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UNISDR Foreword – Resilient People, Resilient Planet 


Economic development and population growth have unleashed unprecedented 
 change in the Earth’s atmosphere. Earth observation (EO) satellites have 
 propelled not only our ability to investigate this change and to monitor the 
 consequences in real-time but also to make issues around weather and climate 
 more visible and understandable for the general public.


In an age when human activities threaten the planet with potentially irreversible negative changes, it is 
 important that we have access to satellite imagery to improve our ability to understand and reduce the 
 impact of the rise in disaster and climate risks over the coming decades. These will be decisive years in 
 gauging the long-term sustainability of our current development models.


An understanding of key indicators around climate change, such as sea-level rise, the retreat of glaciers, 
 permafrost and Arctic sea ice, and desertification, is enhanced by satellite imagery and is important to 
 ensuring that decision-makers and public opinion alike are well-informed on the evolving nature of risk 
 as we enter a year of opportunity for the global development agenda. 2015 will see the world reaching 
 agreement on a post-2015 framework for disaster risk reduction but also of course, on a universal 
 development agenda for the coming decades and a Climate Agreement. EO will play a key role in 
 monitoring progress on implementation of these initiatives.


The real-time monitoring from space of natural hazards such as cyclones, floods, drought and volcanoes 
 provides us with reliable and actionable information that is end-user friendly for planners, technical 
 experts, business, countries, farmers, air traffic, and others; in other words for all of society. Such 
 information must be understandable and provide the foundation for important decisions that determine 
 how cities are planned, how communications and transport function, how farmers plant and harvest, 
 the productivity of fisheries, public health planning and decision-making, and many other critical areas 
 of development planning.


This informative volume provides good examples that illustrate why cooperation and collaboration 
 between relevant stakeholders including end users will feature prominently in the post-2015 framework 
 for disaster risk reduction which will be adopted at the 3rd UN World Conference on Disaster Risk 
 Reduction in Sendai, Japan in March 2015.


Margareta Wahlström


Special Representative of the Secretary-General for Disaster Risk Reduction
 Head of the UN Office for Disaster Risk Reduction
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The Committee on Earth Observation Satellites 
 (CEOS) represents the civil Earth-observing 
 programmes of more than 30 of the world’s 
 leading space agencies. These agencies are 


collectively investing billions of dollars in space infrastructure with the capability to provide sophisticated, 
 continuous, and sustained observations of the entire planet. The world is familiar with the application of 
 these observations to the task of forecasting, tracking, and alerting society to extreme weather events 
 like cyclones, and significant progress has been made by space agencies in facilitating access to a wide 
 range of observations in response to a much wider range of disasters. However, the space agencies 
 represented in CEOS have resolved that more could and should be done to realise the full potential of the 
 application of satellite EO to disaster risk management, in particular by better supporting national and 
 local decision-makers to implement disaster risk reduction and resilience measures, during all disaster 
 risk management phases.


This report explores how satellite EO can contribute to the main challenges of disaster risk reduction, 
 across a range of different countries and addressing varying capacity and infrastructure. It also highlights 
 some of the main capabilities of satellite EO, their applications, and the challenges we face in converting 
 information collected in space to knowledge of value to societal challenges, delivered in a timely way to 
 users at all levels of government here on Earth. 


The report has been compiled in support of the 3rd United Nations World Conference on Disaster Risk 
 Reduction (Sendai, Japan, March 2015), to assist the debates around how to better address the endemic 
 challenges of risk reduction to ensure that future generations face fewer disasters and are better equipped 
 to handle them. In combination with other resources (such as in-situ observations, model outputs, and 
 socio-economic data), satellite EO is an absolutely essential tool in the development of information, 
 providing evidence and supporting the science which underpins strategies for decision-making, and 
 for monitoring our progress on all geographical scales as we explore new development paths aimed 
 at sustainable management of the planet, confronting disaster risk reduction, climate change, and 
 sustainable development in a unified manner.


We hope that this CEOS Report might serve as a valuable reference source for a variety of readers from 
 all sectors of society, including those engaged in the Post-2015 framework for disaster risk reduction 
 process and in the definition and execution of the main sustainable development goals tied to risk 
 reduction, as well as decision-makers in political and socio-economic sectors.


Shizuo Yamamoto
 Vice President


Japan Aerospace Exploration Agency (JAXA)
 CEOS Chair for 2015


Volker Liebig


Director of Earth Observation Programmes
 European Space Agency (ESA)
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1.1 Introduction


The 3rd United Nations World Conference on Disaster Risk 
 Reduction (WCDRR) gathers members of the Disaster Risk 
 Management (DRM) community such as government officials, 
 NGOs, intergovernmental organizations, governmental 
 agencies, scientific institutions, and the private sector to 
 discuss strategies for disaster risk reduction (DRR).


UNISDR defines DRR as reducing the damage caused by 
 natural hazards like earthquakes, floods, droughts and 
 cyclones, through an ethic of prevention.


According to an October 2014 Asian Disaster Reduction 
 Center assessment, 361 natural disasters were reported 
 worldwide in 2013, with 23,538 lives lost and close to 
 100 million people affected. Economic losses from natural 
 disasters in 2013 have been estimated at approximately 
 US$119 billion. 


The 3rdWCDRR has been convened to review implementation 
 of the Hyogo Framework for Action (HFA) and to adopt a 
 post-2015 framework for disaster risk reduction.


HFA was adopted in 2005, and fostered a public awareness 
 and understanding of the importance of DRR. Countries 
 responded to HFA by strengthening their institutional, 
 legislative and policy frameworks, and early warning 


systems, and increased their disaster preparedness 
 activities through risk assessments, education, and 
 research.


HFA has made progress in reducing losses, but it is 
 recognised that disaster risk is on the increase worldwide 
 and there is a renewed sense of urgency in defining a post-
 2015 framework for disaster risk reduction that will provide 
 a powerful tool to support substantial reductions in loss of 
 life and property and societal impact on communities and 
 countries in the coming decade and beyond.



1.2  Risk on the Increase


Natural disasters are of increasing frequency and severity 
 in the modern world. Impacts of disaster events on human 
 lives and the economy are increasing every year due to 
 growing urbanisation and an increase in the number and 
 severity of extreme weather events. Worldwide economic 
 losses due to disasters have surpassed US$100 billion 
 every year since 2010. 


Exposure is one of the major drivers of risk, and growing 
 urbanisation is a key factor, causing more people to be 
 exposed to risk. Over the past 30 years, the portion of the 
 world’s population living in flood-prone river basins has 
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(11)increased by 114% and that of those living in coastlines 
 threatened by cyclones has increased by 192%. Today, over 
 half of the world’s cities of 2–15 million people are in areas 
 of seismic risk.


