Nat. Hazards Earth Syst. Sci., 9, 18188Q 2009 -K
www.nat-hazards-earth-syst-sci.net/9/1871/2009/ Natural Hazards
© Author(s) 2009. This work is distributed under and_ Earth
the Creative Commons Attribution 3.0 License. System Sciences

Dealing with uncertainty: turbulent parameterizations and
grid-spacing effects in numerical modelling of deep moist
convective processes

E. Fioril, A. Parodil, and F. Siccardi?

1CIMA Research Foundation, University Campus of Savona, Savona, Italy
2Department of Communication Computer and System, University of Genoa, Genoa, ltaly

Received: 19 March 2009 — Revised: 18 September 2009 — Accepted: 30 October 2009 — Published: 17 November 2009

Abstract. Computer power has grown to the point that very- enhancement of the computer power has been promoting a
fine-mesh mesoscale modelling is now possible. Going dowrreduction of the modelling horizontal resolution. Obviously
through scales is clumsily supposed to reduce uncertaintguch brute-force approach does not guarantee a priori the
and to improve the predictive ability of the models. This success.
work provides a contribution to understand how the uncer- Two important classes of meteorological numerical ap-
tainty in the numerical weather prediction (NWP) of severe proaches are available in the field of simulation of severe
weather events is affected by increasing the model grid resweather events with domain size ranging between 3000 km
olution and by choosing a parameterization which is able toand 1km (Wyngaard, 2004): mesoscale modelling on the
represent turbulent processes at such finer scales. larger domains and large-eddy simulation (LES) on the

A deep moist convective scenario, a supercell, in a simpli-smaller one.
fied atmospheric setting is studied by mean of high resolution The mesoscale modelling is aimed to produce weather pre-
numerical simulations with COSMO-Model. Different tur- diction at horizontal resolution of the order of ©10 km)
bulent closures are used and their impacts on the space-timehilst Large Eddy Simulation (LES) is, traditionally, focused
properties of convective fields are discussed. The convectiveen fine scale Planetary Boundary Layer (PBL) convective
resolving solutions adopting Large Eddy Simulation (LES) processes with resolution of the order of~@(1 km). Fig-
turbulent closure converge with respect to the overall flowure 1 clarifies their ranges of applicability that did not overlap
field structure when grid spacing is properly reduced. Byfor many years.
comparing the rainfall fields produced by the model on larger In traditional mesoscale modelling, the energy-containing
scales with those at the convergence scales it's possible turbulence scalel is largely exceeded by the typical
size up the uncertainty introduced by the modelling itself onmesoscale grid-spacing so that little or nothing of turbulence
the predicted ground effects in such simplified scenario. is resolved. Contrary, in LES, the energy and flux-containing
turbulence eddies are resolved.

The recent possibility of simulating convective sys-
1 Introduction tems with very fine resolution makes the distinction be-

i ) ween mesoscale and LES model disappearing (Wyngaard,
Numerical meteorological forecast at many European an 004). In the range of scales betweaRes~10km and

American Meteorological Organizations commonly SChed'ALES%O.lkm, a twofold approach is possible to simulate

ules a drastic reduction of the space scale for the realization "\ 1ont processes. On the one hand, downscaling the sub-
of I|m|ted-ar.ea pred|ct||ons (Kain e:] alh’ 203.8 ; Robertshandgrid scale turbulence parameterization used in mesoscale
Lean, 2008; Xue et al.,, 2007). Whether this approac @M odels, on the other hand, upscaling the LES closure. Since

be_ of realhadc\j/anta_ge forsolvjn_g t(;]e Eroblle_ms Of_th? UNCeMyaither LES nor mesoscale models were designed to operate
tainty of the decision-maker, it is doubtful, in particular, for in this range, Lilly (1967) named it “terra incognita”. Now

thebsolutlc;n of.the pgroblem gf nowcazstmg (Kr;m etal, 23_08; the interest is to understand which results can be reliably ob-
Roberts, 2008; Roberts and Lean, 2008). The extraordinary,inaq from simulations of deep convective processes real-

ized within “terra incognita” (Wyngaard, 2004), which is a
Correspondence tcE. Fiori necessary step to assess the amplitude of the contribution to
BY (elisabetta.fiori@cimafoundation.org) uncertainty stemming up by the modelling itself.
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Vesoscale BB Along the same lines, this work aims to contribute to

