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Background
The coastline of Colombia is approximately 2900 km long and consists of 

rocky cliffs, sandy beaches, and muddy mangrove forests interspersed 

through its many bays, deltas and estuaries. Coastal erosion is a major 

issue of concern along both the Pacific and Caribbean coasts of Colombia. 

The erosion problem, i.e. the structural or cyclic retreat of a coastline, 

may increase over time, considering both the on-going sea level rise and 

human coastal settlement. For this reason, the Colombian Parliament 

identifies coastal erosion as a key problem to be solved and put it on 

the political agenda for 2013 and beyond. The aim is to find durable and 

effective measures based upon a comprehensive understanding of the 

system. 

In general, coastal erosion appears to be a problem of loss of sediments due 
to natural factors (waves, currents, tsunamis etc.), as well as anthropogenic 
factors. Over the last decades, there has been reduced sediment input from 
rivers into the coastal system as a result of the construction of infrastructure, 
such as harbour jetties and hydroelectric dams. Additionally, there has been 
(uncoordinated) construction of hard structures for coastal protection, 
changing land use, destruction of mangrove ecosystems and sand mining. 
Moreover, erosion is compounded by relative sea level rise due to climate 
change and tectonic movement.

It appears that the sediments and eco-dynamic processes may provide 
the key to mitigate coastal erosion. The use of natural processes and 
ecosystem services for functional purposes, such as flood risk mitigation 
or rehabilitation of degraded coastal areas, is referred to as ´Building-with-
Nature´. In the Netherlands, Building-with-Nature is widely supported in the 
field of coastal infrastructure and ecosystem development. 
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The project
In the end of 2012, specialists of both Colombia and the Netherlands 
conducted a quick- scan on sustainable solutions for coastal erosion problems 
along the Caribbean and Pacific coasts of Colombia. The project was carried 
out within the framework of an agreement between the research institutes 
Invemar (Santa Marta, Colombia) and Deltares (Delft, The Netherlands). 
The work was sponsored by the Department of Marine Affairs, Coastal and 
Aquatic Resources of the Ministry of the Environment (Bogota, Colombia).
 
During the project seminars, workshops and field visits had been arranged, 
both in Colombia and the Netherlands. This report reflects the results of 
two workshops and aims to support the Ministry of the Environment and 
partners on when and how to proceed with the following phase, i.e. a more 
detailed analysis and implementation of Building-with-Nature solutions. All 
project results can be found on the internet: 
http://publicwiki.deltares.nl/display/CEC/Home#

Methodology
At the start of this project, the Ministry of the Environment selected seven 
study areas (Figure 1): 
1. The coast of Atlántico between Barranquilla and Galerazamba 

(Caribbean coast)
2. Golfo de Morrosquillo (Caribbean coast),
3. The coast of Cordoba (Caribbean coast),
4. Tumaco (Pacific coast),
5. Mouth of Bahía Malaga (Pacific coast),
6. Mouth of Bahía de Buenaventura (Pacific coast) and 
7. Isla Providencia (Caribbean Sea).

After a first problem analysis, the study areas 1 to 4 were chosen for further 
elaboration during this project. For these chosen study areas, appropriate 
Building-with-Nature solutions were selected. 

´Research-by-design´ methods were used to gather, structure and create 
consensus on different sources of information on the science and governance 
of these coastal zones. An important activity was the analysis of the effects of 
coastal erosion if no actions were undertaken to prevent or mitigate erosion 
during the next 10 years. This is used as a reference for the alternative 
solutions.  It resulted in maps and artist-impressions for the year 2023.

To better understand the causes of coastal erosion and analyse potential 
solutions to mitigate the effects, the concept of coastal ‘sediment cells’ was 
used. A sediment cell is defined as a relatively self-contained unit within which 
sediment circulates. The net balance between sediment inputs and losses 
from a sediment cell determines, to a large extent, whether a coastline is 
retreating or advancing. In the framework of this project, tentative numerical 
model simulations were conducted to explore morphological processes for the 
Atlántico coast and Golfo de Morrosquillo. 
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Figure 2. Main measures to mitigate erosion along the coast of Colombia as identified in the quick-scan.
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Main measures to mitigate erosion
Nine main measures were identified that may reduce coastal erosion 
along the Colombian coast (Figure 2) and include:

1. Restore natural sediment transport 
Coastal erosion may be reduced through the restoration of the natural 
sediment transport from rivers to the coast, or the restoration of longshore 
transport near the coast.  

2. Re-use of dredged material 
In the waterways and harbours of Colombia, large volumes of sediment are 
dredged and disposed of in deep water, rendering it lost for supply to the 
coastal system. The dredged material from both maintenance dredging and 
capital dredging can help fill the sediment supply need of the coast.
 
3. Sand nourishment
Sand nourishment aims to recover the sediment balance by supplying 
beaches and shorefaces with sand from the continental shelf or, alternatively, 
from inland sandstone quarries. Sand nourishment will help to restores 
beaches and reduces storm damage to coastal structures. 

4. Mangrove rehabilitation 
Mangroves constitute a barrier against structural erosion and to extreme 
events, such as spring tides and tsunamis. The tree root systems stimulate 
sedimentation and prevent erosion. The rehabilitation of mangroves requires 
the restoration of hydrology and salinity conditions, replanting of trees and 
restoring the sand barrier in front of the mangrove forest. 

5. Re-shaping cliffs
This measure aims to slow down the erosion of steep cliffs by re-shaping it to 
a slope with an angle of less than 15º. A smooth profile may dissipate wave 
energy more gradually, reducing or even halting coastline retreat.  

6. Development of coral reefs
Hard structures (like wrecks) on the sea bottom to provide a suitable 
settlement substrate for polyps. Reefs provide a complex habitat to a wide 
variety of marine species, including fish. The development of coral reefs to 
reduce erosion is a long-term solution (100 – 1000 years). 

7. Smart use of hard structures
Smart use of hard measures may include re-designing and up-scaling of small 
groins by several larger ones or the construction of offshore breakwaters.  

8. Small-scale protection measures 
To prevent loss of individual property, the coastline is often protected with 
sticks and poles, sandbags etc. This has a very local and short term effect.  

9. Spatial planning
Spatial planning can define a buffer between the coastline and urban 
development in order to reduce the risk of coastal flooding and maintain 
the resilience and natural appearance of the coastal zone on the long term. 
An effective measure is defining a minimum distance from the shoreline to 
where new buildings or infrastructure can be developed. 
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Options for selected study areas
The application of measures differs per study area. Several measures may 
be used in all areas (spatial planning, sand nourishment) while other are 
more site specific (smoothening cliffs, development of coral reefs). The 
following measures to mitigate coastal erosion at the four study sites have 
been identified in order to protect people, ecosystems, properties, public 
infrastructure and stimulate economic development (Table 1):

1. coast of Atlántico:
•	 Restore the natural sediment transport from the Rio Magdalena to 

the coast of Atlántico as much as possible,
•	 Redesign hard structures for coastal protection at Puerto Colombia 

Bay, Salgar – Punto Sabanilla and Santa Véronica,
•	 Sand nourishments at the beaches of Puerto Colombia Bay,  

Salgar – Punto Sabanilla and Santa Véronica and
•	 Spatial planning at several locations by imposing setback lines.

Measure Atlántico Golfo de Morrosquillo Cordoba Tumaco

Restore natural sediment transport V V

Re-use of dredging material V V

Sand nourishment V V V V

Mangrove rehabilitation V V

Smoothening cliffs V

Development of coral reefs V

Smart use of hard structures V V V

Small-scale protection measures

Spatial planning V V V V

Table 1. Building-with-Nature solutions and spatial planning as measures to mitigate coastal erosion in four selected study areas along the Colombian coast as identified in the quick-scan.
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2. Golfo de Morrosquillo:
•	 Redesign existing  hard structures for coastal protection near the 

coast of Coveñas and Tolú,  
•	 Sand nourishment for beach improvement near Coveñas and Tolú, 
•	  Mangrove protection in the area of Berruga  by creating favourable 

hydrology and salinity conditions and by placing sand nourishments,
•	 Restore part of the historic sediment transport by an extra sediment 

input in the shoreface west of Coveñas that will provide a constant 
supply of sand to this erosive southern coastline.

3. Coast of Cordoba:
•	 Smart use of hard structures at Moñitos and Punta Arboletes,
•	 Sand nourishment to improve beach tourism at the coast near Moñitos,
•	 Reducing  cliff angles between Puerto Escondido and Punta Arboletes 

and
•	 Development of a reef with Halimeda (calcareous algae) in front of 

Miramar. 

4. Tumaco:
•	 the transformation of the El Guano sand barrier in front of the city of 

Tumaco into a buffer against tsunamis by: 
Sand nourishment in the shoreface of the existing barrier island,  
Re-use of dredged material and 

•	 Spatial planning by imposing setback lines may be considered as 
well.

Implementing these respective measures will result in improved beaches and 
coastal landscapes compared to ‘no action’. This is reflected in the ´artist 
impressions´ of imaginary parts of the coast in ten year time for a situation 
with and without use of coastal erosion mitigation measures (Figure 3). 
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Figure 3. Imaginary parts of the coast of Atlántico, Golfo de Morrosquillo, the coast of Cordoba and Tumaco in the year 2023 for a situation without actions to mitigate coastal erosion (A) and after 

implementation of the possible measures identified in this quick-scan (B). (Details from the artist impressions in Chapter 4 of this report).
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Evaluation
Table 2 gives an indication of the overall effect of the possible mitigation 
measures on the coastline for each area. This was done in a qualitative 
manner.

Objectives Atlántico Golfo de Morrosquillo Cordoba Tumaco

Improve flood protection

1. Strengthen barriers in front of urban coastal areas + + + +

Strengthening of economic development

2. Improve recreational beaches in front of coastal towns + + + +

3. Protect agricultural land +

4. Improve fishing grounds 0 0 + +

5. Protect vital infrastructure + + 0/+

Support nature conservation

6. Preserve and restore mangroves 0 + 0 +

7. Preserve and restore coral reefs 0/- +

Table 2. List of preliminary objectives as derived during this study and possible contributions to these objectives by coastal erosion mitigation measures at each of the four study areas, indicated 

according the scale + (positive effect), - (negative effect) or 0 (no effect).
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Conclusions and recommendations
This quick scan has identified 9 measures to mitigate coastal erosion along 
the coast of Colombia. They vary from large- to small-scale solutions and 
provide the starting point for more detailed analyses. The detailed design of 
measures can benefit from (available) scientific studies on the Colombian 
coast. Moreover, socio-economic objectives should be discussed with 
stakeholders. An in-depth assessment is needed to evaluate the costs and 
benefits of the different alternatives.
  
As far as financing of coastal erosion measures is concerned, it is important 
to distinguish single investments that deal with, for instance, harbour 
development or coastal tourism development from regular maintenance 
costs for the preservation of a valuable, multiple-use coastline.

Using Building-with-Nature solutions should ideally fit into a national 
strategy to mitigate erosion along certain stretches of the Colombian 
coast. Such a strategy can be formalized as a national program on coastline 
management and specify how, where and when to deal with coastal erosion 
in relation to (new) coastal developments. The involvement of the end-users 
in the implementation of Building-with-Nature solutions is crucial from the 
start. Both governments and private stakeholders should be involved to 
come-up with sustainable solutions and support their implementation.