The 2014 revision of the World Urbanization Prospects 
 published by the United Nations Department of Economic 
 and Social Affairs (UN DESA) estimates that population in 
 urban areas will increase by approximately 2.5 billion by 
 2050, mostly in informal settlements in cities at risk from 
 the increasing effects of climate change. 


These informal settlements are highly vulnerable, as they 
 tend to be inadequately managed, planned, and suffer from 
 environmental degradation and poverty, magnifying their 
 susceptibility to damage and loss from natural disasters.


This was made clear by the difference in outcomes of 
 the 2010 earthquakes in Chile (525 fatalities) and Haiti 
 (estimates vary but possibly more than 100,000 fatalities). 


Urban areas with poor living conditions and infrastructure 
 are most at risk and typically suffer high loss of life from 
 natural disasters.


As with residential developments, there has been an 
 increase in private and public, commercial, and industrial 
 investments being concentrated in hazardous areas which, 
 due to economic globalisation, also presents a risk to global 
 supply chains, businesses, governments, and society. 


Damage to businesses severely effects the local population 
 by removing public infrastructure/services and sources of 
 employment/income. The increased exposure of people 
 living and working in these at-risk areas is compounded 
 by the increased hazard of extreme weather events. The 
 Intergovernmental Panel on Climate Change’s (IPCC) Fifth 
 Assessment Report (AR5) WG1 states that an increase 
 in intense tropical cyclone activity is more likely than not 
 in the Western North Pacific and North Atlantic, and that 
 increased incidence and/or magnitude of extreme high sea 
 level are very likely. The IPCC’s AR5 WG2 has indicated that 
 Europe is at risk of increased economic losses and people 
 affected by flooding in river basins and coasts, driven 
 by increasing urbanisation, increasing sea levels, coastal 
 erosion, and peak river discharges; and Asia is at risk of 
 increased riverine, coastal, and urban flooding leading 
 to widespread damage to infrastructure, livelihoods, and 
 settlements.


Climate change-induced sea level and temperature increases 
 are also resulting in risks related to agriculture and food 
 security, ecosystem degradation, and health. DRR, climate 
 change, and sustainable development are intrinsically 
 related and must be confronted in a unified manner.


Development patterns are increasing the exposure and 
 vulnerability of people and property, and hazards are 
 becoming more frequent due to climate change. The world’s 
 population has never been exposed to such a high level of 
 disaster risk, and this is likely to grow in the coming years 
 as the same trends continue.



1.3   Decision-making for Risk Management  Requires Comprehensive Information 


The post–2015 framework for disaster risk reduction will 
 build on the successes of the existing Framework and set 
 ambitious targets for DRR, targets against which progress 
 can be measured in practical terms. The new framework is 
 expected to incorporate focused actions across sectors by 
 states at local, national, regional and global levels in the 
 following priority areas:


− Understanding disaster risk; 


−  Strengthening governance and institutions to manage 
 disaster risk; 


−  Investing in economic, social, cultural, and environmental 
 resilience; 


−  Enhancing preparedness for effective response and 
 building back better in recovery and reconstruction. 
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The availability of information for decision-making, 
 implementation, and monitoring is fundamental to the 
 activities in these priority areas and the overall success of 
 our efforts as a society to recognise, address, and reduce 
 the increased disaster risks we are facing. 


Decision/Policy-making


To respond effectively, decision- and policy-makers require 
 up-to-date, accessible, reliable, scientific information that 
 is complemented by knowledge from the community and 
 other stakeholders. 


The Framework will require all states and stakeholders 
 to collect, analyse, and disseminate information and 
 data that can help influence public policies and decision-
 making. Sustainable mechanisms for the generation of that 
 information and its management are required to ensure 
 ongoing availability of the source data.


Satellite EO can be a powerful tool to generate uniform 
 information across a range of countries and covering a 
 wide span of risk scenarios. It supports the generation of 
 objective, coherent information about risk that is easy to 
 update and difficult to challenge. This standard indicator can 
 be linked to actual exposure to risk (by tracking populations 
 and assets in hazardous areas), to measuring the impact 
 of risk reduction initiatives (by measuring change of the 
 previous indicator), or to many other indicators. Applied in 
 a systematic way, satellite EO can help create consistent 
 and comparable information to measure implementation of 
 the post-2015 framework for disaster risk reduction, when 
 measures can be concretely observed. 


Implementation


The implementation of policies and activities related to 


DRR requires open access to science-based risk information 
 and knowledge.


Early warning systems for natural disasters, such as 
 extreme meteorological events, forest fires, drought, or 
 tsunamis, all have unique data needs, must be tailored to 
 the requirements of end users, and require large volumes 
 of information for increased accuracy.


Responders to a disaster also require near real-time 
 data in order to increase their situational awareness and 
 effectiveness. An effective disaster response and recovery 
 is enabled by accurate information on the scope, extent, 
 and impact of the disaster event.


Monitoring


UNISDR is anticipated to provide support for the monitoring 
 and review of the post–2015 framework for disaster risk 
 reduction. Five global targets facilitate the assessment of 
 global progress towards the desired outcomes:


1. Reduce disaster mortality;


2. Reduce the number of people affected by disasters; 


3. Reduce economic loss from disasters;


4.  Reduce damage to health and educational facilities 
 caused by disasters; and,


5.  Increase the number of countries with national and local 
 strategies.


Assessment of these targets requires that a number of 
 indicators be monitored. Transparent, globally consistent, 
 and multi-scale information is a necessity for accurate 
 assessments.


Satellite EO are a unique source of synoptic information 
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(13)at global, regional, and local levels; can operate in all-
 weather conditions, day and night; and can contribute to 
 all disaster phases from preparedness to response and 
 recovery. In the context of the post–2015 framework for 
 disaster risk reduction, satellite EO can simplify consistent 
 and comparable implementation and monitoring and can 
 link hazards, risk, and climate. While obtaining the right 
 spatial and temporal resolution for observations is a 
 challenge on a global basis, systems capable of monitoring 
 the evolution of risk are in place. Innovative partnerships 
 between governments and the private sector may be 
 required to deliver high-resolution global imagery to meet 
 this challenge.



1.4 Contents


This report has been compiled in support of the 2015 
 WCDRR to introduce and promote the use of satellite EO in 
 support of DRR. The report highlights some of the unique 
 capabilities of satellite EO, though often combined with 
 other data sources, and the related efforts of the specialist 
 space agencies entrusted by governments to develop and 
 operate the satellites. 


Section 2 presents the role of satellite EO, highlighting some 
 of their unique capabilities and potential contributions to 
 DRR. This section also introduces the International Charter 
 on Space and Major Disasters and Sentinel-Asia.


