ADVANCES IN
FOREST FIRE RESEARCH

2018




Advances in Forest Fire Research 2018 - D. X. Viegas (Ed.)
Chapter 5 - Decision Support Systems and Tools
https://doi.org/10.14195/978-989-26-16-506_99

An upper non-reflecting boundary condition for atmospheric
compressible flow

Aurélien Costes* ! ; Christine Lac? ; Valéry Masson? ; Mélanie Rochoux®
1CERFACS, CNRM, Toulouse, France. {aurelien.costes@meteo.fr*}

2CNRM, Toulouse, France. {christine.lac@meteo.fr, valery.masson@meteo.fr}
3CERFACS, Toulouse, France. {melanie.rochoux@cerfacs.fr

Abstract

So as to predict fire spread after its ignition, the Meso-NH atmospheric model has been coupled to the
forest fire model ForeFire. Meso-NH uses the anelastic hypothesis that provides an intrinsic acoustic filter.
Nevertheless, this approximation does not allow horizontal density variations which leads to problems close
to the fire front because of the high heat release. That is why the full Euler compressible system shall be used
to take into account air expansion at the fire level. This governing equations system transition comes with
acoustic waves propagation. Although those waves are uninteresting for meteorology, they bounce on the
ground and on the roof of the domain and disturb the inner solution. Indeed, the actual rigid lid as upper
boundary condition does not allow acoustic waves radiation. The Rayleigh top damping layer already
implemented in Meso-NH provides high frequency filtering, meaning that the new upper boundary shall only
evacuate the remaining low frequency waves.

In order to build a reliable and precise upper boundary condition for a reasonable computational cost, we
shall verify that the new boundary (1) lets low frequency waves pass through and (2) does not force the
interior domain state. So as to preserve the scalability of the code, the boundary shall also (3) be localized in
space and (4) as localized as possible in time to limit memory storage.

Several methods could be used to evacuate acoustic waves from the domain. Our requirements have
conducted us to base our new upper boundary condition for Meso-NH on Characteristic-based Boundary
Conditions, known as NSCBC, proposed by Poinsot and Lele. This boundary condition (BC) is known to be
“non-reflecting” and also local in space and time. Nevertheless, the NSCBC formulation based on the
characteristic theory of Thompson, comes out as “partially non-reflecting” as its behavior is more a low pass
filter. An extended method called Plane Wave Masking, PWM, has been proposed by Polifke et al. to get a
near zero reflexion coefficient for low frequency waves.

In PWM theory, the acoustic waves are assumed plane and incoming with normal incidence at the
boundary. Nevertheless, the normal incidence of wave represents a strong limitation of the formulation.
Lodato et al. have built a 3D formulation of NSCBC that computes transverse gradient to take into account
oblique waves.

In purpose of testing the PWM formulation for its requirements, an offline model has been created in
Python. This simplified model has been used to check the PWM boundary behavior facing plane waves and
spherical waves. Once the PWM method has been proved as compliant to each requirement (1-4), it is
implemented in the Meso-NH compressible code. Then, different academic and classic Meso-NH cases are
run to ensure the correct behavior of the new boundary as orographic waves as well as fire experiments. The
compressible assumption will be evaluated with the FireFlux experience.

Keywords: Acoustics, Boundary conditions, Non-reflecting, Meso-NH, Compressible, Computational Fluid Dynamics

1. Introduction

So as to predict fire spread after its ignition, the Meso-NH atmospheric model (Lafore et al. 1998,
Lac et al. 2018) has been coupled to the forest fire model ForeFire (Filippi et al. 2009). Meso-NH uses
the anelastic hypothesis that provides an intrinsic acoustic filter. Nevertheless, this approximation does
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not allow horizontal density variations which leads to problems close to the fire front because of the
high heat release. That is why the full Euler compressible system shall be used to take into account air
expansion at the fire level. This governing equations system transition comes with acoustic waves
propagation. Although those waves are uninteresting for meteorology, they bounce on the ground and
on the roof of the domain and disturb the inner solution. Indeed, the actual rigid lid as upper boundary
condition does not allow acoustic waves radiation. The Rayleigh top damping layer already
implemented in Meso-NH provides high frequency filtering, meaning that the new upper boundary
shall only evacuate the remaining low frequency waves.

In order to build a reliable and precise upper boundary condition for a reasonable computational
cost, we shall verify that the new boundary (a) lets low frequency waves pass through and (b) does not
force the interior domain state. So as to preserve the scalability of the code, the boundary shall (c) be
localized in space and (d) also localized in time to limit memory storage.