#() it terra incognita o dimit the understanding of the uncertainty in numerical weather

i : 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-

1 1 k ent grid-spacings with two turbulent closure parameteriza-
A smso L A tions.
Since the middle of 1900’s, many studies and numerical
Fig. 1. A schematic view of the turbulence spectrynk) as a  experiments have been conducted to evaluate the structure,
function of the wavenumber magnitgldglt peaks ak~1l/l, With.l longevity (Klemp and Wilhelmson, 1978b) and propagation
the lengthscale of t_he_ energe_tlc eddiass the _mo_del gnd-spa_mr_\g. (Rotunno and Klemp, 1985: hereafter indicated as RK85) of
n t:e r.':jeS?SCie I'm'tébﬁ S('jdf0<<Ames°Wh'(lje 'Z%gf LESHmit  overe convective storms. Some of these studies identified
(right side) /> A es (adapted from Wyngaard, ) 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

In the last decades, a significant number of studies havalso demonstrated that a steady supercellular growth is due
been devoted to test the sensitivity of the numerical simulato high curved hodographs. WK86 highlights how the shape
tions in modelling atmospheric phenomena using very fineof the vertical wind profile can strongly influence the form
horizontal resolutions. On the basis of previous non hydro-that the convection motion might take. In a strong shear con-
static cloud models simulations employing grid resolutionsdition for clockwise-curved wind shear profiles, the authors
of 2km or less (Rotunno et al., 1988; Weisman and Klemp,showed a quasi-steady cyclonically rotating updraft develop-
1986; Skamarock et al., 1994) Weisman et al. (1997) in-ment from a short-lived cell due to the growth of a pressure
vestigated the effects of horizontal grid size between 1 andorcing on the right flank of the original updraft.

12 km on the representation of convective process. Changes In this work, we demonstrate that the turbulent closure pa-
in terms of timescale of the convective evolution, rainfall rameterizations and the resolution do influence the predictive
rates, intensity and size of the simulated convective systenability (Paola et al., 2006) of COSMO-Model in modelling
were found. Grabowski et al. (1998) performed two- andthe evolution of a supercell. We demonstrate that a horizon-
three-dimensional simulations of cloud systems showing thatal grid-spacing exists under which the convective-resolving
model resolution affects the upper-tropospheric cloud coversolutions does converge with respect to the overall flow field
and consequently the upper-tropospheric temperature terstructure.

dency due to radiative flux divergence. Petch et al. (2002), By comparing the rainfall fields produced by the model
in order to obtain a satisfactory representation of the transfun at coarse resolution with the ones at the convergence
port of moisture from the sub-cloud layer into the free tropo- grid-spacing, the uncertainty produced by subgrid small-
sphere, in both shallow and deep convection cases, found thatale processes on the resolved ground effects is shown. The
horizontal grid-spacing should be less than one quarter of themount of uncertainty due to the parameterization of subgrid
sub-cloud layer depth. Adlerman and Droegemeier (2002)urbulent processes at a certain resolution is reduced when a
approached a simulation problem very similar to the one definer resolution is adopted so that a significant part of those
scribed in next section. They found that the simulated su-processes are not longer parameterized.

percell exhibiting repeated cycling when solvedrat 1 km The paper is organized as follows. Section 2 provides a
evolved into a nearly steady-state unicellular storm at coarsebrief overview on the limited area model and its setting on
grid-spacing of 2 km. Bryan et al. (2003) studied squall lineswhich the deep moist convective system is simulated. Sec-
from a turbulence perspective using grid-spacings betweetion 3 describes the results in terms of kinematics of the phe-
1km and 0.125km. The results revealed that simulationsnomena whilst Sect. 4 compares the rainfall fields produced
with high resolution produce changes in terms of precipita-by graupel and rain sedimentations with different setting for
tion amount, system phase speed, cloud depth, static stabilitiurbulent closure and grid-spacing. Section 5 discusses the
values, size of thunderstorm cells, and organizational modeesults and possible conclusions.

