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Abstract There has been much debate concerning the concept of degradation and desertification in semi-arid lands, in particular semi-arid Sub-Saharan Africa, during the last two decades. However, recent findings suggest a consistent trend of increasing satellite-derived vegetation greenness in much of the African Sahel as interpreted from Pathfinder Advanced Very High Resolution Radiometer (AVHRR) Normalized Difference Vegetation Index (NDVI) data for the period 1982-1999. The Sahel has suffered several devastating droughts and famines during recent decades and an increasing trend in NDVI could be interpreted as a vegetation recovery from the severe droughts of the 1980s, as preliminary analysis indicate an increase in rainfall during this period. This study includes an analysis of spatial and temporal trends of vegetation, covering the years 1982-2002, for areas in the western, eastern and central parts of the African Sahel in order to try to verify and explain the observed increasing trends in NDVI. By implementing two change detection techniques, visual interpretation and change vector analysis of high resolution satellite sensor data, it was observed that vegetation patterns differed, with recent year satellite imagery showing higher amounts of vegetation. It was, however, observed through comparison of phenological activity between the years of the acquired imagery that seasonal differences exist, most probably due to different climatic conditions preceding the recordings. Linear trend regressions of NOAA NDVI and rainfall data was analysed, and separately show increasing trends. The relationship between these two was also established by regression. The observed recent trends in vegetation activity cannot entirely be explained by increasing rainfall but rather as a combination of driving forces.
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Sammanfattning Det så kallade Sahelbältet, sträcker sig från Atlanten i väst till Röda Havet i öst och gränsar mellan Sahara i norr och de mer tropiska områdena i söder. Regionen är torr med oregelbunden nederbörd och anknyts ofta till begreppen ökenspridning och markförstörelse. I kontrast mot spekulationer kring dessa begrepp visar nyligen utförda studier på en signifikant positiv trend i Pathfinder Advanced Very High Resolution Radiometer (AVHRR) Normalized Difference Vegetation Index (NDVI) över stora delar av Sahel mellan åren 1982-1999. NDVI är ett satellitbaserat vegetationsindex som används för att få en uppfattning om vegetationens mängd och dess tillstånd. Den påvisade positiva trenden kan tolkas som en återhämtning av växtlighet efter de återkommande perioder av torka som drabbade Sahel under 70- och 80-talet. I syfte att verifiera och förklara den observerade ökningen i NDVI, ingår i denna studie analyser av både rumsliga och temporala trender mellan åren 1982-2002 för områden i östra, centrala och västra Sahel. Den rumsliga delen innefattas av visuell tolkning samt en radiometriskt baserad förändringsanalys kallad ”change vector analysis”. Dessa metoder tillämpades på högupplöst (30 x 30 m) satellitdata. Resultaten visar på en ökad växtlighet, då det förekommer mer vegetation i senare års satellitdata. Dock visade jämförelser av fenologisk aktivitet mellan de analyserade bildparen att säsongsskillnader existerade. Analys av tidsserier från Global Inventory and Mapping Studies (GIMMS) NDVI samt nederbörd visade på en positiv trend mellan åren 1982-2002. I flera studier har man funnit ett samband mellan NDVI och nederbörd, således tillämpades en regressionsanalys för att undersöka hur väl dessa två korrelerade med varandra. Resultaten pekar på att den observerade ökningen i NDVI inte helt och hållet kan förklaras med ökad nederbörd. Ökningen tros istället vara ett resultat av en kombination av faktorer.
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1 Introduction 1.1 Background 1.1.1 Sahel Sahel is a large stretch of land running from the Atlantic Ocean in the west to the Red Sea in the east. It is a transition zone paralleling the equator, flanked by the arid Sahara to the north and the wetter more tropical areas to the south. The climate of this region is mostly arid and it is hard to manage agriculture with little and erratic precipitation. The area is predominantly covered by sparse savannah vegetation of grasses and shrubs. In terms of annual precipitation, the Sahel receives on average between 100 mm and 600 mm of rainfall. The Sudanian zone to the south is occasionally included, where rainfall may exceed 800 mm (Seaquist, 2001). There is no such thing as normal rainfall in the Sahel (Hulme, 2001). Rainfall is unreliable and the Sahel region is well known for its twin environmental problems of drought and desertification (Agnew & Chappell, 1999). The people of Sahel have suffered several yearlong periods of drought during the last century: in 1903-1905, 19111914, 1966-1974 and 1979-1987 respectively (Matsson & Rapp, 1991). During recent decades, the world has witnessed reports on droughts in the Sahel, as in the 1970s when several climatologists noted a downward trend in rainfall. The crisis became an international aid effort in which the Food and Agricultural Organisation (FAO) of the United Nations (UN) announced that some areas run risk of imminent human famine and virtual extinction of herds vital to nomad populations (Agnew & Chappell, 1999). The same concerns continued through the 1980s as Copans (1983) estimated 100,000 drought related deaths in the Sahel. In 1984 the world’s attention was drawn to the country of Sudan as the famine seriously affected approximately 10 per cent of the 22 million inhabitants (Olsson, 1993). Observations showed a downward trend in rainfall reporting that the drought in the Sahel had not yet ended (Hulme, 2001). It is clear from an observational record of the 20th century that the desiccation in Sahel has no equal, with the magnitude and duration being unprecedented (Middleton & Thomas, 1997). 1.1.2 Concept of desertification and degradation The Sahel-Sudan zone is often described as undergoing environmental degradation. Active processes included might be deforestation, soil erosion, soil nutrient depletion etc. Desertification is a concept often used when all these processes are organized. But several authors (Helldén, 1991; Olsson, 1993; Nicholson et al., 1998) have noted that the empirical basis for the belief that desertification would be taking place at the scales and with the speed, that has been assumed, is weak (Rasmussen et al, 2001). The concept and definition of desertification was adopted by the United Nations Conference on Environment and Development as: Land degradation in arid, semi-arid and dry sub-humid areas resulting from various factors, including climatic variations and human activities (UN, 1992).
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In order to fully understand the concept of desertification, one must also define land degradation. Many definitions are available and Williams & Balling (1995) define land degradation in dry lands as: Reduction of biological productivity of dry land ecosystems, including rangeland pastures and rainfed and irrigated croplands, as a result of an acceleration of certain natural, physical, chemical and hydrological processes, including erosion and deposition by wind and water, salt accumulation in soils, groundwater and surface runoff, a reduction in the amount or diversity of natural vegetation, and a decline in the ability of soils to transmit and store water for plant growth. Speculations about land clearance on rainfall, land degradation and the climatology of droughts have remained unresolved and the concept of desertification has persisted. 1.1.3 Greening of the Sahel In contrast to the speculations of degradation and desertification, recent observations indicate that the Sahel belt may be undergoing some very rapid environmental changes as parts of this otherwise drought-stricken area appear to have greened up during the last 20 years. With the Normalized Difference Vegetation Index (NDVI) providing important source of information on vegetation function as well as on land use and land cover, 10-day maximum value composites (MVCs) from the NASA/NOAA Pathfinder AVHRR Land (PAL) was used to create annual times series of NDVI for the Sahel region (Eklundh & Olsson, 2003).