A policy is needed that, in addition to spatial planning, recognizes sediments 
as a valuable resource that should be used wherever possible to strengthen 
the coastal zone. In order to gain experience and to investigate the (cost-) 
effectiveness of the Building-with-Nature solutions in Colombia, a process 
of ‘learning by doing’ would have to be initiated, through which many issues 
have to be resolved.  The research agenda for the coastline management 
implementation strategy includes:
1. Policy analysis on the different options to mitigate coastal erosion for 

varying climate and socio-economic scenario’s, including cost-benefit 
and multi-criteria analysis; 

2. Monitoring & evaluation programs on the possible mitigation measures, 
as well as on the status and trends of the coastlines; and 

3. Supporting scientific research on the natural system (morphology, 
ecology, etc.). 

15
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Introduction
Coastal erosion along the Colombian coast
General diagnosis
Coastal erosion is a structural or cyclic retreat of a coastline. It is a major issue 
of concern at both the Pacific and Caribbean coast of Colombia (Correa et al., 
2005; Invemar, 2007, 2011a, 2011b). It causes loss of beaches and properties 
and increases the risks of flooding. These risks have intensified over the years 
by coastal developments and the building of hard constructions. Depending 
on driving forces and coastline management, coastal erosion is a problem 
that may increase over time, considering both the on-going sea level rise and 
human coastal settlement. Until this moment many measures have been 
taken to counteract erosion along the Colombian coast, in particular along the 
Caribbean coast. Most of these measures are local, small scale constructions, 
like groins or wooden poles. Many measures are not very effective or cause 
erosion elsewhere along the coast. 

Political agenda
In the beginning of December 2012, the Colombian Parliament identified 
coastal erosion as a main problem to be solved and put it on the political 
agenda for 2013 and beyond. The Ministry of the Environment has the lead 
in formulating solutions to mitigate coastal erosion and to arrange finance, 
e.g. from the Fondo Regalias. They aim to find durable and effective measures, 
based on a comprehensive understanding of the system. 

Causes of coastal erosion
The coastline of Colombia is approximately 2900 km long and consists of 
rocky cliffs, sandy beaches, muddy mangrove forests and has many bays, 
deltas and estuaries (Correa & Morton, 2010). In Colombia coastal erosion is 
caused by several phenomena. First, movement of tectonic plates near the 
coast causes uplift or subsidence of land relative to sea level. In the past this 
has occasionally resulted in abrupt and steep changes in the coastline, and 
in the future will continue to take place. Colombia is located in a convergence 
area of three lithospheric plates—Nazca, Caribbean, and South American, 

and their movement produces different types of geologic faults. Almost all 
of the country's many earthquakes in recent centuries have occurred in the 
mountainous, coastal regions. For instance, in 1979 an earthquake of 7.9 
on the Richter scale struck the Pacific coast, which was accompanied by a 
tsunami in Tumaco (Library of Congress, 2010).  Secondly, global sea level rise 
will probably lead to a slow but steady increase in coastal erosion for decades 
and centuries to come. A rising sea level implies an increase in sediment 
demand, which, if no sediment is supplied, results in coastline retreat. Higher 
sea levels will raise extreme water levels and allow waves to break nearer to 
the coast and transmit more wave energy to the shoreline. Third, other drivers 
related to climate change that may exacerbate erosion rates are increased 
storminess, higher waves and changes in the prevalent wind directions. So to a 
certain extent, coastal erosion is part of nature. However, an important fourth 
factor is anthropogenic impact.  The obstruction of sediment flows caused 
by constructions in the coastal zone and dams in rivers, subsidence due to 
groundwater extraction and coastal sand mining significantly contribute 
to coastal erosion.  In general, coastal erosion appears to be a problem of 
sediment shortage related to anthropogenic as well as natural factors. 

Building-with-Nature
Sediments and natural sediment transport processes may provide good 
solutions to mitigate coastal erosion. Using natural processes and ecosystem 
services for functional purposes, such as flood risk mitigation or rehabilitation 
of degraded coastal areas is referred to as Building-with-Nature. Building-
with-Nature solutions typically fulfil multiple functions besides the primary 
function it is designed for. For example, natural flood defences function as a 
flood protection, but also as a nursery for commercial fishing species, as a 
measure for CO2 fixation, as an esthetical landscape element, or as a tourism 
site. By this integrative character Building-with-Nature aims to balance 
traditional natural values with functional purposes and economic spin off.  In 
the Netherlands Building-with-Nature is widely supported within the water 
sector and government institutions in the field of coastal infrastructure and 
ecosystem development. 
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This project
Colombia – The Netherlands collaboration 
The project was carried out within the framework of an agreement entitled 
‘Colombia – The Netherlands collaboration on coastal erosion and Building-
with-Nature solutions for the coast of Colombia’ between the research 
institute Invemar in Santa Marta, Colombia and the institute Deltares, in Delft, 
The Netherlands. The collaboration is funded by the Colombian Ministry of 
Environment. Deltares is a non-profit research institute on water management 
and delta technology. For this project, the institute is in close contact with 
the Netherlands Embassy in Bogota and Agency NL in The Hague (the 
Netherlands), under the umbrella of the Colombian Dutch Water Partnership/
Holland Water House. 

Objectives
This project aims to conduct a quick scan on sustainable solutions for coastal 
erosion problems along the Caribbean and Pacific coasts of Colombia. More 
specifically, the objectives are to 
1. Understand the small-scale and large-scale sediment transport processes 

relevant for coastal erosion
2. Design more sustainable mitigating solutions for coastal protection using 

Building-with-Nature measures where possible, more traditional methods 
involving hard structures where necessary

3. Consider planning measures and governance issues related to coastal 
erosion

4. Formulate research topics required for more detailed analysis and 
quantification of coastal erosion and mitigation and

5. Provide training on coastal erosion and Building-with-Nature solutions for 
Colombian  participants involved in coastal management in Colombia.  

During the project the following activities have been carried out:
•	 A seminar on coastal erosion and research in Colombia and the 

Netherlands (Santa Marta, 26 November 2012),

•	 An inception workshop in Colombia (Santa Marta 27-30 November 2012), 
to develop a common view of the problem and common goals on what 
to achieve, to determine evaluation criteria for (new) measures, data 
availability and research needs (by means of joint-fact-finding),

•	 Training on coastal erosion issues and modelling (Delft, 10-11 December 
2012),

•	 Field visits to the coast of Atlántico between Barranquilla and 
Galerazamba (28 November 2012, see Fig. 1.1) and to the coast of South 
Holland, including the new boulevard of The Hague/Scheveningen, the 
sand motor Delfland and the harbour extension of the port of Rotterdam 
(12 December 2012),

•	 A development workshop (Delft, 13-14 December 2012) for ‘Building-with-
Nature’ options for 4 study areas (by means of research-by-design). 

These activities have resulted in two reports  and a number of Powerpoint 
presentations which can be found on the internet:  
http://publicwiki.deltares.nl/display/CEC/Home#

Figure 1.1 Field visit at Puerto Colombia, 28 November 2012.
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This report
The report is the result of the inception workshop and development 
workshop.  It is an interim report that aims to support the Ministry of the 
Environment and partners on when and how to proceed with the following 

phase, i.e. a more detailed analysis and implementation of Building-with-
Nature solutions (Figure 1.2).

Figure 1.2 Framework-of-analysis applied in the project on coastal erosion and Building-with-Nature solutions for the coast of Colombia. 

The inception phase and development phase are conducted in 2012; the selection phase may follow at a latter stage.
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Methodology
Study areas
The Pacific Ocean and Caribbean Sea of Colombia
Nearly half of Colombia’s territory comprises of marine waters of the Pacific 
Ocean and Caribbean Sea (Figure 2.1). The Pacific coast of Colombia is still 
mainly undeveloped. However, many new developments are anticipated. 
There are four harbours, including the ports of Buenaventura and Tumaco. 
The Caribbean coast is partly developed and urbanized. There are seven 
important ports, including those in the major cities of Cartagena, Barranquilla, 
Turbo and Santa Marta. Additionally, there are harbours on San Andrés and 
Providencia, the two largest Colombian islands in the Caribbean Sea.

Approximately 30% of the Colombian coastline suffers from erosion 
(Invemar, 2007, 2011a, 2011b). At the start of this project, the Ministry of 
the Environment selected the following seven study areas (Figure 2.2):

1. Departement Atlántico between Barranquilla and Galerazamba 
(Caribbean coast),

2. Golfo de Morrosquillo (Caribbean coast),
3. Departement Cordoba (Caribbean coast),
4. Tumaco (Pacific coast),
5. Mouth of Bahia Malaga (Pacific coast),
6. Mouth of Bahía de Buenaventura (Pacific coast) and 
7. Isla Providencia (Caribbean Sea).

After a first problem analysis of all seven areas, carried out during the 
inception workshop in Santa Marta), a more detailed problem analysis and 
quick-scan of Building-with-Nature solutions was conducted during the 
workshop in Delft for study areas 1 to 4.
 

Figure 2.1 Marine boundaries of Colombia (from Diaz and Acero 2003).
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Figure 2.2 Selected study areas
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Joint-fact-finding
The project started with a joint-fact-finding effort. For this purpose a seminar 
and a project inception workshop were held in Colombia with Colombian 
specialists and stakeholders and with Dutch advisors. The purpose of this 
phase was to develop a common view of the problem and common goals on 
what to achieve, to determine evaluation criteria for (new) measures, data 
availability and research needs (Deltares, 2012).

Objectives and evaluation criteria
For each study area objectives on three levels have been distinguished:

1. Strategic objectives  
These objectives express the reasons why measures need to be 
formulated and are usually set at the national policy level. In the present 
study three strategic objectives were set: 
•	 improve the protection against flooding, 
•	 strengthen the economic development and 
•	 support natural conservation;

2. Tactical objectives  
These objectives express what has to be done to reach the strategic 
targets. For the purpose of the present study nine ‘criteria’ were 
identified at a tactical level (see Table 2.1). The criteria were applied in 
Chapter 4 to indicate the benefits of coastal erosion solutions, according 
to the following steps:
•	 Selection of relevant criteria to the study area in question,
•	 Indication the overall effect of the possible mitigation measures on 

the coastline. This was done in a qualitative manner for each of the 
criteria according the scale + (positive effect), - (negative effect) or 0 
(no effect). 

3. Operational objectives  
These objectives are the translation of the tactical objectives into 
realistic, acceptable and specific evaluation criteria. This includes a clear 
description of how, where and when measures should be executed, the 
setting of standards, the execution of monitoring procedures etc. Within 
the framework of the present study, no attempts have been made to 
derive operational objectives.

Criteria Strategic objectives Tactical objectives

Criterion 1 Improve flood protection •	Strengthen barriers in front of urban 

coastal areas 

Criterion 2

Criterion 3

Criterion 4

Criterion 5

Strengthening of economic 

development

•	Improve recreational beaches in front of 

coastal towns

•	Protect agricultural land

•	Improve fishing grounds

•	Protect vital infrastructure

Criterion 6

Criterion 7

Criterion 8

Criterion 9

Support nature conservation •	Preserve and restore mangroves

•	Preserve and restore coral reefs

•	Preserve and restore dunes 

•	Preserve and restore sea grass

Table 2.1 Criteria derived in this study and used for a qualitative evaluation of measures to 

mitigate coastal erosion for the different study areas.
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Methodology

Research-by-design
Both the inception workshop and development workshop were based on 
the methodology ´Research-by-design´. This methodology was used to 
gather structure and create consensus on different sources of information 
in a planning or spatial development process. Research-by-design can 
be seen as a way to connect the disciplines of design and planning, 
governance and science in an iterative and interactive process (Michel, 
2007). For each of the selected study areas, appropriate Building-with-
Nature solutions were selected by the Colombian and Dutch partners 
during the workshops. 

