
Occurrence of Polar Stratospheric Clouds
using ground-based DOAS observations

Bianca Lauster1,2, Steffen Dörner1, Udo Frieß2,
Myojeong Gu1, Janis Puk, ı̄te1, and Thomas Wagner1

1 Satellite Remote Sensing, Max Planck Institute for Chemistry, Mainz, Germany (b.lauster@mpic.de)
2 Institute of Environmental Physics, University of Heidelberg, Heidelberg, Germany

26th April 2021 | 16:05–16:07 | AS3.22 | EGU21-5385 Nacreous clouds Antarctica

©Alan Light, CC BY 2.0

https://commons.wikimedia.org/wiki/File:Nacreous_clouds_Antarctica.jpg
https://creativecommons.org/licenses/by/2.0


Outline

I Introduction 3

I Radiative Transfer Simulation 4

I Neumayer DOAS

- General settings 5

- UV 2003 6-10

Overview plot 6

Cloud filtering 8

- Vis 2003 11

- Time series 12

I Summary & Outlook 13



Introduction

I Polar Stratospheric Clouds (PSCs) are an important component of ozone depletion in
polar regions. Furthermore, expected stratospheric cooling could lead to higher PSC
occurrences.

I Differential Optical Absorption Spectroscopy (DOAS) is designed to retrieve slant
column densities (SCDs) of trace gases such as O4, NO2, BrO and OClO. In this study,
the spectra of scattered sunlight in zenith direction are used to detect PSCs based
on the Colour Index (CI) method for various weather conditions.

I Additional scattering by particles, e.g. within PSCs, can be distinguished by charac-
teristic wavelength dependencies (Sarkissian et al., 1991; von Savigny et al., 2005).
This leads to changes in the CI, which is defined as the ratio between observed fluxes
at two wavelengths

CI =
I(λ1)

I(λ2)
, λ1 > λ2.

I At the Antarctic research station Neumayer (-70.63 °N, -8.25 °E), a DOAS instrument
has been operating since 1999 with a two spectrometer system (UV: 320-422 nm;
Vis: 397-653 nm).
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Radiative Transfer Simulation

UV

Vis

Labels refer to the optical density

at 340 nm; scatter is due to Monte

Carlo technique

I Monte Carlo atmospheric radiative trans-
fer model McArtim (details see slide 15 ;
Deutschmann et al., 2011)

I UV: Reduced CI (blueing) at high SZA for op-
tically thick PSC layers

I Vis: Stronger CI enhancement (reddening)
during twilight, peak at about 94° SZA, but
very strong reduction in CI (blueing) for op-
tically very thick PSC layers

I Generally stronger signals for high-altitude
PSC layers

I Tropospheric cloud layers lead to enhanced
CI values (esp. at SZA < 90°; not shown)
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Neumayer DOAS
General settings

I UV CI: 390 nm/340 nm; Vis CI: 610 nm/444 nm

I Wavelength bins: ±1 nm

I SZA range: 93.0° to 94.5°

I Only zenith-looking measurements

I Spectra are offset and dark current corrected

In the following, results are presented for one year of data as a proof of concepts. After-
wards, the 1999 to 2018 time series shows the temporal progress of the PSC occurrence
at Neumayer station.
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Neumayer DOAS
UV 2003 - Overview plot

UV 2003

Colour-coded

for respective month

Histograms show distribution re-

garding temperature (bottom) and

CI (left)

ECMWF temperature at 100 hPa pressure level

averaged in the vicinity of Neumayer station

(70° to 71°S, 8° to 10°W)

CI averaged between

93.0° and 94.5° SZA,

i.e. two data points for

each day

TNAT (Type I) and Tice (Type II)

thresholds are adapted according to

the pressure level (Larsen, 2000)
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Neumayer DOAS
UV 2003

UV 2003The data shows as expected a reduction in
UV CI for temperatures below the PSC tem-
perature thresholds. Here, the selection of
the averaging SZA range is found to be not
critical.

Nevertheless, low tropospheric clouds with
high optical density mask PSC effects and
thus need to be filtered from the data set
(see next slide).
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Neumayer DOAS
UV 2003 - Cloud filtering

UV 2003Contrary to the overview plot (Slide 6 ), the
data points are colour-coded for their re-
spective O4 DSCDs.

