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ESA´s EO4SD Disaster Risk Reduction 

Earth Observation for Sustainable Development Disaster Risk Reduction (EO4SD DRR) is an activity initiated by 

European Space Agency (ESA) in the framework of its collaboration with International Financing Institutions (IFI´s) 

to support a greater use of satellite Earth Observation (EO) in applications related to the management of natural 

and man-made hazards and risks. 

Disasters cause human suffering, environmental harm, and economic loss; investing in its prevention and 

reduction will diminish people’s vulnerability, saving lives and reducing economical damage. 

The impact of disasters on lives and economy are of prime importance to society, especially for developing 

countries, where the mortality and economic losses are disproportionately high and where development 

achievements can be threatened. Many types of natural disasters can affect the humankind worldwide: Geo-

hazards like earthquakes and volcanoes; hydro-meteorological hazards like floods, hurricanes, tropical storms and 

storm surges; climatological events like droughts, heatwaves and wildfires among others. There is the need of 

addressing the impact of these events not only by reacting after episodes but also by enhancing prevention and 

preparedness. Earth Observation can contribute to tackling most of these natural hazard types efficiently by 

providing hazard mapping, supporting services for the assessment of exposure, vulnerability and risk and 

reconstruction monitoring. 

Since 2008 ESA has worked closely with Multilateral Development Banks (MDBs) and their Client States to harness 

the benefits of Earth Observation in global sustainable development increasing the uptake of EO-based 

information in regular development operations at national and international level 

 

 

 

 

 

 

 

 

 

 

 

ESA´s funded EO4SD Disaster Risk Reduction project aims to promote the adoption of Earth Observation-based products and services 

mainstreamed into the working processes of IFIs funded projects that seek to prevent or mitigate the adverse impacts of natural disasters in 

developing countries. Earth Observation applied to disasters is evolving quickly and has proven to be effective in all phases of the disaster 

risk management cycle such as prevention/ preparedness, early warning, post event recovery and reconstruction activities. 

The authors of this information include the production, coordination and supervision teams from ZAMG, Indra and ESA. 

Disclaimer: The authors reserve the right not to be responsible for the topicality, correctness, completeness or quality of the information 

provided. The user of the report and associated data acknowledge that measures and regulations or decisions cannot be taken based on it. 
Though the best technical standards have been taken into account to generate these products, results may inadvertently include technical 

inaccuracies or other errors, the notification of those by the user are encouraged and would be very valuable. 

 

  



  

Satellite-derived risk information for Spatial Data Infrastructures 

 

EO-data for Spatial Data Infrastructures 

A disaster is an event that disturbs population security while threatening their lives and health. It has an impact on 

the environment and may also cause material damage and assets loss.1 

By being able of visualising the disaster event and complete the geographic information with other relevant 

features, managers can make decisions based on these GIS (Geographic Information System) data. The possibility of 

visualising this information can be of critical relevance to the disaster manager, therefore, a dedicated Spatial Data 

Infrastructure (SDI) has, between other benefits, the ability to support information needs, facilitating greatly the 

work of Disaster Risk Reduction managers. 

A SDI is intended to enable a wide variety of users to access, retrieve and disseminate spatial data and information 

in an easy and secure way. It facilitates the coordination, exchange and sharing of data between the emergency 

entities and other stakeholders involved. With this in mind, many countries are developing SDIs to manage and use 

their spatial data. 

The Instituto Geográfico Nacional José Joaquín Hungría Morell (National Geographic Institute or IGN as its acronym 
in Spanish) of the Dominican Republic has the legal mandate to implement a nationwide SDI which has been initiated 
with the technical support of the World Bank (WB). The SDI of the Dominican Republic has been designed to gather 
(among other data) all disaster risk information produced in the whole country for a better support to decision 
making. On top of that, located at the north of Dominican Republic, the province of Espaillat is especially interesting 
for performing seismic studies, due to being under the influence zone of a seismic fault that repeatedly causes 
earthquakes of medium magnitude, affecting vital infrastructure schools, hospitals, roads and bridges, among others.   

