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Figure 2.2  Large Harbour and Port Facilities in Korea

According to recent estimates, close to 75 per cent of the region’s human population of 
almost 2 billion live in the coastal areas.  Cambodia and China have the lowest proportion 
of coastal populations at 24 per cent each, while for the Philippines, Republic of Korea and 
Singapore, the entire population lives within 100 km of the coast.  

Table 2.1  Coastline extent and percentage of population living within 100 km 
of the coast (COBSEA countries and globally)

Coastline Extent (km)
Coastal Population 

(percentage within 100 km 
of coast)

Australia 59,736 89.8
Cambodia 455 23.8
China 32,000 24
Indonesia 95,181 95.9
Republic of Korea 12,750 100
Malaysia 4,809 98
Philippines 36,289 100
Singapore 246 100
Thailand 3,148 38.7
Viet Nam 3,260 82.8
EAS Countries 247,874 73.7
World 1,634,700 39

Sources: UNEP/COBSEA, 2010.  State of the Marine Environment for the East Asian Seas and corrective 
statistics provided by member countries. 
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Table 2.2  Summary of the Three Major Coastal and Marine Ecosystems 
in EAS Countries

Habitats (thousands of km2)
Mangroves Seagrasses Coral Reefs

Australia 14.5 96.3 49.0
Cambodia 0.73 N/A 0.05
China 0.22 0.02 1.51
Indonesia 30.6 30.0 51.0
Republic of Korea N/A 0.07 N/A
Malaysia 5.65 0.003 3.6
Philippines 2.47 0.98 25.1
Singapore 0.005 <0.001 0.05
Thailand 2.44 0.094 2.13
Viet Nam 1.58 0.44 1.27
EAS Total 58.2 128 132.5
Global Total 157.1 177 284.8
EAS as % of Global Total 37.1% 72.3% 46.9%

Source: State of the Marine Environment … 

The coral reefs of the broader Southeast Asia region alone are estimated to generate 
goods and services valued at US$ 112.5 billion annually (PEMSEA, 2003).  Beyond their 
biological value, the physical structures of coral reefs dissipate wave energy, thus reducing 
routine erosion and lessening inundation and wave damage during storms.  Unfortunately, 
reefs today are facing multiple threats from both local and global pressures, chief among 
them being warming and acidifying seas.  Mass coral bleaching is becoming more 
widespread and frequent.  According to UNEP, in the last 70 years, nearly 70 per cent 
of the original coral reefs bordering the South China Sea have been destroyed with a 
resultant loss of biodiversity and ecological goods and services that coral reefs provide, 
such as fi sh habitat and wave attenuation.  The coral reefs of South East Asia are the 
most threatened of any region in the world; the recently released report “Reefs at Risk 
Revisited” (2011) indicates that nearly 95 per cent of these reefs are threatened and about 
50 per cent are in the high or very high threat category.  Indonesia has the largest area of 
threatened reef, followed by the Philippines.  Overfi shing and destructive fi shing pressure 
(such as blast and poison fi shing) drive much of the local threat in this region, followed by 
watershed-based pollution and coastal development.  The continuing degradation and loss 
of coral reefs, which provide essential services such as shoreline protection, will make the 
job of protecting coasts and managing coastal erosion, all the more diffi cult in the future.  
The resilience of the coasts of the EAS region is being diminished.

