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The LOTUS-2 project goals:
(a) Update and extend stratospheric
ozone observations to recent years

yet poorly known sources of

and propagate through the different
stages of analysis chain

—WMO (2014) Harris et al. (2015) —Steinbrecht etal. (2017) —LOTUS (this work)
605-35S5 205-20N

35N-60N | *SPARC LOTUS activity phase 1 results:

understanding of crucial

Pressure (hPa)

n trend retrieval
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delivered and intercompared several state-of-
the-art satellite and ground-based ozone profile
data sets, complemented with CCMI model data

*developed a common multiple linear regression
test-bench written in Python

defined a baseline regression model after
review of methods and auxiliary datasets used

for ozone trend analyses

~assessed trend and trend significance of
iIndividual data sets

*suggested a new and reviewed previous
methods to combine trends and trend
uncertainties

sassessed ozone profile trends in the

stratosphere based on satellite, ground-based,
and model records

Figure 1: Trends from SPARC/WMO LOTUS Report 41 compared to WMO/UNEP 2014

Ozone Assessment, SI2N initiative (Harris et al, 2014) and W. Steinbrecht et al (2017).
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Chipperfield et al., 2018; Ball et al., 2018, 2019, 2020)
« Seasonal trends need to be evaluated (Szelgg, ACPD, 2020)
* Do O3 profile & column trends agree? (Weber et al, 2018 found semi-neutral
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F I | ‘; - What is tropospheric ozone contribution to TO (IGAC TOAR gquestioned
|. | ; stability in some records, Ziemke et al, 2018, Gaudel et al, 2018).
YTy * How consistent are GND (local) & SAT (zonal) data? (Zerefos et al, 2018,
1| _ Bernet et al, 2019, NOAA/OAR AC4 project)
) -« Datarecords

1995 2005 2015 1995 2005

1985 2013 1995 2005 2015 - Ultimately, LOTUS analyses conclude that the most meaningful way to
Ball et al,, ACP (2017) Improve the uncertainties in future analyses would be to reconcile the
Figure 5. BASIC analyses: uses SWOOSH, GOZCARDS, SBUV NASA MOD (marked as discrepancies between the data sets themselves prior to the merging
SBUV-MOD in the legend) and NOAA COH (marked as SBUV-COH in the legend) ozone to process (NOAA/OAR AC4 project)

identify instrumental drifts and then create the best record and derive trend. - Satellites: new updatesto L1, L2, L3, i.e. JPSS S-NPP OMPS nadir and

limb profiles in combined and homogenized records (NOAA OAR AC4

Recent accomplishments

Uncertainties in the Stratosphere. Edited by |. Petropavlovskikh, S. Godin-
Beekmann, D. Hubert, R. Damadeo, B. Hassler, and V. Sofieva.

SPARC Report No. 9, WCRP Report 17/2018, GAW Report No. 241

doi: 10.17874/f899e57a20b, www.sparc-climate.org/publications/sparc-reports

project); gridded data for trends (i.e. NOAA’'s SWOOSH)

»Provided results of ozone trend analyses to Chapter 3 in the 2018 « Ground-based (Umkehr, ozonesonde, NDACC lidar and MW
WMO/UNEP Ozone assessment. homogenization, combining station data for trends to improve sampling
»>SPARC/I0,C/GAW, 2018: SPARC Report N°9 (2019) of The SPARC LOTUS biases)

Activity: SPARC/IO3C/GAW Report on Long-term Ozone Trends and * Regression

* |nvestigate if LOTUS regression model (developed for satellite records) is
also adequate for ground-based records.

« More systematic study of sensitivity to proxies on all data records is needed
(NOAA/OAR AC4 project).

» EXxplore spatial structure of proxy coefficients in more detail.

» LOTUS multiple linear regression (MLR) trend model, download from e DLM vs. MLR trends
https://arg.usask.ca/docs/LOTUS regression
» Dynamical linear model (DLM; Laine et al., 2014, Alsing, 2019: » Can / should we avoid combining trend profiles & uncertainties?
github.com/justinalsing/dimmc)

 Uncertainties

* How to estimate correlation between trend estimates? (NOAA/OAR AC4)

N is the number of independent observation records, C;; are the correlation coefficients for the trend
estimates x; from data sets i and j ,[( 0); are the trend uncertainties estimated from the fit residuals for the
individual data sets, and n_; is the effective number of independent trend estimates.
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Figure 9. a) The combined satellite trends (black line) and uncertainties, calculated by the
sequential averaging method: takes correlations between the individual trend estimates into
account and considers systematic uncertainties as well. The CCMI model trends (grey —
mean and blue — median) and variably is shown as grey envelops.

b) Derived trends from ground-based (GB) ozone records, in percent per decade, for the
period 2000 to 2016, using the ILT trend proxy in a regression analysis. Ground-based trends
are combined into zonal averages by weighted error means, but only in the upper
stratosphere combined GB trends become representative of the broad-band zonal trends.
Satellite combined trends are shown as mean with grey envelop.
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