Figure 1.1. Linear trend of NDVI in Sahel over the period 1982-1999. Dark green = strong positive trend, yellow = no clear trend, red = negative trend. Source: Eklundh & Olsson, 2003



Results showed a strong increase in seasonal NDVI over large areas in the Sahel during the time period (Figure 1.1). Methods for estimating growing season parameters was
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based on robust mathematical curve fitting, resulting in smooth approximations of the original noisy time-series (Eklundh & Olsson, 2003). The observed trend could be interpreted as a recovery from the Sahelian drought years during the mid 1980s as several previous studies have shown a positive relationship between NDVI and rainfall (Prince, 1991; Nicholson & Farrar, 1994). 1.2 Objectives This study aims at verifying and explaining the satellite-observed changes in the Sahelian region of Africa. A comparison of high-resolution (30 x 30 m) satellite data from the beginning of the 1980s and recent satellite images will be made in order to investigate what is inside the NOAA 8 x 8 km pixels. Main objectives include; (i) investigate whether vegetation is related to NDVI change by examining differences or similarities between areas with significantly changed NDVI and areas with no significantly changed NDVI; (ii) investigate whether precipitation in the region is related to NDVI change over time by examining differences or similarities between areas with significantly changed NDVI and areas with no significantly changed NDVI and by comparing the NOAA satellite record with rainfall data. 1.3 Study Areas The study areas of the Sudan, the Central African Republic, Niger and Mauritania are all in the semi-arid zone of Sub-Saharan Africa. The specific geographic locations of the four study areas are as follows: latitude 11° 34’N, and longitude 32° 8’E for the Sudan, latitude 7º 14'N and longitude 21º 55'E for the Central African Republic, latitude 14º 27' and longitude 6º 30 'E for Niger, and finally, latitude 15º 54'N and longitude 10º 11'W for Mauritania. 1.3.1 The Sudan The first and eastern study area (Figure 1.2) lies within the Sudan states of Southern Kordofan, White Nile and Upper Nile, situated in the central part of the Sudan. Once considered as the “breadbasket of the Arab World” (Olsson, 1993; Ayoub, 1999), the Sudan has 7 per cent of the continents cropland, 13 per cent of its pasture and 10 per cent of its live stock population (Ayoub, 1999). The Blue and White Nile Rivers, tributaries to the great Nile River, which merge in the capital of Khartoum, generally contribute water for the agricultural irrigated practices on the country’s vast arable tracts.
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Figure 1.2. Africa, the Sudan, its administrative boundaries and the WRS-2 Landsat scene used in this study.



The nation of the Sudan has had its fair share of tragedies, ranging from armed conflicts (between religious fractions) to food crises. In the beginning of the 1980s Africa’s largest nation was struck by severe famine, as rainfall was exceptionally low, causing substantial deficit in grain production. The famine affected half the population and in the hardest hit areas, death rates reached 3 per cent of the inhabitants per month. It is believed that the famine was primarily not caused by shortage of food, but rather by poor distribution of food (Olsson, 1993). The climate in central Sudan is generally semi-arid with annual rainfall varying from 400 mm to 800 mm (Ayoub, 1999). As seen in Figure 1.3 temperature usually reaches its maximum during March and April, while the rainy-season usually extends from July to October.
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Figure 1.3. Monthly mean precipitation (mm) 1960-1999 and monthly mean of the daily 24-hour temperature (˚C) 1964-1999. Data collected from nearest ground station, Er-Renk (Sudan). Source: Global Historical Climatology Network (GHCN)



Vegetation in this part of central Sudan is mainly comprised of tall grasses and bushes and Acacia woodland mainly located in the vicinity of the White Nile River (Ayoub, 1999). According to FAO (1997) this area is covered by Vertisols except alongside the White Nile where frequently flooded Entisols called Fluvents exist due to water deposited sediments. Vertisols are clay soils characterized by usually forming deep wide cracks from the surface and downwards when they dry out, thus becoming extremely solid. This together with the fact that Vertisols become sticky during wet seasons make them difficult to harness for agricultural purposes if not correctly managed. Vertisols stand apart from other soils as they have a vertic horizon containing high amounts of clay minerals or products of weathered rock that have the characteristics of clay (FAOUNESCO, 1997; USDA-NRCS 1999; Batjes, 2001). Entisols are soils of recent origin characterized by little horizontization as their parent material has only just accumulated. These soils have a wide geographic distribution and can be found in any climate under any vegetation but are often found on floodplains, delta deposits or steep slopes (FAO-UNESCO, 1997; USDA-NRCS, 1999; Batjes, 2001). 1.3.2 Central African Republic The second study area (Figure 1.4) lies within the state of Haute-Kotto situated in the central part of the Central African Republic (C.A.R). Once, a former French territory, the C.A.R. has a population of approximately 3.5 million and forms a part of the landlocked West African Region. As the country holds vast amounts of natural wooded areas, forestry is a key element of the economy together with agriculture. The C.A.R. has also been embarking in diverse industrial ventures such as mining and oil industries. However these activities do not significantly contribute to the countries Gross Domestic Product (GDP).
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Figure 1.4. Africa, the Central African Republic, its administrative boundaries and the WRS2 Landsat scene used in this study.



