Terry Deshler’s perspective on recommendations following the O3 Sonde Experts & NDACC ozonesonde working group meetings at the FRZ-Jülich February 2009
Key issues for better understanding of ozonesonde measurements, and for better use of the measurements.  Specific actions to begin and/or complete in the near future.
Instrument Specifics: 

Recall the ozone equation: P(Oz) = R/(F z)  (I-Io) Tair / (flowrate) Pcf
1) Io – background current: Some form of a background current must be included. Current practice is to use ib2 or ib1 when ib2 is not available, but in tropical locations there are serious issues determining ib1 due to humidity destroying the efficiency of the ozone filter. One solution is to use zero air for ozone background in the tropics, but this is often not practical. In addition to these Holger Voemel suggests to use a prescribed background and stoichiometry factor determined from laboratory measurements. A paper describing this suggestion is, or shortly will be, under review. The suggestion from this meeting was for those labs which can (e.g. MeteoSwiss, NASA) to repeat Holger’s experiments with a wider selection of ozonesondes to support/refine the constants Holger has suggested for use to account for the background current. These suggestions do not preclude the measurement of a background current, since it is important to establish that the instrument is working properly, but may change the way this information is used. On the following questions wee did not come to a conclusion, either through lack of time or because the issues are still open.
a. How to apply the background current constant or /pressure dependent? Both methods are still in use. At least each investigator should know how it is used in their system. 
b. If a pressure dependence is used, what is the relationship. Most people use simple ratio, but Vaisala has a rather complicated formula, but no on knew where it came from.

c. What to do about tropical measurements? For both measuring background current and for applying a background current.
d. What (chemically/electronically) causes the background current?

2) Pcf – Pump flow efficiency – We agree that there is a decrease in pump efficiency at low pressure which must be accounted for. Most people use either Komhyr (1986) or Komhyr et al. (1995) the STOIC correction, while a few labs (NOAA, NASA, Wyoming) use their own measurements of pump flow efficiency. The differences between the two Komhyr curves are minimal (1% at 20&10 hPa, increasing to 3% at 5 hPa). The figure below compares the two Komhyr curves in % difference and also displays the NOAA &Wyoming averages as well as averages of the ES and SP pumps used during BESOS. The suggestion for the future is to do a blind experimental comparison of the three labs which measure pump flow efficiency to determine: a) what the true pump flow efficiency is and whether it differs significantly from the two Komhyr , and b) the extent to which the different pump flow efficiency methods are self consistent and consistent between labs.  The following are the open questions, the first of which is to be addressed soon. The other questions cannot be addressed until the first is addressed.
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Figure: Per cent differences of Komhyr et al. (1995), NOAA, Wyoming, BESOS SP/ES compared with Komhyr 1986. Also shown is the pump correction curve minus one for Komhyr et al. (1995).

a. How do we establish the “correct” pump efficiency? A blind intercomparison will be performed on three SP (2 NASA, 1 NOAA)  and three ES (1 NOAA, 2 Wyoming) ozonesondes. Each lab will calibrate each pump twice with no head pressure in the cells and twice with head pressure in the cells. Once the lab has completed the tests on its own ozonesondes, they will be shipped to a second lab so there is a round robin of tests on all sondes. Herman Smit will act as the referee and the results from each lab will be submitted to him for analysis. Once the results from each lab are fixed and on a central location then they will be opened up for those involved to work together on a paper to describe the results and make recommendations about the analysis of ozonesonde measurements. One question which came up during this relates to the longevity of an ozonesonde pump. For the 4 tests to be preformed on each sonde at each of three labs we anticipate 3-4 hours per test. Thus each sonde will have run 36-48 hours by the time the tests are completed. Has anyone tested an ozonesonde pump this much. Should we anticipate problems? Timeline: The facilities at the three labs should be ready in about two months and then the physical tests can begin.  We then anticipate about 3 months to complete the tests. Before the tests can begin Herman, with help from Frank Schmidlin, Bryan Johnson,  Hugo de Baker, Jennifer Mercer, and Terry Deshler will work on formulating a standard procedure to be used at each lab for the tests. Questions such as: Length of warm up time prior to beginning? Whether to measure during both evacuation and pressurization of the chamber? Whether to measure at surface pressure and whether to do this both before and after the tests? What to do if two measurements on the same pump show a wide divergence? Do another test? Keep the bad result? Discard if a problem can be clearly identified? What levels to measure at? We had just a preliminary discussion of these questions late Friday, but didn’t get much settled.
b. If there are large differences between the new pump efficiency measurements and the Komhyr curves how will pump efficiency be treated in the future and in the past. 
c. How do we recommend that pump efficiency be calculated between pressure levels. At present most people linearly interpolate between the measured points, using we believe (although some were not sure) log of pressure. Other techniques used are quadratic and cubic fits to the pump efficiency curve. Someone should investigate the impact of just these different strategies in including the pump efficiency into the reduction of ozone measurements.
d. What are the implications of a including a less optimistic view of the pump efficiency correction? What does this tell us about the stoichiometry of the cell at low pressure and after long sampling times?
3) Tair – We all agree that the temperature important is the temperature of the air passing through the pump since that is the air which must be corrected to ambient volume to obtain the ambient concentration of ozone molecules.
a. What is the appropriate temperature? The pump temperature is probably as close as we can get. This has implications for previous work which used the “box” temperature.
b. How to measure it? I think we can do no better than the hole in the pumps now supplied by the manufacturers.
4) z – captures the stoichiometry deconvolution for fast and slow reactions/decay of instrument response. The following are still open questions and little work is being done to address them. There is some work at Wyoming but progress is slow.
a. Unknowns center on the influence of the buffer