2.4.2 Mangroves

About 35 per cent of the world’s mangroves occur in the EAS region.  Indonesia has 
the greatest area of mangroves (3,060,000 ha), followed by Malaysia, with 565,000 ha, 
Thailand and Philippines with about 250,000 ha each, and Viet Nam with 158,000 ha.  
Refer to Table 2.2 for a summary and Figure 2.7 below for the spatial coverage. 
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1 World Mangrove Atlas http://www.fao.org/forestry/7003-1-0.pdf.
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EAS countries vary widely in the extent to which they are integrating adaptation into their 
national planning and also in their prioritization of coastal areas in adaptation strategies.  
Already, national and local laws have been written and enacted to protect the coastal 
environment.  Future measures include: new standards for raising dikes; improved coastal 
rehabilitation; and the establishment of marine protected areas.  Viet Nam is focusing 
on its deltaic area and has adopted the IPCC adaptation framework, combining three 
strategic options – full protection, adaptation and withdrawal.  Thailand has incorporated 
adaptation options into the wider framework of their coastal hazard management strategy 
and Malaysia utilizes an ICM framework based on fi ve measures: defend, accommodate, 
retreat, counter-attack, and coastal land buy-back.  Coastal defence remains a high priority 
in Indonesia where ICM is usually used as a short-term strategy only, although a long-term 
adaptation strategy for coastal areas has also been adopted.

Table 2.3 summarizes some possible impacts to coastal areas associated with sea-level 
rise, identifi es adaptation strategies and the relative cost of these measures.  These 
fi ndings were adapted from Maribus (2010) and are not an exhaustive list of potential 
impacts to the East Asian Seas Region, nor does it identify all the potential adaptive 
measures.  However, the table does provide a useful framework to consider the types of 
impacts that sea-level rise will have within the region, and review the types of management 
solutions and associated costs.  

 
Table 2.3  Summary of Possible Sea-Level Rise Effects, Adaptive 

Measures and Costs

Effects of Sea-level 
Rise on Natural Coastal 

Systems

Possible Protective/
Adaptive Measures

Protective-[P] Adaptive-[A] 
Retreat-[R]

Relative Costs

Flooding of 
low-lying areas 
and resultant 
damage

Storm tides

Backwater 
in estuaries

Dykes and fl ood barriers [P]

Artifi cial dwelling mounds, 
fl ood-proof building (standards) [A]

Identifi cation of risk zones [A/R]

Adapted land-use and
landscape planning [A/R]

Very high (construction, 
maintenance)

Medium to high

Low to medium (enforce)

Medium (recurrent)

Loss of or changes to coastal 
wetlands and mangroves

Adapted land development 
planning [A/R]

Dyke relocation [A/R]

Foreshore reclamation [P/A]

Beach nourishment, sediment 
protection [P]

Low to medium (on-going)

Very high (one-off)

High (recurrent)

Medium/Low (on-going)

Direct and indirect morphological 
changes, particularly erosion 
of beaches and bluffs

Construction of groynes, 
bank protection, sea walls [P]

Beach nourishment, 
dune protection [P]

Underwater reefs, breakwaters [P]

Development-free zones [R]

Medium to high (construction)

Medium to high (on-going)

Medium to high (construction)

Low to high (enforce)
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Effects of Sea-level 
Rise on Natural Coastal 

Systems

Possible Protective/
Adaptive Measures

Protective-[P] Adaptive-[A] 
Retreat-[R]

Relative Costs

Intrusion 
of saltwater

Into surface 
water

Into ground 
water

Dams and tide gates to prevent 
infl ux of saltwater [P]

Adapted/reduced withdrawal 
of water [A/R]

Pumping in of freshwater [P]

Adapted withdrawal of water [A/R]

High (construction, maintenance)

Low to medium (on-going)

Medium (recurrent)

Low (permanent)
Higher (ground) water levels 
and limited soil drainage

Soil/land drainage improvement [P]

Construction of pumping 
stations [P]

Altered land use [A]

Designation of fl ood/high-risk 
areas [A/R]

High (on-going)

Very high (construction, 
maintenance)

Low to medium (enforce)

Low to medium (enforce)

A detailed review of adaptation strategies for coastal erosion and fl ooding was also 
generated in Chapter 4 of a recent UNEP report entitled “Technologies for Climate Change 
Adaptation” (Zhu, 2010).  For example, the report describes the technical advantages and 
disadvantages, institutional requirements, costs, barriers for implementation and a relevant 
case study for each strategy.  The strategies are listed in Table 2.4, which was reproduced 
from the UNEP report, along with a ranking of the knowledge requirements to successfully 
implement each strategy.  
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Table 2.4  Knowledge Requirements for 13 Coastal Erosion and Flooding 
Adaptation Strategies
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Irrelevant