Another important activity was the analysis of the effects of coastal 
erosion if no actions were undertaken to prevent or mitigate erosion 
during the next 10 years. This is used as a reference for the alternative 
solutions.  It resulted in maps and artist-impressions for the year 2023.

Sediment cells
To better understand the causes of coastal erosion and analyse potential 
solutions to mitigate the effects, the concept of coastal ‘sediment cells’ 
is used (van Rijn, 2010). A coastal sediment cell (Figure 2.3) is defined as 
a relatively self-contained unit within which sediment circulates. The net 
balance between inputs and losses from a coastal cell determines to a 
large extent whether a coastline is retreating or advancing. 

Possible sources of sediment are riverine input, onshore transport of 
sediment from offshore marine deposits, and inflow from adjacent cells 
through longshore transport. Human interference through e.g. sand 
nourishment may also form an important input. The coastal cell also loses 
material in various ways, including trapping in deep offshore channels and 

submarine canyons or mining. Sediment may be transported to estuaries, 
lagoons,  beaches and dunes. Longshore currents also may transport 
sediments to the adjacent coastal cells.

Numerical modelling
Mathematical models are capable of simulating a large variety of coastal 
problems and have been applied for projects all over the world. A major 
advantage is that they can be used to simulate large-scale and long-term 
changes in sediment budgets, which is necessary for coastline management. 
In the framework of this project two tentative simulations were conducted 
by UNESCO-IHE in order to explore governing morphological processes, 
namely for the Atlántico coast and for the Golfo de Morrosquillo. The results 
are shown in Chapter 4.

Figure 2.3 Concept of coastal sediment cell or littoral cell 
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Main measures to 
mitigate erosion

Introduction
This chapter summarizes the principles of measures that may reduce coastal 
erosion. The measures are sorted from generic, large scale measures to 
specific, small scale measures. The large scale measures will require actions 
at a national level, while small scale measures will also require actions 
public or private parties at a local level. The first eight measures all intent to 
mitigate the effects of coastal erosion by using Building-with-Nature options 
to restore and improve the coastal sediment system (measure 1-6) or by 
using traditional coastal protection methods in a more sustainable manner 
(measure 7-8).  Finally, ‘spatial planning’ is described as a measure (9) to 
avoid future risks of erosion on society.

Measure

1. Restore natural sediment transport

2. Re-use of dredging material

3. Sand nourishment

4. Mangrove rehabilitation

5. Smoothening cliffs

6. Development of coral reefs

7. Use of hard structures

8. Small scale protection measures and 

9. Spatial planning.

Table 3.1 Measure to mitigate coastal erosion
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1. Restore natural sediment transport

With the restoration of the natural sediment transport, coastal erosion may 
be reduced or even reverted to accretion. This can be achieved by the removal 
of hard structures:
•	 Along the coast the littoral drift is often blocked by groins, locally 

protecting the coastline, but causing downdrift erosion. The removal 
of groins may restore the natural sediment transport, preventing the 
downdrift erosion. Although this will inevitably lead to local erosion, it 
may reduce erosion in a greater part of the coastline;

•	 Jetties constructed along river mouths drive substantial amounts of 
sediment directly to the deeper sea. This sediment no longer  feeds the 
coastal system, causing downdrift sediment starvation.  This effect may 
be mitigated by removing the jetties. If this is not realistic, sediment 
bypassing may be a solution. This means: finding ways to let sediment 
from the river enter the littoral drift, and/or littoral transport to pass the 
river mouth. 
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2. Re-use of dredged material 
This measure is meant to nourish the shoreface with dredged material 
resulting from maintenance dredging or capital dredging. At this moment 
the dredged material is often deposited into the deeper sea, where it does not 
contribute to the sediment balance of the coastal system. By depositing the 
dredged material near the coast, it supplies the coastal zone with sediment 
and reduces wave energy.

A variant on this principle is creating a pipeline to transport dredged material 
from a depot in the river or harbour directly to the shoreface.

3. Sand nourishment
Sand nourishment aims to recover the sediment balance, by the supply of 
sand to the coastal zone. The sand may be nourished on the shoreface, on 
the beach, on a barrier island or in the dunes (see also intermezzo on Beach 
restoration). The nourished sand reduces storm damage to coastal structures 
by dissipating energy across the surf zone, protecting upland structures and 
infrastructure from storm surges, tsunamis and unusually high tides. Sand 
sources may be found in:
•	 rivers, 
•	 the offshore sea bed or 
•	 inland sandstone quarries. The sandstone may be crushed and 

transported to the coast, for example as slurry through a pipeline.
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4. Mangrove rehabilitation
Mangroves constitute a barrier against structural erosion and to extreme 
events such as spring tides and tsunamis. The trees stimulate sedimentation 
and prevent erosion, contributing to the conservation of the coastline. 
Mangroves are an important nursery area for fisheries, a socio-economic 
valuable resource and contribute to carbon sequestration. 

Mangroves exist in a sheltered estuarine environment, in particular along 
the Pacific coast, and along the more wave-exposed Caribbean coast. In the 
latter case mangroves require shelter of a sandy barrier at the seaward side. 
In sheltered estuarine areas, mangroves may be destroyed by clearing of 
mangrove trees and/or changes in hydrologic conditions making salinity 
unfavourable for mangroves.  In exposed areas, loss of mangroves may also 
be the result of an initial loss of the sand barrier due to:
•	 sediment shortage (lower fluvial supply or blocking of  

longshore transport),
•	 weakening of the barrier due to initial mangrove 

destruction (clearing or poor hydrology) or
•	 a combination of these processes. 

The rehabilitation of mangroves is complex. It 
requires knowledge of the mechanisms due to which 
the existing forest was destroyed and knowledge of 
the subsurface stratigraphy at the specific location. 
Restoring mangroves at exposed locations will fail 
without restoring the sand barrier and the sediment transport 
mechanisms feeding the barrier (indicate as A in the figure above). 
The success of restoring a sand barrier strongly depends on the 
presence of sand or muddy substrate in the subsurface and may require a 
large amount of sand. 

Most mangrove projects in the Caribbean have been successful by restoring 
the hydrology and salinity conditions either through restoring the exchange 
between river and sea (B), recreating tidal creeks (C) and replanting (D). 
However, so far restoration has been carried out in sheltered areas. 
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5. Re-shaping cliffs
Vertical cliffs are susceptible to wave-induced erosion because wave energy 
is dissipated in a very small area, leading to coastal retreat typically around 
1 m/year along e.g.  the Cordoba coast. 

This measure aims to slow down the erosion of steep cliffs by re-shaping it to 
a slope with a tilt angle of less than 15º. A smooth profile may dissipate wave 
energy more gradually, reducing or even halting coastline retreat. This type 
of measure is restricted to relatively low cliffs (1-3 m) existing of cohesive 

sedimentary material (e.g. weathered clay stone) and is only effective when 
the flattened cliff is covered with vegetation (vegetated coastlines are more 
resistant to erosion compared to bare coastlines). This measure is suitable 
for landowners in rural areas with cliff coasts and with sufficient space for 
some coastal recession.
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6. Development of coral reefs
Coral reefs have a variety of functions beneficial for the coastal system. 
Healthy coral reefs have a very high biodiversity, provide shelter to fish and 
are attractive for divers. They may dissipate wave energy, reducing coastal 
erosion rates and allow for instance mangrove forests to exist. On several 

places along the Colombian coastline, coral reefs used to exist but have been 
destroyed by different causes.

Coral reefs can be restored by the placement of hard structures (like wrecks) 
on the sea bottom. These reefs attract new corals and fish. An important 
note is that it will take a very long time to develop a new reef system. For 
this reason the development of coral reefs to reduce erosion, is a solution for 
the long term (100 – 1000 years). On a shorter term (10 yrs), the reefs may 
benefit other functions (ecological, promoting fisheries and tourism). 
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7. Smart use of hard structures
Hard structures provide local solutions for coastal erosion.  Groins are placed 
along many stretches along the Colombian coastlines, sometimes spaced 
only 50 m apart. Groins (indicated by B in the drawing) locally trap wave-
driven sediment transported longshore, especially when the seaward end is 
shaped as an L or T (indicated by C in the drawing). As such, it is a popular 
measure to protect property locally.  An important drawback of groins is 
that trapping of sediment near the groins leads to sediment starvation 
further downdrift, thereby aggravating erosion elsewhere. 
Furthermore, the groins do not affect the fundamental 
problem, being sediment shortage. An additional 
problem with the use of groins is that along the 
Colombian coastline, groins are constructed 
in an uncoordinated way (many beach 
properties have their own groin) and 
often poorly designed. 

Smart use of hard measures 
may include:
•	 Re-designing and 

up-scaling of groins,  
replacing  many small 
ones by several larger 
ones, where needed in 
combination with sand 
nourishment to create 
‘pocket beaches’;

•	 The construction of 
offshore breakwaters 
or the replacement of groins by 
breakwaters. Breakwaters (indicated by D) break wave 

energy, thereby reducing the longshore transport and thereby erosion 
rates. They do not block longshore sediment transport (as groins do) 
and better fit into the landscape. Also the water quality will improve, as 
the water can flow through the breakwaters. The breakwaters may be 
constructed from local rocky material; 

•	 Revetments (indicated by A): stony walls parallel to the coast. 
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8. Small scale protection measures 
At present, the coastline is protected with sticks and poles, sandbags or even 
refrigerators filled with stones to prevent loss of individual property. Such 
measures have a very local and short term effect. Most of these measures 
only serve to prevent the consequences of coastal erosion (high water), but 
do not mitigate the causes of erosion. 
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9. Spatial planning 
Coastal erosion is often regarded as a local problem, but occurs at many 
locations. In many cases, coastal erosion causes problems were coastline 
retreat threatens urban environments. Due to economic developments the 
urban environment along coasts is expanding rapidly. At the same time, 
coastlines are retreating due to poor sediment management and climate 

change. This is called ‘the coastal squeeze’. Most likely, it will increase 
over time. A sustainable approach to mitigate coastal erosion in Colombia 
therefore requires proper long-term spatial planning to support coastline 
management.  

An effective measure against ‘the coastal squeeze’ is defining setback lines. 
A setback line describes a minimum distance from the shoreline prohibited 
for new buildings or infrastructure (or may state a minimum elevation above 
sea level). The ‘setback’ area provides a buffer between the sea and the 
coastal development and consequently reduces the risks of coastal flooding. 
Setback lines help to maintain the resilience and natural appearance of the 
coastal zone.

Defining setback lines may steer the development of new road infrastructure 
with sufficient distance from the seafront. This will prevent future road 
maintenance costs related to erosion and may stimulate more inland urban 
development. Preferable, new road infrastructure should not cross nature 
conservation areas and be projected perpendicular rather than parallel to the 
coast.
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Intermezzo Beach restoration
An attractive, high-quality beach has a long, wide and slightly curved bay-
type appearance and consists of clean, yellow or white, well-sorted, fine to 
medium grained sand (0.2 to 0.4 mm); the beach slope is gentle up to a depth 
of about 2 m promoting spilling, breaking waves rather than plunging waves, 
which should not be much larger than about 1 m. Rocky outcrops may be 
present on both ends protecting the beach against too strong wave attack 
from oblique directions. However, touristic beaches along erosion-dominated 
coasts often are relatively narrow strips of sand, protected by various types of 
structures (groins, breakwaters, etc.) resulting in small pocket-type beaches 
crowded by people in the summer period.

Narrow beaches suffering from coastal erosion are generally protected 
through beach nourishments, artificial structures or both. In some coastal 
countries (USA, Denmark  and The Netherlands) with sufficient sources of 
sand, coastal erosion is primarily mitigated by intensive schemes of beach 
nourishment (in line with the concept of ‘Building-with-Nature’) resulting in 
long, wide, attractive beaches. 