Section 3 elaborates on the purpose and disaster-related 
 activities of CEOS.


Section 4 discusses some key future developments and 
 challenges for space agencies and CEOS in relation to the 
 uptake and application of EO for DRR and the challenges 
 inherent in the post–2015 framework for disaster risk 
 reduction. 


Part II presents some case studies that demonstrate the 
 utility of satellite EO for DRR and institutional efforts to 
 more closely integrate satellite EO in DRR activities.


Part III highlights some space data capabilities for 
 monitoring risk, disaster response, disaster recovery, and 
 long-term climate monitoring.


1 | The Importance of Disaster Risk Reduction


Further information


World Conference on Disaster Risk Reduction (WCDRR):


www.wcdrr.org
 UNISDR:


www.unisdr.org


EM-DAT International Disaster Database:


www.emdat.be/database
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2.1  The Big Picture


More than 40 nations are identified as having invested 
 in EO satellites, amounting to government investment 
 of approximately US$7-8 billion per annum, with further 
 and increasing investment coming from the commercial 
 sector and through public-private partnerships. Many of 
 the biggest programmes are moving to free and open 
 data policies, so that the data generated by this valuable 
 infrastructure might be applied without restriction and 
 across a whole range of societal benefit areas. The 
 Copernicus programme of the European Commission (EC) 
 and European Space Agency (ESA) will provide free and 
 open access to a range of data types, both optical and 
 radar, of direct value to DRR – amounting to thousands of 
 images per day (equivalent to approx. 1250 DVDs of data 
 per day). Similarly, the satellite EO programmes of the US 
 government are operated on the basis of free and open 
 access to data. Since the Landsat programme archive was 
 opened in this way in 2008, some 20 million scenes have 
 been downloaded by users all around the world. 


These investments have been made with a view to 
 numerous and diverse applications of the space-based 
 infrastructure and the observing capabilities of the 
 hundreds of satellites involved. Many of these satellites 


have substantial potential to contribute to DRM, including 
 DRR. Indeed, for a few satellites, DRM is one of their 
 primary functions; but for most it is a great potential that 
 is yet to be fully realised. 


As with satellite communications and satellite navigation 
 systems, the use of a space-based infrastructure for the 
 provision of EO in support of disasters provides several 
 benefits:


−  The infrastructure is not vulnerable to the disaster itself; 


surface-based infrastructure like in-situ sensors and 
 communication systems are prone to damage and failure 
 as a result of disasters, whereas satellites offer a robust 
 source of near-real time and unique information to aid 
 disaster management;


−  Consistent and comparable information is collected 
 systematically on multiple scales, from local to trans-
 boundary to global;


−  Inaccessible and hazardous areas can be sensed without 
 risk, including at all stages of disaster management.


Satellite observations can supply regular, detailed updates 
 on the status of hazards on a global, regional, or national 
 basis. EO satellite data are a complementary data source to 
 in-situ data (as well as airborne data, socio-economic data, 
 and model output) in many countries, but in some cases 
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it may be the only source of information, either because of 
 limited or lacking in-situ information or because satellites 
 offer a unique means of monitoring that cannot be affected 
 by the hazards observed.


More than a hundred EO satellites are in operation at any 
 one time, hosting a diverse range of sensor types that 
 utilise different parts of the electromagnetic spectrum and 
 different techniques to provide a range of measurements 
 from space. Much of these data are available freely and 
 openly for any purpose and ready for application by the 
 DRR community. 


Some of the measurements are undertaken from 
 geostationary orbit whereby the satellite is always above 
 the same spot on the Earth and effectively sees a full ‘disc’ 


view of the Earth. These are typically for meteorology 
 purposes and are the source of the familiar weather 
 pictures shown on TV news. Most EO satellites orbit the 
 Earth over the poles and collectively offer daily access to 
 most points on the globe for both optical and radar imagery. 


These satellites are closer to the Earth’s surface and can 
 typically provide data at a higher resolution and accuracy 
 than meteorological satellites. 


Measurements from these satellites provide valuable 
 additional input that can be used for a multitude of 
 applications in support of disasters: tracking the path of 
 tropical storms including typhoons, cyclones and hurricanes 
 worldwide; monitoring changing morphology of volcanic 
 domes in case of eruptions; tracking the dispersion of ash 
 emitted during volcanic eruptions; mapping the geographical 
 extent of flooded regions even under cloudy conditions; 


tracking the extent of forest fires and oil spills; and monitoring 
 the effects of droughts on soils, vegetation, and crops. 


As the United Nations plans for the post-2015 framework 
 to succeed the HFA, satellite data have a critical role to 
 play, particularly in providing information to help reduce 
 the underlying risk factors and strengthening disaster 
 preparedness for effective response in association with 
 traditional methods used by the DRM community.


Satellite EO contributes primarily to the 
 hazard and exposure components of DRR 
 and to the following functions in particular:


− Exposure mapping to support 
 preparedness/mitigation, early warning 


& response. Basic mapping underpins 
 almost all the mapping services 
 provided in disaster management 
 and humanitarian aid projects using 
 satellite EO. It provides the base layer 
 information that users can utilise to 
 determine key geographical attributes 
 of a given area. Significant archives of 
 satellite data exist, from as far back 
 as the 1970s in some cases, that can 
 be mined for baseline information of 
 various kinds;


−  Hazard mapping and risk assessment 
 (geo-hazards, hydro-meteorological 
 hazards, climatological hazards, 
 technological hazards). For example, 
 flood risk analysis provides information 
 to support risk management and water 
 resources management. Different 
 types of information can be extracted, 
 such as the classified distribution of 
 the land cover and socio-economic 
 units in areas at risk or hazard damage 
 information based on measurements 
 of water depth and/or flow velocity. 


Again, the satellite archives can provide 
 historical data that contribute to 
 hazard assessment, such as historical 
 flood extents for major events over a 
 given area;


− Critical infrastructure monitoring. 


