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Overview

• Overview of Ozone ProfilE Retrieval 
Algorithm (OPERA)

• Convergence criteria
• Problem areas

– South Atlantic Anomaly
– Low cloud fractions

– Ozone anomalies

• Conclusion and recommendations



Schematic diagram of the OPERA 
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J = (ym�F (x))T Sy
� 1 (ym�F (x)) + (x� xa)T Sa

� 1 (x� xa)

Find x where J is minimal by finding root of its 
derivative.
Iterate using Newton’s method, taking xa as initial 
state.
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a. Reduction of the cost function

b. Gradient of the cost function
c. Step size in measurement space

d. Step size in state space:
(xi+1� xi)T Sx

� 1 (xi+1� xi) < n�



A good ozone profile algorithm…

…is accurate
and precise

…learns the
most from the 

measurements

…is fast
…converges 

almost 
everywhere



Global performance
���������� mean # iterations 

�������� Fraction not converged retrievals

�	�������� mean # iterations 

�	������ Fraction not converged retrievals

11.4% not converged



The South Atlantic Anomaly



SAA filter
Impacting high energetic particles affect radiance 
measurements, especially at low wavelengths.

Filter out measurements in Band 1a if R(� i–1) > Rref + 3 � (� i–1)



The SAA filter at work
# iterations before # iterations after

47% converged 59% converged



Low cloud fractions at deserts



• Cloud fraction > 20%: cloud albedo fitted
• Cloud fraction < 20%: surface albedo fitted

FRESCO overestimates low 
cloud fractions � higher 
radiance at TOA
Algorithm compensates by 
putting more ozone in 
atmosphere and fitting lower 
surface albedo (negative 
values).



Workaround
If fc < 20% and after 1st iteration step a negative 
surface albedo is fitted:
Set fc =0 and restart retrieval process



# iterations before # iterations after

Desert work-around



Ozone cross sections



�� : Bass & Pauer, Pauer & Bass, 1985
�� : Brion et al. 1993, Daumont et al. 

1992, Malicet et al. 1995

• Equal within ~1% for � between 289-307 nm
• BR cross sections 1-2% lower for 326-337 nm

�� cross sections �� cross sections

6.5% not converged 5.0% not converged



The influence of
ozone climatologies
on retrieval results
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• Monthly means, 17 zonal bands, 18 altitudes
• Sonde measurements, extended with SBUV 

climatology
• Standard deviation = natural variability

�	����
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• Monthly means, 18 zonal bands, 60 altitudes

• Sonde measurements, extended with SAGE II / 
MLS

• Standard deviation generally smaller than 
Fortuin and Kelder



Ozone anomalies



TOMS climatology

• TOMS climatology uses total ozone column as an extra parameter
• Use TIDAS algorithm for fast total column estimate:

ozoneozone
10

1

20

2

)(
)(

ln
)(
)(

ln N
I
I

I
I

R s
l
l

l
l

D»��
�

�
��
�

�
-��

�

�
��
�

�
=D

Orbit 81022114, 22 Oct 1998

Total column by TIDAS
Total column by OPERA

� 1=325.944 nm
� 2=326.746 nm



5.0%

2.5%

4.3% 4.1%

8.2%

9.5%



Degrees of freedom



Conclusion
and

Recomendations



Conclusion

• Convergence behaviour is a good way to 
test global performance of the retrieval 
algorithm.

• Problems related to SAA, clouds, desert 
dust, and ozone anomalies have been 
detected and solved.

• Non-convergence for Feb 1998 brought 
down from 11.4% to 4.3%.

• Higher DFS and less calculation time.



Retrieval setting recommendations

• Use SAA filter to improve convergence in 
SAA area.

• Use desert work-around to avoid negative 
surface albedo at low cloud fractions.

• Use Brion ozone cross sections.
• Use TOMS climatology at 20% to cope 

with ozone anomalies (e.g. ozone hole, 
ITCZ) maintaining (or even improving) 
convergence and DFS.



Thank you for your attention!