b. Impacts occur on the instrument time response

c. How to treat these? One suggestion is to use Holger’s approach to the background current. Another is to use a Fourier transform/deconvolution?

Ozonesonde homogenization in time and space - Two recommendations are in order here and then a lot of work. 

The recommendations are: 
A) For new measurements, just starting, use the following combinations, Science Pump 1.0% KI with “full buffer” the standard recipe. ENSCI – 0.5% and half buffer
B) For existing measurements limit the changes to as few as necessary. Each change will likely lead to a discontinuity in your data record which will have to be accounted for at a later date.

The work:

1) Problems arise due to changes in:

a. Sonde type (SP / ES)

b. Solution strength (0.5%, 1.0%, 2.0%)

c. Buffers used (0, 1/10, ½, 1)

d. SOPs, Personnel – should by now be somewhat minor.
2) Ways to address the differences which have been accomplished or are in progress:

a. Laboratory experiments – JOSIE 96, 98, 00 (Smit et al., 2007)
b. Field comparisons
i. BESOS (0.5/1.0/2.0%, SP/ES/KC96 (Deshler et al., 2008) 

ii. Dual flights – please confirm the number of flights listed below.
1. Wyoming – ozone loss 19 flights (ES0.5/1.0%) polar
2. FMI - 42 flights (ES/SP 0.5/1.0%, New/old) polar summer/winter
3. MeteoSwiss – 55 flights (ES0.5/1.0), 28 flights (sp1.0/ES0.5) mid latitude
4. NOAA – 15 flights (½.0, ES/SP) – polar/tropical 
5. Env Canada – 10 flights (0.5/1/2 – ES/SP) mid latitude
6. NASA – 7-10 flights (SP/ES1.0), 20 flights (0.5/1.0-SP) – mid latitude

3) Issues/Work which should be completed on data homogenization/transfer functions. In what follows I believe the focus must remain on work which will better define the differences between: ES1.0 & ES0.5, SP1.0&ES1.0 and SP1.0&ES0.5 and just generally ES and SP. Comparisons using SP0.5 and either sonde with 2.0%,  no buffer and other buffer ratios, e.g. 1/10 are of scientific interest, but will not help the overall community address its internal consistency using the standard solutions. Thus I recommend that comparisons with these other solutions should find their way into the literature, but our immediate task should concentrate on the comparisons between the standard configurations indicated above.
a. Completion of the analysis of the dual flight record and contribute to the literature. It was agreed at the meeting to separate a paper on transfer functions from the dual flight record to clarify the mission of the dual flight paper and to shorten it. Brief discussions amongst those involved in that paper were held and a plan of action will be put in place soon. Expectations are that this paper can be submitted mid year and published by the end of the year.
b. A working group for a paper focused on the transfer functions is being formed. This work will use data from the published comparisons (JOSIE, BESOS, dual flights) to investigate the functional dependence of the transfer functions such as: 
i. Pressure dependent (BESOS)

ii. Ozone/column dependent (NOAA)

iii. Ozone dependent

iv. other

4) Recommendations for application. Techniques to homogenize data (transfer functions) should be established in the literature before they are applied. They should then be applied according to the instrument PIs. How to represent the homogenized data in the data base was left open, but there was a strong suggestion that the original data must remain on the data base with either the addition of another column representing the homogenized data or (preferred) a second set of data files for the homogenized data.
Data format for NDACC data -  The recommended data format for NDACC was agreed upon. It is a NASA-AMES 2160 format (in use by most) with time as the independent real variable and station name the independent character variable. The order of the real dependent variables was decided upon as were the variables to include, fully recognizing that some variables are not available for many stations. In these cases the “no/bad data” flag should be included so that the structure of the files remain the same. The order is established such that the essential information is first, the raw data (including pump temperature) is second, and derived quantities are third. Those who choose not to supply derived quantities can just truncate their data after the raw data and it will not affect data users. The agreed upon format is posted on the NDACC web site. Peter von der Gathen is preparing text for the variable description so we can also use the same description another courtesy to the data user. More information on these points will be made available as it is received. It was agreed that once the data format is established all new data should follow that format, and some effort should be made to reprocess old data so all data are of a uniform format. It was however recognized that this task may be beyond the capabilities of some stations.
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