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Abstract

In many parts of the world, disasters caused by natural hazards such as earthquakes, floods, landslides, drought, wildfires, tropical cyclones and associated storm surges, tsunami and volcanic eruptions have exacted a heavy toll in terms of the loss of human lives and destruction of economic and social infrastructure, not to mention their negative impact on the already fragile ecosystems. While natural hazards will continue to occur, human action can either increase or reduce the vulnerability of societies to these hazards, and consequent technological and environmental disasters, by focusing on the social, economic and environmental factors that determine such vulnerability. In this respect, an International Strategy for Disaster Reduction (ISDR) has been formulated under the auspices of the UN General Assembly and an Inter-Agency Secretariat and an Inter-agency Task Force have been established to co-ordinate the implementation of the strategy. The Inter-Agency Task Force for Disaster Reduction, convened in Geneva in April 2000 identified early warning as one of its priority areas towards the implementation of ISDR. Early warning in the disaster context implies the means by which a potential danger is detected or forecast and an alert issued. There are three abilities, which constitute the basis of early warning. The first, largely technical ability is to identify a potential risk, or the likelihood of occurrence of a hazardous phenomenon that threatens a vulnerable population. The second ability is that of identifying accurately the vulnerability of a population to whom a warning needs to be directed. The third ability, which requires considerable social and cultural awareness, is communication of information to specific recipients about the threat in sufficient time and with a sufficient clarity so that they take action to avert negative consequences. Establishment of a disaster early warning system requires the development of both local and national risk information capabilities and use of relevant technological applications for rapid and improved warnings. Satellites through their continues coverage of the globe, provide essential information that can lead to rapid and effective detection and interpretation of many hazards. For example, the ability of meteorological satellites to monitor the atmosphere continuously and to communicate varied types of data easily has made them a mainstay in the identification and analysis of meteorological and hydrological conditions. High-resolution airborne and remote sensing techniques such as aerial photography, imaging radar and multi-spectral scanning represent other tools, which can improve hazard detection and analysis. They can be used to observe, map, assess and monitor features and phenomena on the earth’s surface. This paper examines the application of these technologies in disaster risk assessment and monitoring.

INTRODUCTION

This paper is organized as follows: First general description of disasters is given. This is followed by a brief discussion on how space technology or remote sensing tools can be used in disaster risk assessment and monitoring. Lastly the potential use of space technology to support disaster management activities in Africa is highlighted.

DISASTERS

All natural disasters or hazards are of a multi-disciplinary in nature and they cause loss of life, property and social and economic disruption. They range from the predictable to unpredictable and are classified by origin. They can be either exogenous (floods, drought, storms, landslides and avalanches), endogenous (volcanism and earthquakes) or anthropogenic (collapse of structures, desertification, fires). Natural disasters are associated with global change and this is especially so as far as the two largest disaster types- floods and droughts are concerned, and least obvious for the spatially and quantitatively more limited volcanic and earthquake disasters. 

Natural disasters of exogenous origin, resulting from extreme earth surface processes related to specific atmospheric or marine conditions (such as floods, landslides and drought) nowadays tend to increase in frequency and magnitude because of global environmental degradation. The casual relationship between deforestation and improper agricultural practices in the upper catchment and flooding in the lower reaches of rivers is generally understood. Likewise the increase of landslide disasters influenced by human interference with slopes is common knowledge. Less generally understood is the fact that drought disasters are on the increase as the arid and semi-arid world becomes more and more vulnerable to drought because of the type of environmental degradation known as desertification. 

According to the Office of the United Nations Disaster Relief Coordinator (UNDRO), approximately 90 percent of all reported natural disasters occur in Third World countries. In Africa, the most commonly experienced disasters, which cause major social and economic disruption, are drought and floods.

POTENTIAL USE OF SPACE TECHNOLOGY IN DISASTER RISK ASSESSMENT AND MONITORING

The mitigation of the effects of disasters requires relevant information regarding the disaster in real time. Also the possible prediction and monitoring of the disaster requires rapid and continuous data and information generation or gathering. Since disasters that cause huge social and economic disruptions normally affect large areas or territories and are linked to global change, it is not possible to effectively collect continuous data on them using conventional methods. The space technology or remote sensing tools offer excellent possibilities of collecting this vital data. This is because the technology has capability of collecting data at global and regional scales rapidly and repetitively and the data is collected in digital form. The technology further provides an excellent communication medium.