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.

1
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2 The convective scenario 20 -

18 -
2.1 Initial conditions and numerical method 16 A ks p=3900m

14 - T
A supercell convection scenario has been chosen for thisg 12 - s ‘-~.\'
study. Two are the main reasons for simulating supercell E, 10 - > m
phenomena: first of all, considering the analysis of deep con-= &1 b
vective scenario in the literature (WK82, WK84, WK86, and €14 hY
RK85), a supercell seems to be a good test-bed for numer- ?
ical experiments. The well-known dynamical evolution of 5 i
the supercell makes changes in results of simulations, due 0 5 10 15 20 25 35

30
to changes in both turbulent closures and grid-spacing, rel- z=5000 m

atively easy to recognise. Secondly, research findings have
suggested that, supercell can be occasionally prolific precipgig > wind hodograph. Dots denote the increasing levels, from
itation producers (Moller et al., 1990, 1994; Doswell et al., jeft 1o right, in the first 5 km. Wind is kept constant above 5 km.
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 flood
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 1km, 0.5km, 0.25km 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 1.4km with a temperature in excess &€2at the cen- s -
ter that gradually vanishes towards its edge. The bubble is o0 XS > |

U [m/s]

sure [mb]

placed at (25 km, 25km) in the x-y domain to avoid influ- 900 : / Y V\}i{\\L
ence of the boundary on its development in the first time "% 3" 20 0 0 10 2 5g 0
steps of integration. For the whole set of the experiments, Temperature [C]

the initial condition is represented by a directionally vary- _ o _

ing wind shear that determines supercell motion. The shea:r;'g'h:""o| ?keW'Tdd'agram dep'Ctr'lng dew I‘?g'lr,‘t temp?,lrat“re (:?a"y

vector turns through 180over the lowest 5 km of the atmo- ashe 'F‘e) an temperature eavy sold ine) profiles used in nu-

. . merical simulations. The green lines depict the saturation mixing

sphere and becomes constant and unidirectional over 5km_ ; : ;
. . . ratio. Blue ones, the dry adiabats. Red ones, the moist adiabats.

(Fig. 2). The curvature of the clockwise-curved hodograph iStijed black ones. the isotherms.

strong enough to favour a right-moving supercell. The ther- '

modynamics conditions make the CAPE value of the order of

1600-1700 J kg', which means a moderately unstable envi-

ronment for lifted parcels (Fig. 3). _ ... The work is performed by using the limited area model
The sources of uncertainty due to errors in defining initial COSMO-Model version 3.2. The COSMO-Model is a non-

condition are out of the scope of the present analysis, which,y qostatic and fully compressible numerical weather pre-

only aims to assess the uncertainty due to model setting. Obgiction model created in 1998 by the Deutsche Wetterdienst

viously, the representation of the radiation uncertainty in the(DWD German National Weather Service). It is developed
interaction with soil and vegetation in the surface layer is dis-g, o, s'ince in the context of the COSMO consortium. and

regarded (Bougeault, 1997). Modelling of turbulence and itS,seq for operational purposes by several national and re-

effect on cloud microphysics are the only sources of uncerigsnal meteorological services in Europe. The physics of the

tainty. 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).
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The experiments are realized neglecting orography andrertical and horizontal turbulent coefficients are active. In
Coriolis forces. Davies (1976) and free-slip conditions areparticular, the vertical coefficienw{(yﬂ ) are evaluated in
applied to the lateral and ground boundaries, respectivelyaccording to the equations
Rayleigh layer characterizes the top-5 km of the atmosphere.

