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The framework: remote sensing in Earth’s atmosphere

In some retrieval procedures we need:

the forward model
the derivative of the forward model.
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The framework: remote sensing in Earth’s atmosphere

In some retrieval procedures we need:
the forward model
the derivative of the forward model.

There are some cases where precision is necessary (line-by-line,
scattering, 3D realistic atmosphere, ...).
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The framework: remote sensing in Earth’s atmosphere

Possibility to use the Monte Carlo method:

a reference method in radiative transfer which can treat
multi-scattering.
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The framework: remote sensing in Earth’s atmosphere

Possibility to use the Monte Carlo method:

a reference method in radiative transfer which can treat
multi-scattering.

Monte Carlo benefit from recent work of computer graphics for

line-by-line
3D atmospheres handling.
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Forward model with Monte Carlo

Radiance estimation with Monte Carlo : we follow photons along
paths.

Ω

∂Ω

•
~u(~x, 0)

Building a path γ :
succession of free paths and direction changes
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Forward model with Monte Carlo

Radiance estimation with Monte Carlo : we follow photons along
paths.
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Building a path γ :
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Forward model with Monte Carlo

Radiance estimation with Monte Carlo : we follow photons along
paths.

Ω

∂Ω

•
~u(~x, 0)

•
~u1

( ~x1, t1)

•
~u2

( ~x2, t2)

•

~u3

( ~x3, t3)

•

~u4

( ~x4, t4)

•
(~y, t)

Building a path γ :
succession of free paths and direction changes

Paths space: DΓ

Paths integral:
∫
DΓ

dγ...

Radiance as an expectancy

Iν(~x, ~u) =

∫
DΓ

pΓ(γ)g(γ)dγ
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Forward model with Monte Carlo

Radiance estimation with Monte Carlo
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Forward model with Monte Carlo

Radiance estimation with Monte Carlo
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Forward model with Monte Carlo

Radiance estimation with Monte Carlo
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The absorption
coefficient is never
calculated.

Only one line is selected :
line-sampling method 1.
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Forward model with Monte Carlo
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Forward model with Monte Carlo

Mean flux estimation with Monte Carlo 1 : computation time
insensitivity
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(1) Y. Nyffenegger-Péré, R. Armante, M. Bati, S. Blanco, J.-L. Dufresne, M. E. Hafi, V. Eymet, V. Forest,
R. Fournier, J. Gautrais, et al., Spectrally refined unbiased monte carlo estimate of the earth’s global radiative cooling,
Proceedings of the National Academy of Sciences, 121 (2024), p. e2315492121

Yaniss NYFFENEGGER-PERE (IAA) Atmos 2024 July 4, 2024 7 / 15



Forward model with Monte Carlo: 3D atmospheres

Atmos 2021 recommendation: modelisation of realistics 3D clouds

HTRDR (but in CK-distribution) 1
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Forward model with Monte Carlo: 3D atmospheres

Computation time insensitivity to the 3D complexity 1

a) Vertical cross sections of liquid water mixing ratio [g/kg]
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Forward model with Monte Carlo: merging in progress

Cloud spatial grid 2 Line-sampling frequential grid 1
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Jacobian with Monte Carlo

Radiance estimation with Monte Carlo : we follow photons along
paths
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Jacobian with Monte Carlo

Radiance estimation with Monte Carlo : we follow photons along
paths
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Radiance depending on α

Iν(~x, ~u, α) =

∫
DΓ

pΓ(γ, α)g(γ, α)dγ
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Jacobian with Monte Carlo

Radiance derivative of a parameter α with Monte Carlo 1:
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Radiance derivative as an ex-
pectancy

∂Iν(~x, ~u, α)
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=

∫
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pΓ(γ, α)h(γ, α)dγ
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Jacobian with Monte Carlo

Mean flux derivatives to the CO2 concentration with Monte Carlo 1 :
computation time insensitivity
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Jacobian with Monte Carlo: 3D atmospheres

Estimation of several derivatives simultaneously on Titan atmosphere:

Possibility to have the whole Jacobian matrix alonside the observable
in one Monte Carlo.
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Perspectives: Optically thick media

Radiance derivative to the cloud scattering cross-section 1.

Bibliography
(1) N. Mourtaday, Espaces de chemins couplés pour le calcul de sensibilités par la méthode de Monte Carlo : opérationnalité et
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Perspectives: Derivative of the geometry

Application to the cloud border : sensitivity model 1.
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