At other locations with insufficient economic availability of sand, the presence 
of coastal structures often is a necessary solution to prevent or reduce long-
term beach nourishment. However, these structures are generally seen as 
unattractive, visual elements blocking the view of the tourists. Furthermore, 
strong currents may be generated close to the tip of structures during windy 
conditions due to variations in wave set-up resulting in dangerous swimming 
conditions. The inefficiency of many traditional groin field systems in 
protecting the coastline, along with a much higher social importance 
nowadays given to environmental, recreational and aesthetic values, have 
caused a shift in beach developments. Modern landscape ideas are focussed 
on the design of long and wide beaches with a minimum number of structures 
enhancing the natural appearance of the beach. Structures should be designed 
and planned as multifunctional facilities.  

Some countries (Spain, Italy) around the Mediterranean have launched 
initiatives to adopt a new coastal policy of replacing the traditional small-
scale groin fields by large-scale, more open recreational beaches. This policy 
basically consists of the removal of ineffective and non-aesthetical coastal 
groins in combination with new beach fill operations, while keeping the 
terminal groins combined with a submerged or low-crested breakwater in the 
middle of the beach to give sufficient protection against wave attack. Such a 
design might offer a much better aesthetic solution at many places. This may 
also improve bathing safety as the larger waves will break on the low-crested, 
detached breakwater in the middle of the beach. Wave diffraction around the 
terminal groins will promote shoreline curvature towards both ends of the 
beach, creating a visually, attractive crescent bay-type beach. Examples of 
successful projects of beach restoration are Barceloneta beach in Barcelona 
and Zurriola beach near San Sébastian (Spain).

Beach restoration requires close collaboration between coastal engineers 
and landscape architects to arrive at an attractive, sustainable coastal 
beach in harmony with its surrounding. Essential for a successful beach 
restoration project is a clear understanding of the local natural processes and 
environments, local societal demands and economical issues as a basis for 
the design of an attractive, high-quality beach.  
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Options for selected 
study areas

Atlántico
The area 
The Atlántico coastline between Barranquilla and Galerazamba is ~60 km 
long and wave-dominated. Swell waves, induced by the steady trade winds 
from the North East, cause an overall westward littoral drift of sediment 
along the Caribbean coast of Colombia. This littoral drift operates as a 
kind of conveyor belt that moves beach sand to the west. It is active during 
December to September. In October to November sediment transport is to 
the north east, but the magnitude is lower.

In the natural situation, that is before the construction of the jetties at 
the mouth of the Rio Magdalena in the late 1930s and the construction 
of hydroelectric power dams upstream in the river that trap sediments, 
the river supplied a large amount of sediment to the coast to the western, 
downdrift side of the river mouth. 

It is difficult to define a sediment cell along this stretch of coast, in particular 
its western and northern borders. Sediment from Rio Magdalena is the 
main source, whereas the canyon offshore of the river mouth is the main 
sink of sediment. At present, the Rio Magdalena has a sediment load of 
approximately 150 million ton per year (Restrepo et al., 2006) and a yearly 
average river discharge of ca. 7000m3/s. The sand content is probably 10-
20% of the total load. A large amount of the fluvial sediment used to be 
transported westward (and to a lesser degree eastward) of the river mouth. 
The water offshore of the various headlands along the Atlantico coast is 
fairly shallow, allowing longshore transport to bypass. 

The most important economic activities (Fig. 4.1) are the international 
harbour activities in the Port of Barranquilla and local tourism along the 
rest of the coastal zone. Ports  accommodating large  vessels  exist  in  
the  most  downstream  22  kilometres  of Rio Magdalena  while another 
deep-water port is planned seaward of the river mouth at the end of the 

western dam (Dike Boyacá).  Navigation at the mouth of the river is very 
difficult due to river flow and the high waves and strong currents at sea. The 
navigation channel is maintained at 40 feet depth.  

Domestic tourism is an important socio-economic activity. Small-scale 
fishing occurs using cast nets, trammel nets, trawls near fishing  spots  in  
the  open  sea  off  Bocas  de  Ceniza,  and  closer  to  the  coast,  near  Puerto 
Colombia,  Puerto  Velero,  and  in  front  of  Astilleros  and  Boca  Tocino.  

Mangrove areas occur in the Mallorquín, Manatees and Balboa swamps, 
and at the mouths of the  Juan  de  Acosta,  Cascabel  and  Caja  rivers.  The 
Manatees and Astilleros swamp are heavily degraded. Growing population 
centres exist around Mallorquín Swamp (La Playa and Las  Flores).  Farther  

Figure 4.1 The presence of erosion, mangroves and some socio-economic characteristics of the 

coast of Atlántico between Barranquilla and Galerazamba.
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south  along  the  coast  are  the  villages  of  Sabanilla,  Salgar,  Puerto 
Colombia, Santa Verónica, Punta de Piedra and Bocatocino. Small and 
medium-sized farms exist in the hillsides of Puerto Colombia, Tubará, Juan 
de Acosta and Louse. 
 
Problem description
Erosion began after the construction of the western dam (Dike Boyacá) at 
the mouth of Rio Magdalena and is permanent. This harbour jetty is leading 
to the loss of alluvial sediment in deep water, rendering it lost for supply to 
the coastal system. This most likely caused the start of large-scale coastal 
erosion along several stretches of Atlántico coastline. The westward littoral 
drift continued but the removed sand was not replaced by new sand from 
the east, resulting in structural coastal erosion (Figure 4.2). Moreover, 
dredged material from the river is dumped in the deeper sea. Gradually 
the coastline was stripped of its sand. Here, the loss of mangroves is most 
likely related to the initial destruction of the sand barriers.

Five problem areas were distinguished during the quick-scan:
 
1. Barrier and lagoon Cienaga de Mallorquin

Large-scale transgression of the barrier directly west of the jetties of 
the Rio Magdalena followed the construction of the jetties. The barrier 
receded with an average value of 60 m/yr since 1939, likely by erosion 
of the seaward side of the barrier and deposition of part of the eroded 
material on the lagoon-side (barrier roll-over). In the lagoon fisheries 
and mangrove bushes are important values. In the present-day situation 
the barrier is about 200 m wide. The concern is that the barrier might 
disappear altogether. There are plans for the construction of a deep-
water harbour along the seaside of the western jetty. The construction 
of this ‘mega-port’ will have a significant effect on the wave impact at 
the shoreline southwest of it. Whether this aggravates or diminishes the 
coastal erosion will depend on the design of the harbour.

2. Salgar – Punto Sabanilla
The coastline between Punto Sabanilla in the north and Salgar is part 
of Puerto Colombia Bay. A large spit used to be attach to the shoreline 
just north of Salgar. Here, a small barrier-lagoon system still exists. It 
is not clear whether this is a remnant of the old spit system or an active 
barrier that is fed by sand transport coming from Punto Sabanilla. In the 
present-day situation, the remnants of the beach at Salgar are defended 
with 5 groins. 

3. Puerto Colombia Bay
Puerto Colombia was the first international harbour of Colombia, built 
at the end of the 19th century. It consisted of an elongate dock sticking 
out into a bay that was well-protected against wave action by a sandy 
spit to the northeast. Since 1947 the spit migrated onshore, causing an 
extension of the beach (Martinez et al, 1990). Subsequently, the sand 
was transported westwards where it contributed to the outbuilding of a 
new complex spit system (see no. 4). The coastline to the north and west 
of the pier has been eroding substantially ever since. Wave erosion of 
small-scale cliffs (c. 0.5 to 1 m high) of mangrove clays occurs directly 
north and south of the pier. All the sand had disappeared. Further north 
the erosion is threatening a road.

4. Puerto Velero spit
At Puerto Velero a complex sandy spit is still accreting. This spit is 
fed with sand that is transported away by littoral drift from upstream 
locations. Spit systems are very dynamic which means that their 
shorelines will migrate over time. For instance, the central part of the 
northern shore of the spit is presently eroding due to littoral drift. The 
eroded sand is deposited at the west and southwest end of the spit, 
resulting in extension of the spit. Moreover, the south side of the spit 
can accrete as well as erode in the (near) future. Presently, a marina 
is being constructed at the south side of the spit complex. Docks 
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are being built from the spit into the bay. Building infrastructure on 
a dynamic sedimentary system will create a problem sooner or later 
as the shoreline is likely to move, either landwards or seawards. Both 
situations will make extension of the docks necessary. 

5. Santa Véronica
Santa Véronica is a (small-scale) beach resort that is frequented by 
local tourists. The coastal erosion causes narrow beaches. This beach 
is downstream of the sand spit of location 4 and hence does not receive 
sand since the sand is trapped in the spit system. 

The strategic objective for the area has been formulated during the 
workshops as follows: the protection of ecosystems, people, properties 
and houses and public infrastructure. The tactical objective is to design 
adaptation, protection and management measures for the coastline that 
counteract erosion and help to get a better grip on coastal processes, 
without obstructing economic activities. 

Figure 4.2 Erosion (red) and sedimentation (green) along 40 km of coast west of the mouth of the Rio Magdalena in the period 1936-2009. (Source: Universidad Del Norte, 2010).
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Figure 4.3 Possible measures to mitigate coastal erosion at five locations along the coast of Atlántico.

PROPOSED MEASURES

FOCUS AREAS

COASTLINE

42



A Quickscan of Building-with-Nature Solutions to Mitigate Coastal Erosion in Colombia

Options for selected study areas

Measures

1. Barrier and lagoon Cienaga de Mallorqui
Supply of sediment from the river to the shoreface of the coast directly west 
of the jetty seems an attractive solution from the point of the coastal sand 
budget. The first option is changing the disposal location of dredged material 
from the present deep-water nearshore location to a shoreface location 
in front of Cienaga de Mallorqui. Alternatively, river sediments may be 
brought to the coast via a pipeline or other diversions. The contamination 
of the sediments might however set limits to their beneficial use and 
should be prevented. Also the dredging volume (~1 million ton/year) is 
very low compared to the historic sediment supply. 

The complete restoration of the natural sediment transport in the mouth 
of the Rio Magdalena is not a realistic option, since that would require the 
removal of the jetties. Infrastructure to debouche (deflect) river sediment 
into the inshore area is a more realistic option. Success of such structural 
mitigation in this area will depend on the construction of the deep-water 
harbour. Preferably, mitigation of the coastal erosion should be part 
of the mega-port construction design. It is recommended to study the 
possibilities for the restoration of the sediment transport, in case of the 
design of a new port. 

2. Salgar – Punto Sabanilla
The situation can be improved by redesigning the coastal protection. A 
beach restoration with sand, in combination with groins at both ends, will 
create an artificial pocket beach that will be much more resilient against 
sand loss. The plan for this restoration needs to be well-designed. Setting 
setback lines should be considered too. 

3. Puerto Colombia Bay
In the present-day situation, small-scale groins are present at Miramar 
(just north of Puerto Colombia), and more groins are likely to be built. The 

groins are holding whatever sand is left. However, a redesign of the groins 
(e.g. into T-head groins) would make them more effective. In combination 
with a beach restoration using sand available to the west near Puerto 
Velero, could restore the beach tourism in Puerto Colombia Bay area.

The construction of low-level breakwaters at the location of the former 
spit, that is, from Pradomar to the west, would create less energetic 
conditions at the shoreline south of it, resulting in a reduction of the 
wave erosion of the coast. Moreover, spatial planning can improve the 
resilience of this erosive coastline.