The mode-splitting time integration method is a 3rd-order K/ =gy (4)
Runge-Kutta scheme and the model is integrated up to 3 h.
The adopted time steps are 6, 3, 1.5, and 1s for runs from{{f =e1/2A¢H (5)

1km to 0.2 km. The high horizontal resolution ranging from
A=1km toA=0.2 km, the lower range of convection permit- where e is the TKE, A is the turbulent length scalejy,
ting and the range of convection resolving, according to Kainand¢y are stability-dependent parameter, depending on the
et al. (2008), allows us to switch off the convection parame-Richardson number (Doms et al., 2005).
terisation. Instead, the horizontak ;"' are simply proportional
Two different turbulent closures available in COSMO- g the verticalK"y’H, through a factor depending on the
Model are used for the four adopted horizontal grid-spacingsgnisotropy of the mesh, e.g.
Thus, eight numerical experiments were performed.
A
2.2 The turbulent schemes Kyt~ r\[(Z)A_zKy’H (©)
The approach adopted by COSMO-Model is the traditionalwherer is the mean radius of the earth’s surface; is the
one-and-a-half-order approximation, i.e. a turbulent schemelevation step and is the grid spacing.
based on the treatment of the prognostic turbulent kinetic en- In LES closure, the Sip-term of TKE-equation is a func-
ergy (TKE). tion of the vertical §y) and horizontal §) components of
The two COSMO'’s closures used herein are called 1D andhe deformation squared strain te , Which means a
LES. They differ from each other not only in the way the three-dimensional behaviour of the production of TKE, i.e.
eddy viscosity coefficienk is calculated but also for the M od M o2
form of TKE equations adopted. SPu=Kp Sy + Ky Sy. 7
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-2.3 The microphysical parameterization
tive turbulent diffusion coefficients for the momentu’()
and heat K ') equations are those in the vertical direction The mathematical description of the overall evolution of a
(K"t They are calculated as function of the turbulent cloud is made in COSMO-Model by the use of a bulk water-
length scale X) (Blackadar, 1962), the prognostic turbulent continuity scheme in which only a few categories of water
velocity scale ¢) and two stability functionsdy, o), de- are used and the.shape an(_:i size d|str|bgt|ons of the particles
pending on the Richardson number (Buzzi, 2008). Thus, &€ assumed, while the basic microphysical processes are pa-

rameterized.
K y =gAoy (1) The dependent variables are the total mass fractighs
of hydrometeors, which are distinguished between non-
K",’ =qgioy 2 precipitating (cloud watet = ¢ and cloud icer =) and pre-

_ S cipitating (rainwaterx = r, snowx = s and graupek = g)
The horizontal diffusion is simply controlled by the 4th-order particles. The precipitating ones are defined by a Marshall-

computation mixing coefficient. Palmer distribution (Marshall and Palmer, 1948):
The boundary-layer approximation influences the way
the shear production term (hereinafter,9Pin the TKE-  f; =N3’e‘“D X=rs,8 (8)

equation is calculated. Thus, in 1D-closure thg,3®8 com- _ _ )
posed by the vertical shear of the horizontal W|m.d, (V) Whel’eN(’)‘ is the Intercept value we did set to the constant

only, e.g. value typical of rainwater, snow and light graupel. The slope
parametek, is determined by the predicted mass fracon
U \2 IV \? by inverting the integral
spu=k¥|(2Z) +(2 @ e ;
0z 9z 00
No A D
The LES closure uses a three-dimensional subgrid-scald” = T/m(D)e *“dD  x=r,s,8. (9)
model instead of the boundary-layer approximation. Both 0
1K€'I’H means vertical turbulent diffusion coefficient for mo- 2Deformation strain tensor by components:
mentum (superscrigt) and heat (superscrigf). Sij=0<Ui>/oxj+3d<U;>/0x;)/2
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The corresponding budget equations solved for the manygome a global sense the LES-based simulations do converge

