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In Short

• Knowledge of the ozone vertical distribution in the
atmosphere is crucial because of a very differ-
ent influence of ozone at different altitudes on the
radiative budget and dynamics of the Earth’s atmo-
sphere as well as on the human health.

• An important source of information about ozone
vertical distributions is the nadir-viewing UV-VIS
spectrometer TROPOMI on board the ESA S5P
satellite launched in 2017. So far no operational
ozone profile product for this instrument is avail-
able.

• The IUP Bremen TOPAS retrieval algorithm re-
trieves vertical ozone profiles and a scalar albedo
from the TROPOMI measurements in the UV spec-
tral range between 270 and 329 nm.

• The quality of the retrieved ozone profiles is vali-
dated by comparing with collocated stratospheric
lidar measurements and ozonesonde profiles.

Ozone in the troposphere (below ∼10 km) is a potent
greenhouse gas and contributes to climate change,
while in the stratosphere (above ∼10 km) it protects
us from the harmful ultraviolet (UV) radiation and
governs the radiative budget and the dynamics of
the Earth’s atmosphere. To discriminate between the
tropospheric and stratospheric ozone and monitor
the ozone changes in different parts of the strato-
sphere, observations of the vertical distribution of
ozone are crucial. Although very precise ozone pro-
files can be measured with in situ measurements
and ground-based instruments, these observations
are limited in time and location. With satellite-based
remote sensing it is possible to observe global distri-
bution of ozone profiles on a daily basis.

S5P is the latest member of the European family
of combined ozone and greenhouse gas monitoring
satellites and was launched in 2017 as part of the
Copernicus Programme. TROPOMI (TROPOspheric
Monitoring Instrument) is a nadir-viewing ultravio-
let and visual spectrometer aboard the S5P satel-
lite, which closes the gap between the past Envisat
(2002-2012) and the future Sentinel-5 spacecraft. It
provides measurements in the UV (270 – 330 nm),
UV/VIS (320 – 500 nm), NIR (675 – 775 nm) and
SWIR (2305 – 2385 nm) spectral ranges [2]. For

our ozone profile retrieval the UV1 band from 270
– 300 nm and the UV2 band from 300 – 329 nm is
used. TROPOMI provides unprecedented spatial
resolution. One measurement pixel in the middle
of the swath covers 28.8×5.6 km2 (cross- × along-
track) in the UV1 and 3.6×5.6 km2 in UV2. As the
calibration of UV radiation measurements is chal-
lenging due to optical degradation in space, the ad-
justments of the pre-launch calibration of the UV1
and UV2 bands was delayed [3]. A first official ver-
sion 2 of the spectral L1B data, which is required to
properly retrieve ozone profiles, has been only avail-
able since July 2021. The operational TROPOMI
ozone profile data product is not available yet.

Based on a limited test data set with measure-
ments from a few weeks in 2018 and 2019, we were
able to derive ozone profiles from TROPOMI [1].
The ozone profiles are retrieved with the IUP Bre-
men TOPAS (Tikhonov regularized Ozone Profile
retrievAl with SCIATRAN) algorithm. In general the
TOPAS algorithm comprises 3 steps. First, the ra-
diative transfer model (RTM) SCIATRAN [4] simu-
lates the radiance spectra using the a-priori ozone
profile (first iteration) or previous iteration results.
The second step is a pre-processing to account for
effects that can not be handled within the RTM. Fi-
nally, in the Tikhonov regularisation retrieval step,
the physical quantities contained in the state vector
are determined by minimising the cost function. The
resulting state vector consists of the vertical ozone
profile between 0 and 60 km and a scalar effective
surface albedo.

We have validated our ozone profiles by com-
paring them to collocated globally distributed
ozonesonde measurements and to data from five
stratospheric lidar sites. For the stratosphere we
found that the ozone profiles have a vertical resolu-
tion of about 9 km and the relative mean difference
to the lidar ozone profiles is below ±5% with a stan-
dard derivation of 10 – 15%. From the validation
with ozonesonde data similar results were obtained
in the lower stratosphere. In the troposphere, where
the vertical resolution decreases, the relative mean
difference is about ±10% with a somewhat larger
standard derivation.

Example TROPOMI ozone data are shown for Oc-
tober 1, 2018 in Fig. 1. The profiles were integrated
to sub-columns in ozone layer heights roughly corre-
sponding to the vertical resolution. Near the surface
and in the troposphere (panel A), large variations
of ozone are observed. This reflects the high nat-
ural variability in the troposphere due to dynamic
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Figure 1: TROPOMI ozone subcolumns from 1 October 2018 derived by integrating ozone profiles in various atmospheric layers
between 0 and 50 km. In one day, TROPOMI orbits the Earth 14 times and provides near global coverage.

processes and local pollution sources. In general
the tropical wave one pattern is well reproduced
(low ozone in the Pacific, higher ozone in the South
Atlantic). In the 8 – 18 km layer, strong latitude gradi-
ents and a rather large variability are observed. Most
noticeable are large areas with high ozone density
at middle and high latitudes, which can be identified
as ozone streamers in the lower stratosphere and
are related to dynamics in the atmosphere. Between
18 and 25 km, the peak of the ozone number density
profile is located and the ozone variability is largest.
The largest ozone densities occur in the southern
mid-latitudes while the lowest values are seen above
the Antarctic. This is a typical situation in the south-
ern hemisphere during spring. The maximum of the
Antarctic ozone hole is usually reached at this time
of the year. From the 25-30 km layer upward, the
latitude gradient of the ozone number density is re-
versed with maximum values occurring in the tropics.
At higher latitudes of both hemispheres rather low
ozone values are observed.

The aim of this project is to provide a first ex-
tended data set of vertical profiles of ozone from
TROPOMI and confirm the consistent quality with
respect to our previous studies. At the end of the
project period, one year of TROPOMI data from July
2021 to July 2022 are expected to be available and
will complement the test data set from 2018/2019.
With these data, more comprehensive comparisons
can be made with other ozone profile products and
an initial scientific evaluation of ozone changes and
variability during this period can be carried out.
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