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Design of atmospheric look-up 
tables for operational FLEX data 
processing

Introduction

- Accurate SIF retrieval imposes stringent requirements 
for atmospheric correction (errors <0.01).

- Pixel-wise RTM execution is too slow for operational use 
⇒ precomputed LUTs.

- Traditional interpolation struggles with the growing 
complexity and data demands (volume, runtime, 
accuracy).

- We study optimal LUT designs and interpolation 
strategies aiming to balance accuracy and processing 
efficiency.

Problem description

- 10-dimensional input space (atm. & geo. variables)
- High-spectral resolution (25’000 wavelength) ⇒ explicitly 

account for smile effect and variable spectral calibration
- Near-real time processing requirements
- Data volume (L1C slice is ~3 min ⇒ 500x4500 pixels)

Drawbacks of  classical linear interpolation:
- Gridded distribution ⇒ exponential grow 

of LUT size (1 TB)
- Reading from disk ⇒ slow interpolation
- LUT generation time: several months

Polynomial fitting

Assumption: Piece-wise interpolation suitable for data 
with complex input-output relationships, but our 
atmospheric spectral data has smooth dependencies

Approach: fit a n-dimensional polynomial surface for each 
wavelength

Illustrative example 
for 2-dims and 2nd 
order polynomial

- Fitting coefficients are obtained by Least-Squares regression
- Interpolation is a simple (fast) matrix multiplication
- Uncertainty: from residuals and inputs (analytical jacobians)

Design matrix

Performance tests

Training data: 100,200,500,1000,2000 samples

Marginal improvement by 3rd 
order polynomial

More samples ⇒ lower errors 
(limited to ~1000 samples)

Variable name (ID) Units Min Max Ref. value
O3 concentration atm-cm 0.25 0.45 0.35
H2O concentration g/cm2 0.2 4 2.1
Aerosol Optical Thickness (VIS) - 0.03 0.6 0.2
Asymmetry parameter (G) - 0.6 0.99 0.8
Angstrom exponent (ASTMX) - 0.2 2 1.4
Single Scattering Albedo (SSA) - 0.7 0.99 0.85
Ground Altitude (GNDALT) km 0 3 0.3
Solar Zenith Angle (PARM2) deg 0 70 35
Viewing Zenith Angle (OBSZEN) deg 0 15 7.5
Relative Azimuth Angle (PARM1) deg 0 180 90

Other design considerations

Climatology analysis: determine the range and 
correlations of input variables.
Spectral optimisation: reduce data volume while achieving 
the desired reconstruction accuracy.

Conclusions

● Polynomial fitting achieved desired accuracy with small 
RTM datasets.

● Small LUT ⇒ fast generation ⇒ flexibility
● Small LUTs ⇒ reduced RAM and storage requirements for 

PDGS.
● Fast interpolation with analytical uncertainty 

propagation.

We evaluated the impact of interpolation in retrieved surface 
reflectance for 10’000 random conditions.
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