As tropospheric cloud layers can influence
our measurements, we identify these by
enhanced O4 absorptions (and not by radi-
ances) in order to minimise possible inter-
ference with PSCs. The usefulness of the O4

cloud detection is confirmed by a compar-
ison with ECMWF cloud fraction data. How-
ever, differences occur because the ECMWF
data cannot exactly resolve the conditions
at Neumayer station. Therefore, threshold
values are deduced for O4 DSCDs (≈ −0.2 ·
1043 molec cm−2).
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Neumayer DOAS
UV 2003

UV 2003By filtering tropospheric clouds, the upper
peak in the CI distribution is much reduced
(cf. light grey distribution without filtering,
dark grey distribution with cloud filter).

The PSC threshold is then obtained by find-
ing the minimum CI in Feb-April as dur-
ing the summer months no PSCs are to
be expected. Data below this threshold
(CIthres = 1.19 ± 0.08) are classified as PSC
cases.
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Neumayer DOAS
UV 2003

UV 2003To compare our results to the MIPAS (Fischer
et al., 2008) PSC climatology (Spang et al.,
2018), a 300 km2 area around Neumayer
station is considered. Time steps where cor-
responding measurements could be found
are presented here.

Overall, a very good agreement to MIPAS
data is found. Some inconsistencies can be
explained by local differences at the begin-
ning and end of winter.
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Neumayer DOAS
Vis 2003

Vis 2003The spectra in the visible spectral range
are analysed with the same approach as
in the UV. Here, the PSC threshold is
defined as the maximum CI in Feb-April
(CIthres = 0.34 ± 0.08).

Tropospheric cloud filtering becomes more
important as in this spectral range the PSCs
and tropospheric clouds lead similarly to
enhanced CI values.
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Neumayer DOAS
Time series

UV

Vis

I No significant trend visible

I About 60% PSC occurrence detected
with the UV spectrometer between
May and November

I Visible spectral range detects less PSC
cases (20%)

I PSC season lasts until mid-November
(not shown)

I Preliminary error estimation (e.g. due
to cloud filtering) for 2003 yields an
uncertainty in the PSC relative fre-
quency of up to about ±15% (but
needs further investigation)
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Summary & Outlook

I The PSC signal is strongly dependent on the selected wavelengths. Therefore, radia-
tive transfer simulations are needed for a comprehensive interpretation of the DOAS
data. The CI method then yields the possibility to retrieve a local PSC signal on a sta-
tistical basis for various weather conditions. Thereby, long-term measurements such
as presented in this study are a valuable complement to other data sets.

I In the following, this approach will be used to analyse further polar stations, namely
Kiruna, Sweden, and Arrival Heights, Antarctica.
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Thanks for your attention!
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Backup - Radiative Transfer Simulation
Settings

The following settings were used for the McArtim simulations (Slide 4 ), covering a wide
range of possible conditions and optical properties of PSC layers:

SZA (°) 70, 75, 80, 82, 84, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95

Wavelength (nm) 330, 340, 390, 444, 610
Altitude of PSC layer (km) 10-11, 12-13, ...., 26-27

Optical depth of PSC
0.0001, 0.0005, 0.001, 0.005, 0.01, 0.05, 0.1

(at 1000 nm)
Single scattering albedo 1

Asymmetry Parameter (AP) 0.7, 0.8
Angström Exponent (AE) 0, 0.5, 2

Surface albedo 0.05, 0.8
Low clouds 5-6 km height, OD=10
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Backup - Radiative Transfer Simulation
Influence on results

The different setting parameters as given in the previous slide lead to different
observations in the simulations, which are summarised in the following table:

SZA (°) Signal for high SZA visible (but also higher
noise due to less photons)

Wavelength (nm) UV/Vis show different signal behaviour; 330
nm / 340 nm: no significant impact due to O3

Altitude of PSC layer (km) Stronger signal for high-altitude PSC layers
Optical depth of PSC Optically thicker PSC layers enhance the

observed signal(at 1000 nm)
Single scattering albedo -

Asymmetry Parameter (AP) No significant influence
Angström Exponent (AE) Influence due to changing extinction

Surface albedo No significant influence
Low clouds Enhances CI systematically
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