RSLR scenarios
Extreme water levels3

Wave climate3

Nearshore bathymetry
Tidal regime4

Historic fl ood information
Land cover
Coastal topography
Level of coastal protection
Settlement5

Sediment characteristics
Availability of suitable 
dredge sites5

7 8

Local sediment budget
Desired dry beach width
Historic erosion rates 10
Historic habitat distribution 
and cause of decline
Vegetation
Floodwater velocity
River discharge3 11
Meteorological observations/forecasts 11
Effective warning dissemination
Warning threshold 11
Construction of fl oating beds
Cropping patterns
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2 The terms “ecosystem-based management” and “ecosystem approach” (EA) are often used interchangeably, 
and they mean generally the same thing.
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3 Marchand M. (Ed.), 2010.  Concepts and Science for Coastal Erosion Management.  Concise Report for 
Policy Makers.  Deltares, Delft.
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Regional Approach for Coastal Erosion Management:
Step 1 – Setting the Policy Framework 

Integrated Coastal Zone Management (ICZM)

Statement of Political Intent
(e.g., Desired type and intensity of coastal development,

time and money willing to invest)

Policy Statement on Values and Function of Coasts
(i.e., Ensuring public safety maintaining ecological integrity/economic activity)

Proceed to Step 2
(see Figure 4.2)

 
Figure 4.1  Policy Framework for Coastal Erosion Management

 Step 1
Setting the

Policy
Framework

• •
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Regional Approach for Coastal Erosion Management:
Step 2 – Develop Objectives and Erosion Mitigation Options

Formulate Strategic Objectives
(e.g., Sustainable development of coastal values and functions)

Highly urbanized/industrial coasts vs. Rural, resource-dependent coasts

Develop Coastal State Indicators (for Urban and Rural)

Benchmarking (Use CSIs to assess if action needed)

Tactical Options

 No Active Intervention Adapt Protect/Mitigate
 Monitor Risk Managed Re-alignment Advance the Line
  Maintain/restore ecological function Hold the Line
  Building Standards Beach Nourishment
  Move inland/to higher ground Sediment Reservoirs
  Recreational areas that allow fl ooding Engineered Protection
  Erosion Hazard Setbacks

Evaluation Process
(assess action based on desired state, values and functions of the coast)

ICZM and Marine Spatial Planning
Infl uence Option Development

and Decision Making

      
Figure 4.2  Development of Objectives and Erosion 

Mitigation Alternatives

• •
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Protect coastal development
e.g., seawalls, dikes, beach
nourishment, sand dunes,
surge barriers, land claim

Regulate building
development and increase
awareness of hazards e.g.,
flood-proofing, flood hazard

maps, flood warnings

Establish building setback
codes e.g., managed
realignment, coastal 

setbacks

Protect Accommodate

Current Sea-Level

Retreat
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Table 5.1  Policy Considerations at the Regional, National and Local Level

Regional EAS Level National Level Sub-national/Local Level
Declare clear statements of political 
intent about the desired state of the 
region’s coasts

Integrate clear statements of political 
intent about the desired state of 
respective nations’ coasts into 
policy and legislation

Municipal or regional governments 
should translate the policy priorities 
articulated at the EAS and national 
levels into practical, on-the-ground 
application, within the coastal 
sediment cells

Declare clear statements about 
the desired type and intensity of 
development of the region’s coasts

Integrate clear statements about 
the desired type and intensity of 
development of the nation’s coasts 
into Integrated Coastal Zone 
Management Plans at the coastal 
sediment cell scale

Indicate how much effort – time and 
money – the regional partnership 
and its external supporters are 
willing to spend on reaching or 
maintaining expressed desired state

Indicate how much effort – time 
and money – the nation is willing 
and able to spend on reaching or 
maintaining declared desired state

Use these political and policy 
statements to refi ne the structure 
and emphasis of the ICZM 
programmes to include coastal 
erosion4

