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Abstract

vortex towards mid-latitudes.

The ground-based millimeter wave ozone spectrometer (GROMOS) has been continually measuring middle atmos-
pheric ozone volume mixing ratio profiles above Bern, Switzerland (46.95°N, 7.44°E, 577 m), since 1994 in the frame of
NDACC. The high temporal resolution of GROMOS (30 min) allows the analysis of short-term fluctuations. The present
study analyses the temporal perturbations, ranging from 1 to 8 h, observed in stratospheric ozone from June 2011 to
May 2012.The short-term fluctuations of stratospheric ozone are within 5%, and GROMOS appears to have relative
amplitudes stable over time smaller than 2% at 10 hPa (32 km). The strongest natural fluctuations of stratospheric
ozone (about 1% at 10 hPa) above Bern occur during winter due to displacements and deformations of the polar
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Introduction

Even though ozone is a minor constituent in the atmos-
phere, it is a component of major interest. Stratospheric
ozone filters most of the UV-B radiation from the Sun
and thus allows life on Earth. High-resolution observa-
tions of minor constituents in the middle atmosphere
often reveal small-scale perturbations (present in the
horizontal, in the vertical and in time) overlaid upon the
mean background distribution (Eckermann et al. 1998).
Atmospheric waves were identified as an important
source of such variability (Zhu and Holton 1986; Appen-
zeller and Holton 1997; Eckermann et al. 1998; Calisesi
et al. 2001; Fritts and Alexander 2003; Moustaoui et al.
2003; Hocke et al. 2006; Noguchi et al. 2006; Flury et al.
2009; Chane et al. 2016). For example, the wintertime
Arctic middle atmosphere is characterised by the pres-
ence of large amplitude planetary Rossby waves that often
interact with the stratospheric polar vortex and trigger
sudden stratospheric warming (SSW) events (Chandran
et al. 2013). These events are characterised by a sudden
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increase in the temperature and a reversal of the zonal
wind. The effect in ozone at mid-latitudes is depletion in
the lower and upper stratosphere. The depletion in lower
stratospheric ozone is due to transport of ozone poor air
from the polar vortex, whereas the ozone depletion in
the upper stratosphere is caused by the sudden increase
in temperature (Flury et al. 2009). Gravity waves (GW)
may also play a role in forcing of SSW when propagating
into the stratosphere as a consequence of variations in
the tropopause jet during instabilities in the upper trop-
osphere (Flury et al. 2010; Yamashita et al. 2010). Mid-
latitude gravity waves produce periodic fluctuations of
ozone volume mixing ratio in the upper stratosphere and
lower mesosphere (Hocke et al. 2006) possibly due to ver-
tical advection of air parcels by gravity waves (Zhu and
Holton 1986; Eckermann et al. 1998). Another example
is, for instance, horizontal mixing processes through the
transport barriers, either by small-scale structures (fila-
ments or laminae) or by large-scale structures (stream-
ers), are thought to play a significant role in the variability
of atmospheric trace gases in the middle stratosphere
(Kriiger et al. 2005). Atmospheric soundings at mid-
dle and high latitudes frequently disclose enhancements
or depletions of lower stratospheric ozone confined to
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narrow vertical layers (Eckermann et al. 1998). These
structures are known as filaments or laminae, and are
mainly observed at the edge of the polar vortex in the
lower stratosphere (tropopause—25 km), generated by
planetary Rossby wave breaking (Eckermann et al. 1998;
Kriiger et al. 2005). Regarding the large-scale struc-
tures, there are two types of stratospheric streamers:
the tropical-subtropical streamer and the polar vortex
streamer (Waugh 1993; Offermann et al. 1999; Manney
et al. 2001; Eyring et al. 2003; Kriiger et al. 2005). These
structures transport tropical-subtropical and polar vor-
tex air masses into mid-latitudes more frequently during
Arctic winter. The breaking of planetary Rossby waves at
the edge of the polar vortex (polar vortex streamers) or at
the edge of the tropics (tropical-subtropical streamers)
seems to be linked with the transport of air masses into
mid-latitudes (Kriiger et al. 2005). The observed effect
in ozone is the meridional mixing of ozone (Eyring et al.
2003). The stratospheric streamers occur preferentially at
higher altitudes above 20 km, in the middle stratosphere,
in contrast to filaments (laminae) which occur below 25
km, in the lower stratosphere (Kriiger et al. 2005). Nev-
ertheless, a streamer can eventually develop into a fila-
ment-like structure (Waugh 1993; Kriiger et al. 2005).