The satellite or remote sensing techniques can be used to monitor the current situation- before, during or after disaster. They can be used to provide baseline data against which future changes can be compared while the GIS techniques provide a suitable framework for integrating and analyzing the many types of data sources required for disaster monitoring.

Below is a brief discussion on available space or satellite based tools that can effectively be used to rapidly and continuously collect variety of data on most disasters that occur in the world. 

Aerial Photographs

Aerial photos may serve as a tool (at appropriate scales) to establish zones of slope instability, the potentially active as well as dormant ones.  Also up-to-date aerial photos can be used to establish zones under accelerated erosion, salinization and environmental pollution.  Thus monitoring of landslides and erosion hazards can be achieved through regular aerial photo coverage and analysis.

Aerial sample photographs can also be used effectively and rapidly to monitor the extent and impact of environmental disasters. These disasters include pollution, desertification etc.

Earth-Observing Satellite Images

Satellite images in resolution ranging from 80 to 1m are useful in mapping and monitoring of different disasters.  The repetitivity of images makes them very ideal and important in disaster assessment and monitoring.  This is further enhanced by stereoscopic observation of certain images (i.e. SPOT) and digital processing and enhancement properties.  Data generated by earth-observing satellites is mainly used for assessment and monitoring of deforestation and desertification processes as well as droughts and floods.

Meteo Satellites

These satellites (METEOSAT) provide daily images (an image every 30 minutes) on weather conditions.  These images are analyzed to provide daily weather forecasts. The data derived form these satellites is very useful in drought and flood hazards prediction and monitoring.  Apart from providing data for weather forecasting, the satellites also carry NOAA-AVHRR sensors, which provide data and information on vegetation patterns, drought areas and their extension. The data collected by the sensors is also used in assessment and monitoring of large scale fires. 

Satellite Radar

Satellite radar acquires data on earth resources through emission of active energy.  The advantage of radar over other satellites using electromagnetic energy is that the radar images have no problem of cloud cover.  Also radar is all weather and has day and night capability.  It has a resolution in the order of 30m or better.  All these properties give radar great potential for hazard monitoring.  The ERS-1 radar satellite provides very accurate sea surface temperature measurements as well as rapid changes in ice configuration at polar latitudes and on mountain glaciers.

It should be noted that much of the global weather patterns and their anomalies (causing disasters) could be related to the energy distribution in the oceans.

Satellite Laser Ranging

Satellites provide an excellent communication medium through accurate determination of the shape and position of the earth’s surface.  The Satellite Laser Ranging (SLR) method utilizes radio waves emitted from radio stars to accurately determine the position of the earth’s surface.  This method is used to establish regional seismologic network for monitoring and recording earthquakes and volcanic activity.

The ROLE OF RCMRD IN THE PROMOTION OF THE APPLICATION OF SPACE TECHNOLOGY IN DISASTER RISK ASSESSMENT AND MONITORING

Introduction

Africa experiences natural disasters, which include droughts and desertification, floods, landslides, wild fires and thunderstorms. It experiences frequent droughts which lead to crop failures and poor grazing and browsing conditions that frequently result into severe famines. The consequences of famine are hunger, starvation, malnutrition, and mass-migration of populations and in many cases results into deaths.

Although the economic, social and environmental costs and losses associated with droughts, floods and desertification has been increasing dramatically in Africa, it is difficult to quantify their impact and trends due to lack of reliable, systematic and operational early warning system and inadequate local and national capability to manage disasters.

