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SAMUM and S-DREAMS
The effect of aerosols on climate can only be estimated with confidence if the
high spatial and temporal heterogeneity of the aerosol properties is monitored.
In particular, the retrieval of aerosol properties using satellite remote sensing
over a bright surface is a challenging problem. An approach to retrieve aerosol
properties over brighter surfaces such as arid and semiarid areas is proposed
and investigated in the DREAMS Project of SAMUM phase one.
Building on SAMUM-1, SDREAMS (SynergeticDust aerosol REtrieval from
spaceborn instruMentS) is intended to investigate dust aerosol transports by
satellite remote sensing in the second phase of this project. The transport process of mineral dust modifies the dust clouds along their trajectory from source
regions in the Sahara to the Atlantic Ocean and also to the Caribbean and to
Europe. Temporal changes in concentration and microphysical compositions
take place, which must be monitored using satellite observations. Spectral
observations of aerosol optical thickness (AOT) from nadir looking polar orbiters, like MERIS (ENVISAT), will be used to obtain modifications of the
aerosol microphysical composition. The modified Bremen AErosol Retrieval
procedure for bright grounds (BAER-D) will be applied to determine spectral
aerosol optical thickness over land and ocean to be compared with CTMoutputs of aerosol optical thickness of project #3 (I. Tegen, IfT Leipzig) and
the planned implementation of a SEVIRI simulator by #3 (Andreas Macke
Univ. Kiel). However, polar orbiters (PO) with sun-synchroneous orbits have
large repetition times. The combination of PO observations with high temporal resolutions of geostationary SEVIRI observations (MSG) in the VIS
and NIR channels is intended to be used for studies of the dynamics of the
aerosol transport. Therefore the project aims to elaborate and apply the synergetic use of both satellite observation approaches for desert dust transports
and establish a unique data set comprising low earth orbit (LEO, from polar
orbiters) and geostationary (GEO) observations.
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SAMUM and AERVAL

Thus, BAER retrieves spectral AOT separating aerosols from surface. Simultanously spectral surface reflectance will be obtained.

Bare Soil Spectra, F. Barre
Negev desert, Karnieli
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SAMUM is a joint project of several research institutes in Germany, in
cooperation with the Mohammed I. University (Oujda, Morocco), funded
by the German Research Foundation (Deutsche Forschungsgemeinschaft,
DFG). Thereby AERVAL (Determination of optical properties of desert dust
AERosol for satellite VALidation) is a subproject and one contribution of
the Institute of Environmental Physics of the University Bremen to the SAMUM main project. It is focussed on the measurement and analysis of the
effect of mineral dust from the Saharan desert on the atmospheric radiation
budget.
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The method determines an aerosol reflectance by:
• correcting for the path reflectance produced by the Rayleigh scattering,
using a digital elevation model for the surface elevation,
• correcting the surface reflectance.
Over land: using a model of a linear mixture of reflectance spectra of
vegetation and bare soil, tuned by NDVI.
Over ocean: linear mixing of coastal water and clean ocean using NDPI.
• a new land class ’Desert’ is be introduced, using brighter bare soil spectra,
if NDVI is near 0.
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Figure 3: Surface spectra of different bare soils, showing the variability of surface properties over the desert. Right: Comparison of
retrieved (by MERIS BAER) spectral surface reflectance with albedo
measurements of aeroplane flight project #2 at Ouarzazate, for MERIS
overflight 19.05.2006 10:51 UTC.

Radiative transfer equation:
ρAer (λ, z0, zS ) = ρT OA(λ, z0, zS ) − ρRay (λ, z0, zS , pSurf (z))
T (λ, M (z0)) · T (λ, M (zS )) · ρSurf (λ, z0, zS )
−
1 − ρSurf (λ, z0, zS ) · ρHem(λ, z0)

ρSurf (λ) = FScale(ρT OA(0.67µm))·[CV eg ·ρV eg (λ)+(1−CV eg )·ρSoil (λ)]

ρT OA(0.665) − ρRay (0.665) − ρAER (0.665)
F =
CV eg · ρV eg (λ) + (1 − CV eg ) · ρSoil (λ)
First retrivals over the Sahara are made using MERIS Level1 data.
Questions to be answered:
• What is the remaining effect of the variability of surface reflectance ?
• What accuracy of AOT can be achieved over deserts ?
• Is the spectral slope observable ?
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Figure 2: Overview of the steps used in the framework of the retrieval method BAER (Bremen AErosol Retrieval) for the derivation of
the columnar aerosol optical thickness.
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The main problem is the selection and the consideration of the variability of
the bare soil spectra.
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• consideration of constraints for the spectral aerosol optical thickness.
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Figure 1: Aerosol optical thickness at 412 nm (channel 1) retrieved from MERIS on 31.05.2006 showing Northern Africa with aerosols over the Sahara.
For the land class ’Desert’ one surface spectrum with the highest spectral slope is assessed. Small figure shows the RGB-Image for the scene. The picture in
the right corner shows a composition of thermal channels from SEVIRI instrument on Meteosat-8 satellite. The temporal resolution of such measurements
is 15-30 minutes.
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Retrievals over Desert Regions
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Figure 4: Left: AOT from CIMEL measurements versus MERIS AOT
retrievals during campaign. Right: Comparison of spectral AOT from
CIMEL measurements and MERIS AOT retrievals over Ouarzazate for
MERIS overflight 19.05.2006 10:51 UTC.
In Figure 1 AOT has been retrieved using MERIS Level 1 data and a preliminary estimate of the bare soil surface spectral reflectance from [1]. The
results are encouraging.

References
[1] N. Hsu, S.Tsay, M. King, and J.R.Herman. Aerosol properties over brightreflecting source regions. IEEE Trans. GRS, Vol.42(No.3):557–569, 2004.
[2] W. von Hoyningen-Huene, M. Freitag, and J. Burrows. Retrieval of
aerosol optical thickness over land surfaces from top-of-atmosphere radiance. Jour. of Geophysical Research, Vol.108(No.9):4260, 2003.
[3] W. von Hoyningen-Huene, A. Kokhanovsky, J. Burrows, V. BruniquelPinel, P. Regner, and F. Barét. Simultaneous determination of
aerosol- and surface characteristics from top-of-atmosphere reflectance
using MERIS on board of ENVISAT. Advances in Space Research,
Vol.37:2172–2177, 2006.
[4] Y.J.Kaufman, D. Tanre, O. Dubovik, A. Karnieli, and L. Remer. Absorption of sunlight by dust as inferred from satellite an ground-based remote
sensing. JGR Letters, Vol.28(No.8):1479–1482, 2001.

