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ABSTRACT

Aerosol optical thickness (AOT) values have been retrieved from radiances measured by radiometers and spectrometers
such as METEOSAT, AVHRR (Advanced Very High Resolution radiometer), GOES (Geostationary Operational
Environmental Satellite) and POLDER (Polarization and Directionality of the Earth’s Reflectance). Early single-band
methods are now superseded by bi- or multi-spectral algorithms that derive aerosol properties, i.e. optical absorbing and
scattering properties and size distribution.
The Global Ozone Monitoring Experiment (GOME) Aerosol Spectral Processor (GASP) exploits the instrument’s
spectral coverage from Ultra-Violet to Near Infra-Red and its moderately high spectral resolution to derive AOT and
type. The retrieval method is based on the fusion of the two types of GOME measurements: 1) radiance and solar
irradiance spectra measured by the charge coupled device (CCD) arrays, presenting high spectral but low spatial
resolution, and 2) the coincident reflectance measured by the Polarisation Measurement Devices (PMD), that have
opposite characteristics. The generation of the AOT product is based on the processing of the GOME Level 1 data
product distributed by Deutsche Forschungsanstalt fur Luft- und Raumfahrt (DLR) .
The synergistic use of PMD and CCD measurements allows for computing the AOT at the reference wavelength of 550
nm and the aerosol class at both spatial resolutions of 320x40 Km2 (GOME pixel) and 20x40 Km2 (PMD pixel). The
main advantage is the increase of cloud-free pixels at the best spatial resolution.
The validation activity consists of three parts: i) A self-consistency check aimed to detecting suspicious spatial features
or trends connected to the GOME observing geometry and spatial resolution; ii) Comparison with AOT and aerosol
classes derived from ground-based sun-photometers; different scenarios have been chosen by selecting ocean or land
surfaces and aerosol origin (desert, fires, background); iii) Co-location with different satellite-based aerosol retrieval
products (AHVRR, POLDER, METEOSAT) allows for detecting differences related to the characteristics of each
sensor and comparing time averages.
Recent results of the validation are presented together with feed-back on the processing algorithm, particularly on cloud
identification and screening.



INTRODUCTION

The global analysis of aerosol load and radiative characteristics has become crucial during last years. Global maps of
aerosol content based on rough assumptions on the aerosol model (pure scattering of direct solar radiation, uniqueness
of particle size distribution and shape) cannot answer to questions arising about the aerosol role in the climate forcing
and radiation balance: it has been stated that [1] even the sign of the top of atmosphere net aerosol forcing may be
uncertain without a detailed knowledge of the aerosol content and type. Thus, several ongoing and future satellite
missions have devoted many efforts in increasing our capability in global aerosol detection and characterisation
(POLDER, Ocean Color Temperature Scanner - OCTS on ADEOS-I platform during 1996-97, Moderate Resolution
Imaging Spectroradiometer - MODIS on TERRA platform since 1999, just to mention three examples) by exploiting
narrow spectral band multi-wavelength measurements.
The GOME flies on-board the ERS2 satellite since 1995 and its main mission is the retrieval of total ozone at the
nominal ground resolution of 320x40 km2. The GOME instrument measures the earthshine radiance over a wide
spectral range (0.240 – 0.793 µm) with high spectral resolution varying from 0.2 to 0.4 nm [2]. These characteristics are
crucial for the determination of the aerosol optical properties over the ocean [3] avoiding gas absorption spectral regions
that interfere with aerosols property retrievals.
Since 1997 a processor chain has been realised to derive the AOT and type from GOME CCD data [4]. In order to
improve the low spatial resolution of AOT product a new data fusion technique has been applied [5] to GOME CCD
and PMD data. PMDs consist of three broadband detectors at 295-397 nm, 397-580 nm and 580-745 nm respectively,
and allow measurements of the earthshine reflectance over sixteen pixels (20x40 Km2 wide) coincident in space and
time with GOME CCD ground pixels. The fusion of the two different GOME observations presents the advantage
stemming from the obtained spatial resolution, that is the drastic reduction of the cloud-contaminated cells, and hence
the increase of the amount of valid data.