Up-to-date, synoptic, and objective 
 infrastructure information helps 
 maintain a current status concerning  
 assets at risk. Such data can be used 
 to provide improved knowledge of the 
 potential impact of natural hazards in 
 areas at risk. For example, repeat 
 satellite radar images can be used 
 to measure sub-centimetre-scale 
 changes in deformation over spans  
 of days to years, with applications for 
 geophysical monitoring of subsidence 
 and structural stability;


−  Early warning/alert and tracking of 
 a range of natural hazards, including 
 tropical cyclones, landslides, and 
 volcanoes;


−  Disaster response following natural 
 and man-made hazards and support 
 for Crisis Mapping/Damage Assessment, 
 including rapid assessment and the 
 location, scale and severity of the 
 disaster impact;


−  Support to recovery/reconstruction/ 


rehabilitation. Satellite EO supports 
precise post-disaster needs assessment 
and evaluation of early and long-term 
recovery needs and priorities; this 
includes use to position recovery aid, 
identify safe and unsafe areas, 
prioritise infrastructure repair, monitor 
risks from repeat hazards, development 
of a spatially explicit timeline of 
recovery, and informing the direction 
of reconstruction aid.
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2.2  How Satellite EO Helps


The language that has been developed in support of WCDRR, 
 the post-2015 framework for disaster risk reduction, and 
 the topic of DRR, identifies risk as a function of:


−  Hazard – an act or phenomenon that has the potential 
 to produce harm or other undesirable consequences to a 
 person or thing;


−  Exposure – the people, property, systems, or functions 
 that could be lost to a hazard. Generally exposure 
 includes what lies in the area the hazard could affect;


−  Vulnerability – susceptibility to physical injury, harm, 
 damage, or economic loss. It depends on an asset’s 
 construction, contents, and economic value of its functions. 


Satellite EO supports a wide range of disaster types and all 
 phases of DRM, including the very long term monitoring of 
 climate phenomena. Part II of this document provides some 
 real and practical examples of the different ways satellite 
 EO is being applied by governments, disaster agencies, and 
 UN bodies around the world in support of DRR. 


Part III provides an overview of the contribution of satellite 
 EO to the different phases of disasters, with a focus on the 
 benefits to the end users. Until relatively recently, most of 


the activity around the application of satellite EO focussed 
 on the immediate response phase. The DRM community, 
 including engaged space data providers, has in recent 
 years increased the emphasis on Disaster Risk Reduction, 
 recognising that more lives can be saved and property can 
 be better protected through proactive investment in risk 
 reduction or mitigation.


Satellite EO can support indicators to monitor progress in 
 the implementation of DRR and support harmonisation 
 of international standards and risk assessment practices, 
 especially when hazards are trans-boundary in nature. 


It can help augment the capacity of the community to 
 manage risks. 


A number of national DRM-related agencies have already 
 adopted satellite EO in their formal guidelines for risk 
 mitigation, and acquire EO data routinely on a nationwide 
 basis. 


Satellite EO can help science in narrowing down the 
 uncertainty in hazard and risk assessment and supports 
 better informed practitioners and end users. Satellite 
 EO also assists in educating the general public around a 
 culture of disaster prevention and resilience. 


Figure 1: This 1989 image from Landsat 5 shows the extent of fire 
 burnt area (in red) following severe fires in Yellowstone National Park.


Image credit: NASA Earth Observatory, Robert Simmon, 
 United States Geological Survey.


Figure 2: The ash plume generated by the eruption of Eyjafjallajökull 
 volcano in Iceland, as seen by the Moderate Resolution Imaging 
 Spectroradiometer (MODIS) on NASA’s Aqua satellite.


Satellite EO helped track the spread of volcanic ash, assisting 
 aviation safety decision-makers. Around 100,000 flights were 
 cancelled due to the eruption, resulting in losses of approximately 
 200 million US/day.


Image credit: NASA Earth Observatory, Jeff Schmaltz, 
MODIS Rapid Response Team (NASA).



(17)Figure 3: Preliminary damage 
 assessment and critical 
 infrastructure map for Java 
 Island, Indonesia, following a 
 magnitude 6.3 earthquake on 
 Saturday May 27, 2006.


Image credit: UNITAR/UNOSAT
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2.3  International Coordination


Technologies such as satellite EO do not themselves result 
 in reduced damage or losses, but their use facilitates better-
 quality decisions that can bring this about. The significant 
 investment in space-based infrastructure has not yet been 
 fully exploited for DRR. Realising the full benefits requires 
 a solid base of political support, laws and regulations, 
 institutional responsibility, and trained people. 


A number of international coordination efforts have been 
 pioneering the establishment of the necessary connections 
 between data providers, information developers, and 
 end users to ensure that decision-makers in the DRM 
 community are able to benefit from satellite EO.


The International Disaster Charter


The International Charter on Space and Major Disasters is 
 the main mechanism globally by which countries can access 
 satellite EO in support of their disaster response activities. 


The Charter (www.disasterscharter.org), is an international 
 collaboration among space agencies to provide a unified 
 system to access imagery for disaster response. 


With 15 members today, the Charter is able to provide 
 rapid access to data from a virtual constellation of a series 
 of satellites, both optical and radar, tasked in rush mode 
 to help disaster management centres in relief actions. It is 


aimed to help better organise, direct, and mobilise national 
 disaster management resources during emergencies and 
 the international relief community concerning situations 
 where humanitarian assistance is required. 


The Charter is focused on hazards with rapid onset 
 scenarios, on the hazard impact, and aims to service 
 operational users during the immediate response phase. 


The Charter provides access to satellite data globally and 
 at no cost to Authorized Users.


Part II of this document features a case study on the 
 Charter.


Sentinel Asia


Sentinel Asia is a voluntary basis initiative (www.aprsaf.


org/initiatives/sentinel_asia) led by the Asia-Pacific 
 Regional Space Agency Forum (APRSAF) to support 
 disaster management activity in the Asia-Pacific region by 
 applying geospatial information and technologies, including 
 EO satellite data. Its main activities include:


−  Emergency observation by EO satellites in case of major 
 disasters (with working links to the Charter as required);


−  Acceptance of observation requests;


−  Wildfire monitoring, flood monitoring and glacier lake 
outburst flood monitoring;
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−  Capacity building for utilization of satellite image/data for 
 disaster management.


The Committee on Earth Observation Satellites


The Committee on Earth Observation Satellites (CEOS; www.


ceos.org) coordinates civil space-based EO programmes. 


More than 30 national/regional space agencies participate 
 in CEOS coordination efforts, with these agencies collectively 
 responsible for the operation of more than 100 current EO 
 satellite missions. 


The governments and agencies represented in CEOS have 
 resolved to increase application of their investments in 
 EO satellites to the global challenge of DRR. Section 3 of 
 this document explains these in more detail, including the 
 establishment of a Working Group dedicated to Disasters, 
 and the progress of several thematic pilots supporting DRR.


Copernicus


In Europe, the EC, through the Copernicus programme, has 
 established the Emergency Management Service (http://


emergency.copernicus.eu) that integrates satellite data 
 with operational value-adding services to support DRM and 


is currently developing new applications using satellites 
 through its Framework Programmes for Research and 
 Technical Development and in particular its new Horizon 
 2020 programme of the EU for research and innovation. 