Use these political and policy 
statements to inform the structure 
and priorities of national ICZM 
programmes

Recognize the growing threat from 
climate change and build in adaptive 
planning and capacity everywhere 
possible

Assess the regulatory and 
institutional frameworks at 
national level to identify gaps and 
inconsistencies and development 
of recommendations to address 
constraints

Ensure that policies developed 
to address coastal erosion are 
ecosystem-based and sustainable

Develop strategic objectives that 
respond to coastal erosion and 
support desired state

Develop strategic objectives that 
respond to coastal erosion and 
support desired state of the coast

Make effective arrangements 
with respect to the budgetary 
requirements of coastal erosion 
management.  Accountability for 
actions that are detrimental to the 
favourable sediment status should 
be part of such arrangements, even 
if the down-drift impacts are beyond 
national boundaries

Encourage the protection and 
restoration of natural protective 
features where they traditionally 
existed or could thrive – mangroves, 
wetlands, seagrass beds and 
coral reefs

Defi ne coastal sediment cells 
for each nation and learn from 
those that already have

Promote the designation of strategic 
sediment reservoirs throughout the 
EAS region and manage the use of 
this shared resource for the benefi t 
of member countries.  This could be 
a tangible expression of international 
cooperation on the management and 
strategic use of a shared regional 
resource 

Formulate national coastal 
erosion policies both for short-term 
(event-hours-to-days) and 
long-term (climate change – 
decades to century) time scales
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5.2 Programme Objectives

Moving from the policy level to the establishment of programme objectives will take the 
decision-maker to the more practical steps of information collection and management, 
delineation of management boundaries and the selection of appropriate tools.  It is 
important to re-emphasize here that these decisions must be made within the above-
established policy context.  The management context (i.e., programme objectives) will fl ow 
from the policy level and must be supportive of achieving those goals.  Table 5.2 outlines 
some of the important steps that can be taken in this regard at the regional, national and 
sub-national/local levels.

Table 5.2  Management Objectives that Support National Policies

Regional EAS Level National Level Sub-national/Local Level
Improve the information base 
on the causes, extent, severity 
and trends of coastal erosion 
throughout the EAS region

Improve the information base on 
the causes, extent, severity and 
trends of coastal erosion in each 
member nation5

Enhance ecological risk 
assessment in relation to 
coastal function as natural 
defence system.  Develop 
hazard maps in conjunction 
with socio-economic indicators

Delineate coastal sediment cell 
boundaries and restore a positive 
sediment balance where possible

Delineate and map areas currently 
and potentially affected by coastal 
erosion and undertake research to 
understand the controlling factors6

Promote the use of setback lines 
and zoning in urban and rural 
areas

Nations use the four basic 
steps – defi ne coastal state 
indicators, establish benchmarks 
for intervention, develop tactical 
options and assess impacts

  
5.3 Implementation

Once the policy and programme objectives have been articulated, processes can be put in 
motion to bring technical detail to the desired approach.  The suggested options outlined 
in Table 5.3 will produce the capacity and specifi c detail necessary to plan and ultimately 
implement appropriate responses to coastal erosion. 
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Table 5.3  Implementation of Actions at the Various Governance Levels

Regional EAS Level National Level Sub-national/Local Level
Establish a Regional Working 
Group on coastal erosion under 
COBSEA

Conduct national vulnerability 
assessments of each nation’s 
coasts7

Formulate Coastal State Indicators 
(CSIs) in order to enable 
benchmarking and monitoring

Incorporate the results and 
guidance from the Coastal 
Spatial Planning project 
conducted for the Region

Assess current resilience 
of coastal systems within 
sediment cells

Promote information and education 
campaigns amongst the general 
populace of coastal regions to 
build a greater public awareness 
regarding coastal hazards and 
the recommended preventive and 
mitigation measures available

Establish sediment budgets 
for each nation’s coasts

Produce coastal and marine 
geohazards survey maps, which 
indicate the degree of vulnerability 
or susceptibility of each coastal 
area to a particular geohazards