AEROSOL PROPERTIES FROM GOME AEROSOL SPECTRAL PROCESSOR (GASP)

AOT Product Description

The generation of the AOT product is based on the processing of the GOME level 1 data product distributed from DLR.
Each product file includes the aerosol characterisation information relative to one orbit.
Aerosols classification and AOT evaluation is accomplished by the fitting of the measured reflectance spectra.
The AOT retrieval procedure is based on a one-step minimisation; the Rayleigh optical parameters are calculated using
surface pressure data, while the reflectance fitting of the aerosol class and optical thickness is performed taking into
account the relative humidity profile. In the two procedures meteorological information are used; when such data are
not available, default values derived from the configuration parameter files are applied.
The AOT product gives the aerosol optical thickness at the reference wavelength of 550 nm, the aerosol classification,
and the cloud fraction, both on the GOME and on the PMD spatial scale (the latter for no-cloudy PMD pixels only). It
consists of a product header, the orbit geolocation, and general statistical information about the quality and the
characteristics of processed data.
The following output data, produced by the GOME processor, are included in the AOT product:

 Main result output: GOME aerosol optical thickness at the reference wavelength of 550 nm, Cloud fraction with
respect to GOME ground pixel and associated error, PMD (if the PMD pixel is processed) aerosol optical
thickness at the reference wavelength of 550 nm, PMD cloud coverage flag (0: cloud absence, 1: cloud presence;
2: partially cloudy). The cloud flagging is based into a refined cloud clearing algorithm (CCA) [6] based on
coincident ATSR (Along Track Scanning Radiometer) cloud maps and validated with METEOSAT derived cloud
masks.

 Geolocation Information relative to the GOME and the PMD pixel: Ground pixel number and pixel subset counter,
UTC time of the ground pixel at the end of the integration time, Ground pixel location coordinates (centre and four
corners), PMD pixel location coordinates (centre and four corners).

 Intermediate output both on the GOME and the PMD spatial scale: Sun zenith angle computed with respect to the
central point of the ground pixel, GOME surface albedo type, GOME aerosol class, Coefficients of the logarithmic
fit polynomial of spectra for all wavelength windows (the implemented wavelength windows are three: 360-430
nm, 751-757nm, 775-785 nm), PMD sun zenith angle computed with respect to the PMD pixel central point (if the
PMD pixel is processed), PMD surface albedo type (if the PMD pixel is processed), PMD aerosol class (if the
PMD pixel is processed).

 Annotated output, extracted from the DLR DOAS Total Column of Ozone level 2 product: ICFA (Initial Cloud
Fitting Algorithm) cloud fraction, CCA cloud fraction, CCA sub pixel trace



Definition of the AOT product fields to be Analysed/Validated

The main AOT fields that will be taken into account to be validated, both on the GOME and on the PMD scale, are:
− The AOT value retrieved at the reference wavelength 550 nm over sea
− The significance of the AOT retrieved values over land
− The Aerosol Class over sea and over land.

The aerosol classes, aimed to represent the main features of the real aerosol loaded scenarios, are listed in Tab.1. This
definition could be upgraded at the end of the validation process by introducing different classes (e.g. biomass burning).