Copernicus Emergency Management Service addresses, with 
 worldwide coverage, a wide range of emergency situations 
 resulting from natural or man-made disasters. It covers in 
 particular floods, earthquakes, landslides, severe storms, 
 fires, technological disasters, volcanic eruptions, humanitarian 
 crises, and tsunamis. There have been 95 ‘rush-mode’ 


activations of the Service since its inception in 2012.


The Group on Earth Observations


The Group on Earth Observations (GEO) is coordinating 
 efforts to build a Global Earth Observation System of 
 Systems (GEOSS). GEO was established in February 2005 
 by the Third Earth Observation Summit in Brussels. This 
 followed calls for action by the 2002 World Summit on 
 Sustainable Development and the Group of Eight (G8) leading 
 industrialised countries. GEO is a voluntary partnership of 
 governments and international organizations. It provides a 
 framework within which these partners can develop new 
 projects and coordinate their strategies and investments. 


GEO addresses multiple societal benefit areas, including 
 disasters. GEO aims to enable the global coordination of 
 observing and information systems to support all phases 
 of the risk management cycle associated with hazards 
 (mitigation and preparedness, early warning, response, 
 and recovery).


GEO provides an important forum for cooperation 
 among space agencies, in-situ observations providers, 
 governmental users, and Ministers. 


World Meteorological Organization


The World Meteorological Organization (WMO) is a 
 specialised agency of the United Nations. It is the UN 
 system’s authoritative voice on the state and behaviour of 
 the Earth’s atmosphere, its interaction with the oceans, the 
 climate it produces, and the resulting distribution of water 
 resources. WMO has a membership of 191 Member States 
 and Territories.


The WMO Global Integrated Observing System (WIGOS) 
 enables the collection of data from 17 satellites, hundreds 
 of ocean buoys, thousands of aircraft and ships, and nearly 
 10,000 land-based stations. Along with the communication 
 and data-processing and forecasting systems of WMO, 
 these observing assets are deployed in support of a range 
 of DRR activities, including:


Figure 4: These images from JAXA’s ALOS radar satellite were taken 
 before (right) and after (left) the Great East Japan Earthquake and 
 subsequent Tsunami. Areas flooded by water appear dark blue in the 
 post-disaster image.


JAXA conducted emergency observations using ALOS to generate 
 maps showing damage-area extent and severity, which helped 
 responders search for survivors and coordinate recovery efforts.


Image credit: JAXA
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−  The Tropical Cyclone Programme, which uses six 
 Tropical Cyclone Warning Centres dedicated to providing 
 tropical cyclone analysis, forecasts and alerts in support 
 of National Meteorological and Hydrological Service 
 operational warnings;


−  International Airways Volcano Watch, which comprises 
 international ground-based networks, global satellite 
 systems, and in-flight air reports to detect and 
 observe volcanic eruptions and ash cloud and pass the 
 information quickly to appropriate air traffic services 
 units and Meteorological Watch Offices, which provide 
 the necessary warnings to aircraft before or during flight. 


The warnings are based on advisory information supplied 
 by nine Volcanic Ash Advisory Centres designated upon 
 advice from WMO;


−  The WMO Programme of Emergency Response Activities, 
 established in 1986 to assist governments to respond 
 effectively to environmental emergencies with large-
 scale dispersion of airborne hazardous substances from 
 nuclear facility accidents, smoke from large fires, volcanic 
 ash, dust and sand storms, and chemical releases from 
 industrial accidents.


WMO’s close relationship with responsible national 
 agencies ensures effective dissemination of hazard alerts 
 in each case.


Figure 6: An InSAR image of the northern coast of Norway from 
 Sentinel-1A in August 2014. InSAR images can detect small surface 
 changes and are used for nationwide rockslide hazard mapping by 
 Norwegian authorities. The unprecedented coverage offered by 
 Sentinel-1 will significantly increase the value of InSAR data for this 
 purpose.


Image credit: ESA


Further information


International Charter on Space and Major Disasters:


www.disasterscharter.org
 Copernicus:


www.copernicus.eu
 Sentinel Asia:


www.aprsaf.org/initiatives/sentinel_asia
 Figure 5: This map of Multan area, Punjab Province (Pakistan) was 


generated using Landsat-8 and TerraSAR-X data supplied under the 
 International Charter on Space and Major Disasters. Red denotes 
 areas that are affected by flooding.


Image credit: UNITAR/UNOSAT, NASA, USGS, DLR/Airbus



(20)12 CEOS EARTH OBSERVATION HANDBOOK FOR WCDRR



What is CEOS?


CEOS is the Committee on Earth Observation Satellites, 
 created in 1984 in response to a recommendation by a 
 Panel of Experts on Remote Sensing from Space, under the 
 aegis of the G-7 Economic Summit of Industrialised Nations 
 Working Group on Growth, Technology and Employment.


CEOS was established to provide coordination of the 
 Earth observations being provided by satellite missions, 
 recognising that no single programme, agency, or nation 
 can hope to satisfy all of the observational requirements 
 that are necessary for improved understanding of the 
 Earth System. Since its establishment, CEOS has provided 
 a broad framework for international coordination on space-
 borne EO missions.


CEOS has three primary objectives:


−  To optimize the benefits of space-based EO through 
 cooperation of CEOS Agencies in mission planning and in 
 the development of compatible data products, formats, 
 services, applications and policies;


−  To serve as the focal point for international coordination 
 of space-based EO activities;


−  To encourage complementarity and compatibility among 
 space-based EO systems and the data received from them.


CEOS membership had reached 31 space agency Members 
 in 2015, comprising most of the world’s civil agencies 
 responsible for EO satellite programmes. 



What Does CEOS Contribute to DRR?


CEOS is working with the user community at local/national 
 and regional levels, with academia, civil protection, UN 
 agencies, and operational resources management agencies 
 to demonstrate the value of EO satellite data and to 
 demonstrate the necessary connections required with the 
 users of the information, as well as the many intermediary 
 bodies. 


CEOS has been actively expanding its support to all phases 
 of DRR, building on its original emphasis on disaster 
 response. This resolve is demonstrated through a number 
 of important initiatives:


−   Development  of  a  CEOS DRM strategy and supporting 
 Disasters Working Group; 


−   Establishment  of  three thematic pilots, covering Floods, 
 Seismic Hazards, and Volcanoes to demonstrate an 
 expanded coordination of space agencies in support of 
 national users of the resulting information products;
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−   The  creation  of  a  Recovery Observatory that showcases 
 how space agencies can improve collaboration with all 
 DRR stakeholders in the aftermath of a major disaster 
 on the scale of Typhoon Haiyan or the Haiti Earthquake 
 of 2010;


−  Support to the Geohazard Supersites and Natural 
 Laboratories initiative of GEO. This project coordinates 
 EO acquisitions over designated ‘supersites’ to ensure 
 science users have information required to advance 
 state-of-the-art research into EO-based risk assessment 
 in relation to specific hazards: the volcanoes of Hawaii, 
 four volcanoes in Iceland, the Marmara region Fault Zone 
 in Turkey, and the volcanoes of Italy, New Zealand, and 
 Ecuador. Eventually, the supersites project is expected to 
 develop methodologies that can be used to monitor such 
 hazards using EO on a global basis.


