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• Difficult to interpret. 

 

• Requires knowledge 

of effective light 

path 
 

• Radiative transfer 

program  
  

• Inversion technique 

• Primary quantity measured by AMAX-DOAS is Slant Column Densities 

(SCDs). 
• SCD- Integrated concentration of species along the light path. 
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Optimal Estimation 
 - Uses apriori profile, xa to constrain the problem. 

 - provides best solution out of all the possible solutions. 

 

Linear Solution: 



Simulated O4 SCDs 

Trace gas profile 

Weighting Function, K 

Aerosol 

extinction profile 

Observation geometry and optical properties 

(Altitude, ground height, elevation angle, solar zenith angle, azimuth angle, 

single scattering albedo, g- parameter, surface albedo) 

Radiative Transfer 

No 

Measured O4 SCDs 

Convergence ? 

Measured trace gas SCDs 

Inversion 

Yes 

a priori trace gas profile 
Radiative Transfer 



O4 
• O2 dimer 

•  Concentration of O4 is well known 

 - depends only on temperature, pressure and O2 concentration 

 

• Any deviation in O4 scds from the simulated O4 scds for the  

Rayleigh atmosphere is due to the extinction of light by aerosols and 

clouds. 

 

• O4 measurement at 360, 477, 577 and 630 nm. 

 

 

Radiances 
 Relative radiance ratio of different EAs has also been used to 

retrieve aerosol extinction profiles. 

20

15

10

5

0

A
lt
it
u

d
e

 [
k
m

]

5x10
4343210

O4 scd [molecule
2
cm

-5
]

3x10
37

210

O4 conc. [molecule
2
cm

-6
]

 O4 scd

 O4 conc.

1.2x10
-45

1.0

0.8

0.6

0.4

0.2

0.0

A
b

s
o

rp
ti
o

n
 c

ro
s
s
-s

e
c
ti
o

n

650600550500450400350

wavelength [nm]



Only 0 degree elevation angle! 



IO CHOCHO H2O 
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 AMAX-DOAS descent
 TOPAZ lidar descent
 TOPAZ lidar ascent

• Aerosol extinction profile from 

NOAA TOPAZ lidar and AMAX-

DOAS. 

 

• Different air masses being 

probed by AMAX-DOAS and 

TOPAZ at a given segment. 

 

• How do we maximize the overlap 

between different instruments? 





Radiative transfer calculation would be greatly improved by 

having independent measurement of  

 

1. Temperature Profile (MTP) 

2. Aerosol extinction profile (HSRL) 

3. Cloud layer altitude (HSRL) 

4. Surface albedo (HARP) 

5. Aerosol optical depth (HARP) 

6. Single scattering albedo, asymmetry parameter (HARP) 



Optimal Estimation: 

Linear Solution: 

Sa is also used as the tuning parameter to maximize the 

information content while avoiding oscillations. 

 -formally described by Clive Rodgers (Rodgers, 1976). 

 - Uses apriori profile, xa to constrain the problem. 

 - provides best solution out of all the possible solutions. 

 