The C.A.R. is one of the wettest nations in the Sahel and did not suffer as seriously as the more arid countries in this region from the droughts of the 1970s and 1980s. The East and West Gulf of Guinea countries underwent less irregular rainfall (even though below normal) than the rest of Sahel during these periods (Gommes & Petrassi, 1996). In the northern and central parts of the C.A.R., the climate is drier and more irregular than that compared to the southern parts with rainfall varying between 1200 mm to 1500 mm annually. Temperature usually reaches its maximum around March and April. 300
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Figure 1.5. Monthly mean precipitation (mm) 1941-1989 and monthly mean of daily temperature (˚C). 1951-1989. Data collected from nearest ground station, Bria (Central African Republic). Source: GHCN
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The study area lies within a transition zone between the spiny herbaceous vegetation of the extreme north and the dense rain forest of the south. The characteristic vegetation is thus mainly savannah derived from light forest interspersed with gallery forest (Mayaux et al. 1999). According to FAO (1997), the soil resources in this area can be divided into two regions. Stretching from the north to southeast is a broad belt of Entisols and to the centre and southwest are the Oxisols. Oxisols are characterized by containing high amounts of oxides called “sesquioxides”, formed as a result of chemical weathering and the presence of warm temperatures combined with heavy rainfall. A combination of heavy rainfall and rapid uptake by vegetation quickly removes nutrients from the soil thus making it chemically poor and not well suited for agriculture (FAO-UNESCO, 1997; USDA-NRCS, 1999; Batjes, 2001). 1.3.3 Niger The third study area (Figure 1.6) is located in the southern parts of the country of Niger within the districts of Maradi and Tahoua. Being the largest state in West Africa, Niger has a population of approximately 11 million. The nations economy primarily centres on subsistence agriculture, animal husbandry and re-export trade. Like most Sahelian landlocked countries Niger is dependant on agricultural exports, and economic growth is held back by poor transport links with the rest of the world (Ford, 2004).
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Figure 1.6. Africa, Niger, its administrative boundaries and the WRS-2 Landsat scene used in this study.



With rainfall being as erratic and variable as Sudan, Niger was hit hard by the droughts in the 1970s and 1980s. Characterized by high temporal rainfall variability, precipitation
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falls during 3 to 4 months (usually June to September) with an annual total precipitation of approximately 300-600 mm. Temperature usually reaches its maximum around AprilMay (Wezel & Haigis, 2002).



Figure 1.7 Monthly mean precipitation (mm) 1921-1989 and monthly mean of daily temperature (˚C) 19511990. Data collected from nearest ground station, Tahoua (Niger). Source: GHCN



Grass and shrub savannas are characteristic for southern Niger and its amount is, as in most parts of the Sahel, heavily dependent on precipitation. Vegetation usually has a short life cycle with trees generally located within and around water holding depressions (Wezel & Schlecht, 2004). Soils in this area mainly consist of Alfisols and Inceptisols along waterways running through the area. Alfisols are generally fertile soils, productive for agriculture, as they have a favourable moisture balance. They are usually found in flat or gently sloping regions where climate is warm with distinct dry and wet seasons (FAO-UNESCO, 1997; USDA-NRCS, 1999; Batjes, 2001). Inceptisols are young soils just starting to show horizon development. These soils are commonly found in any type of environment structured in alluvium floodplains and delta deposits. By and large these soils make excellent soils for agricultural production (FAOUNESCO, 1997; USDA-NRCS, 1999; Batjes, 2001). 1.3.4 Mauritania This western study site (Figure 1.8) is located in the southern parts of the country of Mauritania within the district of Hodh El Gharbi in close proximity to the Mali border. Approximately 2.5 million people live in Mauritania, which is situated within the vast western part of the Saharan desert. A large amount of Mauritania’s land is covered with sand making its agricultural resources limited.
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Figure 1.8. Africa, Mauritania, its administrative boundaries and the WRS-2 Landsat scene used in this study.



Mauritania’s agro-climatic conditions are not favourable for cultivation and as less than one per cent of the country’s land is arable Mauritania’s economy heavily depends on its export of mineral deposits and fish. Agricultural practices are profoundly conditioned by an erratic climate and rarely meet 50 per cent of the country’s food requirements (Josserand & Silva, 2002). Mauritania has experienced frequent droughts since the 1960s and was hit hard by the 1984 drought, severely affecting the country’s resources for food. This downward trend in rainfall was followed by a series of about-average years during the 1990s. Compared to other countries such as neighbouring Senegal the situation in southern Mauritania was somewhat worse due to its position in the immediate southern fringe of the Sahara Desert where rainfall is spatially and temporally erratic (Thiam, 2003). Runs of dry seasons and wet seasons are a typical feature of the southern parts of Mauritania as climate is generally hot and dry with annual rainfall varying between 250400 mm. The wet season usually begins in July and extends to October and a long dry season with minimum temperatures around 15 ˚C in January and maximum temperature regularly exceeding 40 ˚C in April–May (Van Asten et al. 2004).
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Figure 1.9. Mean monthly precipitation (mm) 1950-1999 and mean monthly temperature (˚C) 1951-1990. Data collected for nearest station, Nioro Du Sahel (Mali). Source: GHCN



In contrast to the northern parts of Mauritania where plant life is not abundant, vegetation in the southern parts principally consists of grasses and bushes. Trees are rare and are mostly restricted to beds of wadis in or beneath which water continues to flow. Soils in this area mainly consist of fine sandy Entisols to the north and Alfisols and Inceptisols to the south (FAO-UNESCO, 1997).
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2 Theoretical background 2.1 Satellite sensors used in this study 2.1.1 Advanced Very High Resolution Radiometer The use of the Advanced Very High Resolution Radiometer (AVHRR) provided by the National Oceanic and Atmospheric Administration (NOAA) polar satellite series present the opportunity to study land surface variables at a regional and global scale. Although recent satellite sensors may provide improved global land satellite data the AVHRR record, which extends from July 1981 through 2003/2004, is an invaluable source of historical land information (Diouf & Lambin, 2001). Spectral vegetation indexes, such as the NDVI, designed to enhance the contributions of vegetation properties, are the most used land products derived from the AVHRR sensors. AVHRR reflectance data is recorded at a maximum resolution of 1 km and the NDVI product is generally produced at an even further reduced resolution, usually 8 km, in favor of providing global or large-scale coverage. The AVHRR-NDVI provides for the longest record for monitoring global vegetation dynamics. 2.1.2 Thematic Mapper Landsat 4, carrying the first Thematic Mapper (TM) sensor was launched in 1982. The TM sensor is an upgrade of the Multispectral Scanner Subsystem (MSS) on which efforts were made to incorporate improvements into a new instrument. The TM instrument is therefore based on the same technical principal as the MSS, but with a more complex design as it provides finer spatial resolution (30 m for bands 1-5, 7 and 120 m for band 6), improved geometric reliability, greater radiometric detail and more detail spectral information. The MSS only has four broadly defined spectral regions whereas the TM has seven, customized to record radiation of interest to specific scientific investigations (Campbell, 1996). 2.1.3 Enhanced Thematic Mapper Plus The Enhanced Thematic Mapper Plus (ETM+) sensor carried by Landsat 7, launched in 1999, is an offshoot of the TM. The ETM+ sensor offers several enhancements over the Landsat 4 and 5 TM sensor, including increased spectral information content, improved geodetic accuracy, reduced noise, reliable calibration, the addition of a panchromatic band, and improved spatial resolution of the thermal band (60 m compared to the TMs 120 m). The same resolution as the TM bands 1-5 and 7 apply for the ETM+ (Masek et al, 2001). 2.1.4 Moderate Resolution Imaging Spectroradiometer The Moderate Resolution Imaging Spectroradiometer (MODIS) instrument was first launched on the Terra Satellite in late 1999 and has been designed to provide improved monitoring for land, ocean and atmosphere research. It combines characteristics from the AVHRR and TM with added spectral bands in the middle and long-wave infrared. Data is provided at spatial resolutions of 250 m, 500 m, and 1 km. For improved atmospherics and cloud characterization spectral channels have been included to allow for the removal
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of atmospheric effects on surface surveillance and atmospheric measurements (Justice et al., 1998). The MODIS science team has developed a series of algorithms in order to provide data products to meet the needs of global change research, giving scientist the opportunity to utilize such basic surface variables as spectral reflectance, albedo and land surface temperature as well as higher order variables, such as vegetation indices (NDVI, EVI), leaf area index (LAI), fraction of absorbed photosynthetically active radiation (FPAR), active fires, burned area and snow and ice cover (Justice et al., 1998). 2.2 Normalized Difference Vegetation Index Red light is absorbed by photosynthetic pigments found in green leaves while nearinfrared light either passes through or is reflected by leaf tissues regardless of colour. Areas of bare soil will thus appear similar in both the red and near infrared (NIR) wavelengths while areas under vegetation will appear bright in the NIR and dark in the red part of the spectrum. By using these wavelengths, vegetation indices can be produced. One of these is the NDVI, which is the most widely used vegetation index. NDVI is the ratio of the NIR and red radiances and is calculated from atmospherically corrected reflectances from the red and NIR channels as:



NDVI =



NIR − RED NIR + RED



This ratio yields a measure of the photosynthetic capacity and produces values in the range of -1.0 to 1.0, where vegetated areas will have values greater than zero and negative values indicate non-vegetated surface features such as water, snow or clouds.



2.2.1 NOAA AVHRR NDVI NOAA AVHRR data is used to generate NDVI images of large portions of the Earth on a regular basis in order to provide a global set of images that show seasonal and annual changes over vegetative cover. The AVHRR NDVI is created using data from channel 1 and channel 2 in the following way:



AVHRR NDVI =



Channel 2 − Channel 1 Channel 2 + Channel 1



Channel 1 is in a part of the spectrum where chlorophyll causes considerable absorption of incoming radiation, and Channel 2 is in a spectral region where spongy mesophyll leaf structure leads to considerable reflectance.
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2.2.2 Landsat NDVI The TM and ETM+ bands 3 and 4 provides red and NIR measurements and can therefore be used to generate NDVI data sets using the following formula:



Landsat NDVI =



Band 4 − Band 3 Band 4 + Band 3



Two of the key differences between AVHRR and Landsat derived NDVI products is the resolution and the difference in spectral range in the red and NIR channels. As the AVHRR sensor has a wider spectral range in both the red and NIR channels, the probability of atmospheric effects interfering with the surface signal increases as compared to the TM and ETM+ sensors. The AVHRR, also, has a resolution that is much lower than the TM and ETM+ sensors. The Landsat TM and ETM+ consequently offer far greater detail, though it is able to provide less aerial extent. Thus, the AVHRR data is more appropriate for creating frequent global NDVI products while the Landsat TM/ETM+ data is most useful for creating images with greater detail covering smaller areas. 2.3 Change detection



Change detection is the process of identifying the state of an object by observing it at different times. In general, change detection involves the application of multi-temporal datasets to quantitatively analyse the temporal effects of an object. Lu et al. (2004) state that the following conditions must be satisfied in order to implement a change detection analysis: (i) precise registration of multi-temporal images; (ii) precise radiometric and atmospheric calibration or normalization between multi-temporal images; (iii) similar phenological states between multi-temporal images; and (iv) selection of the same spatial and spectral resolution images if possible. 2.4 Tasseled Cap



The concept of tasseled cap transformation is a useful tool for compressing spectral data into a few bands associated with physical scene characteristics. It is a linear transformation of data that projects soil and vegetation information into a single plane in multispectral data space. Three different types of tasseled cap transformations have essentially been developed based on the TM, the first one on digital number (DN) (Crist & Cicone, 1984), the second based on reflectance factor (Crist, 1985) and the third one based on at-satellite reflectance (Huang et al. 2002). While the similar spectral characteristics of TM and ETM+ may imply direct applicability of DN and reflectance factor transformations to ETM+ images, an atsatellite reflectance based tasseled cap transformation for Landsat 7 has been developed. Huang et al. (2002) presents a number of causes for the need of such a transformation; (i) the reflectance-based transformation is based on ground measurements with little
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atmospheric effects. Applying this transformation accordingly indicates that satellite images require atmospheric correction. Although several algorithms for atmospheric correction have been developed, many users are still concerned with possible unknown errors that may arise due to lack of data; (ii) use of the digital number (DN) based transformation in multiscene applications can be problematic as changing sun illumination geometry strongly affects DN, and thus affecting the derived tasseled cap value. 2.5 Change vector analysis



When land undergoes change or disturbance during a certain amount of time, its spectral appearance normally changes. Change vector analysis (CVA) has been variously applied and advanced since its application by Malila (1980) to characterize change magnitude and direction in spectral space from a first to a second date. The total change magnitude and nature of change per pixel is computed by determining the Euclidian distance and the angle between end points through n-dimensional change space. In this study a 2dimensional change space was represented by the calculations of indices through tasseled cap transformation. A number of potential advantages of CVA over other methods for change detection are presented by Johnson & Kasischke (1998). These include: (i) capability to concurrently process and analyse change in all multispectral input data layers; (ii) the capability to detect both changes in land cover and condition; and (iii) computation and separation of multidimensional change images that retain this information and facilitate change interpretation and labelling.
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3 Materials and methods 3.1 Remote sensing data



3.1.1 Landsat data Factors greatly controlling the selection of Landsat images included; (i) the timeintegrated values and amplitude values within NOAA AVHRR-derived images; (ii) landscape characteristics, no complex surfaces such as rugged or mountainous landscapes which would require topographic correction; (iii) accessibility of cloud free image data; and last but not least (iv) availability of free Landsat data. A set of 4 pairs of Landsat 5 (TM) and Landsat 7 (ETM+) geometrically corrected scenes (Table 3.1) were acquired from the Global Land Cover Facility (GLCF) and have undergone systematic radiometric and geometric correction using standard methods. Table 3.1. Eastern, central and western Sahel Landsat 5 and 7 satellite images obtained from the GLCF geocover database1. WRS P/R



