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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 document are the production, coordination and supervision teams from Planetek Italia, ARGANS, 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. 
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Services supporting Disaster Risk Reduction in Greater Banjul 

 

The Gambia´s coastal communities vulnerability 

Unsustainable urban and infrastructure development, inadequate management of natural habitats and resources, 

as well as air pollution are threatening the development of coastal areas in West Africa1. These areas are the 

source of 56 % of West Africa’s GDP and home to 31 % of West Africa’s population2. Population living in coastal 

areas is generally subject to disasters such as land subsidence, storm surge, and coastal flooding and this 

exacerbates the vulnerability of the economy and population in this region. 

Due to its geographical location, the city of Banjul (The Gambia) is especially exposed to a combination of the 

adverse effects of disasters, affecting to a population of about 400,000 people. Only by taking measures of 

improving the resilience of these communities the Government of The Gambia can protect the most vulnerable 

population. 

Main identified issues 

Districts of Banjul City, Kanifing and Kombu North are home to 400.000 people 

Banjul suffers the combined effect of hazards: subsidence, coastal flooding, fluvial flooding and flash flooding 

Uncontrolled urban expansion of vulnerable population is taking place in potentially hazardous areas 

 

EO4SD-DRR in The Gambia 

The general objective of EO4SD-DRR in The Gambia is to define and implement a demonstration of Earth 

Observation derived information in support to the analysis and monitoring of disasters and their impact in the 

coasts and urban areas of Banjul. The idea of the cluster is to start with The Gambia and export the model of 

collaboration to other countries within WACA program. 

Aim of the collaboration 

Definition and implementation of a demonstration of EO derived information in support to the analysis and 
monitoring of disasters and their impact in coastal and urban areas.  

Informing policy and investment decisions in the country to strengthen the resilience of the country’s 
vulnerable coastline, and its highly exposed urban population and assets. 

 

The Area of Interest (AOI, Figure 1) comprises 412.4 Km2 of the Great Banjul area (cities of Banjul, Kanifing, Brikama, 
Banjul International Airport, Yundum and Busumbala) and the Demonstration Exercise has been carried out by an 
EO-based terrain deformation analysis, the creation of satellite-derived bathymetry maps of the area of interest, a 
storm surge/coastal flood analysis and an exposure map taking into account different assets of interest. 

                                                                 

1 © 2013: UNEP – Africa Environment Outlook 3: Summary for Policy Makers. 

2 Benoit Bosquet, Dahlia Lotayef & Peter Kristensen. 2016. WACA: A Regional Approach to Coastal Development 

https://documents1.worldbank.org/curated/en/382201468181130416/pdf/101176-REVISED-PUBLIC-WACA-Brochure-April-2016.pdf
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Figure 1 Area of interest 

 

 

Strengthening the resilience of The Gambia´s vulnerable coastline, its urban population and its 

assets. 

Coastal communities are subject of the potential impacts of climate change which lead to the sea level rise and 

land subsidence3, resulting in the potential flooding of coastal areas. Therefore, the monitoring of the Earth's 

surface and infrastructures as well as the potential storm surges in these areas is a key activity to ensure people’s 

safety, environmental protection and the safeguarding of assets at all stages of the life cycle of infrastructures, 

from design to production, management and maintenance.  

The use of traditional techniques (total stations, GNSS network, etc.) for the periodic monitoring of terrain 

deformation in wide or remote areas requires considerable economic and time resources, moreover are not 

feasible for small-to-medium scale. Satellite monitoring allows to overcome these limits, reaching high frequency 

and precise and accurate actionable information thanks to the increasing availability of open data. 

EO4SD-DRR has created a subsidence map developed using Rheticus® Displacement that implements a Persistent 

Scatterers Interferometry (PSI) technique. Rheticus® Displacement is a cloud-based web service that is used for the 

continuous monitoring of ground movements over areas affected by landslide or subsidence phenomena, and for 

monitoring infrastructure stability.  

The resulting map indicates locations of concern over the Greater Banjul area. Most of the area does not present 

differential motion, but subsidence has been detected in the harbour area (Figure 2). 

                                                                 

3 Nguyen, T. T., Bonetti, J., Rogers, K., & Woodroffe, C. D. (2016). Indicator-based assessment of climate-change impacts on 
coasts: A review of concepts, methodological approaches and vulnerability indices. Ocean & Coastal Management, 123, 18-43. 

https://displacement.rheticus.eu/#/
https://displacement.rheticus.eu/#/
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Figure 2 Map delivered by Rheticus® Displacement over the Greater Banjul Area. Zoom on localised ground motion phenomena close to Banjul 
Harbor (total movement of about 14 cm from May ‘11 to September ‘18 in the point highlighted in blue). Red and orange circles show clusters 

with differential terrain movement of more than 10 mm a year 

 

On the other hand, Satellite-Derived Bathymetry (SDB) is the current EO-based method of surveying shallow 

waters. As every other EO-based methodology, it has the advantage, between others, of not requiring mobilization 

of persons or equipment, while providing rapid access to bathymetric data and saves costs. A Satellite-Derived 

Bathymetry map makes operations in shallow water more effective while reducing project risks. 

Forty-six Sentinel-2 images, taken between 2015 and 2020, were analyzed to retrieve simultaneously and 

independently the depth and characteristics of the seafloor and the turbidity (i.e., the suspended particles in the 

water column). The bathymetry thus calculated is the depth of mud suspended sediment layers of various 

concentrations. Only additional field surveys with a multifrequency depth profiler could provide the information 

needed to produce a comprehensive bathymetric map and actually interpret the earlier lead line surveys still 

depicted by nautical charts. 

