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EMULATION FOR
ATMOSPHERIC RTM

INTRODUCTION

Atmospheric radiative transfer models

Atmospheric radiative transfer models (RTMs) simulate the
physical interaction of light with the atmospheric
constituents. Complex, accurate but slow for operational
data processing

Current challenges

« Slow RTM —— look-up table (LUT) interpolation

« Large LUTs needed for accurate atmospheric correction
of hyperspectral data

« Large runtime & RAM usage + tailored approaches

Emulation approach

Regression through statistical models built from small
training datasets. Medium speed, high accuracy. However:
. "Black box” (purely statistical, no physics included)
. Still a challenge for multi-output (spectral) data
- Need for optimization (x5)

PHYSICS-AWARE EMULATION FOR ATMOSPHERIC CORRECTION - HYPERSPECTRAL2024



THE GP EMULATION E
APPROACH :igﬁjﬁi.-«f’

CURRENT IMPLEMENTATION

« Each atmospheric transfer function is emulated REDUCTION INVERSE PCA
independently ,

. Multi-output (spectral) data is handled through PCA £ y
dimensionality reduction

. Gaussian Process Regression (GPR) applied on each GPR GPR

TRAINING

PREDICTION

PCA component. Inverse transformation with the
predicted PCA components to recover spectral data
« GPR model (hyperparameters) and PCA vectors stored
for later predictions
Question: how to design explainable physics—aware
emulators?

EGRESSION
PARAMETERS
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FE AT' SE LECTION Results and conclusions

. . . . « Reducing the number of relevant features makes the
An iterative process adds new input features in ot e _ o

. . . m r - re, improvin r
a GP emulator, creating a ranking based on their eMmulatorp ySI_CS aware, Improving its acturacy
. « The relevant importance of each feature enhances the
impact on on model performance.

explainability of the GP hyperparameters

« The feature selection method applied on each wavelength
provides a sensitivty analysis of the RTM

Algorithm 1 Forward selection

Input: The dataset {x;,y;};—,, an empty vector Zgu), the
set of indices Jyp = {1}2}...*d} and V(0) = yo =
L5 [y = "] where y = LS00 s

for k=1 to d du 10 il
for y € Jr1 '

1. Set z ( ) [ gk_l),mij]
2. Compute Xkj = [% S \yz — (N( ) ‘p] v
end for
3. Set j* = argmin; yx; and V (k) = min; xr;.
4. Set z( ) [z(;”_ 1) , T+ ).
5. Remove 7* from J._1 and set Jp = Jp_1\{Jj*}.
end for

Output: z'” and V(k) for k =0.....d

Regression-based GSA: Lp0
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SYMBOLIC
REGRESSION

Replace PCA by a semi-empirical linear
equation. The coefficients of the linear
transformation serve as a physics—based
dimensionality reduction. LASSO is applied to
find the relevant components of the model.

Algorithm 1 Physics-based GP emulator (training)

T

Input: Training dataset {x;, g(x;)}/~,, basis features (P)
Jr < Apply LASSO on a training data subset
Coefficients {a(x;)}*; < Least-squares regression on
® — g(x;)
for c=1 to r do

02, Be, 0. + Train GP. model
end for
Output: GP models and indices of selected features:

{GP}e=r> {0i}iza

On-going work and challenges

. Simple parametric model as first guess (e.g. single
scattering approximation)

« Refine it with a linear combination of spectral features

constructing spectral library

« Prediction accuracy limited by dimensionality reduction
(i.e. model fitting)

« Optimizing runtime of this multi-fidelity approach still
challenging
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