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Key Points 

1. First analysis of ECC ozonesonde uncertainty estimates using SHADOZ data. 

2. Ozone uncertainties are generally within 15% and peak around the tropopause 

where ozone measurements approach the uncertainty estimates. 

3. Uncertainties in background and sensor current dominate the troposphere, while 

conversion efficiency and flowrate dominate the stratosphere. 
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1.2. Reprocessing of ECC Ozonesonde Data 

 

As popular as the sounding data have become, it is clear when long-term sonde-based 

O3 records are examined in detail that changes in the ozonesonde instrument, calibration 

and preparation techniques, and data-processing methods lead to discontinuities and 

possibly artifact trends at individual sites [Witte et al. 2017]. In addition, there are station-

to-station variations in satellite O3 biases versus sondes, biases among stations, and biases 

within the data record of an individual station that must be corrected for if sondes are used 

to assess measurement uncertainties and the reliability of O3 profile trends [Thompson et 

al., 2003, 2007b, 2014].   

Accordingly, the ozonesonde community has worked for many years to establish quality 

assessment standards for ozonesondes. The first important step in this effort was the 

establishment in the mid-1990s of the World Calibration Center for Ozone Sondes (WCCOS) 

[Smit and Kley, 1998; Smit and Straeter, 2004a, 2004b]. The periodic intercomparison 

experiments conducted in WCCOS, called Jülich Ozonesonde Intercomparison Experiments 

(JOSIE), operate with a standard O3 reference UV photometer in a chamber. In the test 

chamber ozone is introduced under changing temperature and pressure conditions at a rate 

that simulates profiles that correspond to standard high-latitude, mid-latitude, sub-tropical 

and tropical conditions. The first JOSIE (JOSIE-1996; Smit and Kley [1998]) included non-ECC 

sondes that have largely been replaced at operational stations [De Backer et al., 1998; 

Fujimoto et al., 2004; Stübi et al., 2008].  

From subsequent JOSIE campaigns (1998, 2000) the focus of the WCCOS tests has been 

on ECC sondes manufactured by Science Pump Corporation (SPC) and ENSCI, and 

characterizing how different SST (sensing solution type) perform under the various 

simulations [Smit et al., 2007]. These campaigns revealed that differences in O3, as 

measured among different ECC sensors, are largely due to differences in preparation 

procedures and SST used by participating researchers. The outcome was that two 

combinations of instrument type and SST were recommended as standard operating 

procedures (SOP) [Smit et al., 2007, Smit and ASOPOS, 2014]. The same combination 

emerged as the WMO (World Meteorological Organization) preferred standard during the 

BESOS campaign (Balloon Experiment on Standards for Ozonesondes) in 2004 that 
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evaluated the ozone response of commonly used ECC/SST pairings following JOSIE SOP 

guidelines under ambient conditions [Deshler et al., 2008].   

After 2010, several Ozonesonde Expert meetings and the SPARC-IO3C-IGACO-NDACC 

(Stratospheric Processes and their Relation to Climate, International Ozone Commission, 

International Gases and Aerosols Composition, Network for Detection of Atmospheric 

Chemical Composition Change) SI2N activities considered how to homogenize long-term 

datasets for trends because a number of stations had more than 30 years of ECC records, 

albeit with both ozonesonde and radiosonde changes.  These activities and the results of 

JOSIE, BESOS, and further dual balloon soundings led to the creation of the O3S-DQA (Ozone 

Sonde Data Quality Assessment) panel report [Smit and O3S-DQA, 2012] (hereafter referred 

to as Smit12) the goals of which are to (1) establish guidelines for reprocessing ozonesonde 

data records to remove inhomogeneities due to instrumental or procedural artifacts, and (2) 

determine the contributions of the individual uncertainties of the different instrumental 

parameters to the O3 measurement. The WMO/GAW (Global Atmospheric Watch) Report 

#201, referenced as Smit and ASOPOS [2014] and hereafter referred to as the WMO/GAW 

Report, is a comprehensive summary of the Smit12 findings. The O3S-DQA panel report has 

also formalized the concept of transfer functions to compensate for instrument-SST 

changes.  Deshler et al. [2017] have recently published the set of transfer functions based on 

the JOSIE and BESOS experiments and on unpublished field comparisons that incorporate a 

total of 197 tests with the SPC and ENSCI ECC sensors.   

