
Implementation of tropospheric BrO. 
 

N. Theys, C. Lerot and M. Van Roozendael (BIRA-IASB) 

S. Gretschany, G. Lichtenberg, M. Meringer (DLR) 

 

SQWG-3, MTR (ESRIN) 

 

24-25 February 2016 

 



BELGISCH INSTITUUT VOOR RUIMTE-AERONOMIE INSTITUT D’AERONOMIE SPATIALE DE BELGIQUE BELGIAN INSTITUTE OF SPACE AERONOMY BELGISCH INSTITUUT VOOR RUIMTE-AERONOMIE INSTITUT D’AERONOMIE SPATIALE DE BELGIQUE BELGIAN INSTITUTE OF SPACE AERONOMY BELGISCH INSTITUUT VOOR RUIMTE-AERONOMIE INSTITUT D’AERONOMIE SPAT

Tropospheric BrO: motivation 

SCIAMACHY Tropospheric 
BrO – March 2008 

• Large amounts of inorganic bromine 
are seasonally released in both polar 
regions during spring (polar bromine 
explosion). 
 

• Major source is probably sea salt, 
although the process is still not fully 
understood. 
 

• Tropospheric BrO causes efficient 
ozone depletion in the polar 
troposphere. 
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Retrieval algorithm 
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Theys et al., Global observations of tropospheric BrO 
columns using GOME-2 satellite data, ACP, 2011. 

• SCD: DOAS fit in 332-359 nm (GOME-2) or in 
336-351.5 nm (SCIA) 
 

• VCDstrato : stratospheric BrO climatology using 
parameterization based on 

1. O3  VCD (proxy for the dynamics of the 
stratosphere) 

2. NO2 stratospheric VCD (proxy for the 
photochemistry) 

 
• AMF: dependence on geometry, albedo, clouds, 

profile shapes 

Total VCD 

Strato VCD 

Already in SGP 6.0 

New 
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1. Validation of total BrO columns 

• Based on BIRA SCIAMACHY product. 

• SGP 6.0 total BrO product showed similar level of performance. 

1. Total VCD (SCD/GeomAMF) 

Monthly zonal averages (SZA<80°) 

Courtesy of F. Hendrick 
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2. Stratospheric BrO VCD 

• SCDtropo=SCDfitted – SCDstrato 

• SCDstrato is calculated using stratospheric 
BrO profile from the climatology.  

• Inputs for the climatology: 

1. Total O3 columns:                                   
- O3_CCI SCIAMACHY product for the 
scientific product;                                 
- SGP product for the operational 
algorithm.                                         
Low required accuracy  Data source is 

not important. 

 
2. Stratospheric NO2 columns:                   

- Fields extracted from the TEMIS 
tropospheric NO2 product for the 
scientific algorithm;                              
- Integrated SGP limb stratospheric NO2 
profiles interpolated at the nadir pixels 
locations for the operational algorithm. 

Climatological BrO VCD       
using SGP input data 
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3. Tropospheric VCD 

GOME-2 

03.2008 04.2008 

SCIAMACHY 

Good overall consistency with 
SCIAMACHY 
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• Input needed: stratospheric NO2 column. 

• Already available as an intermediate variable in the tropospheric 
NO2 product, but only for pixels with a cloud fraction <0.2.  

 
 Adjustment needed in SGP: 

1. The CF threshold in the NO2tropo product is switched off.  

2. The stratospheric NO2 columns are piped into the BrOtropo 
retrieval. 

3. The CF threshold is switch on again to write the NO2tropo 
results. 

 

Implementation into the SGP 
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Implementation and verification 

Product Filtering criteria: 

• No ascending node * 

• AMFTROPO > 0.5 (lower AMFs indicate poor sensitivity in the lowermost 
atmospheric layers)* 

• No backscan pixels§ 

• South Atlantic Anomaly (5-45°S; 25-65°W)§ 

• Cloud fraction < 0.4, except if albedo >0.1 (this exception avoids a 
too stringent filtering for clear pixels detected as cloudy by OCRA over 
bright surfaces) * 

 
* Same filters will be applied for the final product 
§ Filter used only for the verification, backscan pixels will be in the final product 

Test data: 

• 20 April 2008 (12 orbits) 
• DLR data produced with the IDL prototype, not with the operational 

processor 
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Implementation and verification 

Differences between the scientific and operational algorithms 

Auxiliary data bases: 

• Cloud products:  

‒ BIRA – FRESCOv6 algorithm;  

‒ DLR – OCRA/SACURA. 

• Tropopause heights:  

‒ BIRA – dynamical tropopause, based on potential vorticity, 
resolution 1°x1° from ECMWF ERA-Interim re-analysis; 

‒ DLR – already available from NO2tropo retrieval. Also based on 
ECMWF ERA-Interim re-analysis. However, both dynamical (PV in 
Polar Regions) and thermal (lapse rate in Tropics) definitions are 

used. Resolution of 1.5°x1.5° 

• Surface albedo:  

‒ BIRA – Koelemeijer;  

‒ DLR – TOMS. 
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Prototype (operational) vs scientific product 

• Very good qualitative agreement 

• All bromine explosion events 
detected by both retrievals 

• Some individual pixels reveal 
noticeable differences 

• Main reason: different cloud 
products 
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Differences vs latitude 

• Small bias (3.3-3.4e12 molec/cm²) in the differences. 

• This offset exists already in total BrO product, meaning 
it originates from the DOAS fit. 
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Scatter plot and relative differences vs lat. 

• Regression statistic: 
-Correlation coefficient: 0.894 (0.899) 
-Slope: 1.019 (1.010) 
-Intercept:  -3.71 (-3.83)e12 molec/cm² 
 

With BIRA TH and cloud parameters 
used in the operational prototype 

 
• Remaining differences originate from: 

1. A small negative bias in the DOAS fit. 

2. Different cloud products:  E.g. 
SACURA CTHs are often higher than 
FRESCO’s. The impact on the retrieval 
may be quite large, especially if the 
cloud is seen above the BrO bulk in 
one case and below in the other. 
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Summary 

• The tropospheric BrO algorithm developed at BIRA-IASB has been 
implemented within SGP. 

• One day (12 orbits; 20-APR-2008) of data has been used so far for 
verifying the implementation. 

• Overall, the agreement with the scientific product is excellent, and 
all bromine explosion events are detected in a similar way. 

• A small systematic bias exists between the two data products 
(~3x1012

 molec/cm²). This bias originates mostly from the DOAS fit 
and from the different cloud products used as input. 

• Provided the level of uncertainty associated to tropospheric BrO 
products, such a small bias is acceptable. 

• Verification based on an extended data set (216 orbits) has been 
started. 


