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1 Introduction

1.1 Relevance of OCIO in the atmosphere

In the stratosphere, the layer in the Ea@itd I (1 Y2 & LIK SNB S E énSoeperdipgdonT NB Y vy
latitude, a maximum is found in the ozone concentrations termed the ozone layer. Owing to its large
absorption crossection in the UV, this ozone efficiently filtersost of the UMV-A and UWB
contributionsfrom the downwelling solar radition. The ozone layer thereby provides an essential

'+ LINPGSOGA2Y F2NIEAFS 2y (GKS 9FNIKQa &aAdz2NFI OSo

Ozone levels in the stratosphere are determined by an equilibrium of ozone produetioch is

driven by photolysis of oxygeand ozone destructionwhich is determined byhotolysis of ozone

and reaction with oxygen atoms (Chapman cycle). In addition, catalytic cycles including the NOX,
BrOx and CIOx cycles reduce equilibrium levelg.of O

Anthropogenic emissions of lodiyed chlorine and bromine compads whichare transported into

the stratosphere have increased stratospheric Bry and Cly loadings, offsetting the natural
equilibrium. In particular irPolar Regionén spring, heterogeneous reactions of halogen reservoir
substances on polar stratospheigtouds increase the concentrations of active halogen compounds
to levels where a significant fraction of the total strgdberic ozone is removed (ozorwle). This
results in increases in surface UV fluxes but also has important impastsatwspheriadynamics.

Starting with the Montreal Protocol, a series of international treaties has successively banned ozone
depleting substances,nal atmosphericCly and Bry levels have been reduced. Nevertheless, severe
ozone depletion is still observed on a regulasis in polar spring, and it is expected titawill take

until 2070to return to pre-ozone hole levels of ozone.

In order to understand and track the development of stratospheric ozone, both ozone levels and the
amounts of ozone depleting substances de® be monitored. In this context, U¥sible remote
sensing observations can contribute with measurements of BrO and OCIO in the stratosphere. The
latter is formed by reaction of CIO and BrO and can thus provide indirect information on CIO levels.

1.2 Observations of OCIO

Remote sensing measurements of OCIO are performed by applying absorption spectroscopy in the
330 ¢ 390 nmspectral region where the molecule exhibits characteristic absorption structures. As

OCIO photolyses rapidly, it can only be observethme solar zenith angle, usually during twilight.

5dzS (2 GKS ALIKSNAROAGE 2F (KS 9IFNIKQa IGdY2aLIKSNE.
from the sun to a point in the atmosphere, making the signal a complex mixture efertical OCIO

profile, its change with SZA and the light path. Therefore, OCIO slant columns are usually not
converted to vertical columns.

OCIO columns have beertrieved using Differential Optical Absorption Spectroscopy (DOAS)
measirements from the ground (Solomon at, 1988, Kreher et al., 1996, Gil et al., 1996, Richter et
al., 1999, Tarnkvistet al., 2002, Vandaele et al., 200%rom balloon (Renard et al., 1997#rom
aircraft (Schiller et al., 1990) and from satellite (Wagner et al., 2002, Richter et al,, R@@b et al.,
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2006, Fussen et al.,, 2006, Kuhl et al.,, 2008early all OCIO observations are focused on
stratospheric applications and can detect OCIO only when CIO is activated.

In spite of itsvery characteristic absorption features, the retrieval OCIO is difficult for several
reasons. First of all, signals at low sun are small and therefore the signalse ratio is relatively
poor. Seconddepending on fitting window usedhe ozone absorption camresenta significant
interference, and in adtion has a large temperature dependence. Lastly, the ozone retrieval has
proven to often have offsets, leading to positive or even negative columns in the absence of
atmospheric OCIOrhese problems are present in all OCIO retrievals. In GOME and SCIA{#eCHY
Ivl calibration issues have shown to pose additional challenges.

With the launch of the first GOME2 instrument, it was expected that an OCIO product could be
developed in analogy to the GOME and SCIAMACHY da@lQUsing retrieval settings similar to
those applied for SCIAMACHY, an OCIO product could be developed for @OMEEh reproduces

the overall pattern of chlorine activation. However, validation within anS2% visiting scientist
project(Richter et al.2009)revealed a number of problems which were summarised as

9 There are many problems in the GORIECIO data outside the regions of chlorine activation,
leading to seasonal biases, slaad contrast, cloud effects and scan angle dependencies. Some of
the problems are known from other instruments (GOMESCIAMACHY), pointing at retrieval
issues. However, there also appears to be a vl data quality contribution.

9 In comparison to SCIAMACHY (and GQMfhe scatter of data is very large

Based on these reds| the decision was taken not to makiie GOMEZ2A OCIOretrieval an
operational product.

2 OCIOretrieval on GOME2B data

In October 2012the second MetOp satellite waaunched into orbit and since mid of December
2012 spectra from the GOMER instrumentare available. The instruments on the two satellites are
nearly identical, and it is expected that similar problems might arise in their Ivl and consequently
also the Iv2 products. However, calibration has shown that there are subtle differences whidh cou
affect the resultslt also appears as if the GOMB2v1 data have better calibration than the GOME2

A spectra.