Several methods could be used to evacuate acoustic waves from the domain as mentioned by
Colonius (2004). Our requirements have conducted us to base our new upper boundary condition for
Meso-NH on Characteristic-based Boundary Conditions, known as NSCBC, proposed by Poinsot and
Lele (1992). This boundary condition (BC) is known to be “non-reflecting” and also local in space and
time. Nevertheless, the NSCBC formulation based on the characteristic theory of Thompson (1987),
comes out as “partially non-reflecting” as its behavior is more a low pass filter as shown in Selle et al.
(2004). An extended method called Plane Wave Masking, PWM, has been proposed by Polifke et al.
(2006), to get a near zero reflexion coefficient for low frequency waves.

2. Boundary formulation based on characteristic analysis

The new boundary is built on the full Euler compressible system ignoring Coriolis and subgrid
effects as well as the atmosphere is considered dry, i.e. the mixing ratio of total water substance is null.
Those equations used in the compressible version of MesoNH are given by Eq. (2-4). The characteristic
study of this system is based on Thomson 1987 analysis which require to write the system of equations
as

ou . OF, . oF, N OF .
ot Jr Ay 0z

o ow, 0 @)
Opqu;  Opguu; OP ]
e o, + oz, + pagdia =0 (3)
dpafl  Opabu; )
=0 4
ot N dx; )

In Eq. (1), U is the vector of conservative variables, F the flux vectors and D' an inhomogeneous
term not containing derivatives. Another form of the system uses the vector of primitive variables U
chosen as

- T -

U=[ps u v w 6] . (5)
One can rewrite the Eq. (1) with the new vector of variables.
ou A ot oU ou

—+A—+B—+C—+D=0 6
ot +:i‘);1f+:£')y +:5: TE (6)
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Then, matrix A, B and C can be diagonalized and lead to

oU L, 0U L, 0U _,0U -
ot TRLE G-+ SMS 5 n+ TN (L7 5-+D=0, (7)
with L, M and N diagonal matrix. Let us identify waves as the following terms
Nl ou ou
L=LR"'—= =MS'—=, N=NT'= 8
O M=MS S A= oz (8)

For the following, we will focus only on z direction as this is the normal direction of the upper
boundary. The characteristic study gives the waves amplitude as a function of normal spacial
derivatives.

- w—c|0pa pidw e ,
/1 = —— o— 9
Ni=—3 [ 8z ¢ 8z 0z ©)
P Opa  paOw a0 ,
Ny = 9 [ - + — d” + de (10)
ol ,
Ny = —wpo- (11)
. E@u ,
Ny = 22 (12)
- wdv ,
i = ——— 13
N 2 8z (13)
with ¢ = )’j—;, u, v, w the three components of the wind, ¢ the sound speed defined as ¢? = Z—P, y the
d

adiabatic index, P the pressure and 6 the potential temperature. The terms described above are the
amplitudes of characteristic waves associated with each characteristic velocity as eigenvalues of the
matrix A, B and C. The first wave moves at the speed of sound (w — c) in the negative z direction —
it “comes in” the domain at the boundary (Fig. 1). The second one travels also at the speed of sound
(w + ¢) but in the positive z direction. Then, the third characteristic wave is associated to the
convective velocity which is the speed of the entropy waves and finally, the last waves correspond to
the advection by the vertical wind w. At the upper boundary the spacial derivatives can be computed
by uncentered schemes and the other variables are available locally which is compliant with our
constraints (c).

The time integration used is a simple Forward In Time (FIT) scheme which leads to the following

system.
U™t = U™ — At [T"N™ + D] , Poinsot and Lele (1992) (14)
Ut = U™ — At [R'L" + S"M" + T"N" + D"], Lodato et al. (2008) (15)

The exponent n means at time t" = nAt and so n + 1 is the next time step At. The method used by
Poinsot and Lele (1992) is one-dimensional and considers only the normal direction informations to
compute the boundary condition. Like most of the non-reflective boundary conditions, Poinsot and
Lele (1992) assume that the flow at the boundary can be viewed as locally one-dimensional and aligned
with the boundary normal direction. The incoming waves are then quantified by the LODI (Locally
One Dimensional Inviscid) system which is directly derived from the Navier-Stokes equations written
for primitives variables in characteristic form. Lodato et al. (2008) proposed to use the three directions
of space to better describe oblique waves. Each method requires a special treatment for the first wave
which comes from the outer to inner of the computational domain.
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3. Entering wave amplitude term
3.1. Classic NSCBC

First, let us focus on the LODI formulation for the “entering wave” ;. The wave amplitude is
modified in order to make the boundary non-reflective. One can impose the amplitude as 0 but this
will lead to an unconstraint density which is most generally unstable or conduct to drift in pressure at
the boundary. Then the “perfectly non-reflecting” boundary condition would lead to stability issues
due to the lack of informations on the mean density p., far from the computational domain. Therefore,
this mean density can be imposed at the boundary but this treatment would generate reflected waves.