Landsat 5 Acq. Date



Landsat 7 Acq. Date



Location



173/52



1984-11-18



1999-11-04



Sudan



179/55



1984-11-28



1999-11-30



C.A.R



190/50



1986-09-28



2001-09-29



Niger



201/49



1984-10-21



1999-10-07



Mali, Mauritania



During processing of Landsat raw data, data undergoes two-dimensional resampling according to user-specified parameters including output map projection, rotation angle, pixel size, and resampling kernel. The WGS-84 ellipsoid was employed as the earth model for coordinate transformation. The end result is thus a geometrically rectified product with minimum distortions related to the sensor and earth. The positional accuracy is 50 m root mean square (RMS) (EarthSat, 2004). 3.1.2 AVHRR data 15-day composite NDVI data, from the AVHRR flown on the NOAA-series satellites, were acquired from the Global Inventory Mapping and Monitoring System (GIMMS) for the Sahel area from 1981 to 2002. This 8 by 8 km dataset supplies essential information on annual vegetation amplitudes and length of seasonal cycles and was used to assess and study trends and phenology between the dates of the 1984 and 1999 Landsat scenes. 3.1.3 MODIS data MODIS NDVI and EVI (Enhanced Vegetation Index) with a spatial resolution of 250 m were acquired for each Landsat WRS-2 path/row from the earth Observing Systems (EOS) Data Gateway, and served as supplementary data to assist in the interpretation process. The products have been validated, meaning that product uncertainties are well defined over a number of representative conditions. 1



http://glcf.umiacs.umd.edu
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3.2 Rainfall data



Mean monthly precipitation data covering the years 1982-1999/2000 from climate stations in Er-Renk (the Sudan), Bria (C.A.R.), Maradi (Niger) and Nioro Du Sahel (Mali) was acquired from the Global Historical Climatology Network (GHCN). This is a comprehensive global climate data set frequently used to monitor and detect climate change (GHCN, 2004). 3.3 Pre-processing procedures



3.3.1 Pre-processing of Landsat data In order to take advantage of the superior radiometric calibration of ETM+, Landsat 5 DNs can be converted to Landsat 7 DNs by using the following equation: DN 7 λ = DN 5 λ ⋅ slope + intercept Where:



λ DN 7 DN 5



= TM band number = Converted Landsat 5 DNs = Original Landsat 5 DNs



Band #



Slope



Intercept



1



0.9398



4.2934



2



1.7731



4.7289



3



1.5348



3.9796



4



1.4239



7.032



5



0.9828



7.0185



7



1.3017



7.6568



Table 3.2. Slope and intercept values for converting Landsat 5 DNs to Landsat 7 DNs.



These values are based on relationships upon comparison between Landsat 5 and 7 nearsimultaneous data acquisitions using radiometric regression equations. Results showed that band-to-band relationships between the two data sets appeared very high with r2 ranging from 0.9912 (Band 1) to 0.9996 (Band 4) (Vogelmann et al. 2001). By using the following set of gain and bias values, the derived image is then treated as an ETM+ DN image in calculating at-satellite reflectance and tasseled cap transformation:
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Band #



Gain



Bias



1



0.7756863



-6.1999969



2



0.7956862



-6.3999939



3



0.6192157



-5.0000000



4



0.6372549



-5.1000061



5



0.1257255



-0.9999981



7



0.0437255



-0.3500004



Table 3.3. Radiance gain and bias values used after conversion of Landsat 5 DNs to Landsat 7 DNs.



The purpose with a radiometric correction is to convert the DN-values to absolute radiance values. Absolute radiance is required when utilizing temporal data that may come from different sensors (normalize) or when using radiation as input to mathematical/physical models. Radiance is given by the following equation: Lλ = GAIN λ ⋅ DN λ + BIAS λ Which is also expressed as: Lλ =



LMAX λ − LMIN λ ⋅ QCAL − QCALMIN + LMIN QCALMAX − QCALMIN



Where:



λ L GAIN BIAS QCAL LMIN LMAX QCALMIN QCALMAX



= ETM+/TM band number = Spectral radiance at the sensors aperture in watts = Rescaled gain (contained in the product header) = Rescaled bias (contained in the product header) = The quantized calibrated pixel value in DN = The spectral radiance that is scaled to QCALMIN = The spectral radiance that is quantized to QCALMAX = The minimum quantized calibrated pixel value = The maximum quantized calibrated pixel value



For relatively clear Landsat scenes, a reduction in between scene variability can be achieved through normalization for solar irradiance by converting spectral radiance to effective at-satellite reflectance, or in-band planetary albedo (Markham & Barker, 1986). This is given by:



ρλ =



π ⋅ Lλ ⋅ d 2



ESUN λ ⋅ sin(θ )
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Where:



λ ρ L d ESUN λ



θ



= ETM+/TM band number = Unit less planetary reflectance = Spectral radiance at the sensors aperture in watts = Earth-Sun distance in astronomical units = Mean solar exoatmospheric irradiances (Table 3.4) = Solar zenith angle in degrees 2



Band #



Mean solar exoatmospheric irradiance (w/m µm)



1



1969.00



2



1840.00



3



1551.00



4



1044.00



5



225.70



7



82.07



Table 3.4. ETM+ and TM solar spectral irradiances, bands 1-5 and 7.



3.3.2 Pre-processing of AVHRR data Data from GIMMS have been corrected for sensor degradation with a technique based on stable desert targets. It also includes corrections for stratospheric volcanic aerosols from volcanic eruptions in 1982 and 1991 (Slayback et al., 2003). Maximum NDVI was used as a compositing technique with cloud screening based on AVHRR channel 5 thermal threshold values. No correction has been applied to correct for atmospheric effects due to water vapor, Rayleigh scattering or stratospheric ozone. Artifacts in NDVI due to satellite drift have been corrected by using an empirical mode decomposition technique (EMD). NDVI data are archived as 8-bit (unsigned) integer values and to recover the true NDVI range the following expression was used before mapping the data to Albers equal-area projection: NDVI = ( DN − 1) ⋅ 1000 / 249 − 50



3.3.3 Pre-processing of MODIS data This data has been geometrically and radiometrically corrected and are supplied as HDFEOS grid files (Hierarchical Data Format), which contain multidimensional arrays of data elements. In order to save space, a specified HDF-EOS object first had to be extracted in binary format from the grid files and then converted to 8-bit (unsigned) integer before mapping it to a sinusoidal projection.
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3.4 Visual analysis



3.4.1 Method The land cover and land use interpretation was done through visual analysis of Landsat TM and ETM+ false colour composite satellite imagery by the use of available ancillary data. Land cover delineation was primarily based on ancillary and spectral data content while land use information primarily was segmented from aspects as pattern, shape and size. The first step of the visual analysis process was to create a preliminary legend of possible land cover classes for the area in order to define land cover classes from major land cover types. Delineation of major land cover types was based on the following ancillary data: •



Africover Project (Africover, 2004) This dataset is based on observable characteristics verified in the field. Cover classes are defined with the Land Cover Classification System (LCCS). Land cover and land use data has been produced from visual interpretation of digitally enhanced LANDSAT TM images (Bands 4, 3 and 2) acquired mainly in the between the years 1994-1999.



