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Abstract— An advanced algorithm to characterize land surface properties on the basis of Meteosat-5 data has been developed and applied to year 1996 observations. Surface albedo values decontaminated from atmospheric effects and computed for a fixed Sun location have been derived for every day of 1996. A simple composite procedure has been applied over consecutive 10-days and 30-days periods to produce geographically complete maps of surface albedo. The sensitivity of Meteosat-5 observations to various land cover change scenarios has been assessed using models to simulate radiation transfer of solar radiation in soil-vegetation systems. The results suggest that the observed seasonal albedo changes cannot be explained by seasonallydriven phenological cycles of tropical vegetation so that a more complex set of mechanisms incorporating the effects of anthropogenic activities must be devised. Additional information derived from ATSR-2 measurements support the finding that the observed large and unexpected variations in surface albedo at a continental scale over Africa could be explained by intense biomass burning activities during the dry seasons.



I. I NTRODUCTION Land surface albedo constitutes a critical climatic variable, since it largely controls the actual amount of solar energy available to the Earth system. From a mathematical point of view, the determination of surface albedo corresponds to the estimation of a boundary condition for the radiation transfer problem in the coupled surface-atmosphere system. A relatively large data base of 10 years or more of Meteosat data has been accumulated by EUMETSAT. These data, collected at half-hour intervals over the entire Earth disk visible from longitude 0 degree, constitute a unique resource to describe the anisotropy of the coupled surface-atmosphere system, and provide the opportunity to document changes in surface albedo which may have occurred in these regions over that period. An advanced algorithm to retrieve the radiative properties of terrestrial surfaces sampled by the Meteosat-5 visible instrument has been derived (see [1]). The methodology we developed addresses a number of issues related to the actual application of a multi-angular approach for estimating surface properties from the Meteosat data set. These issues include (1) the
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optimal modeling of the radiation transfer for clear sky conditions as measured by the Meteosat instrument for finding solutions to an inverse problem in an operational context, (2) the selection, for each pixel (location), of those time observations during the day which are not contaminated by cloud radiative effects and, (3) the identification of the optimal solution (i.e. the joint characterization of the surface and the atmosphere) for each pixel and each day through the set of potential solutions. Preliminary applications of this algorithm against a oneyear (1996) set of Meteosat data was performed (see [2]). The accumulation of results in 10-day and 30-day intervals permits evaluating the seasonal albedo changes occuring at a continental scale. These results, supported by additional radiation transfer simulations, suggest that anthropogenic fire activities induce significant perturbations of the surface albedo values in the intertropical zones at the continental scale. Indeed, the observed seasonal albedo changes can not be explained by seasonally-driven phenological cycles of tropical vegetation. II. S URFACE



ALBEDO RETRIEVAL FROM



M ETEOSAT-5



An algorithm dedicated to the characterization of surface properties from data acquired by the series of Meteosat sensors has been developed and applied against the full data sets of year 1996 ([1] and [2]). The cornerstone of our approach is the exploitation of the temporal sampling of Meteosat (data acquired every thirty minutes from sunrise to sunset) as if it were an instantaneous angular sampling. With the assumption that the geophysical system under investigation does not change significantly during the day, a radiation transfer model has been derived to express the bidirectional reflectance fields measured by Meteosat for “clear sky” pixels. This model accounts for the major radiation transfer processes occuring between the Sun, the Earth system and the satellite, and follows from mathematical developments aimed at deriving a formulation of the bidirectional reflectance field that can be opera-
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tionally inverted against a set of daily Meteosat data. Application of this procedure permits estimating 1) the surface Bidirectional Reflectance Factors (BRF) required to derive albedo-related quantities and 2) an “effective” aerosol load which, together with the surface BRF, provides a coherent interpretation of the daily sequence of Meteosat data. Our approach is implemented in an analogous manner to the MISR aerosol retrieval over dark surfaces ([3]) where a variety of atmospheric functions corresponding to a black surface condition are pre-computed and stored in Look-Up Tables. The inverse procedure identifies all possible solutions for the coupled surface BRF values and aerosol load that allow the interpretation of the Meteosat measurements within prescribed accuracy limits. The terminology of surface albedo is used here to feature Directional Hemispherical Reflectance for a Sun zenith angle at 30 , DHR (30 ).