Establish National Working 
Groups on coastal erosion in 
participating countries, comprising 
representatives from all relevant 
stakeholders to coordinate 
activities at national level

Place emphasis on the specifi c 
conditions and needs within each 
coastal sediment cell, rather 
than taking a general, formulaic 
approach

Build the required information 
base, including a national level 
geo-spatial clearinghouse for 
the types of data outlined in 
Section 3.6.5

Promote a consistent approach 
to monitoring of coastal erosion 
and sedimentation within the 
coastal sediment cells

Incorporate the results and 
guidance from the Coastal 
Spatial Planning project

Empower communities and 
stakeholders to participate 
more actively in vulnerability 
assessments and adaptation 
implementation

  
5.4 Training/Capacity Building

The State of the Marine Environment Report highlighted that the condition of coastal 
areas and capacity to deal with the region’s problems differs widely because of varying 
socio-economic situations.  There is great potential for regional capacity development 
and transfer as the experiences gained across the region are varied and valuable to all.  
National efforts can then be consolidated and combined to strengthen the region’s capacity 
to address coastal erosion with long-term sustainability alternatives.  Refer to Table 5.4 for 
recommended actions.
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Table 5.4  Training and Capacity Building Activities

Regional EAS Level National Level Sub-national/local level
At the outset of the programme, 
a detailed training needs analysis 
should be undertaken to provide 
the basis for the development 
of a training and technical support 
programme to address these 
needs.  The analysis should 
include identifi cation of appropriate 
coastal academies or other 
potential training and research 
institutes in each country 
of the region

Train experts in all relevant 
government agencies in the 
principles and approaches of 
sustainable and ecosystem-based 
coastal erosion management

Train communities and 
stakeholders to participate in 
vulnerability assessment and 
adaptation planning in their 
local community

Assess existing capacity of 
adequately trained personnel 
(managers, scientists, coastal 
geomorphologists, coastal 
engineers, technical experts) 
in the region that can be 
marshalled to respond 
comprehensively to coastal 
erosion

Assess existing capacity of 
adequately trained personnel 
(managers, scientists, coastal 
geomorphologists, coastal 
engineers, technical experts) 
in the nation that can be 
marshalled to respond 
comprehensively to coastal 
erosion

Establish regional research 
teams and initiatives and develop 
complementary scientifi c expertise 
in the region in the fi elds of 
coastal geomorphology, coastal 
engineering, ecology and coastal 
planning

  
5.5 Sharing Best Practices
The implementation of this proposed approach puts a high demand on the knowledge 
of coastal processes, which in turn requires large quantities of technical information and 
stakeholder involvement.  There is a direct need for applied research and collaboration 
between experts and managers to close the gap in the science-policy interface.  Then, 
key “best practice” concepts to improve the sustainable management of coastal erosion 
can be formulated, implemented into policy, and executed.  Table 5.5 provides some initial 
thoughts on knowledge sharing on coastal erosion mitigation.  

Table 5.5  Sample of Knowledge Sharing on Best Practices

Regional EAS Level National Level Sub-national/local level
Include coastal erosion data in the 
EAS Knowledgebase8

Share research and experiences 
learned within each member 
nation with those responsible for 
aspects of coastal management 
and ICZM generally

Conduct study tours of successful 
and unsuccessful coastal erosion 
management projects

Enhance implementation 
of best practice through 
COBSEA-sponsored 
workshops

Assess current pilot studies; 
learn from these, initiate more 
pilots with approaches advocated 
in their policy frameworks, to test 
and refi ne approaches

Share experience, lessons 
learned and best practice 
from member nations

Conduct cost-benefi t analyses – 
traditional vs. new approaches 
to identify the most effi cient and 
effective approaches
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Coastal Erosion Management Techniques (Principals and Limits of Application)
(from http://www.eurosion.org/reports-online/part4.pdf)

Techniques Principles Limits of Application

Hard Techniques

Breakwater Breakwaters are protective structures placed offshore, 
generally in hard materials such as concrete or rocks, 
which aim at absorbing the wave energy before the 
waves reach the shore.