4. Puerto Velero spit
No sustainable options were found to influence or control the dynamics 
of the spit complex.

5. Santa Véronica
This place should be upgraded and protected. However, since this is not a 
major tourist location, renovation plans should be relatively low-cost. A 
renovated beach could be protected with well-designed hard structures. 
Coastal protection should be designed as an overall plan and avoid ‘just 
throwing in rocks’. Such a plan can be successful, see e.g. Sitges in Spain, 
south of Barcelona. Here, the establishment of a setback zone should be 
considered too.

In summary, the quick-scan identified five possible measures to mitigate 
coastal erosion along the Atlántico coast, namely ‘’restoration of the 
natural sediment transport’’, ‘’re-use of dredging material’’, ‘’sand 
nourishment’’, ‘’smart use of hard structures’’ and “spatial planning” 
(Figure 4.3). The first three measures increase the sediment input into 
the shoreface of the coast and will diminish the coastal erosion, both on 
the location of sediment input itself and on locations downstream of it. 
The effectiveness may be studied using morphodynamic models (see 
Intermezzo - Use of morpho dynamic models).

43



A Quickscan of Building-with-Nature Solutions to Mitigate Coastal Erosion in Colombia

Options for selected study areas

Reintroducing sediment fluxes with magnitudes comparable to the 
pre-jetty situation is not realistic, since it requires the removal of this 
infrastructure. Alternative sources of sediment are limited in volume and 
include, amongst others:
1. Dredged material from nautical dredging of the Magdalena River. It 

can be brought to the nearshore of Atlántico by dredging ships or 
through a pipeline. Measurements of sediment concentrations in 
Rio Magdalena indicate that the majority of the alluvial sediment 
consists of mud, with only 10-20% of sand-sized material. This 
means that the sand has to be winnowed from the river sediment, 
either by making use of natural processes or by mechanical 
treatment;

2. capital dredging, e.g. for new port development like for instance at 
Puerto Nuevo (Santa Marta);

3. Sand from the continental shelf. Large quantities of alluvial sediment 
have been deposited on the shelf offshore the Atlántico Coast. 
The shelf sediment is a potential sand source, although the main 
constituent of the sediment is mapped as mud, and

4. Sand from inland quarries.
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Evaluation
The proposed measures will result in different conditions and landscapes 
compared to ‘no action’. The artist-impressions show an imaginary part of 
the Atlántico coast in ten year time (2023) for a situation with and without 
coastal erosion mitigation measure (Figure 4.4 A, B).   

The table below reflects the ‘score’ of the measures, based on five relevant 
evaluation criteria. The measures do contribute to several important tactical 
objectives. However, the selected measures will not improve fishing grounds 
or mangroves. 

Tactical objectives (case Atlántico) score

Criterion 1. Strengthen barriers in front of urban coastal areas +

Criterion 2. Improve recreational beaches in front of coastal towns +

Criterion 4. Improve of fishing grounds 0

Criterion 5. Protect vital Infrastructure +

Criterion 6. Preserve and restore mangroves 0

Topics for sediment research
•	 Quantify the sediment loads and sediment types in Rio Magdalena and 

the Atlantico coastline
•	 Setup of a detailed flow and sediment transport model to analyse and 

explain: 
Hydrodynamic processes along the coastline,
The role of various processes in historic and present-day coastline 
change,
Reproduce historic and present-day coastline evolution and where 
eroded sand has gone, 
Forecast coastline evolution for several scenarios.
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Figure 4.4 Artist impression of an imaginary part of the Atlántico coast in the year 2023 for a situation without actions to mitigate 

coastal erosion (A) and after implementation of the possible measures identified in this quick-scan (B).
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Intermezzo - Use of morphodynamic models
In order to explore governing morphological processes along the coast of 
Atlántico a simple Delft3D model was developed, describing a schematized 
setup of the Atlántico coastline in a 6 by 20 km model domain. The model 
includes waves (Hsign = 1.5 m, Tp=9 s ) entering the model domain from 
the North East. Tides are disregarded. The median grain size D50 is120 
µm. River discharge is 6000 m3/s with an equilibrium (Van Rijn) sediment 
transport rate. The model describes the supply of sediments by the river 
and longshore sediment transport by wave action in western direction. The 
preliminary results are shown below. After 15 years a delta formed slightly 
oriented towards the west due to wave action. The initial beach has eroded 
and a spit formed in the western shallow bay area. 

The model can be used for analysis the effects of dredging and dumping, 
breakwater construction etc. The model may be optimised further, but 
already explains important erosion mechanisms along the Atlántico coast. 
The visualisation may be an important tool for communication between 
coastal scientists and local stakeholders and politicians.

 
 

 Tentative model estimation of the seabed depth (m) along a schematized coastline of Atlántico, 

initial (a) and after 15 years (b).
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Golfo de Morrosquillo
The area 
Golfo de Morrosquillo is located in department Sucre on the north-west coast 
of Colombia facing the Caribbean Sea. This coastal section has a length of 
approximately 100 km and consists of small sandy beaches backed by low-
lying coastal plains with intense vegetation almost up to beaches. 

The dominant wave sector is  west to north-west.  The tide is micro-tidal 
with a range of 0.5 to 1 m. Sand dunes and wide dynamic beaches are 
absent which is an indication of a relatively mild wind and wave climate. 
Most likely longshore transport is relatively small (see intermezzo Golfo the 
Morrosquillo exploratory models). Golfo de Morrosquillo can be regarded as 
one sediment cell.

The elevation of the coastal plain is 3 to 5 m at about 1 km from the shore 
and in the range of 30 to 50 m at about 10 km from the shore. The soil of 
the coastal plain most probably consists of fine sediments (clay, silt, sand). 
Various small-scale rivers and creeks enter into the Gulf.  The banks of these 
rivers often consist of mangrove vegetation. Sea grass and coral reefs are 
still presented in small patches and they are protected. The reefs were more 
widespread in areas along the coast but have been adversely affected over 
the last half a century, e.g. by sediment input from rivers. Approximately 
150 artificial reefs are being introduced in the areas offshore Coveñas – Tolú 
at -20 meter depth to restore coral reefs. Mangroves are present at several 
locations (see Figure 4.5), including The Caimanera marsh in the sector 
Coveñas – Tolú that was declared a so-called Integral Management District 
(DMI). Many mangroves areas have been destroyed for construction of hotels 
and a road build along the coastline. Successful mangrove restoration was 
carried out near Punta Boquerón, a protected area that may be extended in 
southward direction. Mangroves are an important nursery area for fisheries 
and therefore an important socio-economic factor. 

Touristic beaches are present, in particular along the south-western part 
of the coast near the city of Coveñas. Three ports exist in the Gulf: Pestolú 
(a fishing port), Tolú (cement and clinker), and the oil terminal (TLU) near 
Coveñas for oil export by Ecopetrol. Artisanal fishing occurs throughout 
the Gulfo de Morrosquillo within the three-mile zone, except in restricted 
areas of maritime operations of Ecopetrol. Relatively extensive livestock 
farming occurs especially in the rural areas, landward of the urban areas and 
mangroves.

Problem description
Large stretches of the coastline are eroding at rate of 0.5-1 meter per year. 
This has lead to the construction of more than 200 groins. The structures 
have been built without proper coordination and design, leading to continuous 

Figure 4.5 The presence of erosion, mangroves and some socio-economic characteristics of the 

coast of Golfo de Morrosquillo.
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erosion. Higher erosion could lead to further breaching of barriers protecting 
the mangroves, and thereby to  increasing salinity in the lagoon (potentially 
even hyper salinity) that may kill mangroves and hamper local freshwater 
extraction. The oil pipeline that runs to the TLU is also subject to erosion.

Rio Sinú used to discharge into the south of the Golf until 1938, possibly 
providing an important source of sediment. Sediment also came in from 
the north by littoral transport. Presently, little sediment is coming into the 
Gulf. Sand mining occurs on a small scale. There is no apparent sediment 
sink, except possibly for sea level rise. However, the general opinion is that 
the coastline experiences uplift. 

In summary, coastal erosion in Golfo de Morrosquillo is associated with:
•	 Uncoordinated defence works,
•	 Changes in land use and construction of infrastructure,
•	 Destruction of mangrove ecosystems for buildings, especially related 

to tourism and
•	 Sand mining.

The tactical objectives for the area have been formulated during the 
workshops as the protection against flooding by the implementation of 
adaptation measures that at the same time allow or stimulate economic 
development.

Measures
The sandy beaches in the Golfo de Morrosquillo are probably sand barriers 
of limited thickness and width and with overlying a muddy substrate 
(cheniers). The amount of sand within the Golfo de Morrosquillo is therefore 
limited. The long-shore transport along the majority of the coastline is 
probably low. The main sediment transport mechanisms all promote 
transport into the Golfo. As a result, adding sediment into the Gulf is 
probably a highly effective way to protect the coastline. A relatively low 
volume is needed and most of this sediment is effectively used. In contrast, 

the existing protection measures have so far focussed on preventing 
transport of the low amount of available sand. 

1. Mangrove protection in the area of Berruga
To sustain the mangroves in the NE part of the Golfo de Morrosquillo 
two measures may be required in the future. First, it is important to 
prevent critical erosion of the sand barrier in front of the mangroves by 
sand nourishments. Secondly, management of the area should create 
favourable hydrology and salinity conditions that support mangrove 
development. The coastal squeeze can be avoided through appropriate 
planning of new infrastructure and urban development away from the 
shoreline. 

2 and 3. Beach restoration near Coveñas and Tolú
It is proposed to reduce the coastal erosion near Coveñas and Tolú by 
creating large-scale coastal cells by means of low (emerged) shore-
parallel breakwaters over a distance of 5 to 10 km. As evident from 
the symmetric beaches within the groin fields and the modelled wave-
driven currents, the longshore transport in this area is limited. For these 
conditions, shore-parallel breakwaters are more effective then groins 
for coastal protection. Such open structures also reduce the deposition 
of muddy sediments within the cells. Some cells may need small-scale 
initial nourishment of sand. Boulevards and beaches should be protected 
by revetments of well-placed rocks. Small marinas and fishery ports can 
be included in the areas behind the breakwater line. These measures also 
protect the oil pipelines that run from Coveñas to the oil terminal.  

The length of each shore-parallel breakwater is about 300 m at a distance 
of about 200 to 300 m from the shoreline. The gap length is of the order 
of 300 m. The crest level of each structure should be at about 1 m above 
LW. This configuration results in one shore-parallel breakwater per 600 m 
shoreline. The shoreline will, on the long term, show a salient-type of 
plan form. Detailed studies (including wave propagation, tide, wind and 
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wave-driven currents and coastal morphology) are required for the proper 
design of the structures. The breakwaters can be built out from the beach 
as T-head groins by local contractors. The shore-normal section is later 
removed. Rocks from old groins can be re-used. The construction costs 
will be out 0.3 to 0.5 million U$ per structure and the building period per 
structure will be about 3 months (about 10 m per day). Typical beach 
fill volumes are 0.1 million m3 per km. The total required investments to 
improve and upgrade the beaches near Coveñas and Tolú are of the order 
of 10 million U$ or more for each location.

Both in Tolú and Coveñas setting setback lines may be considered. This 
too will make the coastal zone more resilient to coastal erosion. Especially 
near (and North of) Tolu, a natural setback line exists in the form of a sand 
barrier approximately 1 km landward of the beach. 