The long-term vision for the CEOS DRM strategy is:


−  Global in scope, but building on strong partnerships at 
 local/national or regional levels;


−  User-driven (defined against user information needs 
 and based on the engagement of the diverse user 
 communities involved in DRM);


−  Full-cycle (addresses mitigation/ preparedness, warning, 
 response/recovery, etc.);


−  Addressing several hazard types; 


−  Taking account of all relevant EO-based capabilities 
 available or under development.


The pilots represent an important part of the CEOS 
 DRM strategy, with an emphasis on the development 
 of connections between the satellite data providers and 
 national users of the resulting information products.


Flood pilot


The main goal is to demonstrate the effective application of 
 satellite EO to the full cycle of flood management at global 
 and regional/local scales by:


−  Integrating existing near-real time global flood monitoring 
 and modelling systems;


−  Linking global systems to regional end-to-end pilots 
 that produce high-resolution flood mitigation, warning 
 and response products and deliver flood and flash flood 
 related services in: the Caribbean (with particular focus 
 on Haiti); Southern Africa, including Namibia, South Africa, 
 Zambia, Zimbabwe, Mozambique, and Malawi; Southeast 
 Asia (with particular focus on the lower Mekong Basin 
 and Western Java, Indonesia);


−  Developing new end products and services to better 
 deliver flood-related information and to validate 
 satellite EO data and products with end users, including 
 retrospective products working from archived EO flood 
 extent data;


−  Encouraging regional in-country capacity building to 
 access EO data and integrate into operational systems 
 and flood management practices.


Seismic Hazards pilot


This pilot is characterised by three main objectives:


−  Supporting the generation of globally self-consistent 
 strain rate estimates and the mapping of active faults at 
 the global scale by providing EO radar and optical data 
 and processing capacities to existing initiatives; 


−  Supporting and continuing the Geohazard Supersites and 
 Natural Laboratories initiative for seismic hazards and 
 volcanoes;


−  Developing and demonstrating advanced science products 
 for rapid earthquake response (>Magnitude 5.8).


Volcanoes pilot


The volcanoes pilot exploits the instruments of several EO 
 satellite missions to achieve the following objectives:


−  Demonstrating comprehensive monitoring of Holocene-
 era volcanoes in the Latin American volcanic arc;


−  Developing new protocols and products over active 
 volcanoes where EO data collects are already taking place 
 (Hawaii, Iceland, and Italy);


−  Demonstrating operational monitoring over a large-scale 
 eruption during 2014–2016.


Only CEOS offers the breadth of membership and sensor 
platforms to provide the full range of necessary data and 
coordination capacity to support such a broad-ranging 
effort that groups end users, practitioners, and satellite 
operators. 
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Through the above work, CEOS and its Agencies are 
 committed to fostering the use of EO in support of DRR and 
 to raising the awareness of politicians, decision-makers, 
 and major stakeholders of the benefits of using satellite EO 
 in all phases of DRR. 


The 3rd World Conference for Disaster Risk Reduction 
 provides an opportunity for the DRR community to better 
 understand the benefits it can draw from the use of satellite 


EO and to work with the data provider agencies to help 
 realise the full potential of this significant investment in 
 space infrastructure in support of DRR objectives, including 
 the plan of action outlined in the post-2015 framework for 
 disaster risk reduction. 


More information on many of the CEOS DRR activities is 
 provided in the Case Studies of Part II.


Figure 1: The Cordon Caulle volcano, Chile, erupted in 2011–2012. This interferogram shows post-eruptive inflation that would not 
 otherwise have been known without the CEOS pilot program.


Image credit: Matt Pritchard (Cornell University)


Figure 2: Overview of combined EO data polygons for three CEOS 
 thematic pilots to be deployed over 2014–2016. Floods in blue, 
 seismic hazards in purple, volcanoes in sienna. Areas not to scale and 
 for indicative purposes only.


Further information
 CEOS:


www.ceos.org


Earth Observation Handbook:


www.eohandbook.com 


Missions, Instruments and Measurements (MIM) Database:


database.eohandbook.com
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The many governments that are investing in the space 
 infrastructure of EO satellites are convinced as to the 
 potential of their application to DRR. These same 
 governments are reducing the barriers to access and 
 application of satellite EO in response to a range of other 
 hazard types - through mechanisms like the International 
 Charter, Sentinel-Asia, and Copernicus. Seeking to extend 
 similar benefits to all phases of disasters and to all kinds 
 of hazards, CEOS has committed to addressing a number 
 of challenges associated with application of satellite EO to 
 the HFA objectives:


−  Institutional and technical solutions are needed to 
 facilitate access to, and application of, satellite EO at the 
 necessary levels and by the relevant institutions, including 
 international bodies with development responsibilities 
 such as the World Bank, recognised national agencies, 
 down to local government; uptake by DRR agencies 
 requires demonstration of the value provided and a 
 commitment to sustained, free, and open data that will 
 be available on demand, as and when needed;


−  Exemplified by the universal uptake and application of 
 weather satellite data, the application of space-based 
 risk assessment techniques for different hazards will 
 require investment in suitable information systems and 
 skills if the data are to be applied in local environments;


−  Data alone cannot meet the needs of the DRR community; 


data must be integrated into tools specifically adapted 
 to user needs for information: to map hazards, evaluate 
 asset exposure, and model vulnerability. This is a 
 challenging task given the wide range of hazards and 
 geographies to be considered on a global basis;


−  A substantial EO satellite capability, including radar, 
 optical, and high-resolution imaging satellites, already 
 exists in space or is planned. The collective capability 
 offers frequent revisit and wide-area synoptic coverage. 


Conversion of this staggering and diverse array of data 
 into information of high value to the DRR community 
 requires continuous study and research.


Noting these challenges and recognising the considerable 
 successes in the use of satellite EO for DRR, CEOS 
 would like to communicate four key messages to the 
 distinguished delegates of the WCDRR:


1.  Satellite EO data complement other data sources 
 but provide unique information. Countries have made 
 significant investments in the space-based infrastructure 
 of EO satellites. And space agencies have resolved to 
 extract the maximum value from this infrastructure in 
 support of the post-2015 framework for disaster risk 
 reduction.