Breakwaters refl ect or diffract wave energy in 
destructive ways or concentrate it in local hot spots.  
Erosion problems and the scouring effects of the 
misdirected energy lead to the loss of beach/coastline 
and undermine the structures that were meant to be 
protected.

Gabion The gabion is a metal cage fi lled with rocks, about          
1 metre by 1 metre square.  Gabions are stacked to 
form a simple wall.

They are used to protect a cliff or area in the short-term 
only, since they are easily damaged by powerful storm 
waves and the cages tend to rust quite quickly.  Gabions 
have the advantage of ease of use and are relatively 
cheap but their life span is short.

Geotextiles Geotextiles are permeable fabrics which are able to hold 
back materials while water fl ows through.  Geosynthetic 
tubes are large tubes consisting of a woven geotextile 
material fi lled with a slurry-mix.  The mix usually consists 
of dredged material (e.g., sand) from the nearby area 
but can also be a mortar or concrete mix.

Geotextiles are relatively recent but provided good 
results to prevent beach from retreating.  Plus they are 
very fl exible and can be re-arranged if their confi guration 
does not provide good results.

Groin fi elds Groins are structures that extend perpendicularly from 
the shore.  Usually constructed in groups called groin 
fi elds, their purpose is to trap and retain sand, nourishing 
the beach compartments between them.  Groins may 
be made of wooden or rocky materials.  They interrupt 
the longshore transport of littoral drift.  When a well 
designed groin fi eld fi lls to capacity with sand, longshore 
transport continues at about the same rate as before the 
groins were built, and a stable beach is maintained.

Sand accumulated between groins contributes to a 
sediment defi cit down-drift.  Coastal erosion problems 
are then shifted to other locations.  Thus, to be effective, 
groins should be limited to those cases where longshore 
transport is predominantly in one direction, and where 
their action will not cause unacceptable erosion of the 
down-drift shore.

Revetments Revetment is a sloping feature which breaks up or 
absorbs the energy of the waves but may let water and 
sediment pass through.  The older wooden revetment 
consists of posts fi xed into the beach with wooden slats 
between.  Modern revetments have concrete or shaped 
blocks of stone laid on top of a layer of fi ner material.  
Rock armour or riprap consists of layers of very hard 
rock with the largest, often weighing several tonnes, on 
the top.  Riprap has the advantage of good permeability 
and looks more natural.

Revetments are adapted to foreshore with a gentle 
slope.  It has the same adverse effect as seawalls 
though with a reduced intensity.  It also results in 
changing the nature of the sea frontage which may lead 
to further changes in the foreshore ecosystems.

Seawall Bulkheads and seawalls protect banks and bluffs by 
completely separating land from water.  Bulkheads act 
as retaining walls, keeping the earth of sand behind 
them from crumbling or slumping.  Seawalls are primarily 
used to resist wave action.  Design considerations for 
these types of structures are similar.  These structures 
do not protect the shore in front of them, however.

When bulkheads and seawalls are used in areas where 
there is signifi cant wave action, they may accelerate 
beach erosion (much of the energy of the waves 
breaking on the structure is redirected downward to 
the toe).  Bulkheads and seawalls are most appropriate 
where fi shing and boating are the primary uses of 
the shore and gently sloping areas for sunbathing or 
shallow-water swimming are not essential.  They are 
also critical when risks associated to coastal erosion are 
imminent.

Soft Techniques

Artifi cial reef creation Building an artifi cial reef which absorbs the wave energy 
(thus providing coastal defence), while providing a 
natural habitat for marine biodiversity and opportunities 
for recreational activities.

Only few examples of artifi cial reef creation exist in 
Europe (in Sea Palling, UK mainly), but seems to 
provide good results.