•



Vegetation map of Central Africa derived from satellite imagery. This is a vegetation map at a 1:5.000.000 scale with a detailed description of vegetation classes and their distributions. This map is based on coarse resolution satellite imagery (NOAA AVHRR 5 km dataset) (Mayaux et al., 1999).



•



Data from the U.S. Geological Survey’s (USGS) Africa Land Cover Characteristics Data Base (USGS, 2004). These data are based on 1 km NOAA AVHRR data spanning from April 1992 to March 1993.



•



MODIS-vegetation indices acquired from the Earth Observing System (EOS) Data Gateway. Spanning throughout the year 2000 in order to get an overall grasp of the density and temporal pattern of vegetation cover.



Table 3.5. Description of primary land cover and land use types used in this study. Class Name



Description



1. Cultivated 1a. Irrigated 1b. Rainfed



Fields where crops and fallow land is dominant. Thus, a presence of a clear cultivation pattern with field boundaries. Divided into either irrigated or rainfed cropland depending on closeness to water.



2. Naturally Vegetated Areas where trees, shrubs and herbaceous vegetation are present. Primarily based on 2a. Grassland ancillary data and MODIS-NDVI. 2b. Open shrubland and herbaceous vegetation 2c. Closed shrubland 2d. Open trees and herbaceous vegetation 2e. Closed woodland 3. Primarily non vegetated 3a. Barren or sparsely vegetated



Barren or sparsely vegetated areas with low or no vegetation cover. These are areas with low productivity primarily barren areas or areas with sparse herbaceous or woody vegetation.



4. Water



Areas enclosed by water. Inland water bodies.
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The visual analysis and delineation was done by structuring a GIS environment that would allow displaying multiple band combinations and ancillary data in a set of linked windows. Land cover was then segmented in zones with different dominant land uses based on the interpretation of the landscape patterns, beginning with the most highly contrasting features first. 3.4.2 Cover classes The land cover classes refer to the dominant class in the delineated polygon. Combinations of classes are given in a single polygon where areas were estimated to have an open cover. As seen in Table 3.6, closed cover is more than approximately 70 % of the classified perimeter, consequently a dense cover of vegetation. Open or very open cover, simply called open, are areas with between approximately 70 % and 20 % of the classified perimeter, thus a moderately dense cover of vegetation. Sparsely covered areas occupy approximately less than 20 % of the ground, thus areas with low density vegetation cover. Land cover types



Description



Barren or sparsely vegetated



Land primarily barren or areas with sparse vegetation covering approximately < 20 % of the delineated polygon.



Grassland



Land covered with approximately > 20 % herbaceous vegetation and with woody vegetation covering approximately < 20 % of the delineated polygon.



Open shrubs and herbaceous vegetation



Mixed class. Land with herbaceous vegetation and a woody cover covering approximately > 20% and < 70 % of the delineated polygon.



Closed shrubland



Land with a dense cover of shrubs covering approximately > 70% of the delineated polygon.



Open trees and herbaceous vegetation



Mixed class. Land with herbaceous vegetation and a woody cover covering approximately > 20 % and < 70 % of the delineated polygon.



Closed woodland



Land with a dense cover of trees covering approximately > 70% of the delineated polygon.



Table 3.6.Description of land cover types used in this study.



3.5 Change vector analysis



Since visual analysis has a tendency to be based on subjective image interpretation a spectral change detection method of CVA was implemented as a complement. The first step of the CVA method was to apply a tasseled cap transformation based on atsatellite reflectance as described by Huang et al. (2002). This generates components of greenness and brightness and defines the new coordinate system on which the CVA is based. Thus, as a pixel undergoes change during a certain time-interval, its position in the defined coordinate system will change. (Kauth & Thomas, 1976) Table 3.7. gives the coefficients for the derived tasseled cap transformation based on atsatellite reflectance. Values are weights where some are negative and others positive. For example, the highest coefficients for greenness are those of the red (negatively loaded)
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and NIR (positively loaded) wave bands. This highlights the red-infrared contrast to better discriminate between vegetated areas. Thus, this index is similar to that of an NDVI image as they both reveal spatial pattern of green vegetation. Correspondingly, brightness values display and express the total reflection capacity of a surface cover, with small areas dominated by dispersed vegetation cover appearing brighter. Table 3.7. Coefficients for deriving brightness and greenness tasseled cap images. Index



Band 1



Band 2



Band 3



Band 4



Band 5



Band 7



Detection capabilities



Brightness



0.3561



0.3972



0.3904



0.6966



0.2286



0.1596



Soil characteristics



Greenness



-0.3344



-0.3544



-0.4556



0.6966



-0.0242



-0.2630



Green canopy characteristics State of vegetation cover



Y(Greenness)



Figure 3.1. Representation of a change vector in a 2 dimensional Euclidian space with t1 and t2 being date one and two. Y and X correspond to at-satellite reflectance based tasseled cap indices greenness and brightness.



t2



θ D Quadrant 2



Quadrant 3



Quadrant 1



X(Brightness)



t1



Quadrant 4



The second step was to calculate the direction of change based on the generated tasseled cap indices. The angle of the vector indicates the type of change that has occurred. This varies according to the number of components utilized. As only two have been used there can only be four focal types of changes per pixel. Angles of change are thus generated by the use of the following equations: For quadrants 1 and 4: 



θ = 90° −  arctan 



( y 2− y1 )   ( x 2− x1 ) 



For quadrants 2 and 3: 



θ = 270° −  arctan 



( y 2 − y1 )   ( x 2 − x1 ) 



