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● Retrieval of columnar properties of aerosol from the 
measurements by ground-based sun/sky-scanning radiometer 
alone;

AOD at 440, 675, 870 and 1020 nm and
Sky radiances in solar almucantar from 
±3.5 degrees to ±180 degrees 

Example: AERONET-like retrievalGRASP error estimations in 
different applications:

● Aerosol and surface from the I, Q and U of 

POLDER/PARASOL observations.

Example: 

AERONET-like 

retrieval

Example: 

PARASOL-like 

retrieval

GRASP/Components (size distribution as 
5 bins simplification) simulated data: 
2x2x30 pixels

Herrera et al., 2022





Multi-term LSM Solution in GRASP
Practical case:

smoothness

a priori estimates

measurements

measurement contribution

Practical case:

a priori contribution



● Based on rigorous statistical estimation approach

● A priori information is included using Multi-Term LSM (Least Square Method)

● Bias and input error variance estimated using miss-fit of observations

 Dubovik et al., 2021
Herrera et al., 2022

Concept of dynamic error estimates in GRASP



Basic concepts of formal propagation techniques

Example: Dynamic error estimates in GRASP

 Dubovik et al., 2021
Herrera et al., 2022



Some more details

Correlation matrix

Analysis of Non-diagonal elements of covariance matrix:



Correlation matrix:

● Example for AERONET-like retrievals

Herrera et al., 2022 under discussion in AMTD
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Correlation matrix:

● Example for AERONET-like retrievals
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Correlation matrix:

● Example for AERONET-like retrievals

Herrera et al., 2022 



Correlation matrix:

● Example for POLDER/PARASOL-like retrievals

correlations

Aerosol 
parameters

Surface 
parameters





● Bias and input error variance estimated using miss-fit of observations

Problem: Not all the bias can be seen in the miss-fit of observation

Improvements in Error Estimates by adding Bias in the calculations



Proposed solution: 

● We consider to include potential bias in the equation for 
systematic component

we assume three bias: positive, negative 
and zero-bias.

Improvements in Error Estimates by adding potential Bias 

Added Biases:

PARASOL:
- Radiances +/- 0.5%
- Q, U components:  +/- 0.001



● Sensitivity tests for synthetic data over Mongu and Banizoumbou at different 
noise level and biases

● Examples shown for bias and random noise added in measurements and 
systematic component: I 0.5% and for Q and U 0.001 

Detailed evaluation of pixel level error estimates using a limited 
set of synthetic or proxy 3MI data



● Bias and random noise added in the measurements and 
in the systematic component

Examples for simulated data over Mongu: Improved approach

AAOD

AODFAOD

AODC

Pixel level 
uncertainties



● Bias and random noise added in the measurements and 
in the systematic component

Examples for simulated data over Banizoumbou: Improved approach

Pixel level 
uncertainties

AOD

AODC AAOD

AODF



● Application in real data over 19 AERONET sites for the full 2008 year

● Bias added in the equation of the systematic component: I 0.5% and for 
Q and U 0.001 

Evaluation of pixel level error using an extensive data set of 3MI 
proxy data (e.g. POLDER) observations

zoomed plot

Quality criteria filter:
only based on the residual relative of 5%. 



Real applications:

● Example for POLDER/PARASOL retrievals over 19 
AERONET sites

Improved approach

AOD

New Quality criteria filter:

absolute error varying according to the AOD



Real applications:

● Example for POLDER/PARASOL retrievals over 19 
AERONET sites

Improved approach

AOD

New criteria filterOld criteria filter



Error images for POLDER data: Mongu

1000x1000km
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Error images for POLDER data: Banizoumbou
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Summary

● The calculation of full covariance matrices for a key set of 3MI retrieved parameters was 
realized in GRASP code.

● The evaluation of diagonal elements of covariance matrix generated by GRASP for a key 
set of retrieved parameters (AOD, AAOD, SSA, BRDF1, etc.) was done.

● Several aspects were optimized for practical use of the pixel-level retrieval errors:
        - optimized accounting for systematic errors (bias);
        - the adjustments were introduced for the maximum values of obtained errors;

● The possibility of using the GRASP pixel-level retrieval errors in product quality 
assurance criteria were analyzed and demonstrated.


