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Motivation and goals 

* Redondas et al. (2014): Evaluation of the use of five laboratory-determined ozone absorption cross sections in Brewer and Dobson retrieval algorithms 

** WMO/GAW ACSO Report (2016): Absorption Cross-Sections Of Ozone – Status Report 2015  

- Perform improved ozone cross-section measurements in the Huggins band to further 
reduce the uncertainty to 1 % - 2 %, particularly, in the short wave end of the Huggins 
band below 310 nm (one of the goals of the University of Bremen contribution to 
ATMOZ project).  

 
Application of  Serdyuchenko-Gorshelev  (SG) ozone cross-sections (Gorshelev et al., 2014, 
Serdyuchenko et al. 2014) data are reported (*, **) to: 
 
- Considering the standard total column ozone (TOC) algorithm for the Brewer 

instruments and comparing to the Brewer standard operational calibration data set, 
using the slit functions for the individual instruments, the SG data set changes TOC by 
−0.5 %, the DBM data set by −3.2 %. 

- With the application of a common Langley calibration and the SG cross section, the 
differences between Brewer and Dobson data sets vanish, whereas using those of Bass 
and Paur and DBM produces differences of 1.5 and 2 %, respectively. 
 

However, the SG dataset suffers from signal-to-noise issue at wavelengths below about 
310 nm (impacting  SBUV type ozone profile retrievals) 



Dataset Resolution Scaling method 
Uncertainty, % 

Statistical (Type A) Systematic  Total 

Hearn, 1961 (253 nm)*** Absolute , pure ozone 1.05 –  2.1 

Anderson et al. 1992*** Absolute , pure ozone –  0.5 0.7 

Anderson et al. 1993*** Using Anderson et al.1992 –  1.3 < 2  

El Helou et al. 2005*** Absolute , pure ozone <0.82 

Petersen et al. 2012*** Using BMD and BP 0.085 ~2 > 2.1 

Axson et al. 2011*** Using Orphal 2003 4 – 30 

BP, 1980 – 1985 0.05 nm Using  Hearn 1961 1 2.1 >2.1 

BMD, 1992 – 1998 0.01-0.02 nm Absolute , pure ozone 0.9 – 2.2 

1.3 (Hartley) 
1.3 - 2.5  (Huggins) 

1.5 - 4 (350-420 nm) 
1.5  (420-830 nm) 

2 – 3  
2 – 4  
2 – 6 
2 – 3  

Burrows et al. 1999 0.2<400nm Absolute,  titration Lamp drift  < 2  2.6 2.6 – 4.6 

Voigt et al. 2001 0.027@230nm Integrated Burrows et al. > 2.6 – 4.6 3 – 6 

Bogumil et al. 2003 0.26@330nm Using BP < 1.1 > 2.1 3.1* 

Gorshelev / Serdyuchenko 2014 0.02@330nm Absolute, pure ozone 0.8 – 1.8 1.4 – 3.2 2 – 6** 

Viallon et al., 2015*** Absolute, pure ozone 0,36 0,62-0,86 

    *   excluding regions with s < 10-23 cm2/molecule (365 – 410 nm and longer than 950 nm) and 305 – 320 nm 
  **  excluding regions  near 380 nm and longer than 800 nm          
***  discrete  wavelengths 

Overview of uncertainties in ozone absorption x-sections 

• Different sources can provide slightly different versions (e.g. Bass-Paur modified for ground and satellite retrievals) 

• Single wavelength measurements can be very helpful because of high accuracy 

• Reported uncertainties can be underestimated or incomplete 



Ozone cross-sections within 280-360 nm and impact on selection 
of experimental conditions 

Wavelength region of interest: ~ 240 - 350 nm with focus on the Huggins band below 310 
nm 

 

Dynamic range of ozone absorption cross-sections within ROI: ~  105  
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I  / I0  Transmitted intensity with / without ozone 

L Absorption path length (5 cm – 270 cm) 