4. Restore natural sediment transport
The measures at Coveñas and Tulu mentioned above can be supported 
by an extra sediment input in the shoreface west of Coveñas that will 
provide a constant supply of sand to this erosive southern coastline. The 
intention is to restore part of the historic sediment input from the Rio 
Sinú to the Golfo. This can be designed as a sand-motor or as a more 
constant sediment supply. The volume of nourished sediment (possibly 
as a sand-motor) will depend on the sediment transport rates in the 
southern part of the Gulf and the time intervals that are preferred (e.g. 
repeat every 5 or 20 year). The Rio Sinú delta is the most likely sediment 
source. A possibility is to construct a new distributary flowing eastward 
into the Golfo de Morrosquillo. This sediment can be transported eastward 
by the prevailing wave-driven sediment transport. A combination of a 
new channel combined with wave-driven sediment transport is probably 
more efficient than revitalising the pre-1938 channel: the configuration 
of this channel is such that sand transport was probably limited. Sand 
cannot be transported from the Punta Mestizos to the main part of the 
Gulf because an extensive water body is present which is to deep to allow 

wave-driven sediment transport. In time, this water body may be filled 
in with sediment, but this will take a long time. Sand should therefore be 
transported further eastward by either nourishment, or by constructing 
a shallow area allowing natural sediment transport. Should sediment 
transport be predominantly nourished, then the use of sand motors may 
be preferred over regular, smaller-scale nourishments. 

In summary, the quick-scan identified five possible measures to mitigate 
coastal erosion in Golfo de Morrosquillo, namely ‘’sand nourishment’’, 
‘’smart use of hard structures’’, mangrove rehabilitation”, ‘’restoration of 
the natural sediment transport’’ and “spatial planning” (Figure 4.6). The 
combination of measures may provide a sustainable solution to coastal 
erosion. The effectiveness may be studied using morphodynamic models 
(see Intermezzo - Golfo the Morrosquillo exploratory models).
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Figure 4.6 Possible measures to mitigate coastal erosion at several locations along Golfo de Morrosquillo. 

PROPOSED MEASURES

FOCUS AREAS

COASTLINE
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Evaluation 
The artist-impressions (Figure 4.7 A, B) for an imaginary part of the Golfo 
coast in the year 2023 present  a situation with and without coastal erosion 
mitigation measure. They show that the measures may create a more 
natural and open seafront and new urban development some distance away 
from the shoreline.  

The table below show six evaluation criteria that are relevant to this case. 
The measures do contribute to four important tactical objectives. They will 
however not provide benefits for fisheries. The idea to restore historic inputs 
by applying a high sediment volume every 1-2 decades (a so-called sand-
motor) may provide long term sediment supply but may also cause adverse 
effects to coral reefs in the area due to coverage with fine sediments.

Tactical objectives (case Golfo the Morrosquillo ) score

Criterion 1. Strengthen barriers in front of urban coastal areas +

Criterion 2. Improve recreational beaches in front of coastal towns +

Criterion 4. Improvement of fishing grounds 0

Criterion 5. Protect vital infrastructure +

Criterion 6. Preserve and restore mangroves +

Criterion 7. Preserve and restore coral reefs 0 / -

Topics for sediment research
•	 Analyse the Holocene coastal evolution of the Golfo de Morrosquillo: 

Determining the subsurface stratigraphy and processes of uplift and 
subsidence 
Determining present-day and historic relative sea-level rise 
by installing and analysing, tidal gauges, and by extensive 
morphological investigations of the coastal system. 

•	 Analyse sediment availability and transport:
Determine the sand volume available in the system and estimate the 
historic changes in the topography and bathymetry using existing 
maps and chart, 
Estimate the longshore transport rates and mechanism based on 
morphological investigations.

•	 Setup of a detailed flow and sediment transport model to analyse and 
explain:

Hydrodynamic processes along the coastline,
The role of various processes in historic and present-day coastline 
change and
Reproduce historic and present-day coastline evolution and forecast 
coastline evolution for several scenarios.
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A

Figure 4.7 Artist impression of the SW coast of Golfo de Morrosquillo in the year 2023 for a situation without actions to mitigate coastal erosion (A) 

and after implementation of the possible measures identified in this quick-scan (B).
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Golfo the Morrosquillo exploratory models.
 A few simple exploratory models have been applied to give a basic 
understanding of the wave height and flow in the Golfo the Morrosquillo. This 
included a coarse SWAN wave model based on global GEBCO bathymetry 
using Delft Dashboard and a finer curvilinear coupled Wave-Flow-Sediment 

transport model using client’s bathymetry sample data. Because input data 
on waves are not yet  made available, arbitrary wave conditions were used 
(NW 315 deg. N, Hs= 2m, Tp= 7s). Some of the results are shown in the 
figure below.
  

 Tentative model estimations of the wave height (a) and wave-induced flow pattern (b) in the Golfo the Morrosquillo. Notice the shielding of 

northern part due to reefs and headland, the low flow velocities in central bay and higher velocities towards the north and south sides.  

BA
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Cordoba
The area 
The department of Cordoba has a wave-dominated coastline with a length 
of 124 km. Waves and longshore transport cause erosion along almost the 
entire coast, except the protected area of the Sinú delta (DMI).  An important 
feature is the river Sinú, which is the main source of sediment, next to a few 
smaller rivers. The diversion of the Sinú River in 1938, led to an increase in 
sediment supply to the Cordoba coast (and a reduction of sediment supply 
to Golfo de Morrosquillo). At present, the Sinú delta increases with ~ 3 million 
cubic meters of sediment per year (Serrano, 2004). Since the construction 
of the Ura River hydroelectric dam  in the Rio Sinú, much of the coarse 
fraction of the transported sediment is being trapped in reservoirs. As a 
result, the distribution of sediments along the adjacent eastern coast (Golfo 
de Morrosquillo) and western Cordoba coast has declined over the years.  
Eastward sediment transport occurs in October and November, while for 
the remaining part of the year transport is westward. Sinks are not known, 
although sand mining occurs (at an unknown quantity). It is difficult to 
define sediment cells in this stretch of coast. The coast is primary formed by 
non-consolidated sedimentary rocks (sand and mudstones) and therefore is 
highly erodible, with cliff areas, some with dead coral assemblages high up in 
cliffs. The southern part is mud with some sandstone while the northern part 
contains more sandstone. 

Land-use varies along the coast, but is mainly agricultural (Figure 4.8). The 
coastal zone used to be largely covered with mangroves. Small mangrove 
forest fragments are now located at the mouths of rivers; the most significant 
mangrove area is in the abandoned Sinú River delta (La Balsa and Cispatá 
Bay, 8000 hectares). In addition to waves, erosion is caused by the discharge 
of waste water off cliffs through dug ditches.  There is little data for this area 
in terms of uplift or subsidence, but the morphology of the cliffs indicates an 
uplift area.  The whole area is slowly being uplifted although  it appears to 
rise at the same rate as  the sea surface. 

Many mud volcanoes occur onshore and offshore, including two emergent 
islands offshore that are topped with live coral. Some offshore shallow 
submerged mud volcanoes are topped with coralline green alga. Large 
subsurface mud volcanoes probably generate relatively local uplift.

The local economy and population is relatively small. Puerto Escondido is 
a small municipality is more inland (~5 km), with some tourism. There are 
many summer houses on the coast. Moñitos has considerable tourism and 
urbanization directly on the coast and is also a fishing town, with an economy 
transitioning from fishing to tourism. Agricultural land is present between 
cities. It is an important area for (beef) cattle and palm oil plantations for 
local consumption.  

Figure 4.8 Some socio-economic characteristics in the Cordoba study area and the occurrence of 

erosion and mangroves along the coast.
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Figure 4.9 Possible measures to mitigate coastal erosion at several locations along the coast of Cordoba.

PROPOSED MEASURES

FOCUS AREAS

COASTLINE

58



A Quickscan of Building-with-Nature Solutions to Mitigate Coastal Erosion in Colombia

Options for selected study areas

Problem definition
Erosion occurs at a rate of 1-2.5 meters per year at several touristic and 
populated areas like La Rada, Moñitos, Cristo Rey, Puerto Escondido and 
Arboletes. To mitigate erosion at specific sites, groins have been constructed 
with rocks from inland quarries. Cliffs are continuing to erode at a high rate 
( > I m loss/year). Coastal erosion along the Cordoba coastline is associated 
with:
•	 Lack of sediment, 
•	 Uncoordinated sand mining,
•	 Surface runoff,
•	 Diapirism and
•	 Easily erodible material.

The strategic objectives for Cordoba are formulated as: economic 
development with the protection of the coastal zone. The tactical objective 
is the design of measures for relocation of Cristo Rey, adaptation, protection 
and management of the coastline for conservation and improvement of the 
economic development. 

Measures

1. Miramar 
At the village of Miramar offshore rocks are now refracting waves. The 
island resort (Paso Nuevo) is not far offshore. However, there is coastal 
erosion along the shoreline of Miramar. In the past, Halimeda reefs 
occurred in the shallow waters in front of Miramar. Halimeda is a genus of 
green macro algae that deposits calcium carbonate in its tissues. These 
reefs have been damaged by vessels. 

The enhancement of a Halimeda reef can result in wave dampening 
functions. Moreover, the re-introduction of Halimeda on the shallow 
offshore rock reefs also enhances settlement and trapping of suspended 
sediment, thereby reducing turbidity, and increases the production of 

calcareous algae, which make calcareous white beach sand, and possibly 
benefit fish habitat and fisheries. The increase in production of biogenic 
structures and sand by Halimeda may be quite feasible if turbidity is 
limited to season(s) with higher river runoff/sediment plume presence. 
However, it will take many years before a Halimeda reef has developed. 

2. Moñitos 
Moñitos is located at the Bahia Rada. Here, coastal constructions over 
the last 5 to 10 years have led to changes in sediment transport and 
consequently to erosion (~2 m/yr). Sand nourishments and new larger 
groins might improve the coast near Moñitos. Next to an initial beach 
nourishment of approximately 0.5-1 million cubic meter sand, shoreface 
nourishments can be applied for maintenance. Sand sources may be 
crushed sandstone from existing quarries located some 5 km inland. 
The sand could be transported by truck or pumping of sand slurry to 
the shoreface or beach. These sandstones are former coastal deposits, 
and therefore the particle size and shape of the sand may be suitable 
for nourishment. It may be more cost-effective to dredge muddy sand 
from offshore and naturally separate sand from mud during and after 
the nourishment. Newly developed larger groins can partly be built with 
material from existing smaller groins. These options need to be developed 
further in an integrated and long-term master plan.

3. Christo Rey 
Christo Rey is a small village and not very exposed to waves. A sea wall 
has been constructed to protect the coast locally. Sand nourishment 
could be applied to improve the beaches, but this is costly since sand 
should be transported from San Bernardo del Viento.

4. Punta da Rada 
No measure is proposed for the location Punta da Rada, a small village 
just north of Moñitos. There is net erosion here, but measures will most 
likely not be economically feasible. Accretion is occurring at the adjacent 
western coast.
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5. Punta Arboletes 
Punta Arboletes is a very important place and one of the high priority areas 
in the country to prevent erosion. The erosion is related to the creation 
of a shipping lane in the 1950s between the tip of Punta Arbolates and 
the island a few kilometres offshore. The removal of rocks and deepening 
of the seabed created a shortcut for fishermen to sail from Arboletes to 
fishing grounds at sea. At the same time, the wave climate and current 
pattern changed and caused severe erosion.

Punta Arboletes still protects the western coastline but to a lesser extend. 
Offshore breakwaters could be used to dissipate waves, but this needs 
extensive research and may not be economically viable.

6. Puerto Escondido and Punto Arboletes 
Between Puerto Escondido and Punto Arboletes agricultural land along 
the coast is lost because of erosion of the low cliffs. Smoothening of the 
cliff profile may provide a cost-effective measure.  Planting of grass on the 
lowered slopes in required to avoid erosion by overwash.  This measure 
could be applied along approximately 20 km section of the coast by the 
landowners. 