The Regional Centre for Mapping of resources for Development (RCMRD), previously known as Regional Centre for Services in Surveying, Mapping and Remote Sensing (RCSSMRS) was established in Nairobi, Kenya in 1975 under the auspices of UN Economic Commission for Africa (UNECA) to provide services (capacity building and advisory services) to its member States in the fields of surveying, mapping, remote sensing and GIS. Its current mission is to promote the development and use of geo-information in sustainable development of its member States and Africa in general. The current member States of the Centre are Botswana, Comoros, Ethiopia, Kenya, Lesotho, Malawi, Mauratius, Namibia, Seychelles, Somalia, Sudan, Swaziland, Tanzania, Uganda and Zambia.

The following activities are undertaken to promote the use of space technology in disaster risk assessment and monitoring:

Capacity Building

The Centre conducts short courses for relevant nationals from its member States in the use of remote sensing and GIS in disaster risk assessment and monitoring. It also conducts seminars and workshops for decision makers and planners involved in disaster management.

Application of remote Sensing and GIS in Desertification Assessment

Land degradation is a serious problem throughout Africa, threatening economic and physical survival. It is a major factor in constraining food production in Africa. The Center has been involved in different land degradation assessment projects. The most significant was the National Land Degradation Assessment and Mapping in Kenya, which was sponsored by UNEP and the royal Netherlands government and was undertaken in 1997.

Forest Change Detection Analysis

Forests in Africa are threatened by a combination of factors including agricultural expansion, commercial harvesting, increased firewood collection, inappropriate land and tree tenure regimes, heavy livestock grazing, and accelerated urbanization and industrialization. Drought, bush fires and civil wars also contribute to forest degradation.

In collaboration with its partners, the Centre has undertaken a number of forest change detection analysis in East Africa i.e. Mts. Elgon and Kenya, Taita Hills etc.

Freshwater resources
The main threats to water quality in Africa include eutrophication, pollution and the proliferation of invasive aquatic plants such as the water hyacinth. Industrial wastes are still discharged without treatment into rivers and lakes in most African countries, causing a major and persistent health problem. Recurring droughts in Africa are also a major threat and cause of water shortages.

In collaboration with French Technical Assistance and other partners, the center in 1995 undertook the mapping of the distribution of water hyacinth on Lake Kyoga, Uganda using SPOT satellite imagery. Also in collaboration with Aquater SpA Italy, Earth Observation Sciences Ltd, UK, the Centre in 1995 undertook a study on Monitoring of Lakes in Kenya: An Environmental Analysis methodology for Developing Countries. 

Marine and Coastal Resources

Africa’s coastal ecosystems and marine biodiversity contribute significantly to the economies of many coastal countries, mainly through fishing and tourism. However, these resources have not been adequately assessed, and are under increasing threat from development-related activities. Habitat conversion and degradation, over-exploitation, pollution and sedimentation, coastal erosion, eutrophication, species introductions and climate change are considered the major causes of marine biodiversity loss.

In partnership with UNEP, the Centre in 1999 undertook land cover/ land use coastal mapping of Kenya using satellite imagery. The land cover information was used with other socio-economic information to prepare coastal atlas for Kenya.

Urban Areas

At the start of the 20th century, 95% of Africans lived in rural areas. By 1960s Africa had about 19% of its population living in urban areas. This doubled by 1996 and between 1970 and 2000, the average annual urban growth rate s in Africa were the highest in the world at more that 4%.

Major cities in Africa are experiencing rapid growth. The Centre is keen to promote the use of high-resolution satellite data in urban development mapping and in monitoring urban sprawl. In this regard, the Centre embarked on the development of satellite and other databases for Nairobi City, Kenya for demonstration purposes.  In collaboration with Maps-Geosystems Ltd, the Centre will use Early Bird satellite data (0.6m resolution) to develop databases for the cities of its member States.

Use of MEOSAT and NOAA-AVHRR Data in Food Security and Early Warning

Since 1988, the Centre and its partners have used MEOSAT and NOAA-AVHRR data in preparation and production of a monthly food security bulletin for the Greater Horn of Africa.

CONCLUSION

Overall, it can be concluded that space technology has high potential for disaster management in Africa.  The technology can be used for the following among others:

· Provision of rapid and continuous data for weather forecasting and environmental monitoring;

· Susceptibility and vulnerability analysis of danger areas;

· Hazard zoning and risk assessment; and

· Monitoring of potential dangerous processes.
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