 
 
2. SHADOZ and Data Reprocessing 

 

Since early 2016 we have been reprocessing the Southern Hemisphere ADditional 

OZonesondes (SHADOZ) record [Witte et al., 2017; Thompson et al., 2017, hereafter 

referred to, respectively, as Witte17 and Thompson17] according to the O3S-DQA guidelines 

using customized software based on Skysonde (developed by Allen Jordan at NOAA/Earth 

Systems Research Laboratory/Global Monitoring Division (NOAA/ESRL/GMD)).  

Figure 1 displays the map of the stations for which data are analyzed in detail in this 

study. Details of the first reprocessing of SHADOZ data from seven sites appear in Witte17.  

When added to data from six other SHADOZ stations, including four sets from stations 
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reprocessed by NOAA/ESRL/GMD, 14 stations with continuous data of at least one decade 

have been evaluated in Thompson17. Those reprocessed SHADOZ data were compared to 

three BUV (backscatter UV) type satellite total column ozone (TCO) amounts spanning 1998-

2016 and to co-located ground-based instruments at nine SHADOZ stations. Thompson17 

showed that, compared to earlier evaluations [Thompson et al., 2003, 2007b, 2012], offsets 

between ozonesonde and satellite TCO are reduced due to the homogeneity of the newly 

reprocessed ozonesonde data records. Most stations ended up with sonde TCO, satellite 

and where applicable, ground-based instruments, within 2% of one another. 

In this paper we reprocess data for Réunion a second time and present the first 

reprocessed data for Costa Rica (various locations around San José) and Nairobi (refer to 

locations in Figure 1). However, the principal goal here is to report an uncertainty analysis of 

the ozonesonde measurement system, term by term, for the 8 stations we have 

reprocessed at NASA/GSFC, as well as uncertainties in TCO amounts.  In the latter case we 

compare the columns to EP/TOMS (Earth Probe - Total Ozone Mapping Spectrometer) and 

OMI (Ozone Monitoring Instrument) satellite overpasses.  

Following Witte17, this study continues the O3S-DQA goal of determining uncertainties 

in the ozonesonde measurement system. The treatment of uncertainty in this study closely 

follows the definitions described in Smit12. Section 3 describes details of the ozone 

measurement and the reprocessing of SHADOZ data to date. Section 4 analyzes the 

uncertainty relationships term by term. The profile uncertainties appear in Section 5 and 

column uncertainties in Section 6, followed by a Summary (Section 7).  

 

3. Details of the Ozonesonde Measurement and Reprocessed SHADOZ Ozonesonde Data 

3.1. The Ozonesonde Measurement 

 

The ECC sensor measures O3 using iodine/iodide electrode reactions. Two platinum 

electrodes are immersed in separate cathode and anode chambers of differing 

concentrations of potassium iodide (KI) solution. The anode cell contains a solution 

saturated with KI. Both cells contain an equal concentration of potassium bromide (KBr) and 

a phosphate buffer to maintain a neutral pH. An ion bridge connecting the two chambers 

allows ions to flow between the two cells but prevents mixing, thereby preserving their 

respective concentrations. Ambient air containing O3 is pumped into the cathode cell and 
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Figure 1. Locations of the eight reprocessed SHADOZ sites for which uncertainty estimates 
are calculated. Table 1 lists the lat/lon per site. 
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Figure 2. Time series of TCO at (a) Réunion and (b) Nairobi. Years are shown on the x-axis. 
Reprocessed data are in black and reprocessed data + transfer function are in blue. Transfer 
functions have been applied in (a) since 2007 and in (b) before 2010/06, marked with a 
vertical red line.  Black dashed lines indicate the mean TCO for reprocessed data only (values 
included in black). The blue dashed lines shows the mean TCO for the period where transfer 
functions have been applied (values included in blue).  
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Figure 3. Histogram of the percentage difference in TCO between reprocessed sondes and 
OMI overpasses with respect to sondes for (a) 2007-2016 Réunion and (b) 1998-2010/06 
Nairobi data. These are time periods for which transfer functions have been applied (blue 
hashed). 
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