Many of the instruments used for measuring the com-
position of the atmosphere make use of the spectral
properties of its constituent gases (Parrish 1994). Mil-
limeter wave radiometry is a well-established tool for
the monitoring of atmospheric species. It is a passive
remote sensing technique which detects radiation emit-
ted by rotational transitions of molecules in the atmos-
phere. The spectral analysis of the pressure broadened
lines emitted by the species under analysis permits the
retrieval of the vertical profile from the lower strato-
sphere to the mesosphere (20-70 km) (Kampfer 1995).
The technique enables day-round measurements as there
is no reliance on the Sun as a source and under nearly all
weather conditions. In addition, microwave radiometry
provides high temporal resolution. In the present study,
we take advantage of this feature and we analyse the
short-term fluctuations (1-4 h) of stratospheric ozone
measured by the GROMOS radiometer. The aim of this
analysis is to initiate a new field of study regarding the
short-term stratospheric perturbations in trace constit-
uents, ozone in our case, since we are not aware of any
other studies on this topic, except for Hocke et al. (2006),
but this study is restricted to mesospheric fluctuations.
The characterisation of the short-term ozone fluctuations
can lead to a better understanding of the role of atmos-
pheric waves and nonlinear wave-wave interactions to
induce perturbations in trace gas profiles.

“The GROMOS radiometer” section describes the
GROMOS instrument along with an overview of the
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retrieval method, which has been modified to enable the
study of these small-scale perturbations. In “Method”
section is explained the method used for this pur-
pose. “Results and discussion” section shows the results
obtained along with a discussion on the geophysical
causes of short-term mid- and upper stratospheric ozone
fluctuations. And finally “Conclusions” section offers
some concluding remarks.

The GROMOS radiometer

GROMOS (ground-based millimeter wave ozone spec-
trometer) was constructed by the Institute of Applied
Physics of the University of Bern. The instrument has
been operated in Bern (46.95°N, 7.44°E, 577 m) since
November 1994 in the scope of the network for the
detection of atmospheric composition change (NDACC).
NDACC is an international global network of more than
80 stations making high-quality measurements of atmos-
pheric composition that began official operations in 1991
(Mazieére et al. 2017). The GROMOS microwave radiom-
eter detects the thermal emission of the pressure broad-
ened rotational transition of ozone at 142.175 GHz. The
spectrum measured by the instrument is given in terms
of brightness temperature. The brightness temperature
is the physical temperature at which a perfect black-
body would emit the same power as it is measured by
the instrument. For a review of technical details on the
instrument, we refer to, for instance, Moreira et al. (2015)
or Peter (1997).

Retrieval technique

The shape of the spectral line measured by the instru-
ment contains information on the vertical distribution
of the emitting molecule, because of the pressure broad-
ening (Parrish 1994). Therefore, the vertical distribu-
tion of ozone VMR can be retrieved from the observed
emission line shape by means of radiative transfer in a
model atmosphere and an optimal estimation method.
The atmospheric radiative transfer simulator (ARTS2)
(Eriksson et al. 2011) is used as forward model to simu-
late atmospheric radiative transfer and calculate an ozone
spectrum for the modelled atmosphere by using an a
priori ozone profile. The inversion is done through the
accompanying MATLAB package Qpack2 (Eriksson et al.
2005), which uses the optimal estimation method (OEM)
(Rodgers 1976) to derive the best estimate of the vertical
profile by combining the measured and modelled spec-
tra. During the inversion process, a priori information is
required. The a priori ozone profiles are from a monthly
climatology from reanalysis data of the European Cen-
tre for Medium-range Weather Forecasts (ECMWF) up
to 70 km and extended above by a monthly ozone clima-
tology from observations close to Bern of the satellite



Moreira et al. Earth, Planets and Space (2018) 70:8

microwave limb sounder Aura/MLS. In the present study,
we use the retrieval version 111 which is optimised for
the retrieval of short-term ozone fluctuations since we
take into account uncertainties of the retrieved ozone
resulting from the tropospheric opacity as described later
in more detail. The a priori covariance matrix of retrieval
version 111 is 2 ppm for the diagonal elements, and the
values decay exponentially with a correlation length of 3
km for the off-diagonal elements.