Tab. 1: Aerosol Classes Description
Aerosol
Class

Description Layer
Position

1 Maritime polluted RH=0% 0-2 km

2 Not used -

3 Not used -

4 Not used -

5 Urban LOWTRAN RH=0% 0-2 km

6 Urban LOWTRAN RH=70% 0-2 km

7 Urban LOWTRAN RH=90% 0-2 km

8 Urban LOWTRAN RH=99% 0-2 km

9 Maritime LOWTRAN RH=0% 0-2 km

10 Maritime LOWTRAN RH=70% 0-2 km

Aerosol
Class

Description Layer
Position

11 Maritime LOWTRAN RH=90% 0-2 km

12 Maritime LOWTRAN RH=99% 0-2 km

13 Tropospheric LOWTRAN RH=0% 12-30 Km

14 Tropospheric LOWTRAN RH=70% 12-30 Km

15 Tropospheric LOWTRAN RH=90% 12-30 Km

16 Tropospheric LOWTRAN RH=99% 12-30 Km

17 Rural LOWTRAN Rh=70% 0-2 km

18 Rural LOWTRAN Rh=90% 0-2 km

19 VOLCANIC 2 12-30 km

20 Desert Shettle 84 0-2 km

This work has been focussed on results obtained with the simplified radiative transfer model called GOMESIM [4] on
the PMD spatial scale. Alternatively, the processor may exploit the ingestion of LookUp Tables (LUT) of reflectances
computed with the MODTRAN model.

GASP DATA VALIDATION PLAN AND PRELIMINARY RESULTS

Inspection of Maps

A number of reasons can decrease the accuracy of the retrieved aerosol characteristics: among the others the radiative
transfer model accuracy, the sun glint phenomenon and the cloud screening. All these topics may introduce biases and
artificial variations of the AOT because they depend to some extent upon observation geometry and geolocation. For
instance the scattering angle is a function of the latitude, so the uncertainties in the phase function could introduce a
spurious patterns in the AOT. The cloud screening eliminates areas associated with clouds that might have enhanced
aerosol optical thickness. The cloud screening procedure can thus bias both spatially and temporally the AOT
distribution. Moreover areas affected by the frequent occurrence of clouds will have a smaller number of valid data
resulting in poorer statistics. These artefacts can mask and distort the true AOT distribution.
It is nonetheless very difficult to detect and quantify these kind of effects. What we are proposing here is thus to carry
out some experiments suitable to catch at least the effects that are mostly probably connected to some artefacts of the
method or errors in its implementation:

 to analyse AOT distributions for the three GOME pixel types (East, West and Nadir). Systematic differences will
imply a misinterpretation of the sun glint effect, poor cloud screening or some implementation errors.

 To draw AOT maps considering only one type of GOME pixels at time (i.e. AOT maps made only considering
Nadir pixels, or East pixels, or West) and analyse the differences.

 To produce monthly mean AOT distributions; suspicious trends must be referred to some implementation errors.

Inspection of AOT over ocean monthly maps using the PMD cloud flag as unique filter demonstrates that the selection
of fully cloud-free pixels leads to filter out the majority of aerosol events, whereas allowing partially cloudy pixels to be
processed causes a strong overestimation of AOT, due to the cloud contamination. After some experiments, a filter has



been proposed that takes into account the combination of retrieved aerosol class and AOT, and the cloud flag. Only data
satisfying the conditions displayed in Tab.2 will be considered valid.

Tab. 2: Conditions on Aerosol Classes, AOT and cloud flag to consider the aerosol retrieval as valid.
Aerosol
Class