NSCBC WM In that case, we should add some physical
Ny informations on p,, to the boundary in a “soft”
4 way to avoid strong reflection. A simple way
to do it is to set the entering wave as the linear

= i relaxation term of Rudy and Strikwerda
B M NN I (1980)
H. Off O © Ni=K(p—po) (16)
' R

where K is a constant [s~1]. When K is set to
0, we get back to the unstable “perfectly non-
reflecting” boundary and when K is big
enough, the boundary is closer to the fully
reflecting behavior. Selle et al. (2004) have
studied the impact of the coefficient K on the
boundary reflection and have shown that the
boundary is equivalent to a low-pass filter with
K /4m as cut off frequency. Nevertheless, in
¥ our problem, the Rayleigh top damping layer
Figure 1 - Outgoing and entering waves through the upper  provides high frequency filtering, meaning
boundary (z=Ho) of the computational d_omain forclassic  that the new upper boundary shall only
NSCBC and PWM theories ..

evacuate the remaining low frequency waves

which can not be done with this theory.

Lipper bowndary

Computational domain

H"!"

Crroviered

3.2. Plane Wave Masking

An extension of the “classic” NSCBC presented above called PWM (Plane Wave Masking) is built
to filter the low frequency waves. There, it is favorable to distinguish turbulent (“ ' ) and acoustic (“
~ ) perturbations of the flow variables e.g.

pa(z,y, 2, t) = pa(x, y, z) + py(z, y, z,t) + pal2, 1) (17)
w(zx,y, z,t) =w(x,y,z) +w(x,y, z,t) +w(zt) (18)

Here again, the acoustic perturbations are assumed one-dimensional and normal to the boundary.
For sufficiently small fluctuation amplitude, the linearized characteristics wave amplitudes are given
by f=f(z—(WwW+c)t) and g = g(z— (w —c)t), travelling respectively in the positive and
negative vertical direction. Using the acoustic fluctuation, one can write

1|\P 1|P

w

(19)
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It is then possible to adapt the classic NSCBC to get a non-reflecting boundary for low frequency
waves. The idea of PWM is to identify outgoing waves at the boundary using the above equation and
then explicitly eliminate outgoing wave contribution from the linear relaxation term.

Ni =K [p=po — 1] (20)

The “masked” outgoing wave no longer contributes to the “entering” wave JV; ans should leave
the domain without any reflection.

3.3. Reflection coefficient

In order to evaluate the boundaries efficiency, it is important to properly define the reflection of the
incoming wave. The reflection coefficient r(w) is typically dependent of the acoustic incoming wave
frequency (or pulsation). Basically, the reflection is the ratio between the reflected wave, seen as the
“entering wave”, amplitude ans the incoming wave amplitude. The incoming wave can be seen either
as v, or f. Therefore, the reflected wave becomes respectively IV; or g. Selle et al. (2004) define the
reflection coefficient as

. M .
r(w) = — 21
whereas Polifke et al. (2006) use
r(w) = 2. (22)
f
The “ - ” denotes the Fourier transform of the quantity ““ - . This last definition only stands if the

coefficient K is large enough so that the drift of density or velocity is effectively eliminated. Thus,
deviations from the target density at the boundary will be controlled by the acoustic signal. This
coefficient gives a first comparison point between the classic NSCBC and the PWM extension.
According to Polifke et al. (2006), with 7 = 2/K,

The classic formulation is a low-pass whereas the plane wave masking extension allows, by
construction, the radiation of the low-frequency waves. This study is only valid for harmonic plane
waves of arbitrary non-zero frequency. This post-processing coefficient is useful to measure the
efficiency of the boundary and this shows that the PWM should be the best solution as it is compliant
at least with (a) and (c).