forms of water substances read at fine resolution. This consideration is not true when 1D-
g~ closure is adopted because the convergence of the paths is
o = A +8" x=c,i (10)  notyetreached ak=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
whereA,: represents the tendencies for eaefype particle, 5 cyrrent state-of-the-art prediction when an operational de-

due to processes in which water content behaves as a passiygministic cloud-permitting model is used. Comparing the
scalar. Py = pq*vr, beingvz the mean terminal velocities  gyyreme paths, i.e. 1km-1D run (brown path) and 0.2 km-
of thex-type pe_lrt.iclgs, represent the sedimentation fluxes off 5 un (blue path), as in Fig. 6, a difference 020 km
thex-type precipitating water category. _ between the two right-moving cell propagations can be esti-
The S*-terms describe the sources gnd smk; for each  mated. The case under study is a highly idealized one. If we
type water category due to various microphysical transfers,qq |ike to interpret it in terms of uncertainty for a real-
between the hydrometeors. Many bulk parameterizationgime forecast of a rainfall event, this difference suggests that
are available in COSMO-Model, from warm rain to three- yhe choice of the turbulent parameterization scheme and of
category ice scheme. the grid resolution remarkably impact the forecast: it would
imply to warn an area that probably would not receive that

ag* 10P,
A S x=s,r, 11
» A (11)

3 Results precipitation. The uncertainty in numerical modelling using
the 1 km-1D setting in fact is also evident by comparing cor-
3.1 Storm path responding horizontal cross-sections of the vertical velocity.

The pictures on the left-upper and right-lower corners of the
The supercell numerically modelled in this work is a right Fig. 6 are also reported in Fig. 7: they represent a snapshot of
moving updraft as in WK86 due to the kinematic initial con- the vertical velocity W field after 1.5h from the run initial-
ditions depicted in Fig. 2. The vertical wind profile is a ization at an elevation of 1.5km above ground level (AGL).
moderate curved-hodograph which induces one major rightit is evident that the two settings generate different organiza-
moving updraft on the right flank of the system and manytion in the convective field. In the 1 km-1D-case (panel A in
short-lived thunderstorm systems on the left flank of the gustFigs. 6 and 7) a typical supercell-pattern is obtained since a
front. Although all the 8 simulations show this general dy- major cell is formed on the right side of the gust front while
namics, differences in kinematics properties are evident insome well defined convective tower is on the left side. In the
terms of growth of the convective tower and splitting pro- LES atAx=0.2 km (panel B in Figs. 6 and 7) the presence of
cesses. The initiation of convection is slower at coarse resmore intense features on the left flank of the gust front, which
olution: a longer time is necessary to obtain a complete celis a direct consequence of the tree-dimensional characteristic
splitting process. Such differences in kinematics are madef the LES-closure, suggests a dynamics of the convective
evident by the inspection of the velocity patterns at differentprocess like a mesoscale convective system.
elevations where the effects of both resolutions and turbu- The uncertainty related with the position of the main right-
lent closure are clarified. For sake of conciseness, howevetonvective tower is also evident looking at the panels A and
the attention has been paid to the major right-moving cell asB: the 0.2 km-LES major cell is at the bottom of the region
the precipitation activity is mainly related to it (Moller et al., while the 1 km-1D cell is simply shifted towards right with
1990, 1994; Doswell et al., 1996). Firstly, the entire pathrespect to the centre of picture. In the same time step the
of each cell was captured by tracking its core as the pixelmaximum updraft velocity in the major cell of the 1 km-1D
which contains the maximum vertical velocity at the eleva- run is recorded at (92 km, 50 km) (panel A in Fig. 7) while
tion of 5km. The paths obtained in the first two hours with it is at (86 km, 39 km) for the 0.2km-LES run (panel B in
1D- and LES-closure are plotted in Figs. 4 and 5, respecFig. 7).
tively, by a sequence of dots 90s apart. Each sequence in
both figures corresponds to a given resolution, fraadl km 3.2 Rainfall depth pattern
to A=0.2km.