Figure 1 shows the a priori (green line—left panel) and
the retrieved profile (blue line-left panel) recorded at
noon the 28 August 2011 obtained by the retrieval ver-
sion 111. The averaging kernels (AVKs) and the area of
the AVKs, the measurement response (MR), are repre-
sented in the middle panel. The AVKs are multiplied by
4 in order to be displayed along with the MR (red line—
middle panel). The AVK-lines are the grey lines except
for some altitude levels, which are in different colours:
orange for 20 km, green for 30 km, magenta for 40 km,
cyan for 50 km, black for 60 km and blue for 70 km. The
a priori contribution to the retrieved profile can be esti-
mated by 1 minus the area of the AVKs, the so-called
measurement response (MR-middle panel). A reliable
altitude range for the retrieval is considered where the
MR is larger than 0.8, which corresponds to an a priori
contribution smaller than 20%. The vertical resolution
(cyan line-right panel) is quantified by the full width at
half maximum of the AVKs. The vertical resolution of
GROMOS lies from 10 to 18 km in the stratosphere and
up to 20 km in the middle mesosphere. The same panel
shows the altitude peak (magenta line—right) of the cor-
responding kernels, and as it can be observed in the col-
oured AVK-lines, the AVKs peak at its nominal altitude
for the considered vertical range.

The signal from the stratosphere detected by the
instrument is attenuated by the troposphere, mainly due
to water vapour content. Tropospheric water vapour
significantly influences the measured ozone spectrum
by increasing the continuum emission and attenuating
the stratospheric ozone emission line. Accordingly, it is
important to correct the measured spectra for the tropo-
spheric effect. The tropospheric correction depends upon
the opacity of the troposphere. The transmission factor:

e T = Ty (z0) — Ttrop
Ty (Ztrop) - Ttrop

ey

Ttrop = Tsutface + AT (@)

where 7 is the tropospheric opacity that can be calculated
from the wings of the measured spectrum where the
wings are about 0.5 GHz away from the ozone line centre.
Tirop is the mean tropospheric temperature (Eq. 2), which
is estimated according to a linear model proposed by
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Ingold et al. (1998), considering the surface air tempera-
ture (Tsyface) Measured at a nearby weather station and a
temperature offset AT = — 10.4 K, depending on the fre-
quency range (142 GHz) and on the altitude (577 m.a.s.l).
Ty (ztrop) is the brightness temperature that the radiom-
eter would measure at the tropopause level. Ty, (zp) is the
brightness temperature measured at ground level, and it
is estimated from the off-resonance emission at the wings
of the spectrum. The brightness temperature of the wings
corresponds to the continuum emission due to tropo-
spheric oxygen and water vapour. The larger (smaller) the
tropospheric opacity or the smaller (larger) the transmit-
tance of the signal through the troposphere, the larger
(smaller) the tropospheric correction. The correction
of the tropospheric contribution consists of scaling the
amplitude of the measured line spectrum, as if it would
be measured at tropopause level in an isothermal tropo-
sphere with a mean tropospheric temperature, Tyop.

Nevertheless, because of the tropospheric correc-
tion the noise in the spectrum is magnified. In Fig. 2
are shown two measurements of the GROMOS spectra
binned in frequency, one for a clear sky case and another
for a cloudy sky case. The GROMOS spectra are binned
in time and frequency. The binning in time is 30 min. The
fast Fourier transform spectrometer (FFTS) has around
32,768 channels, and after the binning in frequency the
number of points in frequency is 54 with higher fre-
quency resolution in the line centre compared to the line
wings. In the clear sky case, the brightness temperature
(Ty) is around 90 K at the peak (142.175 GHz), whereas
in the cloudy sky case the brightness temperature is quite
high, 200 K at the peak and 192 K on the wings. There-
fore, when at a glance the sky is cloudy, the instrument
measures higher brightness temperatures. In the second
row are represented the spectra (7}) of both cases after
the application of the tropospheric correction. The con-
sequence of a larger tropospheric correction is what we
observe in the third row, where the error of the bright-
ness temperature (AT}) for both cases is represented.
AT{ in the cloudy sky case is larger than in the clear sky
case, due to the amplification of the error by the tropo-
spheric correction. Accordingly, the retrieval error of
the measurements is larger when the tropospheric cor-
rection is larger, i.e. smaller tropospheric transmittance.
Normally, the GROMOS retrieval is performed with a
constant error of AT, = 0.8K, but retrieval version 111
of this study has a variable error depending on the tropo-
spheric transmission:

AT,

/
ATb = 0.5K + F 3)

the error of the measured brightness temperature, ATy, is
given by the radiometer equation:
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Fig. 1 Example of a retrieved (blue line) and an a priori (green line) ozone VMR profile, AVKs (grey and colour lines in the middle panel), the meas-
urement response (MR) (red line in the panel), vertical resolution (cyan line in the right panel) and altitude peak (magenta line in the right panel) of
the GROMOS retrieval version 111 for 28 August 2011 with an integration time of 30 min. The xlabel “altitude” of the right panel also stands for the
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The radiometer equation gives the resolution of the radi-
ation measured, which is determined by the bandwidth
of the individual spectrometer channels (Af), by the
integration time (fint) and by the total power measured
by the spectrometer. A constant error of 0.5 K is consid-
ered as a systematic bias of the spectra, due to spectro-
scopic errors and the water vapour continuum. As it is
shown in Fig. 2, the error of the brightness temperature
(ATy) is of the order of a few Kelvins in the line centre
and 0.5 K in the line wings of the spectrum. Therefore,
the measurement noise (A7) depends on the frequency
due to different spectral binning and on the tropospheric

transmittance. AT} is larger in the ozone line centre since
the binning is only over a few channels at the ozone line
centre, while the binning in the line wings is over several
hundred channels or more. Thus, the thermal noise is
reduced in the ozone line wings by averaging over a high
number of channels. This is a more realistic approach for
the retrieval than considering a constant measurement
noise, resulting in an improvement in the retrieved ozone
VMR in the lower stratosphere.

Methods

The present study analyses the short-term fluctuations
in stratospheric ozone measured by the GROMOS radi-
ometer from June 2011 to May 2012. We selected this
time interval since it covers a full year with the winter in
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Fig. 2 Binned spectra of a clear sky case and a cloudy sky case. In the first row are represented the brightness temperatures for both cases, whereas
in the second row are the spectra corrected for the tropospheric contribution. The third row shows the brightness temperature error for both cases

the centre. Further, the disturbance of the Northern polar
vortex was relatively simple in winter 2011/2012 which
is mainly characterised by a minor sudden stratospheric
warming in mid-January 2012 (Chandran et al. 2013).
Thus, the attribution between the polar vortex disturbance
and the behaviour of the short-term ozone fluctuations
above Bern is easier in this year compared to other years.
We have used the standard deviation, calculated after
the removing of the linear trend, of 8 consecutive ozone
profiles within a time window of about 4 h as a proxy
for the strength of the fluctuations. The standard devia-
tion is a measure that is used to quantify the amount
of dispersion of a set of data from its mean. The devia-
tion is higher when the data are spread out to the mean,
and in our case indicates stronger fluctuations. Since the
sampling rate is 30 min, oscillations with periods of 1 h
(Nyquist period) to about 8 h will contribute to the cal-
culated standard deviation. An example of these stand-
ard deviations is presented in Fig. 3. First panel of Fig. 3
shows the ozone VMR (ppm) through the blue line, the

mean of 8 consecutive ozone values (red line) and the
standard deviation calculated every 8 ozone values after
the removal of the linear trend (red area) at 10 hPa for
a time interval of nearly 2 days at the beginning of June
2011. The second panel of Fig. 3 displays the tropo-
spheric transmittance observed for the same interval as
the upper panel. This tropospheric transmittance corre-
sponds to cloudy sky cases, in which tropospheric cor-
rections were performed. We cannot find a clear relation
between the tropospheric transmittance (green line) and
the fluctuations (red area). Later, we quantify that the
uncertainty of the ozone retrieval only depends mar-
ginal on the tropospheric transmission. We conclude
from Fig. 3 that GROMOS measurements are stable over
time with a standard deviation around 2% (0.15 ppm) at
10 hPa (32 km). Generally, the relative amplitudes are
stable over time within 5% in the stratosphere (from
20 to 50 km altitude). In addition, Fig. 3 shows that the
amplitudes of natural short-term ozone fluctuations are
smaller than 2% at 10 hPa for the time interval shown,
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since the fluctuations also contain the influence of the
random retrieval error. The resulted time series are due
to natural short-term fluctuations and to some random
retrieval errors. The random retrieval error includes the
thermal noise on the spectra due to the receiver noise,
which propagates into the ozone profiles. Unfortunately,
this contribution is impossible to discriminate from the
retrieval error; nevertheless, we did not find any artificial
periodicity in the temporal range of our study (from 1
up to 8 h). Since the mid-latitude stratosphere is known
to be quiet during summer, it can be assumed that the
retrieval error is mainly due to the random retrieval error
(thermal receiver noise) in summer.

