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ABSTRACT

A new retrieval method (called ‘Onion Peeling DOAS’)
has been developed to derive stratospheric profiles of at-
mospheric constituents from solar occultation measure-
ments of the SCanning Imaging Absorption spectroMe-
ter for Atmospheric CHartographY (SCIAMACHY). The
method has already been successfully applied to water
vapour. However, the Onion Peeling DOAS method can
also be applied to other atmospheric constituents. Here,
we summarise the results for stratospheric water vapour
and present first results for other greenhouse gases,
namely methane (CH4) and carbon dioxide (CO2).

1. INTRODUCTION

In this paper we present results of a new method to
derive stratospheric profiles of greenhouse gases water
vapour from solar occultation measurements performed
by the SCanning Imaging Absorption spectroMeter for
Atmospheric CHartographY (SCIAMACHY) [1] on EN-
VISAT. The method has already been successfully used
to derive stratospheric water vapour profiles [2]. Here,
we summarise the results for water vapour and present
also first retrieval results for methane (CH4) and carbon
dioxide (CO2). Note that the retrieval of CO2 and CH4

profiles is still under development, therefore all results in
this paper are preliminary.

2. RETRIEVAL METHOD

The ‘Onion Peeling DOAS’ retrieval method is based
on a combination of an onion peeling approach (see e.g.
[3]) with a DOAS (Differential Optical Absorption Spec-
troscopy, see e.g. [4, 5]) fit. The method has been de-
scribed in detail in [2], therefore we only give a short
summary here.

In solar occultation mode, the sun is observed directly
through the atmosphere. For the retrieval, the atmosphere
is divided into Nlayer horizontal layers. The retrieval

starts at the top layer and then propagates downwards,
taking into account the results of the upper layers. The
absorption of the whole atmosphere can be written as the
sum of the absorptions of individual altitude layers. A
polynomial is used to handle broadband effects, like ra-
diometric offsets. Additionally, a correction of satura-
tion effects (caused by the limited spectral resolution of
SCIAMACHY) is performed. This leads to the following
basic formula for the retrieval:

ln
Ij(λ)
I0(λ)

= Pj(λ)

−
Nlayer∑
i=j

Nabs∑
k=0

τ ref
ij,k(λ) csat,i,k(ni,k) ai,k (1)

Here, Ij is the measured signal at tangent height j as
function of the wavelength λ. I0 is the corresponding
reference signal measured at a tangent height of about
200 km where no absorption occurs; thus Ij/I0 is the
transmission. τ ref

ij,k is the reference optical depth for an
instrument looking at tangent height j and an atmosphere
containing the absorber k only in layer i with density
nref

i,k . csat,i,k is a (scalar) saturation correction factor.
τ ref
ij,k and csat,i,k are obtained from radiative transfer cal-

culations using SCIATRAN, Version 2.2 in transmission
mode [6]. The summations are performed over all Nabs

absorbers and all altitudes above the current tangent alti-
tude j.

Starting from the top layer, for each layer j a non-linear
fit is performed in which the coefficients of the polyno-
mial Pj and scaling factors for the number densities aj,k

are determined. The density of absorber k at altitude j is
then given by:

nj,k = nref
j,k aj,k (2)

Note that in each fit only the scaling factors for the spe-
cific tangent altitude j need to be determined as those for
the upper layers have been derived in previous steps. The
saturation correction factor csat,i,k depends on the num-
ber density ni,k, which makes the fit non-linear.

The main advantages of the Onion Peeling DOAS method
are its simplicity and the use of a pre-calculated data base

_________________________________________________ 
Proc. ‘ESA Living Planet Symposium’, Bergen, Norway 
28 June – 2 July 2010 (ESA SP-686, December 2010) 



such that no individual radiative transfer model calcu-
lations are required during the retrieval. The method is
therefore numerically very fast and well suited for appli-
cation to large data sets.