Description cloud
flag

AOT

1 Mar.poll. RH=0% 0 or 2 < 2.0

2 Not used - -

3 Not used - -

4 Not used - -

5 Urban L. RH=0% 0 or 2 < 3.0

6 Urban L. RH=70% 0 or 2 < 3.0

7 Urban L. RH=90% 0 or 2 < 3.0

8 Urban L. RH=99% 0 or 2 < 3.0

9 Mar.L. RH=0% 0 < 0.8

10 Mar.L. RH=70% 0 < 0.8

Aerosol
Class

Description cloud
flag

AOT

11 Mar. L. RH=90% 0 < 0.8

12 Mar. L. RH=99% 0 < 0.8

13 Trop. L. RH=0% 0 < 0.8

14 Trop. L. RH=70% 0 < 0.8

15 Trop. L. RH=90% 0 < 0.8

16 Trop. L. RH=99% 0 < 0.8

17 Rural L. Rh=70% 0 or 2 < 0.8

18 Rural L. Rh=90% 0 or 2 < 0.8

19 VOLCANIC 2 0 < 0.2

20 Desert Shettle 84 0 or 2 3.0

In Fig.1 and 2 the AOT monthly mean over 1o Lat. x 1o Lon. grid has been displayed, for 1997, January and June.
Two features clearly become in evidence. The presence of the known Saharan dust transport over the North Atlantic
Ocean in June. A seasonal pattern with highest values in the summer hemisphere, this latter too much high in magnitude
with respect to previous satellite climatology [7]. Furthermore, the signature of the GOME orbits remains despite the
space-time averaging, as a result of some artificial effects.
The retrieved AOT dependence from the observing geometry has been investigated by averaging separately East and
West (with respect to the nadir viewing) pixels, that is taking into account only one third of the GOME swath. Results
for June 97 (Fig.3 and 4) emphasise the AOT differences. It is clear that the difference is systematic, and it will be
confirmed by the preliminary comparisons presented below. Note that in the “East scan” retrieved monthly mean most
of the grid cells within the 20o-30o N belt has been mostly filtered out. It may be connected with the ocean glint that
affects the East measurement. This situation can be easily explained by seeing the false colour (RGB) image obtained
from PMD reflectances for selected orbits on June 97, 8. Fig.5 shows both the flat ocean glint, the Saharan dust
transport and a problematic scenario into the successive orbit: the latitudinal position and the bigger reflectance East of
the satellite nadir lead to consider the phenomenon as glint over a ruffled ocean surface. The filter proposed in Tab.2
seems to be already effective on both cases, even if it still need to be refined.
Finally, note that in Fig.4. the average pattern seems realistic considering previous results as those obtained for example

f
(

Fig. 2. As Fig.1, for June 1997
Fig.1. AOT monthly mean, January 1997.
rom the POLDER mission [8], even is large areas with intermediate (around 0.5) AOT values instead of background
0.1, 0.2) values are still present. For a quantitative comparison with POLDER data, see below.
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scenarios from dusty scenarios, as stressed also in [10].

Up to eight oceanic an coastal AERONET station will be screened within the conclusion of the validation activity, as to
obtain tens of simultaneous measurements with GOME overpass, hopefully under different regimes of aerosol load and
type. Furthermore, few selected stations over land will be devoted to check the significance of the AOT product over
reflecting surfaces.
Fig.6 shows only few cases that has been derived by analysing June 1997; they has been registered over the Atlantic
Ocean interested by desert dust outbreaks. No distinction between East and West GOME pixels has been adopted.
Besides three good cases, also the overestimation of moderately aerosol loaded is in evidence in the three lowest AOT
cases.

Comparisons with Other Satellite Data

The inter-comparison of GASP output with other satellite derived products on a pixel by pixel basis (i.e. without
smoothing or averaging processes) has the advantage that the comparison is made with data that have a minimum of
manipulation. The disadvantage is that the number of time-space coincident measurements decreases drastically. This is
not really true for geostationary observations as METEOSAT’s, for which the rapid repetition time allows to have time-
coincident, reliable cloud-free data in a significant number of cases. For this analysis it is important:

 to analyse deeply the method applied by other investigators especially in connection with the adopted aerosol type,
radiative transfer model, surface reflectance. That allows to interpret the difference and to direct ad hoc GASP
processing trying to increase the agreement in the a priori hypothesis and inputs between the methods.

 to eventually adopt the same (or similar) input optical properties if they are especially suggested by the other
investigators as suitable for specific conditions.

 to carefully analyse validation activities made by the POLDER, METEOSAT, AVHRR investigators to
comprehend where and when the derived products have been considered most reliable.