In order to produce a final image, representing angles in decimal degrees, clockwise from north, tasseled cap transform images first had to be divided in their separate change sector. Angles were then calculated relative to x- and y-axes using the two equations
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above and then combined to generate a final image of angle change which represents the brightness difference and greenness difference from year one to year two, with each pixel in the final image designated an angle between 0° - 360°. The third step was to calculate the magnitude among the spectral change vector. This was computed by simply calculating the Euclidian distance in a Pythagorean formula between two endpoints as: D = ( x 2 − x1 ) 2 + ( y 2 − y1 ) 2 3.6 Image comparability



In order to locate the TM and ETM+ images in the vegetation cycle a method of image comparability was used. NDVI was calculated for the TM and ETM+ datasets, and pixel values equal to the 8 x 8 km NOAA pixel were extracted and averaged for NOAA-TMETM+ comparability (Runnström, 2000).
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4 Results Five subsets were chosen for analysis, all approximately 16, 24 or 32 km x 16 km in size to be able to fit fully within homogenous regions of positive or no trend areas of the NOAA NDVI amplitude and integrated values imagery generated for every 8 x 8 km grid cell for the Sahel. These trends were based on smoothed annual values for 18 years (1982-1999) where seasonal amplitude is the difference between the seasonal peak of the smoothed NDVI and a base level and seasonal integral represent the area under the smoothed curve and the base level (Jönsson & Eklundh, 2002; Eklundh & Olsson, 2003). Three sites were selected with a significantly strong positive trend in integrated NOAA NDVI and two with no significant trend in integrated NOAA NDVI. Two areas (Niger study sites 4A and 4B) were later added and were only subject to a general trend analysis, NDVI-rainfall regression and CVA. Table 4.1. Derived subsets and study sites. Site



Coordinates



Approximate size



NOAA trend, integrated/amplitude according to Eklundh & Olsson (2003)



Country



1A



31º42'00E, 12º00'00N



384km



2



Strong positive/Strong positive



Sudan



1B



32º39'00E, 10º44'00N



256km



2



Strong positive/Strong positive



Sudan



1C



31º55'00E, 10º54'00N



384km



2



No significant/Strong positive



Sudan



2A



21º55'00E, 6º40’00N



512km



2



No significant/No significant



Central African Republic



3A



10º42'00W, 16º43'00N



384km



2



Strong positive/Strong positive



Mauritania



4A



6º42'00E, 14º10'00N



1536km



Strong positive/Strong positive



Niger



4B



6º22'00E, 13º43'00N



192km



No significant/No significant



Niger



2



2



4.1 NDVI trends 1982 – 2002



Figure 4.1 - 4.3 show NDVI time series from GIMMS and linear trend for areas with, according to Eklundh & Olsson (2003), a strong positive trend in NOAA NDVI, whereas Figure 4.4 show time series from GIMMS and linear trend for an area with no significant trend. The slope of the linear trend through the time series was determined using least squares estimation. A south-north difference is apparent when looking at the figures, as the droughts in the beginning of the 1980s seem to have struck harder on vegetation in the northern study sites 1A (Figure 4.1), 3A (Figure 4.2) and 4A (Figure 4.3) compared to study site 2A (Figure 4.4). Trends for all sites are positive, with five out of seven being statistically significant. Upon visual analysis, it is clear that the C.A.R. study site 2A time series does not show similar seasonal variation as the others. It is also clear that the annual maximum NDVI values for study sites 1A, 3A and 4A have increased throughout the time series, thus, an apparent increase in the vegetation index during the growing season.



23



Figure 4.1 shows the NDVI time series for study site 1A located in the Sudan. According to the linear trend, NDVI has increased 0.06 units over the 21 years. The difference in seasonal NDVI between the two studied years is apparent.



0.8 NDVI 0.7



Linear Trend



0.6



NDVI



0.5 0.4 0.3 0.2 0.1



19 82 19 83 19 84 19 85 19 86 19 87 19 88 19 89 19 90 19 91 19 92 19 93 19 94 19 95 19 96 19 97 19 98 19 99 20 00 20 01 20 02



0.0



Figure 4.1. NDVI times series from 1982 - 2002 over study site 1A located in the district of Southern Kordofan in the country of Sudan. The site is approximately 384km2 in size. Blue = Years of visual analysis and CVA (1984 and 1999). Data have been smoothed for visual presentation.



Figure 4.2 shows an NDVI time series for study site 3A, located in southern Mauritania. According to the linear trend, NDVI has increased by approximately 0.03 units over the 21 years. This area has low mean area NDVI values due to the sites large amount of primarily non-vegetated land.
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Figure 4.2. NDVI times series from 1982 - 2002 over study site 3A located in the district of Hodh el Gharbi in the country of Mauritania. Blue = Years of visual analysis and CVA (1984 and 1999). Data have been smoothed for visual presentation.



Figure 4.3 shows the NDVI time series for study site 4A located in southern Niger. For this area, NDVI has increased by approximately 0.04 units throughout the time series. 0.45 NDVI 0.40



Linear Trend



0.35



NDVI



0.30 0.25 0.20 0.15 0.10 0.05
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Figure 4.3. NDVI times series from 1982 - 2002 over study site 4A located in the district of Tahoua in the country of Niger. The site is approximately 1536km2 in size. Blue=Years of visual analysis and CVA (1984 and 2001). Data have been smoothed for visual presentation.
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Figure 4.4 shows the NDVI time series for study site 2A located in the C.A.R, a no significant trend area according to Eklundh & Olsson (2003). For this area, NDVI has increased by approximately 0.01 units throughout the 21-year period and maintains approximately similar seasonal NDVI values throughout the times series compared to Figures 4.1 – 4.3. 1.0 NDVI
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Figure 4.4. NDVI times series from 1982 - 2002 over study site 2A located in the district of Haute Kotto in the country of Central African Republic. Blue = Years of visual analysis and CVA (1984 and 1999). Data have been smoothed for visual presentation.