Seasonal Surface Albedo Changes (1996) January - November (Onset of the Dry Season)



Active Fires in December (Middle of Fire Season)



A simple composite procedure has been applied over time in order to produce geographically complete maps. The albedo maps are derived from 10-days and 30-days accumulation method which simply and sequentially from day 1 to day 10 or 30 , fills in the map for the pixels without solutions found in surface albedo mainly because of cloud contamination. These maps represent the best spatial coverage to be expected from this algorithm when processing a sequence of ten or thirty days of Meteosat data in this region (see [2] for a series of examples). III. S EASONAL



ALBEDO CHANGES INDUCED BY FIRE ACTIVITIES



The seasonal migration of the InterTropical Convergence Zone (ITCZ) is the most important meteorological process over the western part of these African regions. The increase of rainfall associated with the northward displacement of the ITCZ over the continent, between April-May to August-September, translates into a corresponding growth of vegetation in these bands of latitude. Conversely, the southward migration of the ITCZ, which generally occurs from September to March-April, is associated with onset of the dry season and vegetation, mainly savanna, suffers from curing. The DHR (30 ) values, as retrieved from the Meteosat-5 instrument, were simulated for a various types of leaves and underneath soil properties ([2]). These simulations have revealed that, independently from the underneath soil properties, the yellowing of the leaves (following a loss in leaf chlorophyll content consecutive to drying conditions) corresponds to an increase in the Meteosat-5 estimated albedo. Also, the increase in the vegetation biomass over all types of soils masks the contribution from the underneath soil. Finally, these simulations also reveal oppo-



(Adapted from source:



http://shark1.esrin.esa.it/FIRE/AF/ATSR/)



January - April (End of the Fire Season)



1



Fig. 1. The top panel shows changes in surface albedo values as relative percent difference between the values estimated for November and January 1 to 10, 1996. Only pixels exhibiting relative variations greater than 30 are shown. The yellow (blue) tone color, featuring a negative (positive) change, indicates a decrease (increase) in the surface albedo values from November to January, the larger the change, the brighter the color. The middle panel shows the active fire occurrence detected on the basis of nighttime ATSR-2 data for December 1996. The bottom panel shows changes in surface albedo values as relative percent difference between the values obtained in January and April, 1996.



%



site trends in Meteosat albedo variations when the changes in the amount of vegetation happen over dark versus relatively bright soils (see [4] for more details). At the onset of the dry season, the Sahelian regions experience a period of rapid vegetation decay which should, according to our radiation transfer simulations, result into an increase in the Meteosat retrieved albedo. However, figure 1 (top panel) indicates that a reverse situation occurs at a continental scale and that a significant and extremely fast decay in surface albedo is measured. As suggested by our simulations, this decay can be caused by a strong decrease in the amount of vegetation and a significant darkening of the soils. Indeed, anthropogenic fires are common at the on-
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These results strongly suggest that fire activities constitute a major environmental land cover change. Anthropogenic perturbations appear severe enough to mask the natural vegetation cycle driven by atmospheric circulation and monsoon events over most African savannas and woodlands. The contrast between these two competing processes is summarized schematically in figure 2 which shows the potential vegetation cycle driven by the monsoon alone (top panel) and the observed cycle perturbed by human activities (bottom panel).



Impact of Fire Activities on Vegetation Cycle Monsoon-induced cycle



IV. C ONCLUSIONS



Human-perturbed cycle



Fig. 2. Conceptual mechanism proposed to illustrate the impact of fire activities on surface albedo at the continental scale.



An advanced algorithm for characterizing the radiative state of the surface and the atmosphere over the Meteosat visible band has been designed and applied against one year of data. The proposed algorithm capitalizes on the capability of the Meteosat instrument to acquire radiance data every 1=2 hour, suggesting that, for a given geophysical system, the successive relative locations of the Sun during the same day (or even half-day) provide a good angular sampling of the radiation field emerging at the top of the atmosphere. The analysis of the results obtained for the year 1996 shows that accurate surface albedo maps may help assessing large land cover changes at the continental scale. Indeed, the interpretation of the monthly surface albedo changes strongly suggests that biomass burning activities may be the dominant environmental factor over large African regions, masking the natural changes that would be induced by the North-South migration of the monsoon. R EFERENCES



set of dry seasons in Africa with highest frequency between the months of December (July) and January (August) over the savannas and woodlands of the Northern (Southern) Hemisphere. Significant fire activities can be assessed and monitored with satellite observations in the thermal emission domain, using the Across Track Scanning Radiometer (ATSR-2) polar orbiting sensor of the European Space Agency (ESA). Figure 1 (middle panel) documents fire occurrence at night for the entire month of December 1996 over the Sahelian zone. These results strongly suggest that burning activities at the start of the dry season could explain the subsequent observed reduction in surface albedo. If this assumption is correct, one should expect surface albedo to increase after the end of the fire season, as a result of partial vegetation recovery or dispersion of charcoal and ash in the areas concerned. This is indeed confirmed by analyzing the Meteosat albedo changes between January and April (figure 1 (bottom panel)).
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