In summary, the quick-scan identified an interesting palette of possible 
measures to mitigate coastal erosion along the Cordoba coast, namely 
‘’’sand nourishment’’, ‘’smart use of hard structures’’, “coral reefs”, 
“smoothening cliffs” and “spatial planning” (Figure 4.9). These measures 
may be implemented on a small scale to be cost-effective.
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Evaluation and recommendations
Figure 4.10A shows an artist-impression for an imaginary part of the 
Cordoba coast in the year 2023 without coastal erosion mitigation measures, 
resulting in coastline retreat and property loss. Alternatively, five proposed 
measures to mitigate coastal erosion may result in a more resilient coastline 
(Figure 4.10B).  

The table below show the score of all measures combined on six evaluation 
criteria. It is expected that the suite of measures contribute to the tactical 
objectives, except for restoring mangroves.

Tactical objectives (Cordoba case) score

Criterion 1. Strengthen barriers in front of urban coastal areas +

Criterion 2. Improve recreational beaches in front of coastal towns +

Criterion 3. Protect agricultural land +

Criterion 4. Improve fishing grounds +

Criterion 6. Preserve and restore mangroves 0

Criterion 7. Preserve and restore coral reefs +

Topics for sediment research
•	 Determine the key processes in this coastal sediment cell and including 

cliff dynamics,
•	 Determine coastal uplift through detailed field investigations and 

monitor present-day relative sea-level rise with tide gauges.
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A

Figure 4.10 Artist impression of an imaginary part of the Cordoba coast in the year 2023 for a situation without actions to mitigate coastal erosion (A) and 

after implementation of the possible measures identified in this quick-scan (B).
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Tumaco
Description 
The Tumaco area covers an area of ca. 165 km2 and has a coastline about 
32 km.  Tumaco Bay is located between the Patía and Mira deltas and relatively 
shallow (up to 30 m deep).  It is a wave-dominated coast with a tidal range ca. 4 
meters. It is an active tectonic area.  In the south-western part there are highly 
unstable sandy barriers migrating from the north-western Mira deltafront. 

The SW coast of the municipality of Tumaco is formed mainly by these 
contributions of Mira River sediments, which are re-distributed by the NE 
littoral drift and only limitedly by cross-shore currents. 

The city is located on two sandy barriers:  La Viciosa and El Morro islands. Both 
barriers are subject to rapid cycles of accretion and erosion as intertidal bars 
are deposited and destroyed. Offshore sandy intertidal flats have protected La 
Viciosa and El Morro from the direct impact of the 1902 and 1979 earthquake-
generated tsunamis. Recently, a new offshore intertidal sand bar system  El 
Guano is being formed naturally at the same location as the former sandy 
flats.

The local population is used to adapting to the erosion. Approximately 30% 
of the people live in stilted houses. There is a policy of managed retreat and 
onshore city development. Small communities exist in the rural and coastal 
areas within the bay and on the edges of coastal barrier islands southeast. 
These lands belong by law to black communities. Since the earthquake of 1979 
there is a plan to move the village of Tumaco more inland, but inhabitants 
of Tumaco do not want to move inland. Urban growth is projected landward 
given the tsunami hazards. All  local facilities (school, hospital etc.) are already 
moved inland. 

The main economic activities are fisheries, port activities and local 
tourism (Figure 4.11). Tumaco is the second most important port on the 

Pacific Colombian coast, the population is considerably large (150.000). 
On the island of El Morro a terminal of the Colombia Petroleum Company 
(Ecopetrol) is present, as well as military bases, and the Port Authority of 
Tumaco. A second port is projected here as well, close to the airport. There 
is an offshore structure for ships for loading petroleum (in deeper waters). 

Figure 4.11 Some socio-economic characteristics of the Tumaco area and the presence of 

erosion and mangroves along the coast.
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The area is occupied by a variety of mangroves, which are a source of food and 
income for the local inhabitants and also constitute a barrier to extreme events 
such as tsunamis and to temporary phenomena such as extreme spring tides. 
In some areas, this ecosystem is strongly and negatively impacted by logging. 

Tourism is developed on the islands of El Morro, La Viciosa and Bocagrande, 
in which restaurants and hotels are occupied throughout the year. There are 
fishing banks (aquaculture) within and outside the bay. Inside the bay there is 
small-scale production of cocoa and tropical fruits. 

Coastal erosion in this region is recent and is located on the edge of the creek 
that borders the village of Tehran near the delta of the River Mira, which is 
caused by land subsidence after seismic events occurred in the area and by 
changes in the contribution of the Mira River due to temporary climatic events. 
The beaches at Bocagrande Purun are recently eroding, possibly resulting 
from the low topography of these areas and the cyclical nature of the erosion-
sedimentation processes. Some beaches within the bay have recently begun 
to erode due to clearing of mangrove. 

Problem description
That coast is subsiding as a result of earthquakes; since the 1979 earthquake 
the coast has subsided 60 cm. The area is vulnerable to tsunamis. The Tumaco 
harbour requires dredging. Every 3 years some 0.5 million cubic meters is 
dredged in the harbour and disposed of in the deeper sea. This is coordinated 
by the Ministry of transport and Colombian Navy and executed by foreign 
dredging companies. Untreated waste water is disposed NE of Tumaco and 
flushed away.

The strategic objectives are formulated as follows: To protect people and public 
infrastructure, enhance economic development and ecosystem conservation. 
The tactical objectives are: To implement measures for prevention and 
mitigation the tsunami hazard and to conserve ecosystem services of 
mangroves and coastal pastures.

Measures
Firstly, setting setback lines may be considered, which is in line with current 
policy. 

Secondly, several Building-with-Nature measures may stimulate the 
formation of the El Guano sand barrier in front of city of Tumaco and create 
a buffer against tsunamis. This include “sand nourishments”, ‘’re-use of 
dredging material’’ and  ‘’rehabilitation of mangroves’’ (Figure 4.12). Three 
phases are proposed: 

Phase 1, construction of a sand bank
The construction of a new port and waterway will probably involve capital 
dredging. A preliminary morphological analysis of the seabed topography 
suggests that a substantial amount of the sediment is sandy. Consequently, 
a substantial volume of sand will become available. Approximately 
1-2 million m3 can contribute to the formation of the El Guano sand barrier. 
The most suitable area probably is the lower intertidal zone (between MSL 
and LW). Here the wave energy is sufficient to release the fines from the 
sand-mud mixture, while the wave energy is not sufficiently high to erode 
all the sediment. At these water depths (and associated wave energy), a 
sand body with a thickness of 2-3 m may remain in place until the next 
nourishment. 

Phase 2, island formation
In the following years sediments from the maintenance dredging is added 
to the island every 3 years. Sediment is disposed in shallow water in order 
to allow wave-induced winnowing of fines. In time, onshore transport by 
overwash processes will create a permanently exposed island suitable for 
pioneer vegetation.

Phase 3, consolidation
Once the island is in a more mature stage (after 6-8 years), sediment 
trapping may be further maximized by ecological sediment traps. This could 
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PROPOSED MEASURES

FOCUS AREAS

COASTLINE

Figure 4.12 Possible measure to mitigate coastal erosion and provide protection Tumaco against a tsunami.
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be the local equivalent of oyster beds (efficient in temperate regions), or intra 
or supratidal vegetation (mangroves). 

A negative aspect of such an island may be that the flushing rate of the 
coastal waters around Tumaco becomes too low and is detrimental for the 
water quality because untreated sewage water is directly dumped in the bay. 
The effect of an island should therefore be forecasted with a numerical water 
quality model.  

In summary, next to  “spatial planning”, the quick-scan identified an 
interesting solution to protect Tumaco by re-establishing a barrier island in 
front of the city through ‘’’sand nourishment’’, ‘re-use of dredged material’’ 
and “mangrove rehabilitation” (Figure 4.12). 

Evaluation
The artist-impressions of Tumaco coast in the year 2023 present a situation 
without any action to mitigate erosion and a situation with coastal erosion 
mitigation measure (Figure 4.13 A, B). They show that the measures 
may create a natural protection barrier for the present city that provides 
opportunities for other functions at the same time. 

The evaluation criteria in the table below suggest that the proposed 
measures contribute to nearly all tactical objectives. The proposed Building-
with-Nature measures will require further study on cost-effectiveness and 
other effects.

 

Evaluation criteria for Tumaco score

Criteria 1. Strengthen barriers in front of urban coastal areas +

Criteria 2. Improve recreational beaches in front of coastal towns +

Criteria 4. Improve fishing grounds +

Criteria 5. Protect vital infrastructure 0/+

Criteria 6. Preserve and restore mangroves +

Topics for sediment research
•	 A feasibility study on island restoration:

Determine the sediment type in the areas which are regularly 
dredged, and the sediment type of islands similar to the island to be 
constructed and
Analyse the dynamics of the islands offshore Tumaco through 
analysis of available maps, satellite images, and possibly nautical 
maps. 

•	 Setup a hydrodynamic and water quality model and determine the effect 
of different island configurations on

Tsunami propagation,
Water quality around Tumaco.

•	 Setup of a detailed flow and sediment transport model to estimate the 
sedimentation in the bay, longshore transport rates and stability of the 
considered man-made island.  
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Figure 4.13 Artist impression of the coast near Tumaco in the year 2023 for a situation without actions to mitigate coastal erosion (A) and 

after implementation of the possible measures identified in this quick-scan (B).
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Others
Mouth of Bahia Malaga 
The area
The area surrounding Bahia Malaga (Fig. 4.14) is of high natural value, and 
therefore declared a National Natural Park (PNN). The Bahia de Malaga is 
highly influenced by sediment contributions from the San Juan River to its 
northwest. The river mouth is eroding due to extreme climatic, geologic, and 
oceanographic conditions (Restrepo et al., 2002). The bay is devoted to tourism 
and ecological preservation. There are fishing grounds within the inner bay to 
benefit local communities.

The mouth of Malaga Bay, the study area, covers ~ 40 km2. No mangrove is 
present along this eroding coastline. The population density is low compared 
to other municipalities (approximately 8000 inhabitants in the communities 
of La Plata, La Sierpe, Juanchaco, Ladrilleros and La Barra). These lands were 
established by law in collective territories belonging to black communities. 
It is an important touristic area. Tourism is developed on the beaches of 
Juanchaco-Ladrilleros-La Barra, including hotel infrastructure in typical local-
style houses. A naval base including an army airfield is present in Juanchaco. 
  

Figure 4.14 Some socio-economic characteristics of Bahia Malaga and the presence of erosion 

and mangroves along the coast.
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Problem description and research questions
The mouth of Bahia Malaga suffers from intense erosion, destroying beaches 
and, in the case of Ladrilleros, also cliffs. Many houses and part of the urban 
infrastructure have been destroyed. The main source of income for the area 
is tourism, but the tourist areas suffer from erosion too. Mitigation works are 
carried out without proper design or planning. Several areas have no proper 
regional land-use plan (POT). 

The main research topics are: 
•	 a better understanding and quantification of the hydrodynamics of rivers 

contributing sediment to the area, 
•	 an update of local geomorphological features , 
•	 utilisation of existing knowledge on the effects of ENSO phenomena on 

sediment yield, waves and currents, subsidence, sea level change for 
coastline management, 

•	 predictions of the impact of tsunamis, 
•	 opportunities and plans for the re-use of dredged material and 
•	 an evaluation of the issue of erosion in the POT.