Future Challenges
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2.  CEOS is dedicated to supporting the availability 
 of satellite data for DRR purposes and its 
 transformation into higher-level information that 
 can be readily applied by end users. Technology alone 
 does not result in reduced damage and losses, but its 
 use facilitates better quality decisions that can bring 
 this about. Ensuring free and open access to a range of 
 satellite data for DRR purposes is one of the CEOS goals 
 in coming years.


3.  Satellite data contributes on all scales, from global, 
 through regional, to local issues. Development 
 banks, UN agencies, government agencies, NGOs, 
 intergovernmental organizations, scientific institutions, 
 and the private sector all have a role to play in DRR and 
 all should be engaged in realisation of the benefits of 
 the data.


4. Space agencies seek cooperation with major 
 stakeholders to identify the information needs 
 of users addressing top priorities of the post-
 2015 framework for disaster risk reduction and to 
 establish a plan for a sustained and coordinated 
 response to fulfil those needs. This will require 
 long-term commitments from space agencies, from all 
 relevant EO data providers, and from the practitioners 
 who support the transformation of the observations into 
 understandable and directly usable information that can 
 be combined with other data sources (airborne, in-situ, 
 model outputs, socioeconomic) as needed in support of 
 decision-making. CEOS is committed to the necessary 
 cooperation, including ongoing engagement of the end-
 user community to ensure proper specification of their 
 needs and results that are fit for purpose.


Figure 1: Risk information produced from Sentinel-1 radar data
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A number of indicators have been proposed to help 
 determine whether the post-2015 framework for disaster 
 risk reduction is achieving its objectives of reducing disaster 
 risk; consistent and comparable information sources will be 
 needed if we are to compile meaningful results on different 
 scales, including from country to country. In combination 
 with other data sources, and with the aid of tools to 
 combine and interpret the data, satellite EO can provide 
 unique capabilities that might fundamentally transform the 
 way in which the post-2015 framework is implemented 
 and its success measured. This provides the possibility 
 of monitoring changes in exposure to risk and providing 
 evidence as the basis and impetus for change in policies 
 or emphasis of the DRR community and of governments. 


Only satellite EO offers uniform, comprehensive global 
 monitoring to compare risk evolution in one country to that 
 of another and to make the connections with the datasets 
 and indicators related to climate change. More than half of 
 the 40+ Essential Climate Variables (ECVs) recognised as 
 required for climate monitoring are largely or exclusively 
 dependent on satellite EO data sources.


Satellite EO services for DRR already exist that serve users 
 and have successfully demonstrated the cost-benefit of 
 providing risk assessment based on the data. Additional 
 R&D is required for some of the geo-information needs 
 of DRR users. For other needs, such as in areas identified 
 by the CEOS thematic pilots, the products are mature, 
 precise, and documented. Awareness of these successes 
 and capabilities remains a challenge. Connections between 
 the various arms of governments (from specialised 
 technical space agencies through to national emergency 
 management agencies) must be established and matured 
 and awareness must be improved of the capability of this 
 powerful infrastructure in space for our most urgent of 
 Earth-bound challenges in relation to DRR. 


Part II of this document presents a number of examples of 
 the practical application of satellite EO to the DRR domain. 


A range of hazards and data types are included. Part III 
 explains in simple terms the relevance to each phase of 
 DRR of the different types of data.


The space agencies represented by CEOS undertake the 
 following commitments in support of the post-2015 
 framework:


Development of a multi-year plan for CEOS corresponding 
 to the post-2015 framework timeframe, providing 
 comprehensive support and coordination in relation 
 to the role of satellite EO for the framework. Developed 
 in partnership with the major stakeholders including UN 
 organizations, GEO, international relief agencies, leading 
 development banks, national civil protection agencies, and 
 local authorities.


Support to the post-2015 framework at global and 
regional/local scales. In line with the Decadal Plan and 
in cooperation with the relevant user communities, CEOS 
agencies are implementing pilot demonstrators during 
2014–2017 to demonstrate how satellite data and derived 
information can be useful to the full cycle of DRM. The long-
term vision is to transition to the sustained provision of data 
and services. 
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The Italian system of Civil Protection has engaged a 
 number of national agencies, in particular the Italian 
 Space Agency (ASI), in a variety of disaster response 
 activities. This includes cross-agency collaboration on 
 flood-extent mapping.


The experiences of the Italian authorities demonstrates 
 the importance of organisation, cooperation between 
 stakeholders, and the integration of satellite data with 
 models, informed by interaction with regional and 
 local authorities, to produce accurate and timely flood 
 map products in support of disaster preparedness and 
 response.



1.1  The Italian Framework


The Italian national territory is exposed to a broad range of 
 natural hazards, including floods, which cause fatalities and 
 significant economic damage every year. The vulnerability of 
 the population and built environment is often high and in 
 some cases has been exacerbated by human activities. The 
 National Civil Protection Service operates the Department of 
 Civil Protection (DPC), which has activities covering prevention, 
 forecast and assessment, early warning and alerting, and 
 emergency response and recovery from emergency.


To address its mandate, the Civil Protection Service has 
 organized a comprehensive system that includes a great 
 number of both local and centralised resources. In particular, 
 for hydrogeological risk, a national alert system is run by 
 the DPC and regional authorities built around a network of 
 Functional Centres (CF). One CF covering the national level 


is located at the DPC and one CF is located in each region. 


This national alert system provides services in two phases 
 – forecast of expected flooding and then monitoring and 
 observations of current weather and flooding conditions.


The activities of DPC are daily supported by research 
 efforts through a network of national Competence Centres 
 (CC), focused on the integration of technological and 
 scientific advancements into the emergency response 
 and management cycle. In this framework, the products 
 based on the integration of traditional and innovative EO 
 and ground-based (non-EO) data and technologies foster 
 the ability of Civil Protection Authorities in flood risk 
 management activities.


The ASI has been designated as the CC for EO within the 
 national Civil Protection system. ASI’s role is to support 
 the DPC by developing applications based on EO data, 
 coordinating with other space agencies, and transferring 
 scientific and technical know-how to national authorities. 


In 2009 following the requirements of the DPC, ASI funded 
 nine technological pilot projects focused on specific hazards 
 such as floods, volcanoes, seismic risk, landslides, fires, oil 
 spills, and air quality. These projects were strongly user 
 driven, and have produced tools, procedures, and applications 
 now operational and used for emergency management.