Main identified issues 

The SDI of the Dominican republic has been designed so it will gather all disaster risk information produced in 
the country for a better support to decision making.  

Earthquakes of medium magnitude hit repeatedly Dominican Republic being the cause of recurrent damage to 
infrastructures and built-up areas and hampering development. 

 

EO4SD-DRR in Dominican Republic 

Given the need of populating the SDI with meaningful information for decision making, Earth Observation was 
identified by the World Bank as one of the main tools to provide geospatial data on hazards and exposed assets 
efficiently. The scenarios of seismic threats, tsunami and landslides, would help to improve prevention measures 
against seismic phenomena, as well as strengthen the resilience of the affected communities. 

Aim of the collaboration 

To prove the suitability of Earth Observation to provide geospatial data for disaster risk management at a large 
scale supporting the establishment of a national Spatial Data Infrastructure. 

To evaluate the risk of assets potentially exposed to seismic induced disasters, like landslides, in Espaillat, given 
the presence of a seismic fault close to the province. 

 

The Area of Interest (AOI, Figure 1) covers approximately 8,700 km² within the administrative provinces of the north 
coast of the Dominican Republic: Monte Christi, Valverde, Puerto Plata, Espaillat, Salcedo, Maria Trinidad Sánchez 
and Duarte. 

                                                                 

1 Abdallah, S., & Burnham, G. (2000). Public health guide for emergencies. Boston: The Johns Hopkins School of Hygiene and 
Public Health and The International Federation of Red Cross and Red Crescent Societies. 



  

 

 

Figure 1 Area of interest 

 

Populating Spatial Data Infrastructures for supporting Disaster Risk Management decision mak-

ing 

In order to populate the Dominican´s Republic SDI, EO4SD-DRR has generated reference geographic 
information based on Sentinel-2 images and Open Street Map features (geometry and attributes) as main sources. 

Both sources are open source / open access, with worldwide coverage and a level of detail suitable for medium 
scales (1: 50,000 and 1: 10,000 respectively), this, has allowed the design of automatic processing flows, which can 
be applied in other areas of the world and are upgradeable over time, at a low production cost.  

EO4SD-DRR within this Demonstration Exercise has aimed at contributing to the national SDI by providing information 

on the exposure of the built-up area, the transportation network and the land use/Land cover. 

The land uses of the AOI in 2020, (Figure 2) have been generated from individual Sentiel-2 images of the year 

2020. The resulting product has 11 categories of land uses based on those of Urban Atlas and adapted to the 

Sentinel-2 resolution where such detailed class discrimination is not possible. The main technique used for the 

classification has been segmentation through the use of a Convolutional Neural Network. 

 



  

 

Figure 2 Urban area land use with AI 

A dominance of non-urban land uses (wooded areas and other uses such as agricultural ones) was found, 

representing approximately 98% of the area compared to 2% of urban uses. Table 1 shows the distribution. 

 

Table 1 Surfaces assigned to different land uses 

Category Surface (km2) Surface (%) 

Airports 1,24 0,01% 

Mineral Extraction and Construction sites 2,24 0,03% 

High Density Urban Area (Continuous Urban 
Fabric (S.L. > 30%)) 

85,17 0,97% 

Low Density Urban Area (Discontinuous 
urban fabric (S.L. <= 30%)) 

99,54 1,14% 

Forest 2398,63 27,36% 

Sports and leisure facilities and green urban 
areas 

1,78 0,02% 

Industrial, Commercial, Public, Military and 
Private Units 

22,18 0,25% 

Port Areas 0,16 0,00% 

Water 50,72 0,58% 

Isolated Structures 3,17 0,04% 

Other land covers 6101,62 69,60% 

Total 8766,50 100% 

The Transport Network has been generated from the vector data freely accessible OpenStreetMap2. Two 

transport networks for road and pedestrian traffic have been created. OSM data is downloaded through an 

automatic process involving a Python tool, developed ad hoc by Indra that downloads, categorizes and can assigns 

the selected attributes. 

