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1 Introduction 

At least three recently published papers (Steinbrecht et al., 2017; Weber et al., 2017; Ball et al., 2018) show that 

total ozone and ozone profile trends are consistent with earlier WMO (2014) findings. Despite the addition of 4 40 
more years since WMO (2014), Weber et al. (2017) show that for most datasets and regions the trends in total 

ozone, since stratospheric halogens reached their maximum around 1997, are not significantly different from 

zero. In the case of ozone profile trends, however, Steinbrecht et al. (2017) confirmed increasing trends in the 

upper stratosphere (2 hPa) as first reported in WMO (2014).Due to improved data sets and longer records, the 

uncertainty in the profile trends reported by Steinbrecht et al. (2017) was reduced by a factor of 2 compared to 45 
the estimates by Harris et al. (2015). Moreover Ball et al. (2018) provided solid evidence for a continuous ozone 

decline in the lower stratosphere capable in offsetting ozone recovery seen at the upper layers in the stratosphere.  

 

In this work we have analysed SBUV (McPeters et al., 2013; Frith et al., 2017) and lidar ozone profile data from 

the Network for the Detection of Atmospheric Composition Change (NDACC) as part of the Long-term Ozone 50 
Trends and Uncertainties in the Stratosphere (LOTUS) project (http://igaco-o3.fmi.fi/LOTUS/index.html). The 

project aims at providing support and input to the WMO/UNEP 2018 Ozone Assessment for a better 

understanding of ozone trends and their significance as a function of altitude and latitude, nearly 20 years after 

the peak of ozone depleting substances in the stratosphere. Among the objectives of the LOTUS initiative is the 

improvement of our understanding of all sources of uncertainties in estimated trends and regression methods. In 55 
this work we provide a new look at the uncertainties involved in the representativeness of single (lidar) stations 

for zonally averaged layer ozone. We then look at ozone trends and at the hierarchy of proxies commonly used 

in statistical ozone trend analyses. We try to provide a better understanding of uncertainties and to quantify the 

effect of stratospheric climatology and chemistry on the estimated profile trends.  

2 Data, analysis and methods 60 

2.1 Satellite data 

Solar Backscatter UltraViolet (SBUV) version 8.6 station overpass satellite data for the period 1980-2015 have 

been analysed through this work. The SBUV observing system consists of a series of instruments that measure 

ozone profiles from the ground to the top of the atmosphere (e.g. DeLand et al., 2012; McPeters et al., 2013). 

Measurements are provided as partial column ozone amounts in Dobson Units (DU). We have analysed ozone 65 
data for 7 pressure layers as shown in Table 1. 

 

The satellite data come from all SBUV type instruments with data availability from 11/1978 to the present (see 

Table 2 for details). Three versions of the SBUV instrument are used in the series, but the fundamental 

measurement technique is the same over the evolution of the instrument from BUV to SBUV/2 (Bhartia et al., 70 
2013). Satellite overpasses over a number of ground-stations are available for each day from the website 

ftp://toms.gsfc.nasa.gov/pub/sbuv/AGGREGATED/. Daily averages have been calculated by averaging the 

measurements from all available satellite instruments. Then monthly means were derived following the 

instructions provided at https://acd-ext.gsfc.nasa.gov/Data_services/merged/instruments.html. Additional SBUV 

http://igaco-o3.fmi.fi/LOTUS/index.html
ftp://toms.gsfc.nasa.gov/pub/sbuv/AGGREGATED/
https://acd-ext.gsfc.nasa.gov/Data_services/merged/instruments.html


ftp://toms.gsfc.nasa.gov/pub/MergedOzoneData/Ind_Inst_HDF/
ftp://ftp.cpc.ncep.noaa.gov/ndacc/station/
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Figure 6. Ozone anomalies from SBUV overpasses averaged over �+�R�K�H�Q�S�H�L�‰�H�Q�E�H�U�J, Haute Provence and Table 
Mountain. Top: Original deseasonalized time series. Middle: Time series with natural proxies removed, but EESC 
related variations remaining. Bottom: Time series with natural proxies and orthogonal EESC related variations 
removed. (a) For layer 8 (40.34-25.45 hPa, centered at about 24 km height). (b) Same as in (a) but for the layer 13 
(4.034-2.545 hPa) centered at about 40 km height. MK test refers to the Mann-Kendall trend test. Thick solid curves 
are third degree polynomials fit to the data. 
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Figure 7. Trends in the vertical distribution of ozone for the pre-1998 and post-1998 period, based on SBUV station 
overpass and zonal mean data, using (a) two linear trend terms and volcanic effects only, (b) the PWLT method 
including all proxies, and (c) using all proxies and two orthogonal EESC terms to describe the long term ozone 
changes. The results are based on SBUV overpasses and SBUV zonal means. 

 
 
 




