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Introduction

A portable, field-deployable spectrometer for
measurements of surface-scattered sunlight is un-
der development and first results look promising
[1]. This relflected-sun observation geometry is
highly sensitive to the atmospheric composition
in the boundary layer due to the long horizontal
path component. The pioneering reflected-sun
experiment is CLARS-FTS [3] overlooking the Los
Angeles basin from the top of Mt. Wilson. How-
ever, this measurements are also prone to aerosol
scattering. Since retrieval methods rely on accu-
rate knowledge of the actual lightpath, rigorous
radiative transfer modeling is required to evalu-
ate spectral measurements of surface-scattered
sunlight with high accuracy [2].

Setup

We start from the radiative transfer and retrieval
software RemoTeC that has been applied to sev-
eral satellite measurements for retrievals of dry air
mole fractions of carbon dioxide and methane
(XCO2 and XCH4, respectively) together with ef-
fective atmospheric scattering properties.
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For the reflected-sun approach we divide the at-
mosphere in two parts at the pressure level of the
instrument which is located above the planetary
boundary layer. Above the instrument the atmo-
sphere contains only absorbers. Below the instru-
ment also aerosols are present. Since aerosols are
produced primarily within the planetary bound-
ary layer this assumption is reasonable.

Method

The radiative transfer and retrieval software RemoTeC retrieves XCO2 and XCH4 to-
gether with atmospheric scattering properties [2]. Reusing modules and routines
from the RemoTeC retrieval tool (dark red line) we build a simulation environment
(highlighted in brighter red) for radiative transfer calculations.
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To simulate reflected-sun spectra,
the forward model is called twice.
First in non-scattering mode for the
lightpath above instrument level.
Next in multiple-scattering mode
for the lightpath below instrument
level.
The figure shows simulated
reflected-sun spectra for 5 spectral
windows.
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We retrieve 150 simulated multiple-scattering spectra and keep all
settings constant. Then we compare the scatter of all retrieved quan-
tities with their retrieval errors and with the noise level of the synthetic
measurement. Exemplary plots are shown for O2. The standard devi-
ation of retrieved is O2 σO2,retr

= 5.61 · 1022 1/cm2 and mean of retrieval
errors is µ∆O2 = 6.04 · 1022 1/cm2. The same validation holds for the other
retrieved quantities. Therefore, in the range of the error bars the re-
trieval represents the simulation truth.

Forthgoing research

In the next step we will adapt the inversion to the reflected-sun light-
path and repeat consistency checks. Once this is done, we want to
use this promising tool to investigate and improve on the accuracy
of radiative transfer modeling for reflected-sun measurements. We
will calculate simulation studies to quantify errors of the retrieval tool,
evaluate information content of reflected-sun measurements and in-
vestigate on the accuracy of the lightpath-proxy approach. The fi-
nal goal will be to develop a refined approach for the evaluation of
reflected-sun measurements based on these studies.
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