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Space borne Remote Sensing for drought monitoring in Eastern Africa.: Integrating AVHRR and MSG data.
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Abstract 

Africa is prone to variety of hazards. Especially the occurrence of Hydro-Meteorological hazards (drought and floods) has increased of recent, with devastating impacts (loss of human lives, livestock, and infrastructure) in Sub-Saharan Africa. Remote sensing images provide a lot of data to study these events in real time to near-real time but most African countries have limited funds, infrastructure, software and skills to acquire, analyse and interpret the information. The purpose of this study is therefore to demonstrate the application of integrated AVHRR and MSG data for drought assessment over eastern Africa as input for drought monitoring and early warning system for disaster management, at relatively low cost. The data set including September 2007 MSG data (Level 1.5) was obtained from ITC and the Dekadal AVHRR NDVI processed data (1982-2006) obtained from USGS early warning database. The long term mean, maximum and minimum NDVI was then computed using ILWIS remote sensing and GIS software. 1st dekad of September (beginning of rainy or growing season) was chosen in this study since most African countries rely on rain fed agriculture. Using Meteosat Second generation (MSG) data retriever soft ware interface, the 1st dekad September MSG GDAL-format data was imported as ILWIS raster map, converted to NDVI and resampled to match the resolution of AVHRR NDVI data. The two data sets were integrated to compute Vegetation condition index (VCI) as an indicator of drought and reclassified according to drought severity. With the administrative boundaries overlaid on the generated output, the areas of different drought severity were identified. This is vital in decision-making mitigation of the drought impacts.

Introduction

Hydro-meteorological hazards that account for 90% of the natural disasters pose the greatest threat to food safety, the ecological system and economic development by destroying vegetation (including crops and pasture), water resources, livestock and infrastructure. Among these include droughts and floods (trans-boundary phenomena) that have become more frequent in the 21st century in sub-Saharan Africa. The use of environmental satellite data enables us to detect drought and its impacts on agriculture can be detected prior to harvesting using vegetation indices (combination of spectral reflectances) such as NDVI and VCI (Kogan; 1995, 1997) in Maathuis and KNUST (October, 2007). These indices as proxies of drought and vegetation health/condition are vital in early warning for food security, disaster preparedness and environmental protection. Despite a wealth of remotely sensed data provided by organizations including National Oceanic and Atmospheric administration (NOAA), EUMETSAT, investments in science technology and innovations is often a low priority for decision and policy makers in developing countries such as Eastern Africa region. In addition the countries have limited funds, infrastructure, software and skills to acquire, analyse and interpret the information in real time to near-real time (ICSU, September 2007). 

Objective

The objective of this study is therefore to demonstrate the application of integrated AVHRR and MSG data for drought assessment over eastern Africa as input for monitoring and early warning system for disaster management, at relatively low cost. 

Materials and methods

The data used in this study over Eastern Africa were: (a) AVHRR instrument (onboard NOAA series of satellites) 1st dekad September – October – November (SON) season NDVI data (1982 – 2006), down loaded from http://earlywarning.cr.usgs.gov/adds/datathenephp (b) Level 1.5 data of MSG-SEVIRI (Spinning Enhanced Visible and Infrared Imager) for 1st dekad same season 2007, obtained from Institute for Geo-Information Science and Earth Observation (ITC), in Netherlands. The 1st dakad of SON season was selected since it is beginning of rainy/growing season.  The MSG data was imported and converted into ILWIS raster format using MSG data retriever with the aid of a Geospatial Data Abstraction Library (GDAL)-driver that reads raw compressed MSG data and facilitates easy geometric and radiometric calibrated data retrieval into formats commonly used by remote sensing packages. Long-term (24 year) maximum NDVI (NDVI max), minimum NDVI (NDVI min) and NDVI for the dekad 1 (first 10 days) of September 2007 (NDVIdek) were computed from the data set. Vegetation condition index for the 1st dekad of September 2007 (VCIdek) was then calculated to determine the vegetation health according to Kogan (1997) in Maathuis and KNUST (October, 2007) hence detect drought which was reclassified according to different severity. VCI expressed in percentage shows how close the current dekad’s NDVI is to the long-term minimum NDVI calculated from remotely sensed data. 
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At 100% VCI, NDVIdek) = NDVI max and at  0% VCI, NDVIdek = NDVI min. According to Kogan (1997), different degrees of drought severity are indicated by VCI below 50% and VCI of 35% is a threshold for extreme drought. Based on this the VCI values obtained were reclassified into drought severity as: 50% to 100%, normal to above normal condition (wet); <50% to 35%, moderate drought; <35 to 20% severe drought; <20% to 0% very severe drought (Figures 1 and 2). These scales were arbitrarily selected. 

Results and Discussion

The different drought severity according to NDVI derived vegetation condition indices over different parts of Eastern Africa are shown in Figure 1. It is revealed that some parts of north eastern Ethiopia, south eastern Eritrea and a small area in northern Somalia experienced very severe drought. Most parts of Djibouti and Somalia, south eastern Ethiopia; parts of eastern Kenya (Figure 1 and 2), eastern & northern Tanzania and Rwanda had moderate to severe drought. Most parts of Uganda, Burundi, Sudan, western Ethiopia and some parts of western and coastal regions of Kenya had optimal vegetation conditions. The prevailing severe to very severe drought indicates poor vegetation health and likelihood of crop failure in these areas hence having impact on food production. These can also depict the danger of wild fires to human and wildlife/biodiversity as well as environmental health hazards (dust & pollen particles) associated with respiratory diseases. The implications are that if such prevailing conditions are monitored, different stake holders (decision makers, farmers, health officials, wildlife authorities, humanitarian organisations) can be effectively informed about prevailing and/or developing hazardous situation. This is important for food and human security as well as in disaster preparedness, to minimize economic losses for sustainable socio-economic development. As stated in WMO (2006, No.990), “One dollar invested in disaster preparedness can prevent seven dollars’ worth of disaster related economic losses - a considerable return on investment”
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Figure 1.Remotely sensed processed image depicting drought severity over Eastern Africa for the first dekad (10 days) of September - October - November 2007 rainy/growing season. The white areas include water bodies and clouds.

.

Figure 2. Vegetation condition (photograph) in drought affected eastern part of Kenya during the first dekad of September - October - December 2007 season.

Conclusions and recommendations
A proper assessment can be achieved if a time series analysis is conducted since a single VCI decadal map can not show the trend. VCI should therefore be computed over the full growing season to give more concussive remark. Though space born remote sensing is a vital tool in assessing and monitoring food insecurity and environmental hazards over a large area in real to near real time, it should be complemented with ground truth for validation.
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