71



A Quickscan of Building-with-Nature Solutions to Mitigate Coastal Erosion in Colombia

Options for selected study areas

Mouth of Bahía de Buenaventura 
The area
The Bahia de Buenaventura (Fig. 4.15) covers an area of ~ 100 km2. It is highly 
influenced by the contributions of major rivers, the Anchicaya and Dagua. 
The area is vulnerable to the effects of high seismic activity. The urban area 
of Buenaventura is highly populated (approximately 400,000 inhabitants). 
To a lesser extent the population is distributed in rural and coastal areas. The 
projection of urban growth is directed toward the continent, because of the 
exposure to tsunamis on the seaward side. These lands were established by 
law in collective territories belonging to black communities. 

Buenaventura is the main port along the Pacific coast of Colombia. Two 
harbours presently exist of which nearly permanent dredging works strongly 
affect sedimentation - erosion patterns. A third harbour is presently being 
planned. 

Tourism is developed on the beaches of La Bocana (Pianguita, Piangua large) 
including hotel infrastructure in the style of typical local-style stilt houses. 
There are fishing grounds outside the bay. There is military presence for 
safety reasons. The area is occupied by a variety of mangroves, which are 
an important source of food and income for the local inhabitants but also 
constitute a barrier to extreme events such as tsunamis and to temporary 
phenomena as extreme spring tides. In some areas, this ecosystem is 
strongly impacted by logging. 

The sediment in the mouth of Bahia de Buenaventura comes from the rivers 
and is transported by the Anchicayá littoral drift (towards the NW), fuelling 
the barrier island coast of Punta Soldado. 

Figure 4.15 Some socio-economic characteristics of Bahia de Buenaventura and the presence of 

erosion and mangroves along the coast.
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Problem description and research questions
The coastal erosion is high and has destroyed parts of the urban infrastructure 
and caused loss of a large area of mangrove. Bazan-Pianguita is touristic 
town and its economy depends of this activity.

Erosion of Pianguita beach and Bazan at the mouth of the bay is fairly recent. 
Erosion is attributed to  changing wave conditions as a result of channel 
deepening. Given the fact that this is a high wave energy environment ‘hard 
structures’ are probably needed to mitigate coastal erosion. 

The southern part of the island of Punta Soldado began to suffer from erosion 
due to mangrove destruction and a reduced sediment input from the Rio 
Anchicaya, possibly resulting from dam construction. 

Deepening of the port of Buenaventura is reported to enlarge the wave height 
in eroding coastal stretches. This also affects tourist beaches while tourism 
is considered a good alternative to fishing, which is under pressure because 
of dredging works. Existing coastal protection works are without proper 
design or planning. 

The main topics to be further investigated are: 
•	 a complete study of the hydrodynamic of the bay, the effects of the 

on-going dredging of the access channel to the port and updated 
geomorphological map. 

•	 a better understanding and quantification of the hydrodynamics of 
rivers contributing sediment to the area, 

•	 an update of local geomorphological features,
•	 utilisation of existing knowledge on the effects of ENSO phenomena on 

sediment yield, waves and currents, subsidence, sea level change for 
coastline management and 

•	 predictions of the impact of tsunamis.

73



A Quickscan of Building-with-Nature Solutions to Mitigate Coastal Erosion in Colombia

Options for selected study areas

74



A Quickscan of Building-with-Nature Solutions to Mitigate Coastal Erosion in Colombia

Options for selected study areas

Isla Providencia 
The area
The study area covers an area of approximately 50 km2 and has a coastline 
of about 20 km. Isla Providencia (and Santa Catalina to the north) are part of 
a Flora and Fauna protected zone (Figure 4.16). The population of the Island 
is concentrated in the northern and south western part.  

Providencia Island has much tourism. Significant urban growth due to hotel 
construction is expected on the east of the island (near Smith Bay).  On the 
island there is no presence of significant mangrove forests. There is no port 
or oil and gas industry, relevant fishery or agriculture. 

Problem description and research questions
The island experiences moderate to low erosion along most of its coast. 
Coastal erosion is associated with:
•	 Extraction of sand for construction material,
•	 Urban population growth,
•	 Changing construction techniques (from wood to other materials) and
•	 Destruction of several coral reef systems.

Erosion affects the bypass road in the western sector (Fresh Water, quarry) 
and oriental sector around Rocky Point. Most likely measures to mitigate the 
erosion are “sand nourishments” on local recreation beaches and “recovery 
and development of coral reefs”. 

The main topics to be further investigated are: 
•	 slope stabilization and protection of the tourist beaches of the 

Southwest and Southeast. 
•	 identify and characterize the hydrodynamic and morphodynamic cycles 

around the Island and,
•	 options to improve solid waste management, nature conservation and 

tourism development.

Figure 4.16 Some socio-economic characteristics of Isla Providencia and the presence of erosion 

and mangroves along the coast.
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Conclusions and 
recommendations

Prevention and mitigation
As the Pacific coast of Colombia is in the run-up to socio-economic 
development, a strategy for coastline management is preferable based on 
prevention. This can be done through spatial planning (e.g. by defining set 
back lines) and a policy that recognizes sediments as a valuable resource 
that should be used were ever possible to strengthen the coastal zone.

At the more developed Caribbean coast of Colombia, the effects of coastal 
erosion are more severe. Next to prevention measures, effective mitigation 
measures for coastal erosion are urgently needed and require integral 
planning and maintenance. Both (national and local) governments and 
private stakeholders should be involved to come up with sustainable 
solutions and support their implementation.

Detailed analysis of hot spots
The quick-scan for the four selected study areas has identified nine 
measures to mitigate or prevent coastal erosion. They vary from large 
to small scale solutions, and provide the starting point for more detailed 
analyses. The detailed design of measures and masterplans are the next 
step using available scientific studies on the study areas. Moreover, socio-
economic objectives should be discussed with stakeholders. An in-depth 
assessment is needed to evaluate the costs and benefits of the different 
alternatives.  

The other three study areas may also require further study into the need 
for ‘Building-with-Nature’ solutions. This also holds for other hot spots 
along the Colombian coast like, for instance, the coast between Arboletes 
and Turbo.

Financing
In relation to measures that can mitigate coastal erosion, it is important to 
distinguish two types of investments:
1. Single investments that deal with, for instance, harbour development 

or coastal tourism development.  In such project-related cases, 
master plans are often being designed. It is recommended that new 
master plans also take ‘sediments’ into consideration as a valuable 
resource to create a resilient coastal environment. Examples of such 
opportunities are the design of the mega-port of Barranquilla, tourism 
developments near Coveñas or the (present) capital dredging for the 
Puerto Nuevo near Santa Marta.

2. Regular maintenance costs for the preservation of a valuable 
coastlines. This involves for instance, sand nourishments that 
are needed every 5-10 years, mangrove rehabilitation etc. In this 
way, maintenance of the coastline provides a sustainable basis for 
development of the area. This can be organized through a coastline 
management program. 

Coastline management
Coastline preservation relies on cost effective Building-with-Nature 
solutions. The use of Building-with-Nature solutions should ideally fit 
in a national strategy to mitigate erosion along certain stretches of the 
Colombian coast. Such a strategy can be formalized as a national program 
on coastline management and specify how, where and when to deal with 
coastal erosion in relation to (new) coastal developments. It requires an 
integral approach, in line with the national approach on coastal zone 
management in Colombia (UACS – DND – national plan of development -law 
14-50, 2011 art 207-208). 
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For agreement and financing of future coastline management it is critical 
that all partners share common objectives, expertise and knowledge. This 
requires a good interaction between coastal management, research and 
coastal policy, as illustrated in Figure 5.1.  Communication with the general 
public on the objectives of coastline management and the rationale behind 
the measures to mitigate coastal erosion is also relevant.

 

Involve public and private organisations
It is important to pay attention to awareness raising on the subject 
of coastal erosion. Understanding of its nature and causes will help to 
implement mitigation measures like, for instance, sand nourishments, 
setback lines or mangrove rehabilitation. The involvement of the end-users 
in the implementation of Building-with-Nature solutions is needed right 
from the start. 

Many different public and private organisations have a part to play in 
successful coastline management (see Table 5.1). Each has its own duties 
and responsibilities.  For the realisation of measures their responsibilities 
have to be very clear.  In other words: ‘’who should do what?’’ For the 
realisation of large-scale solutions, like restoration of the natural sediment 
transport or re-use of dredged material, the Ministry of the Environment 
will be the leading party.  The role of the Ministry is to oversee, to advice 
and to arrange licenses and funding. For the implementation of small-scale 
solutions, like the re-construction of small hard constructions, private-
public-cooperation is an option. 

It is important to recognize the crucial role of the private sector and the need 
for capacity building of contractors that may execute the new mitigation 
measures. 

Learning by doing
In order to gain experience and to investigate the (cost-) effectiveness of 
the Building-with-Nature solutions and planning measures in Colombia, a 
process of ‘learning by doing’ would have to be initiated. Many issues have 
to be resolved. 

Figure 5.1 Coastline management involves a knowledge continuum on the status & trends 

of the coastline through monitoring, on policy developments regards strategic 

and tactical objectives for the coastal zone and on scientific understanding of the 

natural coastal system.

Coastline 

 management

Policy
development

Knowledge 
coastal system
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This forms the research agenda for the implementation of coastline 
management and included:

1. Policy analyses on the different options to mitigate coastal erosion for 
different climate and socio-economic scenario’s, including cost-benefit 
and multi-criteria analyses; 

2. Monitoring & Evaluation programs on the mitigation measures and the 
status and trends of the coastlines and 

3. Supporting scientific research on the natural system (morphology, 
ecology etc). 

Work that is carried out in the international research network of Deltares 
continues to improve the understanding of the coastal system and to identify 
relevant (sediment) solutions which fit into the natural system. This network 
is open to all interested parties and provides a good starting point to design 
pilot projects on Building-with-Nature solutions in Colombia.

Table 5.1 Tasks, capabilities and responsibilities of authorities and stakeholders at a governmental, technical and scientific level that are involved in coastal erosion in Colombia. 

Authorities & Stakeholders Main tasks Capabilities Responsibilities

Governance level

MADS, ANLA, DIMAR, DNP, MINTRANSPORTE, 

MININTERIOR, PNN, UNGR

•	 Formulation Coastal Erosion 

National Public Policy

•	 National Authorities with power to 

give licenses to any kind of projects 

related to coastal erosion and regulate 

construction works

•	 Funds controlled by national 

authorities in compliment of the 

national coastal erosion policy

Technical level

CORPORACIONES, GOBERNACIÓN, ALCALDIA, ANLA, 

AGENCIA NACIONAL DE INFRAESTRUCTURA.

PARA SAN ANDRES y PROVIDENCIA 

CONTRALORIA GENERAL DE LA NACIÓN

•	 Execution of the national policy 

according to the guidelines

•	 Capability of monitoring and control of 

projects and coastal evolution

•	 Evidence, registration and project 

documentation.

•	 Historical information.

CONTRACTORS •	 Execution of projects, dredging etc., 

according to reference terms of the 

national authorities. 

•	 Efficient spending of the funds. •	 Social and environmental 

responsibility

Scientific Level – Natural System

CIOH, INVEMAR, IDEAM, INGEOMINAS, IGAC

UNIVERSIDADES (NACIONAL, NORTE, TADEO LOZANO, 

MAGDALENA, CARTAGENA, CORDOBA, SUCRE y 

ATLANTICO PRINCIPALMENTE)

•	 Base Line Studies to support 

national policy

•	 Control of Project execution and 

•	 Project plan evaluation on scientifically 

methods

•	 Development of human resources 

and a critical mass of experts for 

national and local authorities, and 

for private interests. 
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