                                                                 

2 https://www.openstreetmap.org/#map=6/40.007/-2.488 
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The exploitation of the generated network can be made on several different ways depending on the objective of the 

analysis: 

 Route calculation 
- By vehicle or on foot 
- Shorter or faster path between two points 
- For road transport, you can consider one-way restrictions for ordinary traffic or not consider them to 

simulate an ambulance transport in an emergency situation 
- Best route between a list of points, in the order of the list, or by the most efficient path found by the 

network 
- Point, line or area obstacles can be considered 

 Calculation of service areas (Service Areas)  
- By vehicle or on foot 
- You can choose the calculation of the Area from the installation or towards the installation 

 Calculation of the closest facility (Closest facility, given a source incident, calculate the closest facilities of 
interest) 

- By vehicle or on foot 
- Find all, or the number of facilities indicated 

 Origin-destination cost matrix calculation (OD Cost Matrix), given some points of origin and destinations, 
calculate how long it takes to get from the origins to the destinations 

- By vehicle or on foot 
- You can calculate all costs or put a time limit 
- Sort the results for each origin 

The benefit of using this layer against the open and free methods for calculating routes is tha the user has full 

control of the information, which can be edited or updated with user information.  

The cluster created a map of Urban Areas by segmentation through the use of a Convolutional Neural Network. 

The model uses Sentinel 2 images with a resolution of 10 meters and without atmospheric correction. The bands 

used are RGB + NIR. In addition, different data augmentation techniques are used to make the model more 

universal. 

Figure 3a shows the most prominent urban areas are centred in the south-central part of the study area (Figure 3b 

and c), and in the north-central area (Figure 3d) where the coastal populations of greater entity.   

Focusing on the analysis of the urban evolution between 2017 and 2020 (Figure 4 and Figure 5), there has been a 

sustained growth of the built-up area throughout the period, with approximately a 7% annual increase. However, it 

should be noted that by 2020 this growth suffers a drastic reduction until reaching only a 3%. The reasons to explain 

this halt in the trend probably have very varied origins, undoubtedly being the economic halt derived from the 

COVID-19 pandemic one of them. Overall, the study of the variation shows an increase of approximately 17%, about 

66 km2 of new construction during the 4 years analysed. 

 



  

 

 

 

 

Figure 3 a) The most prominent urban areas are centred in the south-central part of the study area (detail b and c), and in the 
north-central area (detail d) where the largest coastal populations are found. In the following table. 

 

Figure 4 Percentage evolution and increase in the built area 2017-2020 

b) c) d) 

a) 



  

 

Figure 5 Super position BUA masks period 2017-2020, Nagua (left), San Francisco Macorís (right) 

 

Earthquake impact assessment: Within its collaboration with the Instituto Geográfico Nacional José Joaquín 

Hungría Morell, EO4SD-DRR has also derived a vulnerability indicator for exposed assets (built-up area and road net-

work) under a potential earthquake hazard. 

In order to provide information on the potential earthquake hazard, the cluster has taken into account the 

relationship between different topographic parameters such as slope (geomorphometric situation in general), land 

use and land cover (LULC) and seismic information (position of fault lines) to describe the topographic situation of 

individual cells. The final overall vulnerability indicator was derived as a weighted mean of these reclassified input 

layers. This entails that the final indicator comprising all sub-indicators for all input layers, weighted according to 

their expected contribution to the triggering of earthquake-induced landslide and combined in order to obtain a 

“vulnerability indicator” (Figure 6). 

 

Figure 6 Overall vulnerability indicator for the whole area of interest. 

