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Introduction

Carbonyl sulfide is the most abundant sulfur bearing gas in the roacktytroposphere with an
average mixing ratio of about 500 pptv. It is released to the atmospkelbeth natural and
anthropogenic processes whose secular changes remain uncertaimolspheric lifetime of 4 to 5
years allows it to reach the stratosphere where it is uitlgnaonverted to sulfate particles (aerosol
layer), which affect both the ozone depletion as well as the atnrasphdiation budget. It is
therefore important to assess the evolution of OCS, not only in the pragesbut also in the
stratosphere.

Long-term monitoring of the atmospheric composition conducted at timamyr NDSC (Network
for Detection of Stratospheric Change; see http://www.ndscitespthe international scientific
station of the Jungfraujoch (ISSJ; 46.5°N, 8.0°E, 3580m asl) with Fouwsiesfdrm infra-red
(FTIR) spectrometers has allowed to record several thousanddsightion solar spectra during
nearly two decades. A reanalysis of such observations encompassing 3 spenteds suitable for
OCS retrievals has been undertaken here, to characterize the oidemaoral evolution of that
constituent in both the troposphere and the stratosphere.

Database and analysis method

4000 spectra recorded at ISSJ from 1988 to present have been considéniedinvestigation.
Contrarily to previous studies that used the SFIT-1 algorithmttieve total column abundances
[1, 2], calculations have been performed here with the SFIT-2 ¢gveBsi) code which allows to
derive information on the vertical distribution of many atmospheriegabservable by FTIR
instruments operated from the ground [3, 4]. It has been co-developed HA8%-Langley
Research Center (Hampton, VA, USA) and at the National IrestatitWater and Atmospheric
Research (Lauder, NZ) and is based on a semi-empirical iraptation of the optimal estimation
method of Rodgers [5].

SFIT-2 further allows to simultaneously fit several microwindoWw& have adopted the 3 same
spectral intervals (see Figure 1) as used in the recentsanafythe Kitt Peak time series [6]. The
quality of the fits to the Jungfraujoch spectra can be appraigéooking at the residuals plotted
above each microwindow.

Inputs to the fittings include: (i) spectroscopic parametersntéilean the recent HITRAN 2000
database, with water vapor line parameter updates availablehftpfiwww.hitran.com; (ii) daily
P,T-model atmospheres obtained from the National Centers for Emérdal Prediction (NOAA,
Washington D.C., USA); (ii) ana priori OCS vertical distribution calculated from
ATMOS/ATLAS-3 Version 3 occultation measurements performed e (#6.5£5)°N latitudinal
band in November 1994 [7]; (iv) most realistic vertical thations for interfering gases
taken either from the so-called "refmod99" set distributed withT SBF from the ATMOS
Version 3 database (individual occultation measurements publicly aeailafstbm
http://remus.jpl.nasa.gov/atmosversion3/atmosversion3.html).

Averaging kernels have been calculated taking into account theved settings, instrumental
performances, and assuming a signal-to-noise ratio of 250, over th&13K8 and 11-100 km
merged layers. They are similar to those displayed in Fijuoé Rinslandet al. [6], showing
maximum sensitivity around 7 and 20 km, thus allowing to distinguishele® the tropospheric
and stratospheric OCS contributions.
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Figure 1. Fitting example of the three selected OCS microwindows usdu ipresent analysis. Target and
interfering gas absorptions are identified by arrows. Regsd(aldserved minus calculated signals) are
displayed above each interval.

Main results and comparison with other recent findings

Figure 2 displays the OCS monthly mean time series derived tih@nanalysis for the total,
tropospheric and stratospheric column sets. In all cases, erraob@spond to standard deviations
around the monthly means. By considering modeled layers ranging 388 to 11 km, mean
tropospheric OCS volume mixing ratios (vmr) have been calculated fhe retrieved vertical
distributions. A mean value of (5205) pptv is found over the time period reported here.

Non parametric least square (NPLS) fits with sampling prapodi 20% and Gaussian weighting
function have been calculated for each set; they are reprodydbdtk black curves. They allow
characterizing long- and mid-term evolutions of OCS above thewsitea larger decrease in the
troposphere than in the stratosphere, and total columns being dominatée kppgospheric
contributions. In order to determine the seasonal variation affeO@fg, the data sets have been
further fitted using a function combining a sinusoidal and a third qgdgmomial component.
Resulting curves are displayed in gray.

Table 1 summarizes relevant results derived from these fdsg awith their associated d-
uncertainties; it also gives the retrieved average long-termag for the total, the stratospheric and
the tropospheric columns of OCS, as well as its mean vmrs in the troposphere.

As already mentioned, all retrieved trends reported here shoigha Islit statistically significant

decrease of OCS above the site, consistent with other recent §indtntslandet al [6] have
deduced a mean tropospheric trend of (-0.25 = 0.04)%l/yr from the analysaar absorption
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spectra recorded at Kitt Peak (AZ, USA; 31.9°N) over 24 years.-tavngfirn air measurements in
the Arctic [8] also indicate a slow rate of decline of OCS equal to (-8+5)%tloedr990s.
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Figure 2. From bottom to top: OCS monthly mean total, tropospheric and sgregtnc partial column time
series. See text for a description of the functions used to chrimadtes various sets.

Literature also indicates that seasonal cycles of tropospgb@&burden are characterized by peak-
to-peak amplitudes ranging from 2.5% above Kitt Peak [6] to 18% abovieiwjohg (Australia,
34.5°S) [9]. Intermediate values of about 4 to 6% are found at muddiesit e.g., for the
Jungfraujoch and Lauder (45.0°S) [9]. In all cases, tropospheric burdemanagcur in summer
while the amplitude of their seasonal cycle probably resultslynfssim the influence of local
sources or sinks (vegetation, ocean, soils).
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Tablel Total column | Stratospheric Tropospheric Average
column column tropospheric VMR
Above 11 km * Below 11 km 3.58t0 11 km

Mean long-term
trend (%/yr)

Peak-to-peak
amplitude (%)** 3.7£04 10.7+1 40+04 43+04

Phase maximum 9-Jul £ 6 days 21-Aug+5days 31-May 7 days 17-Jun + 3|days

-0.46 + 0.04 -0.26 + 0.08 -0.56 + 0.04 -0.49 £ 0.03

* the 11 km altitude is close to the mean tropopause height above the Jungfraujoch (i.e. 111.35 km
over the last decade)
** with respect to the 1990.0 column or VMR

Future work includes: (i) extension of the time series back tditsteavailable high-resolution
observations in 1984; (i) better discrimination between the troposplaemt stratospheric
components by using daily tropopause heights instead of a mean (iglugentification of the
source(s)/sink(s) responsible for the OCS variations found in thenprasd other studies, with the
help of model calculations/simulations.
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