The retrieval altitude grid reaches from 0 to 50 km in
1 km steps. Because of e.g. tropospheric effects and re-
fraction, the Onion Peeling DOAS method can only pro-
duce useful results above about 17 km. Further limita-
tions arise from the dependence of optical depths and sat-
uration correction on the model atmosphere used. There
are also indications that a multiplicative wavelength inde-
pendent saturation correction factor may not be sufficient.
In fact, the usage of a scalar saturation correction factor
is currently a main limitation for the accuracy of the re-
trieval method.

For the different greenhouse gases retrieved the following
settings are used:

• Water vapour (H2O):
Fit interval 928–968 nm, secondary absorber O3

• Carbon dioxide (CO2):
Fit interval 1559–1595 nm, secondary absorber CH4

• Methane (CH4):
Fit interval 1630–1671 nm, secondary absorber CO2

SCIAMACHY performs solar occultation measurements
once per orbit in the northern hemisphere. During the
occultation measurement, scans over the solar disk are
performed. For the results presented in this paper only
upward scans and four readouts close to solar centre have
been taken into account. Care has been taken to calculate
the transmissions from readouts with matching relative
positions in the scan, i.e. locations on the sun.

Before the retrieval the SCIAMACHY measurements are
interpolated to the retrieval grid. The retrieved profiles
are then smoothed with the SCIAMACHY vertical field
of view (2.6 km) after the retrieval. This takes into ac-
count the limited vertical resolution of the measurements
and also removes oscillations in the retrieved number
densities.

3. RESULTS

3.1. Water Vapour

Fig. 1 shows an example for a water vapour retrieval us-
ing the Onion Peeling DOAS retrieval method. In the top
part of subfigure a) the measured spectrum at a tangent
height of 20 km and the fit result are displayed. The bot-
tom part shows the corresponding residual. As can be
seen, larger deviations between fit and measured data oc-
cur at regions with stronger absorption, which possibly
points to an insufficient saturation correction.
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Figure 1. Example water vapour fit results for a SCIA-
MACHY occultation measurement on 10 November 2005.
a) Measured signal and fit (top) and corresponding resid-
ual (bottom) for 20 km tangent altitude. b) Resulting
water vapour profile from SCIAMACHY data (smoothed)
and collocated ECMWF and ACE-FTS profiles.

The derived water vapour profile for this measure-
ment is given in sub-figure b), together with correlative
profiles obtained from collocated European Centre for
Medium Range Weather Forecasts (ECMWF) and At-
mospheric Chemistry Explorer Fourier Transform Spec-
trometer (ACE-FTS) data (see e.g. [7]). Note that the
ECMWF profile shown here (for 10 November 2005,
67.5◦N, 30◦W) is also the water vapour reference pro-
file assumed in the radiative transfer calculations. The
errors on the SCIAMACHY data (shown as error bars in
Fig. 1b) have been estimated from the fit residuals; they
are in the order of 10-20% below 45 km.

The example given in Fig. 1b already shows that there is
a good agreement between SCIAMACHY and ACE-FTS
water vapour profiles whereas the ECMWF water vapour
densities are typically lower. This finding is confirmed
by an extended validation involving more than 400 col-
locations (see [2]), which shows that the mean deviation
between ACE-FTS and SCIAMACHY water vapour pro-
files is only about 5% (with SCIAMACHY results being
typically larger than ACE-FTS results) which lies within
the estimated errors of both products.
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Figure 2. Example CO2 fit results for a SCIAMACHY oc-
cultation measurement on 5 August 2002. a) Measured
signal and fit (top) and corresponding residual (bottom)
for 25 km tangent altitude. b) Resulting CO2 profile from
SCIAMACHY data (smoothed, un-smoothed, and inter-
polated to the measurement altitude grid). The green
line shows the reference profile assumed in the radiative
transfer calculations.

3.2. Carbon Dioxide and Methane

Recently, the Onion Peeling DOAS method has also been
used to derive methane and CO2 profiles from SCIA-
MACHY solar occultation measurements. Some example
results are shown in Fig. 2 and Fig. 3. Similar to Fig. 1,
subpanel a) of these figures shows a typical fit results
for a tangent altitude of 25 km. The resulting profiles
are shown in subpanel b) in smoothed and unsmoothed
form, the altitudes of the original measurements are also
marked.