4, MesoNH implementation

The two solutions have been implemented in an off-line Python code to investigate the
performances of the new boundary. This implementation has required several changes at the term
computation method level but not on the philosophy of the process. Indeed, the characteristic boundary
conditions have not been written in a stratified atmosphere and this hypothesis requires some
adjustments. In this section, we will focus on 1D formulation, i.e. Eq. (14), with plane wave masking.
Let us write the equations system really solved by MesoNH at the new boundary for the density p, the
potential temperature 8 and the vertical wind w.
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3} .
d‘? + N+ N+ N3 =0 (25)
ow ¢, . . o T )
;f" {N ~ M) +KsAwi= 0 (26)
00 Cpsg T : ,
5 _N—3 —|—‘ W~ + f\]i\.:ﬁE: 0 (27)
'T/ [}

....................

The framed terms are added to the original system and will be detailed further. The wave amplitudes
have also been modified from the original method.

Ny =K (p— prs) — K222 (28)
cLS
. wHel|dp pdw I .
g — - —_ P — 29
Ao > |2 T ¥ (29)
o0 )
N3 = —wep s (30)

Several main terms have been changed so let us have a look on each modification and theirs
consequences.

4.1. Background stratification and hydrostatic equilibrium

The atmosphere is a vertically stratified domaine due to the hydrostatic equilibrium which can be
described by

dP .
— —|—pg— 0. (31)

The stratification directly implies that the spacial derivative computed at the boundary for the NSCBC,
with or without PWM extension, are non-zero even in equilibrium state. If the original system was
implemented without any modifications, the hydrostatic state would have been treated as a fluctuation
leading to an unstable boundary. Then, the first step is to split the hydrostatic part and the
perturbational part of the signal. For this purpose, we uses the large scale fields for the density, the
wind and the potential temperature. They are provided by another simulation from a larger scale model
as AROME. This previous simulation has already computed fields at the boundary taking into account
the hydrostatic equilibrium. Thus, the main variables are written using the large scale fields denoted
by the subscript “LS” and a perturbation term denoted by “~”.

p=pLs+p, ~wW=wrs+w (32)
f=6rs+6, P=P.+P (33)

The pressure P is not provided by the large scale model and its reference state should be computed
using other variables which have a large scale field available. As the fluctuations of pressure are an
important part of the PWM extension, a specific attention should be taken to define its reference state
(see section 4.4). Therefore, this notation allows to create two new derivative operators related to each
term.

(r')L'bl'ﬁr . @*LS

dz Oz (34)

%  Ox O o

9: ~ 0z 0 (35)
* = {p,w,0}
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The new derivative operators takes into account the whole hydrostatic equilibrium and then the
gravity term which can be found in D in Eq. (14) is no longer relevant and does not appear in Eq. (26).

4.2, Potential temperature transport

The potential temperature should be advected at the wind velocity w in the Eq. (27). Without any
compensation, framed terms in Eq. (27), the boundary would have advected the perturbation state only
as it is reduced to

a6 a e ,

— — =10. 36

o +w 3, (36)

By adding the large scale field transport, wZl?® to Eqg. (36) and using the definition of operators in

Eqg. (35), it becomes
a6 g0 IE)LSQ

a—i—u-—au +uw . =0
a0 56’ )
—_— — = 0. 37
o "o (37)

This new term balance the advection of the total potential temperature which is coherent with the
overall transport equation — Eq. (4).

The last two terms in Eq. (26) and Eqg. (27) are designed to stabilize the overall boundary behavior,

*

ieag
€. —

- 0and —W . 0. They will not going to be detailed further in this study but it is shown

t—>oo

that they do not affect the dynamic behavior of the boundary which is the most important when
radiating waves.

4.3, PWM extension formulation

In this section, we will focus on the formalism used to compute the “entering wave” N;. There is
two main parts in this term as shown Eqg. (28). The first one corresponds to the classic linear relaxation
term of (Rudy and Strikwerda 1980) but the reference state used is the large scale density. The second
one is the plane wave masking expression. Using Eq. (19) and Eq. (32-33), we set
P .

+w (38)

PLSCLS

Here, the definition of P,, is very important and it can lead to a significant error of p(t — o). The
pressure is a diagnostic variable computed by

P = Py " [pRaf]", (39)

where Py, is a reference value of the pressure and R, the gas constant for dry air. A natural way to
define P, with large scale fields is

P . = POO [!JLHRdng] . (—1[})

Therefore, the used definition of the reference pressure is
P = Py " [prsRaf] . (41)

The onl y difference between the expression is the use of the total potential temperature instead of
the large scale one.

