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Abstract: Recently, advanced methods for aerosol detection and trace gas retrieval were developed allowing the mapping
of air pollution in unprecedented accuracy. These methods were developed in the scope of the Airborne Prism
Experiment (APEX), an imaging spectrometer to be in operations from 2007. In the following we give an overview on
methodology and results from feasibility studies carried out at RSLa . These products will enable to perform regional
climate research, atmospheric pollution monitoring and validation of spaceborne sensor products. Further on, at-sensor
radiance will be corrected for atmospheric particles to generate surface reflectance in unprecedented accuracy.
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1.

Introduction

The Airborne Prism EXperiment (APEX) 1,2 will be one of
the first imaging spectrometers for aerosol retrievals with
high spatial resolution in regional scale resulting in new
opportunities for studies of the local aerosol and trace gas
variability. Even further investigations are conceivable,
such as aerosol chemical composition and interactions of
aerosol trace gases with water vapor and clouds.

2.

The airborne prism experiment APEX

APEX is a dispersive pushbroom imaging spectrometer
operating in the spectral range between 380 - 2500 nm.
The spectral resolution will be better than 10 nm in the
SWIR and less than 5 nm in the VNIR range of the solar
reflected range of the spectrum. The total FOV will be ± 1 4
deg, recording 1000 pixels across track with 300 to 500
spectral bands simultaneously, depending on the spectral
mode of the instrument.
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Table 1: Observation parameters for the APEX on different
platforms, such as the DO-228 or HALO.

$

Figure 1: Atmospheric Constituents’ Optical Thickness
seen by VNIR and SWIR channels of APEX.

3.

Atmospheric applications

The APEX imaging spectrometer specifications were
selected in a way to allow improved observations of the
surface reflectance, accounting also for atmospheric
applications3. Especially the combination of spatial and
spectral resolutions, coverage, location of spectral bands
and achievable signal to noise ratio leads t o
unprecedented capabilities for atmospheric remote
sensing using the APEX sensor.
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European Centre for Medium-Range Weather Forecasts (ECMWF),
Shinfield Park, Reading, RG2 9AX, UK

Figure 1 gives an overview of the optical thickness of
various atmospheric constituents in the spectral range of
APEX. The values are convolved to the spectral resolution
of APEX (in spectral mode). Vertical red lines indicate the
APEX center band wavelengths.

3.1

Trace Gases

The envisioned APEX trace gas retrieval4 using the
Differential Optical Absorption Spectroscopy (DOAS)5
technique as baseline for retrieving the atmospheric trace
gas contributions from the high-frequency component of
the logarithm of the observed radiance in dedicated
spectral fitting windows. The approach consists of the
following steps: First take the logarithm ln(Lsensor) of the
observed radiance L sensor. This step transforms the
absorption feature such that is has an absolute depth that
is independent of the surface, since the relative depth of
the molecular absorption features in the reflected radiance
is approximately independent of the (unknown) surface
reflectance. After that a polynomial Pd() of low degree d i s
fitted in the wavelength dimension to ln(Lsensor). Then the
polynomial is subtracted from the observed radiance
ln(Lsensor) - P d(  ), what removes most of the broadband
influences of atmospheric radiative transfer, e.g. aerosol
extinction, and surface reflectance. Finally, the term
ln(Lsensor) - Pd() is modeled (see Figure 4) with a radiative
transfer model (RTM) by varying the atmospheric trace gas
concentrations iteratively to fit the measurement within
the instrument’s measurement noise.
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Table 2: Selected fitting windows (left) and calculated
column retrieval precisions (right).

For the described method, theoretical retrieval precision
accuracies were calculated recently4,6 showing that APEX
observations will offer a unique opportunity t o
quantitatively observe the distributions of the
atmospheric trace gases NO2, O3, CO2, and CH4 in the
planetary boundary layer (see Table 2).

3.2

Aerosols

Basically, the APEX aerosol retrieval7 follows the idea of a
two-spectral band approach8 in the near-UV spectral
region at 385 nm and 412 nm. This allows to identify the
aerosol optical properties and to differentiate between

published as: Nieke, Seidel, Kaiser, Schläpfer, Itten, “New retrieval capabilities for
remote sensing of atmospheric parameters”, RSSJ Workshop, Naruto, Japan (2005)

different particle types. The RTM calculation yields the
relation between radiance and AOT for the given
observation parameters. This information is then used t o
invert the measured at-sensor radiance (Lsensor) to the
corresponding AOT value. If there is no a priori
information available, the retrieved radiances can be
matched to precalculated LUT values to obtain both, AOT
and the single scattering albedo. The single scattering
albedo determines the aerosol absorption feature, which
can thereby be related to an aerosol type. Using the ratio
between the two retrieval bands the Angstrom wavelength
exponent can be estimated, allowing an extrapolation of
the spectral AOT from the near-UV region over the entire
APEX spectrum.

combination of APEX’ high SNR with spectral and spatial
observation parameters. Hence, the APEX project will
enable to produce air pollution maps with unprecedented
accuracy resulting in new perspectives for remote sensing
of atmospheric parameters.
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Figure 4: Hi-resolution simulation of observed radiance
and its derivatives w.r.t. the trace gases (left) and the
differential structure of observed radiance at instrument
resolution and its derivatives w.r.t. the trace gases (right).
Calculations are restricted to the selected fitting windows,
cf. Table 2.
Figure 2: The APEX aerosol retrieval flowchart.

The APEX aerosol retrieval procedure is divided into two
parts: a first iteration step consists of RTM calculation
over black targets to simulate the expected radiance for
various AOT. Matching of calculations with the measured
radiance L sensor allows to retrieve the corresponding AOT
over black targets, which helps the atmospheric correction
process to determine the apparent surface reflectance. This
result is the baseline for the second iteration over all
pixels not being restricted to black targets. Finally, the
AOT for each pixel is retrieved and it is now possible t o
achieve an accurate surface reflectance by feeding a second
atmospheric correction run with the retrieved AOT over
each pixel.
In Figure 3 APEX Band 1 (385 nm) apparent reflectance i s
plotted vs the apparent reflectance ratio Band 1 / Band 3
(385 nm / 412 nm) for four aerosol models. The data
points represent at-sensor reflectance values for different
AOT. All four models were calculated under standard
conditions.
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Figure 3: The relationship between APEX Band 1 (385 nm)
apparent reflectance and the apparent reflectance ratio Band
1 / Band 3 (385 nm / 412 nm).

4.

Conclusion

In feasibility studies it was demonstrated that APEX and
its operation on an aircraft platform promises various
advantages for atmospheric parameter retrieval grace to the
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