The curvature of the path increases as the resolution deSupercells modelled with 1 km-1D and 0.2 km-LES closures
creases. Such divergence is very large for 1D-closure (Fig. 4have shown divergent paths of the right-moving cells and
whilst for LES closure (Fig. 5) the paths corresponding to different updraft patterns. As already said the case under
A=0.5, 0.25, and 0.2 km collapse each on the other. study is a highly idealized one. However, if we would like

Comparing Figs. 4 and 5 one major resultis evident: by us-+o interpret it from a hydrological point of view, a difference
ing a LES-closure the paths of the right-moving cell does notof a several kilometres in the main precipitating cell posi-
change when the resolution is increased betovd.5 km: in tion could be quite irrelevant for large catchments but not

www.nat-hazards-earth-syst-sci.net/9/1871/2009/ Nat. Hazards Earth Syst. Sci., 9,8®Y 2009



1876 E. Fiori et al.: Turbulent parameterizations and grid-spacing effects in numerical modelling

60 T T T T T T T T T T
° 0.2km-1D 00e®® 00000000 © ““o.o °
o 0.25km-1D oo o° “o. g&“ Lo 400 co0oge © © i
S0F o oskmp I AR T TP i
—_ o 1km-1D g o0 oa® 288 2% oo o000mo00000 000 7
£ R 825090 0000 ©000y 4y %0 ® *° %000
X 40 080 éﬁo Sooo00000se 0000000, o .
> M = ™
301° i
20 | | | | | | 1 | | 1
30 40 50 60 70 80 90 100 110 120 130 140

x [km]

Fig. 4. Path of the core of the right-moving cell modelled using 1D-closure. Brown dots are for the ruawithkm, pink dots are for
Ax=0.5km, yellow dots forAx=0.25 km and blue ones faxx=0.2 km.
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Fig. 5. As in Fig. 4 but using the LES turbulent closure.
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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 velogityfor 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 velociy for 0.2-km-LES atz=1.5kma.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 velociy [m s_l]

at 1.5kma.g.l. after 90 min from the initialization of the process.
Contours at 1.2 msL. A 1-km-1D closure an® 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
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Fig. 8. Rainfall depth: [mm], contoured at 5 mm interval, between
1.5h 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 (85km, 65km) and
(100 km, 52 km) location. They are visualized in Fig. 8 by
two dots. In Fig. 9 the 1km-1D predicted rainfall depth in
both raingauges is compared with the assumed ground truth
obtained by the 0.2km-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&f. Con-

the 1 km-1D and 0.2 km-LES paths are sensibly divergent hasersely, for the synthetic raingauge B the total rainfall depth
been produced in Fig. 8. The time window covers 30 min be-in the 1 km-1D is lower than the ground truth by a factor of

tween 1.5 and 2 h from the initialization of the process.

www.nat-hazards-earth-syst-sci.net/9/1871/2009/

~4. Also the timing of the precipitation is different.

Nat. Hazards Earth Syst. Sci., 9,8y 2009



Turbulent parameterizations and grid-spacing effects in numerical modelling

35 +
1km-1D

1878 E. Fiorietal.:
20
175
15
125+
10+
£
E 75
=
5 Synthetic Raingauge B A
1 km - 1D closure 7
/
7 Synthetic Raingauge A
L / 0.2 km - LES closure
25 Synthetic Raingauge B 7 -
3702 km - LES closure —
R4 Synthetic Raingauge A
/./ 1 km - 1D closure
i i i

(S} N W
o (&)} o
L L i

i
(6]
!

i(t) [mmh ]

0.2km-LES

i(t) [mmh ]