A preliminary comparison has been performed by comparisons with POLDER derived AOT values, computed from
CNES (Centre National d'Etudes Spatiales) data. Level 2 (aerosol parameters derived globally over ocean) aerosol
optical thickness values at the reference wavelength of 865 nm and Angström coefficients have been extracted and
geolocated by means of the Mex (v.4.0) software freely distributed with the product. More details on the POLDER
operational algorithm can be found in [10]. Here it has been stressed that: i) despite the fact that both POLDER and
GASP algorithms assume aerosol spherical particles, the POLDER one assumes a mono-modal particle distribution of
aerosol particles, and LUT of radiances to be interpolated had been generated by varying the mode radius and the real
part of the refractive index; ii) the imaginary part of the refractive index is equal to 0, so no aerosol absorption is
considered; iii) AOT higher than 0.6 at 865 nm had been extrapolated: that leaded to a growing uncertainty for AOT
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greater than 0.7 [10]; iv) POLDER AOT data are carefully sun-glint free; v) accuracy of the Angström coefficient
(αPOLDER) retrieval: in [10] a linear equation to correct the values with respect to sun-photometer data has been
proposed, then used in the present comparison to transform POLDER AOT at 865 nm at the same wavelength of
reference of GASP AOT.

AOTPOLDER(550) = AOTPOLDER(865) * (550/865) ^ [-(αPOLDER-0.08)/0.65]
(1)

On the other hand, GOME and POLDER offer a simply-obtained time-space coincidence, since thy are nadir-viewing
instruments on board of polar satellites with rather the same Equator crossing time. Even the AOT “pixel” size is
comparable, being around 20x20 Km2 for the POLDER product, about half than the GASP one.
POLDER and GASP data have been co-located over a 1ox1o grid, during the 1 – 29 June 1997 period. Fig. 7 and 8 show
the scatter-plot of the AOT averages, computed if more than 40% of the cell has been covered by measurements of both
the instruments. The results has again split into West and East observing geometry.
Overestimation of GASP AOT is in again in evidence in “East” data. The number of occurrences is one order of

magnitude less than for “West” data, due to the presence of glint. This analysis has been in fact restricted to a bounded
area (10°/30° N., -10°/-80° W). Extension of the comparisons within glint-affected and glint-free areas will help in
determining a definitive glint filter.
AOT “West” data seems to be underestimated for high AOT values (from 1 to 2), and it seems do not succeed in
evaluating correctly background regimes (AOT < 0.5), where POLDER data resulted excellently validated. At this
stage, any definitive assessment seems anyway to be premature.

CONCLUSIONS

GASP exploits GOME spectral resolution and coverage in retrieving AOT and aerosol type and point toward
considerably augmenting the number of valid data by combining CCD acquisitions with PMD reflectances. The
wavelength selection allows to neglect gas absorption, and to detect a variety of aerosol classes. Obviously, the
validation activity will determine also the remaining influence of the relatively big pixel size (that means mainly cloud
contamination).
The started validation activity will be conducted on selected test cases, which cover aerosol regimes different in loading
and type. Comparisons with sun-photometer derived data will make us able to assess bias and systematic differences
especially in case of low AOT values, possibly due to residual cloud contamination and underestimated surface
reflectance. Comparisons with different satellite data are promising to assessing the role of systematically different
assumption in aerosol modelling (type, layer altitude, etc.).
Preliminary results have shown the need of a combined use of retrieved AOT and class with the cloud flag to filter out

Fig.7. Scatter-plot of 93 co-located and spatially
averaged (1ox1o) POLDER and GASP AOT
values. Only East GOME pixels have been
collected

Fig.8. The same of Fig. 7, but for 927 occurreces
generated from West GOME pixels.



cloud contaminated pixels to be distinguished by aerosol events. Furthermore, the sun glint over ocean need to be better
identified, especially over no-flat sea surface. The systematic comparison of “East” and “West” pixels seems to be the
most promising technique to test any improved filter.
Together with the scheduled computation of the absorbing aerosol index, feed-backs of the validation on the processor
should regard the cloud clearing algorithm and the definitive selection of high quality data.
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