The results obtained (Figure 3) provide information of constant suspended sediment and layers of fluid sediment. 
The true depth of the seabed cannot be observed by satellite-derived bathymetry due to the fluid sediment that 
obscures light penetration from reaching the seabed. Satellite imagery confirms the presence of permanent 
sediment layers fed almost entirely by coastal currents and marginally by Gambia outflows. 
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Figure 3 Maps of mud layers’ depths 

 

Finally, storm surges happen due to a combination of high waves, high tide and low atmospheric pressure. 

These events, when concurrently, can lead to strong damages on coastal areas. A qualitative assessment of the 

flooding susceptibility (negligible, acceptable, undesirable, and unacceptable) along the coastline is important to 

identify hot-spot areas that need to be further investigated at very detailed scale to be reflected in mitigation 

plans. High-quality storm surge inundation maps are essential for effective risk communication. 

To generate a valid coastal flood delineation, a set of common geodetic references for land and sea, a precise Digital 

Terrain Model (DTM), historical record of storm surges, a network of tides gauges and a continuous record of water 

levels are generally needed. In absence of those, and as a matter of coherence, all elevations have been referred to 

as the land Vertical Datum that is assumed to be the Mean Sea Level. 

Based on the Intergovernmental Panel on Climate Change (IPCC) estimations, floods can reach 1.6 m today and 

between 1.9 and 2.7 meters in the next 100 years, depending on the three IPCC scenarios that have been considered.  

The results, expressed as a flood chart of the Greater Banjul Area (Figure 4 and Figure 5), are based in the three 

IPCC2100 hypothesis (A: 1.9 m, B: 2.3 m and C: 2.7 m). Moreover, this exercise concludes that the calculation of the 

areas potentially flooded requires a deep knowledge of what exact point is considered as datum level zero. 

Otherwise, the results might drive to erroneous conclusions. 
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Figure 4 Flood chart of the Greater Banjul Area of Interest. As in IPCC2100 Hypothesis A: 1.9 m, Hypothesis B: 2.3 m, Hypothesis C: 2.7 m 

 

 
 

Figure 5 Banjul city Flood chart 

 

EO4SD-DRR with this Demonstration Exercise has aimed at highlighting the value of satellite imagery for providing 

an assessment of the exposure of population and assets in in an area of interest. Mapping the extent of natural 

hazards is an important step in disaster risk management and emergency response. An exposure map enables the 

estimation of the impact of hazards or disasters, for example, regarding the number of affected inhabitants or 

infrastructure. In this case, the exposure has been estimated by looking at the elements of interest (built-up area, 

population exposed, points of interest, transportation network and land use/Land cover) exposed to the previously 

defined hazards.  

The  Built-up area  (Figure 6) shows an increasing of 4,13% of growth of the built-up area between 2016 and 2019, 

representing a growth rate of 1,3%, which is consistent with the figures provided by the OECD (Organisation for 

Economic Co-operation and Development, 1,3% of annual urban growth in The Gambia between 2000 and 2014) 

and differs largely from the values for other African cities provided by The Atlas of  Urban Expansion, that estimates 

annual growth rates as high as   4,60% for Accra, 5,90% for Addis Ababa, 4,10% for Algiers or 6,20% for Arusha. 
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According to WorldPop 20204, in the Greater Banjul area there are 1,1M population exposed (Figure 7) without 

considering the population living in Kombo South and Kombo central, with the most of the territory out of the AOI). 

So the data provided shall be used only as an approximation to the zones where the population density is higher and 

of the number of people susceptible to be at risk.  

Points of Interest (PoI) with 63,50% of the elements observed. Energy is the second group of most significant PoI 

(10,50%), followed by education (7,50), transport (5,60%), public services (5,10%), religious (3,40%), health (3,20%) 

and cultural (1,20%). The points of Interest taken into account vastly concentrate in the same areas where the 

Transportation Network (Figure 8) seems to have most of its infrastructure, making connectivity to these 

specific places key for larger concentrations of people.  

Land Use Land Cover information (Figure 9) provides a basis to have a quantification of the land cover potentially 

affected by hazards; serves also as ancillary data to assign population data and shows correlation with the built-up 

area. 

 

Figure 6 Built-up and evolution 

 

Figure 7 Population density by urban patch map 

 

Figure 8 Network transportation map 

 

Figure 9 Land Use Land cover map 

 

                                                                 

4 https://www.worldpop.org/ 

https://www.worldpop.org/
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EO4SD-DRR EO-based results allow an “a priori” approach, helping to highlight problems before they become critical, 

letting operators to act upon the information. As a result, end-users have the possibility of better manage their 

financial resources and reduce service disruptions and/or threats for people. The information provided can be also 

used to assess the impact of landslides/earthquakes and, at a building scale, to monitor infrastructure stability 

between others. 

The family of products was analysed and discussed in several sessions with different stakeholders of The Gambia in 

a series of targeted capacity building actions. Several World Bank Disaster Risk Management practitioners mainly 

from GFDRR and operations in Africa attended a broad scope session taking place on the 19/10/2020. The final users 

in The Gambia, attended two different training workshops on the 9 and 10 December 2020. Earth Observation 

products and services have been considered as starting point for the population of the geospatial platform that 

UNOPS, with the support of the African Development Bank, is setting up for the Government of The Gambia for a 

better decision taking in a context of population exposed to different natural hazards. 

 



 

 

 

 

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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