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Objectifs : explorer la faisabilité d’un algorithme de Monte-Carlo permettant d’échantillonner les bases de données de transitions (HITRAN, HITEMP,
CDSD, GEISA, etc) afin de réaliser une simulation du transfert radiatif en présence d’un mélange gazeux participant quelconque, hétérogène, anisotherme.
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Nouvelle proposition
Pourquoi ?

?Calcul sonde de référence : pas de calcul de spectres HR, pas de maillage spatial.
Utilisation des paramètres des transitions locales uniquement.

?Flexibilité : utilisation de bases de données de transitions diverses, possibilité de
changer facilement le modèle physique des transitions, temps de calcul.

?Perspectives en termes d’analyse de sensibilités, en vue de paramétrisations plus
efficaces par exemple.
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Calcul déterministe - Hitemp 2010
Monte Carlo - Hitemp 2010

Monte Carlo - Hitemp
Monte Carlo - Hitran 2008
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HR Deterministic - 3.10−27molec.cm cutoff
Monte Carlo - No cutoff

Monte Carlo - 3.10−27molec.cm cutoff
Monte Carlo - 10−22molec.cm cutoff
Monte Carlo - 10−21molec.cm cutoff

0

0.5

1

1.5

2

2.5

3

3.5

4

1200 1300 1400 1500 1600 1700 1800 1900

Lu
m

in
an

ce
m

oy
en

ne
(W

/
m

2 /
sr
/
cm
−

1 )

η (cm−1)

Calcul déterministe - Troncature à 25cm−1

Monte Carlo - Pas de troncature
Monte Carlo - Troncature à 25cm−1

Monte Carlo - Troncature à 5cm−1

Monte Carlo - Troncature à 0.5cm−1

Comment ?
Utilisation d’algorithmes de Collision Nulle (méthode de rejet [2, 3]) à
partir de l’introduction d’un nouveau type de collision ’fictives’ en plus
des collisions de type absorption et diffusion.
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Applications actuelles :
?Configurations académiques [4]
?Application en cours pour les atmosphères
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HR Deterministic - Truncature at 25cm≠1

Monte Carlo - No truncature
Monte Carlo - Truncature at 25cm≠1

Monte Carlo - Truncature at 5cm≠1

Monte Carlo - Truncature at 0.5cm≠1

Figure 7: Intensities I⌫(x0) averaged on 25cm�1 narrowbands computed for test case 2 with the full HITEMP 2010
database. This computation used the algorithm of Fig. A.8 for several distances of line-wing: 25, 5, 0.5cm�1 and
no truncation. The results are given together with their statistical uncertainties. Each point was obtained using 104

independent statistical realizations. A deterministic computation is also presented (solid line) for the HITEMP 2010
database with a 25cm�1 truncation.

Monte Carlo (106 realizations) High Def. Andre,Vaillon

Case Databases
Ĩmcm(x0) � t1% Ĩhr(x0) Ĩa,v(x0)

(W/m2/sr) (W/m2/sr) (s) (W/m2/sr) (W/m2/sr)

1
CDSD-1000 3125.61 4.42 0.97 3126.06

3105
CDSD-4000 3146.25 4.53 1.10 3150.32

2
HITEMP 3315.11 8.15 1.38 3311.88

4161
HITEMP 2010 4545.05 9.83 1.11 4558.68

3 CDSD-1000 & HITEMP 39223.87 51.56 1.75 39202.5 39331
4 CDSD-1000 12325.99 16.16 1.26 12320.1 11956
5 HITEMP 38240.31 49.58 1.27 38215.0 39144

6
HITEMP 885.93 3.93 9.86 886.55 -

HITEMP 2010 1066.92 4.30 7.39 1069.81 -

Table 1: Intensities integrated over the 10 to 15000 cm�1 range for the six test cases introduced in Appendix B and for
several databases (CDSD-1000 versus CDSD-4000 for CO2 and Hitemp versus Hitemp 2010 for H2O). The estimation
Ĩmcm(x0) obtained with the proposed method are given together with its standard deviation � for 106 realizations. We
give the time t1% required to reach a 1% accuracy, that is related to the simulation time t according to t1% = 104t�2.
They can be compared to those obtained with a deterministic high-resolution computation Ĩhr(x0) or to the line-by-line
values Ĩa,v(x0) obtained by Andre and Vaillon in [23]. Computation times exclude the loading of spectroscopic data into
memory and the precomputations introduced in Appendix A.
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