During an incident, emergency flood monitoring using EO is 
 activated by DPC or at the request of a regional authorised 
 user. The International Centre on Environmental Monitoring 
 (CIMA) Research Foundation is the CC and value adder for 
 hydrogeological risk management and ASI acts as its data 
 provider during flood emergencies. The DPC, ASI, and CIMA 
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(29)work in cooperation as program managers, along with end 
 users at the regional CFs.


Satellite capabilities include the COSMO-SkyMed (CSK) 
 constellation, which plays an important role at a national 
 scale, carrying out monitoring related to rapid mapping, 
 damage estimation, and recovery. The constellation has 
 many desirable characteristics for disaster risk management 
 and response, including high spatial resolution, high revisit 
 time, and day/night all-weather capability. ASI has also 
 signed an agreement with ESA to develop the Italian 
 ground segment for Sentinel data access and exploitation.


Two examples of these capabilities follow – the first is 
 related to the benefits of collaboration between decision 
 makers, end users, and hydrometeorologists and the 
 second shows the benefits of synergy between Sentinel-1 
 and CSK for monitoring disasters at a national scale. The 
 two examples refer to flood monitoring but the conclusions 
 extend to other hazards.



1.2  Liguria Floods, November 2014


The use of satellite EO data in the mapping of flash 
 flooding in small Mediterranean drainage basins like those 
 in Albenga and the surrounding municipalities presents 
 significant challenges for image acquisition planning. Water 
 remains in these small basins for only a few hours, and 
 with satellite imaging opportunities arising on the order 
 of days, the acquisitions need to be planned based on 
 weather and flood forecasts.


Flash flood mapping represents one of the biggest 
 challenges to the limits of usability of satellites for flood 
 monitoring. Acquisitions cannot be scheduled following a 
 flood occurrence, as they would take place over 24 hours 
 after the event, by which time the visible traces of water 
 will no longer be present. Even acquisitions based on 
 weather and flood forecasts are susceptible to failure, due 
 to uncertainty on the location of the flash floods both in 
 space and time.


The Liguria floods of November 2014 were used to test the 
 potential of monitoring a flash flood using weather forecasts 
 to pre-emptively plan acquisitions. Three factors were 
 key to the success of this activity: extensive knowledge 
 of the area by CIMA researchers; close collaboration with 
 forecasters of the regional CF; and close cooperation 
 between CIMA, CF, DPC, and ASI to minimise acquisition 
 planning time.


Attention was focused on three flat, sparsely populated 
 areas that are suitable for observation using SAR satellites: 


the floodplains of the Centa (Albenga), Entella (Chiavari-
 Lavagna), and Magra rivers (see Figure 1).


Forecasts issued on November 14th by CF Liguria for the 
 three areas of interest (AOI) showed significant probability 
 of waters exceeding flood thresholds for the Centa and 
 Entella rivers in the late morning/early afternoon of the 
 15th. Upon request of the CF Liguria, the DPC, ASI, and 
 CIMA proceeded to plan CSK acquisitions in these AOI for 
 the evening of the 15th.
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Figure 1:  Area of interest and swaths of CSK images for the Liguria floods.


Image credit: DEWETRA (CIMA), Google Maps
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Ultimately, only the areas of western Liguria were flooded, 
 with no significant impacts observed on the Entella river 
 floodplains (see Figure 2). The flooding took place in the 
 late morning/early afternoon of the 15th, and the CSK image 
 acquired a few hours later (19:17 local time) still indicates the 
 presence of flooding despite the rapidly changing situation.



1.3   Synergistic use of Satellites  for Flood Detection


Monitoring of the flooding of the Po river and its tributaries 
 between the 15th and 20th of November 2014 demonstrates 
 the synergistic use of observations from multiple satellite 
 sensors, with careful consideration of the specific space/


time resolution and different revisit times of each satellite 
 allowing for optimal integration of the observations.


Sentinel-1A provides complete spatial coverage of the area 
 due to its large swath width (250 km), with a revisit time 
 which provides one or two images every 12 days. For the 
 specific AOI, two images were acquired – the first acquired 
 on the morning of the 15th (preceding the flood event) and 
 a second during the evening of the 16th, just the after the 
 passage of the flood peak. The CSK acquisitions have a 
 more limited spatial coverage (40km swath) but a higher 
 image resolution (5m) and a high revisit frequency (ten 
 images between the 13th and 20th).


The characteristics of the two satellites are highly 
 complementary. Sentinel-1A provides a complete synoptic 
 spatial coverage of the AOI, while CSK provides high-
 resolution space/time information on the evolution of the 
 event at sub-areas of specific interest. Regular Sentinel-1A 
 interferometric wide-swath mode acquisitions also allow 


a reliable, large-scale identification of permanent water 
 bodies (e.g., rivers and lakes). In this case the use of 
 Sentinel-1A acquisitions from the 4th (pre-event) allowed 
 the identification of the Po river, shown in dark blue in 
 Figure 4. The results obtained using Sentinel-1A (left) and 
 CSK (right) show good agreement.
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Figure 2:  Flooded area for the Centa floodplain as observed by CSK at 19:17 local time.


Image credit: DEWETRA (CIMA), ASI, Google Maps


Figure 3:  Spatial and temporal coverage of the AOI by Sentinel-1A 
 (top) and CSK (bottom) for the period November 13–20, 2014.


Image credit: (top) ESA, Google Maps (bottom) DEWETRA (CIMA), 
Google Maps
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1.4 Conclusions


The two cases presented are examples of how the 
 synergistic use of different sources of information can 
 improve the ability to monitor floods using satellites. The 
 Albenga flood case shows how close cooperation between 
 forecaster, end user, data provider, and value adder greatly 
 increases the probability of detecting flash floods. In this 
 case, the probability of successfully identifying flooded 
 areas increased to 50%, compared to a zero probability 
 when using images ordered after the event.


In the second example, the synergistic use of two satellite 
 missions has been shown to produce high added value for 
 flood monitoring. Sentinel-1A was assigned  the task of 
 covering the entire event and identifying permanent water 
 bodies. CSK was tasked with providing high-resolution 
 spatial and temporal information about the evolution of the 
 event in areas of specific interest. It is anticipated that the 
 increased revisit frequency following the launch of Sentinel-
 1B (down to 6 days) will greatly improve the chances of 
 synoptic spatial coverage of events.


Figure 4:  Comparison of the flooded areas derived from Sentinel-
 1A (top) and CSK (bottom) at the same time (18:22 local time) on 
 November 16th. The dark blue color indicates permanent water bodies 
 derived from Sentinel-1A.


Image credit: (top) ESA, Google Maps ( bottom) ASI, Google Maps
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        Fig. Modeling is done with the composite-roughness surface scattering kernel for the same type of bottom as in Fig. There are 10 dB between the thick marks on the vertical axes.
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