N Ozone number density (via P and T) 

p Ozone pressure (1 – 50 mbar) 

k Boltzmann constant 

T Temperature (195 – 300 K) 

s Absorption cross-section 

OD Optical density = ln(I0 / I) 

kT

p
N LNA 

I (l) = I 0 l( ) ×e-OD = I 0 l( ) ×e-s×N×L

Absorption spectroscopy: Beer-Lambert law 

I0 I 



Measurement and processing sequence 
Spectra (OD) measurement Optimal OD slices selection (near 0.1-1) 

OD concatenation (using overlapping regions) 

OD scaling and concatenation  
(using P(O3), T, L for every OD slice) 

Concatenated OD 
scaling (using P(O3), T, L 
for selected OD slices ) 

 



Experimental setup  



9 

Experimental setup: absorption path lengths, O3 pressures and covered wavelength ranges 



Laser-drive light source (Energetiq EQ-99X): 
 
 Very high brightness across spectrum:  

 UV-Vis-NIR (170nm - 2100nm) 
 Eliminates need for multiple lamps:  

 Replaces D2/Tungsten/Xenon arc lamp 
 Excellent spatial and power stability:  

 Reproducible measurements 
 Low statistical uncertainty after spectral averaging 

 
Used in combination with Echelle spectrometer 

 
 

 

New broadband light source for laboratory measurements 
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Systematic uncertainty % Statistical uncertainty % 

Ozone sample: 
• oxygen impurity 
• leaks 

 
0.005 
< 0.1 

Ozone pressure 
Pressure fluctuations (< 0.04mb)  
 
 

<0.5%* 
< 0.08 

 
 

Temp. non-uniformity (1K) 0.3 Temperature fluctuations (< 0.3K): < 0.1 

Absorption path (0.02 - 1 mm) < 0.07 Spectral registration uncertainty, 
relative to optical density OD=1 

0.1 – 0.5% 
**  

 

Improvements since previous measurement campaign 

Gorshelev et al. (2014): 
*    <1% 
**  0.2-2% 

Improvements over SG (2014): 
 
- More stable light source 
- Better control of cell leaks 
- Using only pure O3 samples in combination with 

high accuracy pressure measurement instruments. 

 
 
 



The measurement campaign 
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Overview of the measurement campaign 

Measurements: 
6 - 7 OD slices per T - point 

11 temperatures  

Safety net: 2 re-runs per OD 

About 150 measurements 

Processing: 

6 – 7 slices per T – point for 
concatenation 



Current status and outlook 

- Completed measurements for single short pass (corresponding to 270-320 
nm wavelength range): 

     
     293K 283K 273K 263K 253K 243K 233K 223K 213K 203K 193K 
 
- Currently measuring spectra for 270-320 nm range at remaining 

temperatures (expected to be complete by June 2016); 
 

- Next step – optics realignment for dual long pass (corresponding to 310-350 
nm wavelength range) and measurements at highlighted temperatures; 
 

- Data processing is being done  simultaneously with measurements. 

Covered wavelength range:  
270-320 nm 

Absorption path length:  
5 cm 

Covered wavelength range:  
310-350 nm 

Absorption path length:  
270 cm 

Completed, ongoing and 
pending measurements 

293K 283K 273K 263K 253K 243K 
233K 223K 213K 203K 193K 

293K 283K 273K 263K 253K 243K 
233K 223K 213K 203K 193K 



Conclusion 

• Improved experimental setup for new UV 
ozone cross-section measurements using a 
LDLS with higher stability and better pressure 
transducers 

• Mesurement campaign is ongoing until 
September 2016 

• Release of updated datesets in fall 2016 
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Appendix: spectra averaging statistics and uncertainty propagation 
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𝑂𝐷𝑅𝑆𝑈=100∗

(𝐸𝑚𝑝 𝑆𝐸𝑀)2 
(𝐸𝑚𝑝 𝑀𝑒𝑎𝑛)2
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2 
(𝑂3 𝑀𝑒𝑎𝑛)

2

𝑂𝐷
 

SEM: standard experimental 
uncertainty of the mean: 

Resulting OD  
Standard Relative Uncertainty:  

𝑂𝐷=ln 
𝐸𝑚𝑝 𝑀𝑒𝑎𝑛

𝑂3 𝑀𝑒𝑎𝑛
 

Optical density OD: 


