
7th Atm. Limb Conf., 19/06/13, L. A. Brinkhoff 

Retrieval and Variability of  
Stratospheric Aerosols  

from SCIAMACHY Limb-scatter Observations 

L. A. Brinkhoff1,  

A. Rozanov1, F. Ernst1, C. von Savigny2,  

R. Hommel1, H. Bovensmann1, and J. P. Burrows1 

 
1. Institute of Environmental Physics and Remote Sensing, University of Bremen, Bremen, Germany 

2. Institute of Physics, Ernst-Moritz-Arndt-University of Greifswald, Greifswald, Germany 

 



7th Atm. Limb Conf., 19/06/13, L. A. Brinkhoff 

SCIAMACHY/Envisat limb measurements 

SCIAMACHY limb geometry: 
The atmosphere is scanned from 
0 km to   9̴3 km with tangent 
height steps of 3.3 km, measuring 
scattered solar radiation. 

Spatial resolution:  
[4 × 240 × 400] km 
(vert. × across × along flight dir.) 
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Operating time: March 2002 – April 2012 
Orbit information:  sun-synchronous,    
  ̴800 km altitude 



7th Atm. Limb Conf., 19/06/13, L. A. Brinkhoff 

Retrieval method 

with and 
with 

is minimized. 

State vector: 

Measurement vector: 

K: Weighting function matrix 
ϵ: Error   

Sy: Error covariance matrix of y 
Sa: Error covariance matrix of x0 

Generating the measurement vector (Bourassa et al., 2007) 

 
 
 
 
 
 
 
 
 
 
 
'Optimal Estimation' method (Rodgers, 2000) 

 

1. 2. 

Inverse problem 

x0: A priori profile  
y0: Simulated radiance profile  

3/20 



7th Atm. Limb Conf., 19/06/13, L. A. Brinkhoff 

Retrieval method 

with and 
with 

is minimized. 

State vector: 

Measurement vector: 

K: Weighting function matrix 
ϵ: Error   

Sy: Error covariance matrix of y 
Sa: Error covariance matrix of x0 
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'Optimal Estimation' method (Rodgers, 2000) 

 

1. 2. 

Inverse problem 

x0: A priori profile  
y0: Simulated radiance profile from x0  
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For more information, see  
Florian Ernst (poster board 2) 
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Outline 

1. Climatological interpretation of the SCIAMACHY stratospheric 
aerosol data set (V1.1) 

 

2. Outlook  
I)  trend analysis  
II) the estimation of the stratospheric aerosol particle size    
distribution 
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Volcano and bushfire observations 
(≈ 18 km) 
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Volcano and bushfire observations 

PSCs 

(≈ 18 km) 
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Comparison of the pattern with CALIPSO 

Zonal mean scattering ratio at 532 nm, 

17-21 km from CALIPSO lidar 

measurements, June '06─March '10. 
From Solomon et al. (2011) 

SCIAMACHY zonal monthly 

mean aerosol extinction at 525 nm 
and 70 hPa ≈ 18 km. 

50° 
 
 
 
 
 
 
 
 
 
 
-50° 
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Latitude-time cross section at 20 hPa (≈ 26 km) 
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Seasonal cycle 

with maximum aerosol load in winter. 
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(≈ 26 km) 
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Seasonal cycle 
… can be explained by the Brewer-Dobson circulation, which is  

1. stronger in the winter hemisphere   2. stronger in the northern hemisphere 

 

 
(≈ 26 km) 
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Seasonal cycle 
… can be explained by the Brewer-Dobson circulation, which is  

1. stronger in the winter hemisphere   2. stronger in the northern hemisphere 

 

 
(≈ 26 km) 
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Latitude-time cross section at 10 hPa (≈ 32 km) 
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Biennial variation 
enhanced aerosol load about every 2 years. 

(≈ 32 km) 
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Biennial variation 
… is indirectly due to the Quasi Biennial Oscillation (QBO). 
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QBO east phase       QBO west phase 
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Biennial variation 

ES 
ES ES 

ES 
ES 
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QBO east phase       QBO west phase 

ES = QBO Easterly Shear → meridional convergence → more aerosols at higher altitudes 
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Biennial variation 

QBO east phase       QBO west phase 

ES 
ES ES 

ES 
ES 
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… is directly due to the ”secondary circulation of the QBO“ 

ES = QBO Easterly Shear → meridional convergence → more aerosols at higher altitudes 
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QBO east phase   QBO west phase 
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Biennial variation 
… correlates with a strong QBO east phase.  

      Black contour lines correspond to wind velocities < -30 m/s. 
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Outline 
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1. Climatological interpretation of the SCIAMACHY stratospheric 
aerosol data set (V1.1) 

 

2. Outlook  
I)  trend analysis  
II) the estimation of the stratospheric aerosol particle size 
distribution 
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Increase in the stratospheric aerosol load 

Hofmann et al., 2009: 
 

Mauna Loa Observatory, Hawaii  (  ̴19°N) 
integrated lidar backscatter at 20-25 km 
from 2000-2009: 
Average trend = 4.8% yr-1 

Boulder  Observatory, Colorado (  4̴0°N) 
integrated lidar backscatter at 20-25 km 
from 2001-2009: 
Average trend = 6.3% yr-1 
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Outlook:  Linear regression analysis 

Increase in the stratospheric aerosol load 

tropical volcanic eruption/bushfire 
non-tropical volcanic eruption/bushfire 

• For pressure levels > 10 hPa,  
increase in the aerosol load  
at all levels betw. 70-20 hPa 

• The higher the pressure level,  
the stronger is the increase 

 
• For pressure levels  ≤ 10 hPa  

(≈ 32 km), slight decrease 
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Outline 
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1. Climatological interpretation of the SCIAMACHY stratospheric 
aerosol data set (V1.1) 

 

2. Outlook  
I)  trend analysis  
II) the estimation of the stratospheric aerosol particle size 
distribution 
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Change of the phase function with median radius 
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Using a monomodal lognormal particle size 
distribution with σ = 1.37 like Deshler (2008). 

The relative difference 
between these phase 

functions is up to 180%. 
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Change of the phase function with median radius 

18/20 

The relative difference 
between these phase 

functions is up to 180%. 

NH                                           SH 

Related to the SCIAMACHY 
measurement geometry 
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Estimate of the particle size distribution 

with and 
with 

1. 2. 

Generating the measurement vector 
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Estimate of the particle size distribution 

 
 

Several single wavelengths λi 
 
 

 
λi = (380, 470, 750, 1090, 1550) nm  

with and 
with 

1. 2. 

Generating the measurement vector 
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Dependence of extinction on λ Particle size distribution 

Phase function, extinction 
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Summary 

• The present IUP stratospheric aerosol data set (V1.1) clearly shows volcanic 

eruption and bushfire events. 

• As stratospheric aerosols have lifetimes of several years, they are a good tracer for 

dynamic processes: In the data set … 

… a seasonal cycle (at about 26 km) has been observed, which is caused by the Brewer-

Dobson circulation. 

… a biennial variation (at about 32 km) has been identified, which is due to the secondary 

circulation of the QBO. 

 

• First results indicate a global increase in the stratospheric aerosol load at 18-26 km  

A linear regression analysis is planed here. 

• Future work will focus on the estimation of the particle size distributions.  
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