Both CO2 and CH4 are derived from SCIAMACHY
channel 6 which suffers – as all NIR channels – from
dead/bad pixels. These dead/bad pixels have been re-
moved using a manually determined mask (which is same
for all data). The upper wavelength part of channel 6,
called channel 6+, in which methane is fitted, has a dif-
ferent detector material resulting in a larger noise. There-
fore, the methane fit results usually have larger errors
than the CO2 data. The error estimated from the resid-
uals for individual number densities is about 10–20% for
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Figure 3. Example methane fit results for a SCIAMACHY
occultation measurement on 5 August 2002. a) Measured
signal and fit (top) and corresponding residual (bottom)
for 25 km tangent altitude. b) Resulting methane profile
from SCIAMACHY data (smoothed, un-smoothed, and in-
terpolated to the measurement altitude grid). The green
line shows the reference profile assumed in the radiative
transfer calculations.

CO2 and 40–60% for CH4. This is considerably large,
showing that further improvements of the retrievals is re-
quired.

Subpanels b) of Fig. 2 and Fig. 3 also show the reference
profiles used. For both CO2 and CH4 pressure and tem-
perature profiles have been taken from ECMWF data of
26 July 2005, 51◦N, 49.5◦W. A CO2 VMR of 380 ppmv
has been assumed. For methane the VMR has been taken
from the US Standard atmosphere.

The Onion Peeling DOAS retrieval has been applied to
the complete set of SCIAMACHY data from August
2002 to December 2009. Figs. 4 and 5 show time se-
ries for the resulting SCIAMACHY CO2 and methane
daily average profiles. Furthermore, the latitudinal vari-
ation is shown in the top part of each figure as well as
the estimated tropopause height derived from collocated
ECMWF data. In subpanel a) of Figs. 4 and 5 the orig-
inally determined number densities are displayed. Sub-
panel b) shows the same data converted to volume mixing
ratios (VMRs) using ECMWF pressure and temperature
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Figure 4. Time series of CO2 profiles August 2002 – De-
cember 2009. Decontaminations and instrument switch-
offs are masked out (grey bars). Left: Retrieved number
densities. Right: Volume mixing ratios (VMRs) derived
from combination with ECMWF pressure and tempera-
ture data.

data.

For both CO2 and methane a variation of the number
densities with latitude and tropopause height is observed.
The variations of the VMR data with both altitude and
time are generally less smooth than those of the number
densities. The magnitude of the resulting CO2 and CH4

VMRs is reasonable. However, especially the variability
of the CO2 VMRs is significantly higher than expected.
This problem has to be further investigated.

For CH4, some unusually high concentrations occur
around 2006/2007 above 40 km. It is currently unclear
if these are real as CH4 errors are quite high in these alti-
tudes (see e.g. Fig. 3). In the lower stratosphere the CH4

number densities as well as the VMRs seem to decrease
with time. Further investigations and especially compar-
isons with independent data sets are required to assess
these issues.
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Figure 5. As Fig. 4, but for methane.

4. CONCLUSIONS

The Onion Peeling DOAS results for water vapour com-
pare reasonably with ACE-FTS data (see [2]). First pre-
liminary results for SCIAMACHY CO2 and CH4 pro-
files look promising. Reasonable results are obtained be-
tween 17 and 40 km, but the estimated errors are con-
siderably large. Because the signal-to-noise ratio of the
solar occultation measurements is high, it is expected that
these errors can be significantly reduced by optimisation
of the retrieval. The magnitude of resulting CO2 and CH4

VMRs is reasonable, but especially for CO2 a (too) large
variability is observed. Possible sensitivities to varying
pressure and temperatures, which are not considered in
retrieval, may play a role in this context. Furthermore,
systematic errors due to limitations of the saturation cor-
rection are expected. The impact of instrumental effects
(e.g. pointing issues) can also not been ruled out. Further
investigations and especially a validation with indepen-
dent data sources are required.
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