
Advancements and limitations in aerosol 
remote sensing: 

inversion, inversion and inversion

Questions: 

- How to derive maximum information?  What does it mean quantitatively?

- What to do if information in the measurements is not sufficient?  

Oleg Dubovik

ATRRI Workshop, Limassol, Cyprus, 6–7 March 2025
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Light scattering measured 
from  ground and space

Phase Function P(Q,l) 
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Inversion is an inherent part of 
any remote sensing approach



GRASP: Generalized Retrieval of Atmosphere and Surface Properties 

Dubovik et al. “A Comprehensive Description of 
Multi-Term LSM for Applying Multiple a Priori 
Constraints in Problems of Atmospheric Remote
Sensing: GRASP Algorithm, Concept, and 
Applications”, Front. Remote Sens., 2021

GRASP is advanced algorithm for retrieval of aerosol, gas and 
surface properties from diverse remote sensing observations  and 
any combination of them based on:

Forward Model for rigorous simulation of atm. radiation.
              +
    Inversion  with applying multiple a priori constraints

ATRRI Workshop, Limassol, Cyprus, 6–7 March 2025
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Forward problem: knowing the footprint that a particular species of 
     dragon leaves behind  - easy !

Inverse problem: inferring the species of dragon from the footprint – 
     difficult ! 



forward model

Sky Over BerLin HARMONIA school, 8-10 April, 2024 



Inverse Problem:  Retrieval of 
particle size  distribution  from light 

scattering
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Inverse Problem:  Retrieval of particle 
size  distribution  from light scattering
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- « Optimal estimations », C. Rodgers

- Kalman filter

- Tikhonov Regularization

- Phillips-Tikhonov-Twomey
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Basic idea of inversion

f1
*

f2
*

!

"

#
#

$

%

&
&
=

F11
F21

F12
F22

!

"

#
#

$

%

&
&

a1
a2

!

"

#
#

$

%

&
&

f
1
*

f
2
*

f
3
*

!

"

#
#
#
#

$

%

&
&
&
&

=

F
11

F
12

F
21

F
22

F
31

F
32

!

"

#
#
#
#

$

%

&
&
&
&

a
1

a
2

!

"

#
#

$

%

&
&

F

f *

a

!
a = F( )

! 1
f *

- parameters of size distributionF

f *

a
square

rectangular

   Fa = f *

???



Basic idea of inversion
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Statistical estimation - optimization
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Cramer-Rao inequality
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Cramer-Rao inequality
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Central Limit Theorem (CLT)
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Basic idea of inversion
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Basic idea of constrained  
inversion
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Basic idea of constrained  
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&#'()*+,(-'."+)/(01"2'

/(01"2')"3) 4"+'0-#.+(2 *+,(-'."+



   ~ exp !
1
2

" f
1
T ! f

1

! 2

!

"
##

$

%
&&= max

2.  Multi-Source Data=!

1.!One set of input data:

;:<,67.,8=)&'>)$,?/&/,-$&-@
: "+...7"B":%.>$>262(="C'<)2(="83<@(2.<"+"8;2,8<((57

#

5!)")*%2!5! 5"5*$ ~ exp !
1

2!
1
2

!
1
2

!
i
2

! f
i
T ! f

i( )
i

!
"

#
$$

%

&
'' = max

!
1
2

!
i
2

! f
i
T ! f

i( )
i

! = min

>%(&(&∆"!= /"
#- /"(* )!#,.! /"

#-!:(#*?&(:(,'*! 0&!" !)*+,*+&-"."

! f
i
T ! f

i( )
!

1
2

= min

MML: ,'(-./".0",$12&3&" 425'62-../





In remote sensing most 
constrained inversions use this 
approach for defining a priori 

constraints
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The concept of multi-pixel retrieval
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Multi - Pixel Retrieval:
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Multi-term LSM Multi-Pixel Solution:
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 - Statistical optimization is a fundamental basis for overall theory of 
    inverse problems
  - Optimal Estimation (Rodgers, 2000) – very popular concept in remote  
          sensing inversion, while it has methodological limitations
  - Multi-Term LSM – efficient concept for constraining inversion
                                      – proposes additional potential for designing inversion 
                               compare to Optimal Estimation

GRASP: Generalized Retrieval of Atmosphere and Surface Properties 
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!"#$% &is advanced algorithm for retrieval of aerosol, gas and surface 
properties from diverse remote sensing observations  and any 
combination of them based on:

!"#$%#&'("&)*' for rigorous simulation of atm. radiation.
           ! ! ! "
"'()*+,-.("" with %+plying&'()*+,)-& /"0+-.+-"./01*23+0*1



!"#$%&'()*