In this study, the possibility to derive an OCIO product for GOBIER investigated. All retrievals
were performed using the IlUBremen DOA fitting software which is being used for data from many
different DOAS instruments including the satellite instruments GOME, SCIAMACHY-2GDWE
OMI. Systematic intercomparison with results obtained by retrieval codes from other groups (BIRA,
MPMainz KNMI) has shown excellent agreeméstboth groundbased and satellite datdrevious
transfers of IUBBremen DOAS products to operational SCIAMACHY and -@@MHBucts have also
shown that good agreement can be obtained between the operational prodamisthe scientific

data, and therefore it is expected, that the results fouhdre are also valid for the operational
processor.
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2.1 Use of GOMEZ2A settings
As a first try, the settings developed for GOME®vere applied to GOMER data(Fit A) The results

were similar as those found for GOMB2

OCIO is successfully retrieved in conditions of chlorine activation
The scatter of individual OCIO retrievals is large

There are large seasonal and latitudinal biases and adeadtontrast
There seems to be a drift values overiine

=A =4 =4 =4

As an example, two selad days of data are shown kigurel.

GOME2B SC OCIO: 2014/02/05 Fit A GOME2B SC OCIO: 2014/09/02 Fit A
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Figurel: OCIO slant columns from Fit A fro two example days.

2.2 Development of new settings
Starting from these results, three approaches were followed to improve the quality of the OCIO

products:

1. Use of a larger fitting window to reduce the noise
2. Inclusion of keydata to reduce the impact of calibration problems
3. Inclusion of empirical correctidiunctions to reduce the impact of calibration problems

2.2.1 Large Fitting Window
In the literature, different fitting windows have been used for OCIO retridaling different

advantages and disadvantages, mainly optimising either the signal or the degraerfdrence with
ozone absorption structures. Here, the fitting wind®45 - 389 nm was chosen which necessitates
the inclusion of two absorption crosections of ozone taken at different temperatuff€it B)

© GOME2B SC OCIO 2014/02/05 Fit B i GOME2B SC OCIO 2014/09/02 Fit B
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Figure2: OCIO knt columnsfrom Fit B (large fitting window) dr two example days.
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As shown irFigure2 for the two example days, the chlorine activation pattern is clearly reproduced
in this retrievaland the scatter in data reduced as compared to Fit A. However, there is a pronounced
scan antg dependence of the results and many negative values. This retrieval is thus not yet useful.

2.2.2 Inclusion of Eta
Experience with data from previous satellite instruments $laswnthat it sometimesis beneficial to

include keydata obtained during calibratiohthe instrument as additional crosectionsin the fit to
compensate for deficieries in the Iv1 calibration.

GOME2-B eta nadir key-function

Arbitrary Units

345 350 355 360 365 370 375 380 385
Wavelength [nm]

Figure3: GOMEZB eta function in the OCIO fitting range

Evaluation of fits including different keydata functicstsowed that using eta significantly improves
the fitting residuals of the OCIO fit in the large fitting window. This is to be expected as the
polarisation correction of GOMER Iv1 spectra is not perfect and the polarisation function eta has a
clear spectal structure in the fitting region usedrigure3).

As illustrated inFigure4, the OCIO slant columns increase substantially when including eta in the fit
and less scan angle dependent structures are visible. However, the values are now biased high and
there still remain systematically lower values in the eastern part of the scan.

GOME2B SC OCIO: 2014/02/05 Fit C GOME2B SC OCIO: 2014/09/02 Fit C
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Figure4: OCIO slant columnsom Fit C (large fitting window and etapf two example days

2.2.3 Empirical corrections

Clearly, neither the large OCIO columns over the tropical oceans, nor their scan angle dependence
are realistic. In fact, no OCIO is expected over this region. Therefore, a trick sometimes used in DOAS
retrievals was investigated in which the mean residuzfl a retrieval excluding OCIO are introduced

as additional (pseudd absorption crossections in the fit. More specifically, OCIO was not included

in the fit, and all spectra of GOME from the arbitrarily selected day February 5, 20itbthe

latitude rangebetween 30°S and 30°N were fitted. The resulting residuals of the fits were divided
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into three groups covering the viewing zenith angkés- 30°,-30°- 30°, and >30°, respectivelyFrom
these three groups averages were formed and two spectra etdch one for the central part of the
scan representing the mean residual and one from the difference of the two outer groups
representing the scan angle dependence of the residual.

GOMEZ2-B viewing angle correction function GOMEZ2-B mean residual correction function
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Figure5: Empirical correction functions dered from the residuals from one day of fits excluding OCIO and averaged
between 30°S and 30°N. Left, the difference between the most eastern and most western parts of the residshasis;
right the mean of the residuals in the centre part of the scan.

As can be seen iRigureb, both crosssections have high frequency and low frequency contributions
and also show some similarities. These mean residuals contairtarenof everything missing in the
retrievals over the region selected: calibration problems, differences between the solar irradiance
and earthshine spectra, for example from slit function changes, inaccuracies in the absorption cross
sections used, inatling their convolution and also some noise.

When these two additional crossections are introduced in the fit, the results are significantly
improved.

Figure6: OCIO slant columnigom Fit D (large fitting window \ith eta andempirical functiong for two example days.

As illustrated irFigure6, both the overall bias and the scan angle dependence of the OCIO columns is
removed while the hig columns observed in regions of chlorine activation remain and the scatter of
values has not increased. It is interesting to note that the day chosen for the extraction of the
correction functions (05.02.2015) was many months later than the days usedhéoifigure,
indicating that the suctures found can be applied over longer period of time and do not need to be
re-calculated each day. Based on tlexy encouraging resulthe complete available time series of
GOMEZB data was analysed and the resdtaluated.




