To prevent heavy damages both in built up areas and the road network after an earthquake, vulnerability studies 

must be conducted. EO4SD-DRR has aimed at developing a vulnerability indicator for roads and buildings. The results 



  

show that no urban area within the AOI is highly vulnerable to earthquake impacts. However, the road network, 

present specific track sections with medium risk. 

 

Figure 7 Vulnerability of built-up areas. 

 

Figure 8 Vulnerability of the road network. 

 

 

In summary, a SDI can be defined as an interface that facilitates access, exchange and sharing of geographical 

information from different sources3,4. It is essential for many applications ranging from emergency response and 

environmental assessments at national, regional and local scales 

In recent years, the amount of EO data free of charge has increased thanks to open data policies adopted by 

governments and space agencies. Within this demonstration exercise, EO4SD-DRR has aimed at proving how open 

source Earth Observation based data could provide a critical source for creating effective SDIs. Moreover the 

exercise has served to prove the technique be an effective method for generating, on a short-term basis, 

upgradeable layers in a very cost-effective way. 

In addition to the foregoing, the cluster has striven to reveal that, due to its global coverage, frequency of 

acquisition and wide area imaging, Earth Observation methodologies offer an improved way of understanding of 

both seismic hazards in terms of the physical process as well as to aid in the better management of the disaster risk 

at various stages, from preparedness to response and recovery including mitigation. 

In order to spread the message within stakeholders involved in the topics of application, the cluster organized three 

capacity building activities. The first meeting took place on the 14th June 2021 and the session counted on the active 

collaboration of the CEO and the Director of Cartography of IGN, and high level representatives of relevant 

institutions such as the National Office for Seismic Assessment and Vulnerability of Infrastructure and Buildings 

(ONESVIE by its Spanish acronym), the National Geographic Service, the Military Cartographic Institute and the 

National Seismological Laboratory. On a second and third more technical meetings, the cluster provided the 

attendees with a more applied session, finishing it with a focused talk on the benefits and exploitation open source 

platforms of cloud processing. The cluster witnessed the technical level of several institutions having already 

departments focused on the application of EO-based techniques and being especially open to mainstream EO in 

their processes.  

 

 

                                                                 

3 Rajabifard, A., Feeney, M.-E., Williamson, I.P. (2002). Future Directions for SDI Development. International Journal of Applied 
Earth Observation and Geoinformation, 4(1), p. 11-22 

4 Vandenbroucke, D., Crompvoets, J., Vancauwenberghe, G., Dessers, E., Van Orshoven, J. (2009). A Network Perspective on 
Spatial Data Infrastructures: Application to the Sub-national SDI of Flanders (Belgium). Transactions in GIS, 13(1), p. 105-122. 



  

 

 

 

 

Understanding disaster risk in all its dimensions of vulnerability, exposure of persons and assets, hazard characteristics 

and the environment is the first priority action of the Sendai Framework for Disaster Risk Reduction (2015-2030). 

International Financial Institutions (IFIs) play a significant role as facilitators of funding in developing countries, in 

direct cooperation with national mandated disaster authorities to prevent and mitigate the adverse effects of natural 

disasters and foster sustainable development. 

The ESA EO4SD Disaster Risk Reduction project aims to promote the adoption of Earth Observation-based products 

and services mainstreamed into the working processes of IFIs funded projects that seek to prevent or mitigate the 

adverse impacts of natural disasters in developing countries. Earth Observation applied to disasters is evolving quickly 

and has proven to be effective in all phases of the disaster risk management cycle such as prevention/ preparedness, 

early warning, -post-event recovery, and reconstruction activities. 

 

Consortium partners 

 
 

 

   

   

For more information, please contact: 

ESA Technical Officer: Philippe Bally – Philippe.Bally@esa.int 

Project Lead:  Ángel Utanda – autanda@indra.es 

Alberto Lorenzo – alorenzoa@indra.es 
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