Advances in Forest Fire Research 2018 — Page 906



Advances in Forest Fire Research 2018 - D. X. Viegas (Ed.)
Chapter 5 - Decision Support Systems and Tools

4.4. Drift in mean density depending on the reference pressure definition

In order to show the consequences of such a choice, let us consider the steady state reached after a
wave radiation. Each temporal derivative is null in Eq. (25-27). For the sake of clarity, K; = K, = 0
which means that no stability correction is applied. Moreover, in general case, the large scale potential

LS
temperature profile is not constant, i.e. % # 0. On the another hand, we assume that the wave had

changed the

aa*j = 0. The last hypothesis is

that the large scale vertical wind is null, i.e w,¢ = 0. Under those hypothesis, we have necessarily w =
w = 0 in order to satisfy Eq. (27). The wave amplitude JV; is also null due to the local constant vertical

profile of the potential temperature fluctuation. Finally, the system is reduced to two equations

[+ Ny =0, (42)

fo — N1 = 0. (43)
This system is equivalent to

Ni =Ny =0. (44)

For V3, it can be seen as each perturbation field is locally, at least, constant over z which is
quite good for a steady state. Thus, the only tricky equation is

N =Kj— {J’E f=0 (45)
With ¢, 5 = pLs'
of LAY I 0 I
K, [M 1] e [ " 1]. (46)

At this stage, the definition of the reference pressure becomes important. If the Eq. (40) is used, the
. Y. . . :
ratio o = [ei] will appear and we can show that the deviation on density at the steady state is
LS

i1 Ky(1—a) -
pLs  vaKy—2K; g

Thisration is zero if K, = 0 or @ = 1. The first solution gives a exact steady state if the used method
is NSCBC without plane wave masking. This solution is not satisfying because PWM is necessary to
ensure low-frequency waves radiation. In the other solution, the ratio a should be unity which is in

contradiction with the baseline assumption of 8 # 0. Therefore, this definition of P, leads to
inaccuracy of the density steady state.

On the other hand, if the Eq. (41) is used, the ratio a does not appear — equivalent to always unity
— which leads to an accurate boundary. Those behavior have been verified numerically but the results
are not presented here and for following simulations, the Eq. (41) will always be used as the reference
pressure.

5. Simulation results

Full compressible simulation of a gaussian density perturbation has been performed to validate
the non-reflective character of the new boundary. The initial condition is the hydrostatic state, here
equivalent to the large scale state, to which a density perturbation is added as
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f_@)g

pz.t =0) = prs(2) + pa exp [_(A'T ’

a

(48)

where p, is the perturbation amplitude [kg-m™], d, the characteristic spreading [m] of the initial
perturbation and H, the height of the domain. The ground is set as slip wall and other boundaries are
cyclic. The cells are 50 m long in each direction and the grid is 7 x 3 x 102 in x,y, z direction
respectively. The problem is actually quasi 1D at this point. This time step used is 0.05 s. No
turbulence, relaxation and Rayleigh damping layer was added to look a the boundary efficiency
without any help of other methods.

The wind advection scheme used is 4™ order centered scheme used with RKC4 scheme, the
scalar advection scheme is PPM in its monotonic and positive definite version. The numerical viscosity
added to the momentum equation is set to 3 - 103 [Pa - s]. The Brunt-Vaisala frequency, defined as

N = /%%, is set to 0.02 [s~1].

5.1. Results for one-dimensional wave

For the simulations discussed in this section, the density perturbation is set to p, = 0.01 [kg - m~]
and d, = 300 [m]. The wind is set to zero everywhere so only the acoustic signal will generate wind.
The stability coefficient are set to K; = 0[s~], K, = 0.1[s~1]. The relaxation coefficient K; is set to
0.1 [s] which allows no drift from the large scale density. For the NSCBC simulation, K, = 0[s™1]
and for the plane wave masking simulation, it is equal to K;. Both simulation are compared with the
old boundary condition, denoted MNH, which forces w = 0 at the top and computes othe r quantities
with hydrostatic equilibrium equation.