Fig. 9. Rainfall depthz () [mm] as observed by the synthetic rain-

gauges A and B.
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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 intensity) 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
1km-1D (upper panel) and 0.2km-LES (lower panel) runs,
respectively. Here most of precipitation, for the 0.2 km-LES
case, occurs over a short timeslot of 45min 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-

Fig. 10. Rainfall intensityi (r) [nm h~1] as observed by the syn-

1.45
time [hl
0.2km-LES
1 1.15 15 1.45 2
time [h]

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-

thetic raingauge A for the 1-km-1D run (upper panel) and 0.2-km- tion with an adequate turbulent parameterization is chosen.
LES (lower panel) run.

Nat. Hazards Earth Syst. Sci., 9, 18188Q 2009

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 evolvesDoms, G., Forstner, J., Heise, E., Herzog, H.-J., Raschendorfer, M.,
from a classical supercell-like behaviour at coarser resolu- Schrodin, R., Reinhardt, T., and Vogel, G.: A description of the
tions to a high precipitation supercell with multicellular con- ~ Nonhydrostatic Regional Model LM. Part II: Physical Parame-

vective organization on the left side of the gust frontat 0.2 km  terization, Technical Report, 9-24, 2005.
grid-spacing. Doswell lll, C. A., Brooks, H. E., and Maddox, R. A.: Flash flood

In the 0.2 km-LES run, the path of the right-moving cell gsetcaﬂmgécﬁ r;énlgrlesg%nts'based methodology, Weather Fore-
increases the curvature with respec'g to the overall flow f'eldGrabowski, W. W., Wu, X., Moncrieff, M. W., and Hall, W. D.:
structure. Conve_rgerlc_e of the solutions is Somehow s_hown Cloud-resolving modeling of cloud systems during Phase Il of
when the resolution is increased4s=0.2 km. This result is GATE. Part II: Effects of resolution and the third spatial dimen-

not confirmed by using 1D-closure. sion, J. Atmos. Sci., 55, 3264-3282, 1998.

The difference of 20 km between the 1 km-1D simulated Kain, J. S., Weiss, S. J., Bright, D. R., Baldwin, M. E., Levit, J. J.,
storm path and the one corresponding to the 0.2 km-LES sim- Carbin, G. W., Schwartz C. S., Weisman, M. L., Droegemeier, K.
ulation produces, also in this highly idealized framework, re- K., Weber, D. B., and Thomas, K. W.: Some Practical Considera-
markable differences in rainfall spatial distribution. It was tions Regarding Horizontal Resolution in the First Generation of
shown that the rainfall depth is more concentrated and in- Operational Convection-Allowing NWP, Weather Forecast., 23,
tense in the left-moving updrafts when 1D-closure is used ak 931-952, 2008. . i .

. . . . lemp, J. B. and Wilhelmson, R. B.: Simulations of right- and left-
A=1km whilst at finer resolutions using a LES closure, the

L . moving storms produced through storm splitting, J. Atmos. Sci.,
precipitation occurs over a larger area and the highest amount 35 1997_1110. 1978b.

of rainfall depth is mainly provided by the major cell. Lilly, D. K.: The representation of small scale turbulence in numer-
In conclusion, the paper has shown that the turbulent- ical simulation experiments, in: Proc. IBM Scientific Comput-

closure parameterization and resolution jointly influence the ing Symposium on Environmental Sciences, IBM Form No. 320-

predictive ability of a model: a turbulent closure adequate to 1951, 195-210, 1967.

the resolution has to be chosen in order to achieve a propéylarshall, J. and Palmer, W. M.: The distribution of raindrops with

modelling of deep moist convective processes. size, J. Atmos. Sci., 5, 165-166, 1948. o _
Moller, A. R., Doswell Ill, C. A., and Przybylinski, R.: High-

precipitation supercells: A conceptual model and documenta-
tion. Preprints, 16th Conf. on Severe local Stormrs, Kananaskis
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