We focus our study on the 10 hPa pressure level in the
middle stratosphere where the ozone retrieval is most
reliable since the ozone volume mixing ratio is high at

10 hPa, and the influence of the water vapour continuum
is smaller at 10 hPa than in the lower stratosphere at 50
hPa. The goal is to investigate whether natural short-term
ozone fluctuations can occur exceeding the 2% standard
deviation level. These disturbances are believed to occur
naturally in the stratosphere primarily due to atmospheric
waves propagating from the troposphere into the strato-
sphere during winter, since the winds are eastward at all
altitudes levels and also due to the winter stratosphere
which is more dynamically driven than radiatively driven
(Zhu and Holton 1986; Appenzeller and Holton 1997;
Eckermann et al. 1998; Calisesi et al. 2001; Fritts and
Alexander 2003; Moustaoui et al. 2003; Hocke et al. 2006;
Noguchi et al. 2006; Flury et al. 2009; Chane et al. 2016).
The short-term stratospheric ozone fluctuations (ogtrato)
can also be affected by the tropospheric correction, since
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the retrieval error of the measurements is larger when the
tropospheric correction is larger. This contribution can
be estimated; therefore, we have calculated the influence
of the tropospheric correction in the retrieved profiles.
To bring about this requirement, we consider during the
retrieval procedure that the brightness temperature error
depends on the transmission factor (Eq. 3). In Fig. 4, we
can observe the effect of the tropospheric transmittance
in the random retrieval error of the profile, which is pro-
vided by the optimal estimation method (the smoothing
error is not considered), at different pressure levels for
the period from June 2011 to May 2012. The retrieval
error is smaller when the tropospheric transmittance is
larger. However, this effect is smaller than 0.02 ppm at 10
hPa. The green lines are the mean values of the retrieval
error and of the tropospheric transmittance, and the red
lines are the values of the second-degree polynomial
regression of both variables evaluated at the tropospheric
transmittance values.

In order to quantify the fluctuations generated
by the tropospheric correction (Gretrieval)) W€ per-
formed a second-degree polynomial regression
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(Oretrieval (£) = p1t> + pat + p3) between the retrieval
error (Oretrieval) and the tropospheric transmittance (z).
The coefficients (p1, p2, p3) resulted are evaluated at the
mean of 8 consecutive values of the tropospheric trans-
mittance (£) to obtain the &yetrieval(£) = p1£2 + pat + p3.
Although G yetrieval basically plays no role and it could be

neglected, we consider it in the i e strato-
) . 2 -2
spherlc fluctuations (crstrato =1/0otal — ”retrieval)'

Results and discussion

Figure 5 shows in the first panel the total short-term
stratospheric ozone relative fluctuations contained in the
GROMOS data in magenta (0tota)), Which is covered by
the stratospheric relative fluctuations (0strate) in blue, as
they are practically identical, and the relative fluctuations
caused by the tropospheric opacity (Grerieval) in red, in
per cent at 10 hPa (32 km) for the period from June 2011
to May 2012. Oyetrieval is rather small, and hence, the trop-
ospheric transmission on the retrieval noise has a minor
effect on the observed temporal fluctuations of strato-
spheric ozone. Nevertheless, a random retrieval error
is still included in ograto. Therefore, the blue line is the
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Fig. 4 Scatter plot of the tropospheric transmittance and retrieval error at different pressure levels during the time interval from June 2011 to May
2012.The green lines are the mean values of both variables and the red lines are the values of the second-degree polynomial regression of both

Retrieval error (ppm)