Beach drainage Beach drainage decreases the volume of surface 
water during backwash by allowing water to percolate 
into the beach, thus reducing the seaward movement 
of sediment.  Beach drainage also leads to drier and 
“gold” coloured sand, more appreciated for recreational 
activities.

The technique is relatively new and experience lacks to 
assess its performance.  It has to be noted however that 
beach drainage is adapted when erosion mainly occurs 
cross-shore (non-signifi cant long-shore drift).

Sand supply or 
nourishment

Artifi cial increase of sand volumes in the foreshore via 
the supply of exogenous sand.  Sand supply may be 
achieved through the direct placement of sediment on 
the beach, through trickle charging (placing sediments 
at a single point), or through pumping.  It can be also 
take place in the emerged part of the foreshore (“beach 
nourishment”) or under the water line (“underwater 
nourishment”) which is generally cheaper.

Beach and underwater nourishment as been very 
popular in the North because of the availability of 
sediments which has similar properties as the beach 
sediment.  When sediment is not available and has to 
be imported from another region, beach nourishment 
may not be the best decision.  Nourishment schemes 
have also to be carefully designed as they may alter the 
biota (both on the beach and in the dredging area).
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Techniques Principles Limits of Application

Soft Techniques

Beach scraping Artifi cial re-profi ling of the beach when sediment losses 
are not severe enough to warrant the importation of 
large volumes of sediments.  Re-profi ling is achieved 
using existing beach sediment.

Beach scraping is among the cheapest techniques as it 
does not require importing sand.  However, the process 
may have to be carried out several times before the right 
profi le is found.  It is also restricted to those beaches 
where cross-shore erosion is dominant and storms not 
heavy.

Cliff drainage Reduction of pore pressure by piping water out of the 
cliff and therefore preventing accumulation of water at 
rock boundaries.

May not be applicable for all types of cliffs.

Cliff profi ling Change of cliff face angle to increase cliff stability.  The 
angle at which cliff become stable is a function of rock 
type, geologic structure and water content.

May not be applicable for all types of cliffs, and the 
techniques requires a fairly good knowledge of the cliff 
geologic structure and watering process.

Cliff toe protection Protection of the cliff base by placing blocks at the foot 
of potential failure surface.

This technique is easy to achieved but do not stop 
erosion completely.  It may therefore be adapted in 
those case where further loss of lands is still acceptable.

Creation of stable 
bays

Increasing the length of the coastline to dilute 
wave energy per unit length of coast.  While some 
coastline segments are protected, erosion continues 
between these hard points leading to the formation of 
embayments.

This technique is almost not used in Europe and is still 
experimental.  However, it has been envisaged for a 
number of sites (especially the Holland coast).

Dune regeneration Wind blown accumulation of drifted sand located in the 
supra-tidal zone.  Wind velocity is reduced by way of 
porous fences made of wood, geo-textile, plants, which 
encourages sand deposition.

Adapted for those cases where wind plays an important 
role.

Marsh creation Planting of mudfl ats with pioneer marsh species, such 
as Spartina sp.  Marsh vegetation increases the stability 
of sediment due to the binding effects of the roots, 
increasing shear strength and decreasing erodability.  
Marshes also provides cost-effective protection against 
fl ooding by absorbing wave energy.

Marsh creation is particularly popular in United 
Kingdom.  However, the technique may be jeopardized 
by accelerated sea-level rise.  In this case, the 
accumulation of fi ne sediments necessary to the marsh 
creation may not occur in the proper way and the marsh 
fi nally collapse.

Mudfl at recharge Supply of existing mudfl ats with cohesive sediments.  
This is achieved via trickle charging (see beach feeding), 
rainbow charging, and polders. 

Such as marsh creation, mudfl at recharge may be 
jeopardized by accelerated sea-level rise.

Rock pinning Prevention of slippage in seawards dipping rocks by 
bolting layers together to increase cohesion and stability.  
Does not prevent wave attack at the cliff base, but does 
reduce the threat of mass movement and thus reduces 
net erosion rates.

May not be applicable for all types of cliffs.

