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Introduction

The activities reported in this paper are based on the col-
laboration agreement between ESC/JAMSTEC and C.I.R.A.
(the Italian Aerospace Research Center - www.cira.it). In
brief, C.I.R.A. is a governmental organisation assigned by
the Italian Government to define and implement the Italian
Aerospace Research Program. CIRA is aso one of the mem-
bers of the CMCC project (Euro-Mediterranean Center for
Climate Changing) approved and funded by the Italian
Minister for Research.

Goal of the first performed activity is an overview of the
most important boundaries conditions used in meteorologi-
cal models developed. The second activity regards a prelimi-
nary sensitivity study with the Global Code Resolving
Model developed at the Earth Simulator Center.

Boundary Conditions Overview within a Limited
Area Mode

Nowadays the study of nested techniques, in order to
improve high-resolution meteorological models, is one of
the most demanding research activities. Using fine grid
model nested in a coarse one a suitable boundaries treatment
is necessary to reduce the computational reflection of wave
energy.

The analysis was devoted to understand the theoretical
aspects and some numerical [9] and computational [10]
details related to the parallel implementation [11] on the
Earth Simulator (ES).

BCs can be classified in two main sets: the first one con-
cerns the sponge-like BCs, the second one the radiative-like
BCs.

335

Sponge-like BCs
Within this set the sponge/relaxation and tendency modi-

fied BCs were analyzed.

The basic idea of the sponge/relaxation BCs is to add a
damping layer in the marginal zone of the model so that
wave energy can be absorbed while approaching the bound-
ary; such layer can be defined by a diffusion coefficient non-
zero in the marginal zone [1,2]. Another way to minimize
the wave energy can be obtained by using a relaxation value
for each prognostic variable and a relaxation function. As
lateral BC, usually the relaxation function is non-zero, con-
tinuous and non-negative space function in the marginal
zone to allow a smooth flow transition. On the other hand,
the relaxation function is not related to the vertical coordi-
nate and the vertical velocity is unchanged by this boundary
treatment [1,2].

The tendency modified scheme [2] is defined by a param-
eter varying from zero (inside the domain) to “values infi-
nitely big” (close to the boundary); such parameter is used to
define a modified wave speed. Moreover, the RHS of the
Transport Equation takes into account such parameter and
the relaxation value of the prognostic variable. Inside the
domain the parameter is zero, the modified wave speed is
equal to the physical wave speed and the RHS is zero; this
means that inside the domain, the Transport Equation is
unchanged. In the marginal zone the parameter approaches
“infinity” (from a numerical point of view), then modified
wave speed approaches zero and so wave doesn’t propagate.
Radiative-like BCs

Asdiscussed in [3], this BC has to “radiate away” the dif-
ference between the coarse variable and the nested variable.
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At first Sommerfeld proposed in [4] to define the wave
speed as a constant related to the prognostic variable.

Such BC was furthermore studied by Orlanski in [5]: he
proposed another definition for the wave speed and distin-
guished between outflow and inflow, depending if the wave
speed is positive or negative, respectively. Moreover,
Orlanski used the leapfrog 2nd order FDM to discretize this
BC and atime-average to calculate the boundary point.

The radiative BC was furthermore studied by Camerlengo
and O’'Brien [6]. In this work it was proposed a variation of
the Orlanski’s wave speed definition that, in some case stud-
ies, appeared to be more efficient and promising.

This procedure was also studied and modified by Miller
and Thorpe in [7], that proposed another FDM to discretize
the BC: the chosen method is the upstream 1st order scheme
and it is computationally less expensive. Moreover the
numerical results show that the boundary becomes “transpar-
ent” to wave energy, stable and able to transmit large ampli-
tude disturbances as well as remarkably.

Another radiative-like BC is the independent radiative-
dependent nested one, proposed by Chen in [8]. The basic
idea is that the time rate of the fine grid solution depends
both on the time rate of the coarse grid solution and on the
advection in the space of so-called “unwanted wave’. This
last one is generated when the fine grid solutions differs
from the coarse grid solution one. Such BC takes into
account both information interpolated from the coarse model
(dependent nested) and it allows the free passage of distur-
bances through the boundary (radiative BC). Numerical
results in an atmospherical model nested grid show that it
handles very well acoustic and gravity wave reflection,
allowing the unwanted wave energy to propagate away from
the boundaries[8].

Future collaboration will be devoted to implement and
validate a particular boundary condition (BC) in the Non-
hydrostatic Limited Area Model developed by Dr. Eng. K.
Takahashi’s team.

Sensitivity study with Global Cloud Resolving M odel

This research activity, in collaboration with the Multiscale
Simulation Research Group of the ESC, regards sensitivity
studies with the non-hydrostatic atmospheric global model
(Globa Cloud Resolving Model - GCRM [12]), developed
by Dr.Eng. Takahashi’s team. The goal is to handle atmos-
pherical simulations on ESC supercomputer.

The sensitivity studies of the GCRM is performed for an
intense precipitation event on the North-West Italian area of
November 2002. The total amount of the rain observed dur-
ing this event has shown in Figure 1 (courtesy of ARPA
Piedmont).

This study permits an easy approach to the GCRM know!-
edge and in particular to the simulation of some typical
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Fig. 2 differences between the height in Italian LAM (7 km of resolu-
tion) and ones from satellite (legend in meters)

mesoscal e atmospherical phenomena.

Moreover, the use of a very fine grid (11 km or 5.5 km),
compared with the 40 km of the European global models, is
a unique opportunity; in fact in the Alpine area, where there
are sharp slopes from the coast to the mountains, the better
orography definition is an fundamental topic. The plot of the
discrepancies between the topographic height in the grid
points and the real one has shown in figure 2 (courtesy of
ARPA Piedmont). This differences give localisation errors
(like under prediction of precipitation on downward slopes)
and displacement of the precipitation maxima.

Several simulations have been performed by using initial
condition from JMA analysis and a forecast range of 36
hours. The simulations used 192 nodes of the Earth
Simulator supercomputer duration of each run is about 6
hours.

Several simulations have been run according to different
initial time and horizontal resolution. Also different GCRM
versions have been tested (without soil process parameteri-
zation and with a simple bucket model for soil process).

For the verification of the smulation results a first quali-
tative approach has been used. Such approach is based on a
visual comparison of the precipitation forecast maps with the



observed ones. Such verification has been a so performed for
others variables (i.e. geopotential height, sea level pressure,
wind and relative humidity) by comparing the analysis maps
and the forecast ones.

Asfirst preliminary results an overestimation of the simu-
lated snow and graupel fall has been observed. Such system-
atic error is probably due to not suitable empirical formulain
microphysics Reisner parameterization scheme [13].

Others ssimulations for this test case will be performed in
the next months in order to collaborate at the improvement
of the numerical and physical scheme of the GCRM.
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