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RISK ASSESSMENT AS A TOOL FOR THE COASTAL EROSION MANAGEMENT



Coastal Tourism, also known as Sun, Sand, and Sea tourism (3S) is based on a very particular resource conjunction along
the interface between land and sea. This kind of activity offers amenities, such as, good weather conditions, water,
beaches, scenic beauty, biodiversity, cultural and historical heritage, healthy food, and under optimal conditions an
adequate infrastructure.



Can you imagine a Caribbean minus its beaches? It's not science fiction, it’s REAL!
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NO BEACHES

NO MONEY…



TO TAKE INTO ACCOUNT!

Coastal Erosion is a normal processes and only becomes a problem when there is
no room to accommodate that change.



Coastal Erosion along the Caribbean Coast of 
Colombia: A big problem!



1963

2024



Action                    Reaction

Erosion Structure

Action-reaction basis (Rangel-Buitrago et al., 2017).

A rigid cost-benefit approach (Cooper and McKenna, 2008).

THE CARIBBEAN OF COLOMBIA SOLUTION: COASTAL ENGINEERING STRUCTURES 



+1500 hard structures

+100 km of Armouring Coastline.

¿Mitigation or Protection?

¿Systematic or empiric? development

The" Domino” effect.

THE CARIBBEAN OF COLOMBIA SOLUTION: 
COASTAL ENGINEERING STRUCTURES 







1. Protection: preservation of population centers, economic
activities and natural resources (vulnerable areas) using hard
structures and/or soft protection measures.

2. Accommodation: occupying sensitive regions, but
acceptance of a higher degree of flooding by changing land use,
construction methods and improving preparedness.

3. Managed/Planned retreat: removing structures in
developed areas, resettling inhabitants with the requirement that
new development is set back from the coast, as appropriate.

4. Use of Ecosystems: Influence over processes related to
coastal erosion (e.g., sediment capture and energy attenuation)
by means of the creation and restoration of coastal ecosystems,
such as wetlands (e.g., mangroves), biogenic reef structures
(e.g., corals, oysters, and mussels), seagrass beds and dune
vegetation.

5. Abandonment/Sacrifice (do nothing): allowing property
loss when the suggested protection is not viable, or the
accommodation and retreat option does not exist.

The Approaches



The new ICEC approach includes all existing strategies plus a new
endpoint: intervention concerning the erosion causes. Different
weightings, which are fluid, can pinpoint a position within the radar
chart based on which strategies can be developed, tracked or
changed.

As a concept, ICEC is more than just implementing one or a
combination of the previously existing approaches. ICEC asks for a
policy and implementation process involving more profound
knowledge of the coastal erosion and accretion processes as well, and
a similar adequate strategy and an operative, management
framework. That strategy should be based on historical and scientific
knowledge to come to a solution that of course needs to fit
management frameworks and should be carried out following the
best available techniques .
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Segmentation of all coastline
500 m x 500 m

KEY POINT : SCALE!
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Coastal Forcing is a numeric value that measures the energy level of all physical processes involved in coastal erosion. This
sub-index measures the level of physical stress that any coastal segment could experience during erosion.

UNISDR (2009) defines Hazard as a dangerous phenomenon, substance, human activity or condition that may cause loss of 
life, injury or other health impacts, property damage, loss of livelihoods and services, social and economic disruption, or 
environmental damage. In this work, the Hazard Index is defined as a numerical value that indicates the potential of an 
area to experience damages when it is subjected to coastal erosion, and it depends on two sub-indexes: Coastal Forcing 
and Susceptibility.



Coastal Susceptibility is a numeric
value that reflects the level of
exposure, and definitive intrinsic
characteristics of the coastline (e.g.,
sandy vs rocky shorelines). The
coastal susceptibility index includes
all factors that control littoral
susceptibility to erosion in the
function of the coast typology. The
susceptibility value depends on the
geological and geomorphological
characteristics of the coast, and for
assessment, it is necessary to
differentiate the coast type
(between sandy and rocky) because
each typology has its own
characteristics, and these cannot be
combined.



Vulnerability can be defined as the characteristics and circumstances of a community, system, or asset that make it susceptible

to the damaging effects of a hazard (UNISDR, 2009). The vulnerability index calculated here corresponds with a value that

denotes the ability of the coastal system to cope with and recover from an erosion event. This index allows the evaluation of

the potential impacts of coastal erosion in a socioeconomic, ecological, and cultural framework. There are many aspects of

vulnerability arising from various socioeconomic, ecological, cultural, and even physical factors. Examples may include: i) poor

building design and/or construction, ii) inadequate protection of assets, iii) absence of public information and awareness, iv)

limited recognition of hazards and preparedness measures, amongst others. Vulnerability can vary significantly within the same

community and over time. The vulnerability definition used here identifies these aspects as a characteristic of the element of

interest (the coast), which is independent of its exposure to eroding forces. However, it is essential to highlight that in common

use, the vulnerability concept is often used more broadly to describe the degree of exposure.



The socio-economic context of the vulnerability index has been constituted by a series of variables representing

social, economic and human activities that, because of their intrinsic characteristics, may be negatively impacted

by coastal erosion. The socio-economic context reaches significant importance in any vulnerability assessment

because the original concept of vulnerability always was linked to humans and society (Li and Li, 2011; De Serio

et al., 2018; Kiat et al., 2019).



The ecological context is based on the conservation premise of natural habitats since these provide natural

protection that reduces vulnerability to coastal erosion. Most of the existing vulnerability assessment methodologies

only take into account the socio-economic aspect (human component). However, when coastal erosion strikes, all

ecosystems located over the coastal environment can be affected, losing their quality, health, status, and

conservation degree (Gracia et al., 2018). The integration of ecological variables inside of any vulnerability

assessment represents a significant challenge (McLaughlin et al., 2002). The main question lies in deciding how to

rank specific sites that sometimes lose their “natural status” because of human alteration. However, ‘protection’ of a

conservation site can hardly include protection from the action of natural processes that formed a particular habitat

(e.g., waves and corals).



The cultural context is that aspect of vulnerability that places emphasis on protecting/conserving important

cultural components such as archaeological, historical, heritage, scientific, and scenic sites. Unfortunately, coastal

erosion is responsible for the destruction and loss of world archaeological and heritage sites (Hoogland and

Hofman, 2015; Stancioff et al., 2018). Many examples exist where coastal erosion has affected many natural and

cultural World Heritage properties (e.g., the Moais on Easter Island, Chile; Slave huts and obelisks in Bonaire;

Costiera Amalfitana in Italy).
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Which one?
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