared with the assumed ground truth
obtained by the 0.2 km-LES simulation. For the synthetic
raingauge A, the total rainfall depth is larger in the 1 km-1D
run than the ground truth 0.2 km-LES by a factor of∼2. Con-
versely, for the synthetic raingauge B the total rainfall depth
in the 1 km-1D is lower than the ground truth by a factor of
∼4. Also the timing of the precipitation is different.
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Fig. 9. Rainfall depthh(t) [mm] as observed by the synthetic rain-
gauges A and B.

Fig. 10. Rainfall intensityi(t) [mm h−1] as observed by the syn-
thetic raingauge A for the 1-km-1D run (upper panel) and 0.2-km-
LES (lower panel) run.

Fig. 11. The same as in Fig. 10 as observed by the synthetic rain-
gauge B.

Another way to underline differences in the precipitating
time series is through the use of the intensityi(t) hyeto-
graph. The hyetographs recorded for both simulations for
the synthetic raingauge A are reported in Fig. 10 (1 km-1D
on the left and 0.2 km-LES on the right, respectively). Most
of precipitation occurs over a very short timeslot of 30 min
and this confirms the convective nature of the simulated sce-
nario. Figure 11 shows the same for the raingauge B for
1 km-1D (upper panel) and 0.2 km-LES (lower panel) runs,
respectively. Here most of precipitation, for the 0.2 km-LES
case, occurs over a short timeslot of 45 min confirming, on
one hand, the intermittent and convective nature of the simu-
lated scenario and, on the other hand, the more intense rain-
fall activity of the right-moving cell at finer resolutions.

4 Conclusions

The capability of setting the model resolution at very fine
scales does not a priori guarantee a reduction of uncertainty
in numerical weather prediction in the so-called “terra incog-
nita”, i.e. in the horizontal resolution range of 1–0.1 km. In
particular, this work has proven how the difference in super-
cell propagation and the uncertainty in its physical represen-
tation are reduced when a suitable grid-spacing in combina-
tion with an adequate turbulent parameterization is chosen.

The use of the LES closure implies a faster and intense dy-
namics of the convective processes already at coarse resolu-
tion with respect to the 1D-closure. In LES-simulations the
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organizational mode of the convective overturning evolves
from a classical supercell-like behaviour at coarser resolu-
tions to a high precipitation supercell with multicellular con-
vective organization on the left side of the gust front at 0.2 km
grid-spacing.

In the 0.2 km-LES run, the path of the right-moving cell
increases the curvature with respect to the overall flow field
structure. Convergence of the solutions is somehow shown
when the resolution is increased to1=0.2 km. This result is
not confirmed by using 1D-closure.

The difference of 20 km between the 1 km-1D simulated
storm path and the one corresponding to the 0.2 km-LES sim-
ulation produces, also in this highly idealized framework, re-
markable differences in rainfall spatial distribution. It was
shown that the rainfall depth is more concentrated and in-
tense in the left-moving updrafts when 1D-closure is used at
1=1 km whilst at finer resolutions using a LES closure, the
precipitation occurs over a larger area and the highest amount
of rainfall depth is mainly provided by the major cell.

In conclusion, the paper has shown that the turbulent-
closure parameterization and resolution jointly influence the
predictive ability of a model: a turbulent closure adequate to
the resolution has to be chosen in order to achieve a proper
modelling of deep moist convective processes.
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