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It took nearly 250 years from the invention of 
the thermometer to the definition of a 

generally accepted temperature standard



There is general need for chemical standards

NIST, 2006



There is general need for chemical standards
The BIPM is establishing an international programme to ensure the 

equivalence of national ozone standards underpinning the international 

comparability of ground-level ozone measurements. Until March 2005 it was

the coordinating laboratory for the CCQM pilot study CCQM-P28; it is now

coordinating the key comparison BIPM.QM-K1 for ozone at ambient level. 

The BIPM currently maintains three NIST Standard Reference Photometers (SRP27, SRP28 

and SRP31) as ozone reference standards to underpin its international comparison

programme. The BIPM and the NIST are cooperating to transfer the international responsibility

for the comparison of national ozone standards to the BIPM.

The BIPM also maintains two standard reference photometers (SRP32 and SRP33) for its

research and development programme. The BIPM and the NIST have been cooperating to 

study systematic biases and measurement uncertainties in the SRPs. SPR33 was constructed

at the BIPM as part of the NIST/BIPM collaboration programme.

Studies of gas temperature within the instrument have led to the construction of a thermo-

electric cooling device that is installed on all BIPM SRPs. With this system, the gas temperature

is constant to 0.1 °C inside the instrument's gas cells. Improvements in the optical design of the 

SRP are under way, as is a project to replace the mercury lamp light source by a UV laser.
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1. "New" O3 cross-sections since 1999

• GOME FM: Burrows et al., JQSRT 1999

• UV-FTS: Voigt et al., JPP-A 2001

• SCIAMACHY PFM: Bogumil et al., JPP-A 2003

• GOME-2 FMs: Gür et al., Report to ESA, 2005



O3 broad-band cross-sections before 1995



O3 cross-sections from GOME – FM (1999)



O3 cross-sections from GOME (1999)



O3 cross-sections from GOME (1999)



O3 cross-sections from GOME (1999)



O3 cross-sections from GOME (1999)



O3 cross-sections from GOME (1999)



O3 cross-sections from FTS at IUP (2001)
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O3 cross-sections from SCIAMACHY (2003)
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O3 cross-sections from SCIAMACHY (2003)



Conclusions for "new" O3 cross-sections

• cover broad spectral range (0.2-1.2 µm)

• cover most atmospheric temperatures

• from different instruments
– GOME-FM (resolution 0.2-0.4 nm)

– FTS (resolution 0.01-0.10 nm)

– SCIAMACHY (resolution 0.2-0.4 nm)

• but: they are still not "perfect"
– straylight and "baseline" issues

– consistency (differences)

– temperature range (all above 200 K)



2. O3 (and NO2) "Critical Review" for ESA

• review by R. Hudson (about 1990)

• initiated by ESA/ESTEC (C. Readings)

• work started in 2000 (T.O. J. Callies)

• final presentation in 2001 (GOME SAG)

• published as ESA "Technical Report"

• shorter summary published in 2003 (JPP-A)

• over 60 times cited (> 10 per year)



ESA O3 critical review
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Recommendations from the ESA Review

• define an O3 absorption standard

• take care of temperature dependence

• check resolution and λ calibration

• analyse field measurements for biases

• make new laboratory mesurements for

– more accurate absolute values

– temperature dependence of Chappuis

– consistency of Huggins and Chappuis

– consistency of UV/IR, UV/MW, etc.



3. Spectral consistency of O3 cross sections 

• UV/IR: Dufour et al., 2004

• UV/IR: Picquet-Varrault et al., 2005

• UV/IR: Ibrahim et al., 2006

• UV/VIS (GOME-2): Gür et al., 2006



O3 IR/UV intercomparison: motivation
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O3

Flaud et at., JGR D 108, 4269, 2003
Estimated accuracy about 1-2%

O3 IR/UV intercomparison: motivation



O3 IR/UV intercomparison: experimental set-up



O3 IR/UV intercomparison: experimental set-up

Reactor :

Pyrex tube

Volume : 0.977 m3

Mixing : 8 teflon fans

  

Vaccum :2 turbomolecular pumps

                  2 rotary pumps

Max vaccum : 10-3 mbar  

Irradiation :

48 UV fluorescence tubes

centred on 360 nm

48 UV fluorescence tubes 

centred on 420 nm

16 arc lamps 

FTIR spectrometry :

Stabilised multipass cell

Optical path length : 12 - 672 m

Bomem DA 8 system

Spectral range : 500-5000 cm-1

resolution 0.04 cm-1

REACTOR

UV
Visible

FT-IR

Interface ( C.A.D)

Spectrometer
CCD camera 

UV fluorescence

tubes
Arc lamps

Pyrex tube

Mixing fans
Main vaccum line Auxiliary vaccum 

line

UV-visible Source 

Xenon arc lamp

FTIR

Source : globbar 

Detector : MCT

UV-Visible spectrometry : 

DOAS system

Multipass White cell

Optical path length : 12 - 72 m

Source : XBO lamp

Spectral range : 290-650 nm

resolution 0.15 nm



O3 IR/UV intercomparison: experimental set-up

XBO
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Slit

Input quartz 
window

6000 mm

Multireflection White cell

Reactor limits

M4

Monochromator

CCD

Spectralink ® software

- Data acquisition
- Motor control

Output quartz
Window

M3 Beamsplitters

S1

S2

Image of the CCD

L1



O3 IR/UV intercomparison: results
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Difference of about 5 %: new measurements needed!

O3 IR/UV intercomparison: results



O3 intercomparison using laser/CCD
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O3 intercomparison using laser/CCD



fitting residuals obs-clc

O3 intercomparison using laser/CCD

Results (preliminary, error assessment in progress): 

Systematic difference of (7 ± 4) % between UV and IR



What is seen in atmospheric ozone data?



Conclusions from UV/IR intercomparison

• depend on spectral regions

– Hartley / Huggins / Chappuis for UV-VIS

– 10 or 5 microns bands for IR

• possible systematic difference of about 5%

• more laboratory studies needed



O3 cross-sections in spectroscopy databases



HITRAN database (2004)
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HITRAN database (2004)



GEISA database (2008)



GEISA database (2008)



HITRAN database (2008)



HITRAN database (2008)



Conclusions

1. "New" O3 cross-sections since 1999
Progress, but many requirements are not met.

2. "Critical Review" for ESA (2003)
Problems all around. Who defines O3 "standard" ?

3. Are the O3 reference data consistent ?

Probably not to the 1-2 % level.

4. Need for peer-reviewed recommendations. 