Sand by-passing Reactivation of sediment transport processes by 
pumping sediments accumulated up-drift by coastal 
infrastructure normal to the coastline and injecting 
them down-drift.  A variant of sand by-passing is to use 
materials dredged for navigational purposes to reactivate 
the sediment transport.

This technique has been implemented by a number of 
harbour authorities (or dams authorities) in Europe as 
volumes of sand trapped by harbour breakwaters (resp. 
dams) are generally considerable.  When sediments 
are trapped by a series of groins (or consecutive dams) 
the technique might not be cost effective anymore.             
It has to be noted that in the case of dams, accumulated 
sediment may be contaminated may not be re-injected 
in the sediment transport system.

Vegetation planting 
and/or stabilization

Colonization of coastal soils by vegetation whose roots 
bind sediment, making it more resistant to wind erosion.  
Vegetation also interrupt wind fl ow thus enhancing dune 
growth.  As for cliffs, vegetation increases cohesion of 
surface soils on cliff slopes to prevent downhill slumping 
and sliding.

Vegetation adapted to dune (e.g., Marram grass) is 
generally very fragile and require integral protection and 
daily care to the dune system.
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Measures for Responding to Sea-Level Rise (Objective and Environmental Effects)
(from http://epa.gov/climatechange/effects/coastal/pdfs/CCSP_chapter6.pdf)

Response Measure Method for Protection or Retreat Key Environmental Effects
Shoreline armoring that interferes with waves and currents

Breakwater Reduces erosion May attract marine life; down-drift erosion

Groin Reduces erosion May attract marine life; down-drift erosion

Shoreline armoring used to defi ne a shoreline
Seawall Reduces erosion, protects against fl ood and 

wave overtopping
Elimination of beach; scour and deepening 
in front of wall; erosion exacerbated at 
terminus

Bulkhead Reduces erosion, protects new landfi ll Prevents inland migration of wetlands and 
beaches; wave refl ection erodes bay bottom, 
preventing submerged aquatic vegetation; 
prevents amphibious movement from water 
to land

Revetment Reduces erosion, protects land from storm 
waves, protects new landfi ll

Prevents inland migration of wetlands 
and beaches; traps horseshoe crabs and 
prevents amphibious movement; may create 
habitat for oysters and refuge for some 
species

Shoreline armoring used to protect against fl oods and/or permanent inundation
Dike Prevents fl ooding and permanent inundation 

(when combined with a drainage system)
Prevents wetlands from migrating inland; 
thwarts ecological benefi ts of fl oods (e.g., 
annual sedimentation, higher water tables, 
habitat during migrations, productivity 
transfers)

Tide gate Reduces tidal range by draining water at low 
tide and closing at high tide

Restricts fi sh movement; reduced tidal range 
reduces intertidal habitat; may convert saline 
habitat to freshwater habitat

Storm surge 
barrier

Eliminates storm surge fl ooding; could 
protect against all fl oods if operated on a 
tidal schedule

Necessary storm surge fl ooding in salt 
marshes is eliminated

Elevoting land
Dune Protects inland areas from storm waves; 

provides a source of sand during storms to 
offset erosion

Can provide habitat; can set up habitat for 
secondary dune colonization behind it

Beachfi ll Reverses shore erosion, and provides some 
protection from storm waves

Short-term loss of shallow marine habitat; 
could provide beach and dune habitat

Elevate land 
and structures

Avoids fl ooding and inundation from sea-
level rise by elevating everything as much 
as sea rises

Deepening of estuary unless bay bottoms 
are elevated as well

Retreat
Setback Delay the need for shore protection by 

keeping develoment out of the most 
vulnerable lands

Impacts of shore protection delayed until 
shore erodes up to the setback line; impacts 
of development also reduced

Rolling easement Prohibit shore protection structures Impacts of shore protection structures 
avoided

Density or size 
restriction

Reduce the benefi ts of shore protection and 
thereby make it less likely

Depends on whether owners of large lots 
decide to protect shore; impacts of intense 
development reduced
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