0.2 0.4
Tropospheric transmittance

0.6 0.8

31 hPa

o
FS
(=2

o
»
Q1

Retrieval error (ppm)
=] =
P S
=S

0.2 0.4

0.6 0.8
Tropospheric transmittance




Moreira et al. Earth, Planets and Space (2018) 70:8

sum of the natural ozone fluctuations and the unknown
influence of the random noise on the ozone time series.
However, we learn from Fig. 5 that an upper limit to this
contribution can be set, around 2%. In addition, there
seems to be a temporal evolution of ogtrate, Which is more
likely due to natural ozone fluctuations, since the receiver
noise is constant in time, usually around 2500 K. The
ozone fluctuations are shown in the middle stratosphere
because at this level the random retrieval error is about
2%, while the disturbed polar vortex edge often reaches
mid-latitudes. Thus, we expect enhanced ozone fluc-
tuations above Switzerland during times of a disturbed
polar vortex. We can state from Fig. 5 that the strongest
fluctuations occur during December and January, with
an increase in Ogtrato Of about 1%. Up to now, the mag-
nitude of short-term ozone fluctuations was unknown.
Our study gives the result that the relative standard
deviation of short-term ozone fluctuations in the vicinity
of the polar vortex is about 1%. Thus, our study showed
that short-term ozone fluctuations of the mid-strato-
sphere are quite small even at the polar vortex edge. We
obtained similar results for other years too.

In the second panel is represented the ozone VMR in
ppm at 10 hPa (32 km) with the aim to observe its behav-
iour during the period under assessment. The standard
deviations and the ozone VMR displayed in first and
second panel of Fig. 5 have been smoothed in time by a
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moving average over an interval of 3—4 days. The third
panel shows the geopotential height (GPH) at 10 hPa
(32 km) from June 2011 to May 2012 from ECMWTF rea-
nalysis data. The stratospheric ozone fluctuations (ostrato)
are larger when the GPHs are lower above our location.
These lower GPHs are associated with deformations
and southward excursions of the polar vortex, which are
caused by planetary Rossby wave activity (Calisesi et al.
2001). The fourth panel of Fig. 5 shows the vertical wind
from ECMWTF reanalysis data. The strong vertical wind
oscillations during December and January occur presum-
ably because of the planetary Rossby wave breaking. In
fact, Chandran et al. (2013) have reported a minor sud-
den stratospheric warming (SSW) in mid-January 2012.
This SSW is also seen in the bottom panel which shows
an increase in the relative fluctuations of potential vorti-
city at 10 hPa at Bern. It is considered a minor SSW since
the zonal mean wind reversal did not reach the 10 hPa
(32 km) level. However, we can observe its effect in the
short-term stratospheric ozone fluctuations (first panel of
Fig. 5) and also in ozone at 10 hPa from ECMWF oper-
ational data (Fig. 6). Figure 6 displays plots of potential
vorticity, temperature and ozone from ECMWF opera-
tional data at 10 hPa for the 15 January 2012. From the
potential vorticity plot, we know that the polar vor-
tex is shifted southward and Bern is located inside the
polar vortex. We notice an increase of about 1% in the
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Fig. 6 ECMWEF plots of potential vorticity, temperature and ozone at 10 hPa for the northern hemisphere, for the 15 January 2012. The black dot

stratospheric ozone fluctuations during winter, when
the polar vortex makes its incursions towards the mid-
latitudes. Enhanced relative standard deviations, i.e.
stronger fluctuations (Fig. 5), are found when GROMOS
is measuring inside the polar vortex (Fig. 6). Thus, this
minor SSW seems to be the reason for the enhancement
of short-term stratospheric ozone fluctuations during
January 2012.

Nevertheless, the short-term stratospheric ozone fluc-
tuations are not getting stronger than 3% in average. We
would have expected that stronger amplitudes would
occur at the polar vortex edge during times of breaking
planetary Rossby waves.

Conclusions

The short temporal perturbations in stratospheric ozone
were investigated through the data recorded by the GRO-
MOS ground-based microwave radiometer at Bern from
June 2011 to May 2012. In the present study, the retrieval
takes into account the variable noise of the tropospheric
corrected spectra. Accordingly, we can estimate the
influence of the random retrieval error on the tempo-
ral ozone fluctuations. These ozone fluctuations only
weakly depend upon the tropospheric transmittance.
We find that the effect of tropospheric transmittance on
the retrieval error is less than 0.02 ppm at 10 hPa. The
contribution to the stratospheric fluctuations is due to
the random retrieval error (about 2% at 10 hPa) and to
natural short-term ozone fluctuations. We find that dur-
ing times of a disturbed vortex the short-term ozone
fluctuations can reach a standard deviation of about 1%
superposed on the random retrieval error. This is a new
result which quantifies the magnitude of short-term

ozone fluctuations in the wintertime mid-stratosphere at
mid-latitudes.
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