Old MNH boundary
5000

_ T - T | T T T T 1
£
©
g 2500 L] ® L] . - 0.8
=4
D | - | .l | N | - |
0 10 20 30 40 50 60 70 80 90 100 0.6
NSCBC only

5000 T T T T T T T T T
£ 0.4
8
E 2500 n
< 0 | | | | | | | 1 | 0.2

0 10 20 30 40 50 60 70 80 90 100

NSCBC + PWM 0

. 5000 T T T T T T T T T
E
8
E 2500 - 0.2
< 0 I I I I I I I 1 I 0.35

0 10 20 30 40 50 60 70 80 90 100

Time [s]

Figure 2 - Relative density anomaly [-] for the different boundaries. CI : 0.05

The relative density anomaly is defined by

=t =L"P5 (49)

Pa Pa
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Figure 3 - Main fields anomaly over time at the upper boundary for the different methods for 1D gaussian wave
perturbation

As shown Fig. 2, the old boundary reflects the whole signal and the numerical viscosity diffuses it
through time, that is why the amplitude of the relative density anomaly decreases and its spreading
increases. The behavior is completely non satisfying because of the perturbation near the ground that
were reflected on the upper boundary. The NSCBC does a quite good job with this coefficient but their
is still an important reflection which is not compliant enough with the first criterion (a). The plane
wave masking extension does a great improvement in radiating the waves as no reflection occurs. In
order to better understand and quantify the dynamic and static behavior of each boundaries, the
difference fields are studied at the boundary.

In Fig. 3, the static behavior is reached around 1000s for both MNH and NSCBC boundaries
whereas the PWM extension strikes the balance in ~400s. Moreover, the final state is the same for
NSCBC, with and without PWM, which is consistant with the study in section 4.4. The new boundary
converges to zero anomaly for both wind and density and advects the potential temperature in the same
way that the inner domain, i.e. the vertical gradient of 6 is zero. On the other hand, the dynamic
behavior is the capability to radiate efficiently an incoming wave. The MNH boundary is not good at
this exercice as the wind is strictly zero at the boundary, which explain the low advection of the
potential temperature. The waves are constantly bouncing on the boundaries while the numerical
diffusion weakens the wave amplitude. The NSCBC boundary is more efficient but is not perfect as
some residual wind and density anomaly are still existing after the wave passage across the domain
limit. Therefore, some oscillations of the wind and consequently on potential temperature are induced
in the domain. The plane wave masking extension fixes those problems in changing the dynamic
behavior of the boundary which leads to zero residual density and wind anomalies after the wave
crossing.

The overall performance of the boundaries can also be shown on the reflection coefficient. On Fig.
4, the plane wave masking gets near zero reflection for low-frequencies as predicted. The classic
NSCBC is partially non-reflecting and is partially compliant with the requirements for the new
boundary.
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Figure 4 - Reflection coefficient for one-dimensional wave without and with plane wave masking

5.2. Results for spherical wave

The gris used is now 326 x 3 x 102 in x,y, z directions respectively. Cell size, time step,
temporal and spacial schemes are the same that the ones used in section 5.1. The initial perturbation
formulation is now two dimensional in order to test the boundary for non-normal incoming waves.

(=) + (%)
dz

p(z,t=0) = prs+ paexp | — (49)

Fig. 5 shows that the new boundary radiates the spherical wave as well as the normal wave. The
two top images show the wave expansion before the boundary interaction. The bottom left image
points the reflection on the left part and the wave passing through on the right side. At that moment,
the incoming wave reaches the boundary with normal direction, so the behavior is consistant with the
one dimensional study. The bottom right image show the strong reflection for the old boundary
condition and the correct radiation for the new boundary even if the wave comes with an oblique
direction. The sphericity is not affect by the local 1D hypothesis at the boundary.

6. Conclusion and prospects

The new boundary implemented in the compressible version of Meso-NH has shown great interests
in evacuating acoustic waves in order to get a better precision near of the ground. To allow waves to
go out of the domain, the NSCBC theory with the plane wave masking layer has been implemented
and tested for planar, oblique and spherical waves. Its behavior has also been checked for various
academic and classic Meso-NH cases as hydrostatic and non-hydrostatic orographic waves as well as
fire experiments. Then, the new boundary is compliant with all of the criterions given in section 1. The
new boundary should lead to a better accuracy near of the fire front for futur simulations. The
compressible assumption will be evaluated with the FireFlux experiment (Filippi et al. 2013) and
compared to results already gathered by the anelastic version of Meso-NH on Aullene fire in Corsica
(Filippi et al. 2018).
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Figure 5 - Comparison of spherical wave radiation for MNH (left part of each image) and NSCBC + PWM (right
part of each image). Wind magnitude is presented in colored contour and Relative Density Anomaly (RDA) in
white line contour for -0.05, 0 and 0.05 [-].
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