Table 4.2 shows a summary of the investigated NDVI trends for all studied sites. None of the studied sites indicated a negative slope coefficient with the highest and lowest unit increase in NDVI found for study site 1A and 2A respectively. Table 4.2. Linear trend equation and unit increase in NDVI for studied sites, 1982 – 2002. Site



NOAA trend, integrated/amplitude according to Eklundh & Olsson (2003)



Linear trend equation



1A



Strong positive/Strong positive



Y = 0.263572 + 1.21E-04



0.061**



1B



Strong positive/Strong positive



Y = 0.343198 + 9.73E-05



0.049**



1C



No significant/Strong positive



Y = 0.338810 + 1.06E-04



0.053**



2A



No significant/No significant



Y = 0.642405 + 2.39E-05



0.012**



3A



Strong positive/Strong positive



Y = 0.133780 + 5.44E-05



0.027**



4A



Strong positive/Strong positive



Y = 0.172942 + 8.35E-05



0.042**



4B



No significant/No significant



Y = 0.188779 + 6.05E-05



0.030**



* Statistically significant.
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Unit increase in NDVI, 1982-2002



4.2 Rainfall trends 1982 – 1999/2000



Figure 4.5, 4.6 and 4.7 shows mean monthly rainfall and linear trend for the Sudan, Mauritania and Niger study sites. The slope of the linear trend through the times series was calculated using the least square method. None of the studied areas indicated a negative slope coefficient. The highest increase, between the years of 1982-1999/2000 was found for the Sudan sites were rainfall had increased by approximately 27 mm. For the studied site in Mauritania, rainfall had increased by 12 mm and for the studied areas in Niger, rainfall had increased by approximately 17 mm. Collection of robust monthly and daily precipitation data for the study sites was a problematic task. It was especially difficult for the C.A.R. were the majority of rainfall datasets included a great deal of missing data values during late 1980s through the 1990s, and this site could thus not be included.
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Figure 4.5. Mean monthly rainfall (mm) and linear trend between the years 1982-1999 for the Sudan study sites. Blue = Years of visual analysis and CVA (1984 and 1999). Data collected from closest ground station Er-Renk. Data have been smoothed for visual presentation.
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Figure 4.6. Mean monthly rainfall (mm) and linear trend between the years 1982-1999 for the Mauritania study site. Blue = Years of visual analysis and CVA (1984 and 1999). Data collected from closest ground station Nioro Du Sahel. Data have been smoothed for visual presentation.
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Figure 4.7. Mean monthly rainfall (mm) and linear trend between the years 1982-2000 for the Niger study sites. Blue = Years of visual analysis and CVA (1984. No available rainfall data for the year 2001.) Data collected from closest ground station Maradi. Data have been smoothed for visual presentation.
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4.3 NDVI-rainfall regression



Previous studies have demonstrated, at the scale of the entire Sahelian region, that there is a strong relationship between rainfall and NDVI (Prince, 1991; Nicholson & Farrar, 1994). Annual rainfall and annual NDVI were analysed in order to eliminate time lag. Table 4.3 shows the results of the NDVI-rainfall regressions for all study sites except 2A, for which rainfall data was unavailable throughout most of the time period. Site



NOAA trend, integrated/amplitude according to Eklundh & Olsson (2003)



1A



R-squared value



P-value



Strong positive/Strong positive



0.55
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Janne Blichert-Toft / Francis. Albarede. 17 October 2011 Barry Hanan. Research seminar only: Continental Lithosphere-Plume Interaction: Constraints from the ...
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European seminar series ENS LYON - Sylvain Pichat 

Lectures on Tuesdays morning usually 9am-12pm at the ENS Lyon (except when otherwise specified) date. Speaker. Title / Subject. University email host.
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International Seminar on Competitive Intelligence intermediate .fr 

Apr 11, 2007 - Puri Agung â€“ Sahid Jaya Hotel, Jakarta ... actors, as well as the mastering of the strategic information necessary for the security of the nations and the competitiveness of the industries. ... management of a research laboratory.
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FR Series 

Five (5) Year Warranty. This warranty supersedes all prior warranties. DURING ENTIRE WARRANTY PERIOD: Fantech will repair or replace any part which has a factory defect in workmanship or material. Product may need to be returned to the. Fantech facto
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seminar map 

c) Coming from the SOUTH, by A10 MOTORWAY (entrance at Porte d'OrlÃ©ans or Porte d'Italie, on the pÃ©riphÃ©rique, follow the direction CHARTRES until the ...
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Agilent Signal Integrity Seminar 2012 .fr 

Jun 4, 2013 - USB 2.0, PCI-Express Gen 1 to Gen 3, USB 3.0, 10Gb KRâ€¦ Advanced Protocol Decode with CSV Export. 8b/10b 64/66b and 128/130b.
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CONTRAT N° ZCN110000543 XX/XX/2016 Conditions ... 

Les véhicules de loisirs : camping-cars caravanes. III -. USAGE DES VEHICULES ASSURES. Le « Preneur d'assurance » déclare que les véhicules assurés ...
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European seminar series in Earth Sciences - Sylvain Pichat 

Research seminar on Monday (2 pm) and lecture on Tuesday (9-12 am) except (1). Locations and exact times will be announced later on by email updates will ...
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rudas-nr 

geardde. Geardduheapmi / galle sáº£ni muitÄƒ dÃ¡n njealji sáº£nis 1/... 2/... 3/... 4/... 5/. ... Ja de moai oidne man galle ieÅ¡guÄ‘etlÃ¡gan ealli don nagodat namuhit ovtta ...
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nr gemrcn 

Courgettes/Potato Balls. Cheese or Dairy Product. Fruit Salad. Basket of Fruit. Fried Pineapple. 3 Vegetable Terrine. Carrots w/ Lemon. Tuna Cup. Lettuce Salad.
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LP2950 A-XX and LP2951 A-XX Series of Adjustable Micropower 

National Semiconductor. National Semiconductores. National Semiconductor. Corporation. GmbH. Japan Ltd. Hong Kong Ltd. Do Brazil Ltda. (Australia) Pty Ltd.
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HiveAP 100 Series .fr 

VoIP call admission control (CAC). â€¢ Marking ... AAA caching of credentials for remote office survivability ... Orthogonal Frequency Division Multiplexing (OFDM).
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Fechtturnier-Kurier: Ausgabe: Nr.: 

50ième Coupe d'Europe épée masculine. 2. Participation : a.) à la meilleure équipe de chaque pays européen détenant à l'époque du. Cette compétition.
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Seminar Septic shock - CiteSeerX 

28 Ayala A, Herdon CD, Lehman DL, De Maso CM, Ayala CA,. Chaudry IH. ..... Lancet 2002; 360: 1395â€“96. ... 123 Hollenberg SM, Ahrens TS, Annane D, et al.
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Seminar Guillain-BarrÃ© syndrome 

Nov 5, 2005 - infection may elicit an immune response that cross-reacts with axolemmal or ... cases of Guillain-BarrÃ© syndrome associated with influenza vaccine in the USA ... Fisher's syndrome includes an acute brainstem lesion, especially ..... cy
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KM260 SERIES .fr 

Nov 1, 2008 - KW707490 - SWITCH ACTUATOR. KW706575 - POSITION SPEED SENSOR. KW706587 - MAIN PCB ASSEMBLY. KW706599 - MOTOR ...
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