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Executive Summary 
CoastalRes was a project funded by the UK Strategic Priorities Fun Climate Resilience programme from 
February 2019 – January 2020. The overarching aim was to illustrate how coastal areas and risks may 
change, the spectrum of pathways available for adaptation to reduce risk, and to enable an informed and 
positive debate about how best to adapt, using a resilience lens on the problem. This document sets out 
a methodology for assessing coastal resilience and tests this using a number of local scale, illustrative, 
case studies. The results provide sufficient evidence to suggest that the method has the potential to be 
used to evaluate the current state of coastal resilience at a national scale and thereby provide a ‘state of 
the nation’ style summary.  

In England and Wales, Shoreline Management Planning is a well-established process which, by chance,  
has been undergoing a review over the course of the CoastalRes project. This has provided an excellent 
opportunity to understand the issues and concerns related to the existing management process and take 
account of these when developing a framework for managing coastal resilience. During CoastalRes, we 
have: 

• held multiple stakeholder workshops designed to access the challenges of managing the coast 
in England and Wales today, and the challenges in the future; 

• proposed a decision-making framework for managing coastal resilience; 

• developed a method and supporting coastal resilience model; and 

• completed some case studies to illustrate the viability of the approach. 

Stakeholder analysis 

We held three workshops in London, Havant (near Portsmouth, Hampshire) and York in June and July 
2019 19, 35 and 21 people attended respectively, from a wide range of stakeholder groups responsible 
for working with or delivering flood risk management. This indicated: 

• that implementing the existing Shoreline Management Plans (SMPs) is challenging and the 
moves to the changes in policies as indicated in these SMPs is not taking place as anticipated;  

• there is often a lack of data to help make the decisions that would support a smooth, efficient 
and timely change in policy options;  

• to increase available funds, more diverse sources of funding are being encouraged and utilised, 
and this has often broadened the issues being considered compared to earlier schemes (i.e., 
beyond sea defences and habitat creation);  

• the focus remains on reducing risk, rather than increasing resilience, despite the latter being 
highlighted in government policies and consultation exercises. 

A new approach 

Numerous policy documents indicate a shift away from risk towards resilience, but this has not yet been 
carried through to supporting guidance and advice that explain how the concept should be implemented. 
For example, there is no clear definition of resilience, with different government bodies approaching the 
definition and wider issues of resilience from different angles. However, in order to measure resilience, it 
is not the precise resilience definition  that matters, but that it provides a clear, pragmatic and consistent 
background throughout an analysis; it is essential that the definition adopted should address the 
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questions ‘resilience against what?’ and ‘resilience for whom? In the CoastalRes project, resilience was 
defined as “the ability of a system to prepare, resist, recover, and adapt to disturbances in order to achieve 
successful functioning through time”.   

The method uses the well-established Multiple-Criteria Analysis (MCA) technique to integrate a wide 
range of indicators. This allows the contribution of disparate measures such as land use planning, 
catchment management planning, coast protection, flood and storm proofing, emergency 
planning and response, storm warning and monitoring, recovery and restoration, habitat creation (space 
for water) and socio-economic regeneration to be assessed in a consistent manner. These measures are 
quantified with reference to national open-access geospatial datasets either directly (e.g. economic 
damages) or indirectly (e.g. insurance claims). Individual measures are converted to a uniform scale (i.e. 
0-100) to reflect the influence of varying the measure. These scores are then weighted based on 
their relative contribution to enhancing coastal resilience., However, this is highly subjective. We have 
therefore used this as a variable to capture the views of difference stakeholders. In this way the resulting 
resilience indices capture a range of stakeholder preferences in a transparent manner.  

Our prototype coastal resilience model uses the scores and weights to generate a quantitative resilience 
index. To apply this spatially, the coast is divided into units that capture the extent of erosion and flooding, 
allowing an index to be compiled at varying levels of resolution. This defines the state of resilience at a 
point in time. Changes in time can be examined by using scenarios to model how measures are 
likely to respond to changes in the natural environment (such as sea level rise) and the projected impact 
of policy responses. 

Case studies of site-specific measurement of coastal resilience 

We have applied our coastal resilience model to three case studies in England:  

 Christchurch Bay (an eroding cliff coast with a progressively increasing risk exposure as the 
eroding cliff moves closer to a larger number of properties) indicated that well-timed defence 
provision alongside other adaptation measures and awareness raising; 

 Portsmouth (densely populated area, currently defended to a high standard, and with limited 
options to move or relocate assets): Heavily reliant on engineered defences, rather than actions 
if a flood were to occur; 

 Outer Humber (an extensive low-lying area of rural estuary, reclaimed by enclosure several 
hundred years ago and now a candidate to offset coastal squeeze losses elsewhere in the estuary): 
Lack of defences with a high standard of protection, meaning resilience is largely based on 
environmental weightings. 

To develop a framework to assess the state of coastal resilience, we have considered what are the main 
concerns that may need to be improved, or are likely to need to adapt in response to changing conditions. 
We presented our findings in a final stakeholder workshop in November 2019. However, whilst the testing 
undertaken suggests that the method has potential, there remains several issues relating to the used 
metrics and the outcomes that they might drive, different approaches to defining the scores and weights, 
how best to model future scenarios of change, and engaging with local decision makers to develop 
procedures and identify policy options that could realistically be adopted. In addition, there is the 
potential to evaluate different policy options and the pros and cons of policies based on different resource 
allocation models. Hence, with further development and testing the approach outlined has the potential 
to establish a robust framework for coastal management that actively seeks to enhance coastal resilience.  
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1 Background 
CoastalRes was a project funded by the UK Strategic Priorities Fund Climate Resilience Programme from 
February 2019 – January 2020. The overarching aim was to illustrate how coastal areas and risks may 
change and to consider the spectrum of pathways available for adaptation that would enable an informed 
and positive debate about how best to adapt. It builds on the established Shoreline Management Planning 
(SMP) process, led by the Environment Agency (EA), and applies a resilience lens to the analysis. When 
taking a resilience perspective, unlike the single unique policy interventions of SMPs, multiple actions are 
potentially feasible. This enables the construction of reinforcing layers of response. This approach is being 
adopted in countries such as the USA (Rosati et al., 2015). 

The original proposal outlined the development of adaptation options for a series of coastal archetypes 
that could be combined to define adaptation decision pathways. However, as SMP was itself the subject 
of a review by the EA during the CoastalRes project, engagement with a wide body of stakeholders was 
possible through an ongoing dialogue with the EA. Consequently, a series of workshops to gather the 
views of a wide range of practitioners and stakeholders were organised and well attended. These 
consultation workshops, held in London, Havant and York, provided a deeper understanding of the issues 
surrounding the established SMP process and the potential offered by a broad suite of policy options. The 
approach adopted was therefore refined. The proposed coastal resilience framework makes use of 
established methods for evaluating evidence and decision making under uncertainty, to both assess the 
state of resilience of our coastline and provide tools to help plan how best to improve the resilience. 

The framework and supporting methods have the potential to deliver three related but distinct outputs: 

1. A state of the nation style summary of coastal resilience based on a set of indicators derived from 
national datasets (State of Coastal Resilience). 

2. A national scale multi-criteria analysis (MCA) as a means of examining different resource 
allocation models, to be used as a policy “exploration/optimisation tool” (Policy Allocation). 

3. An integrated approach to coastal planning, using sets of coastal resilience options within a plan 
to be implemented at the local level. The decision making at this level may be informed by policy 
guidance that emerges from the national scale analysis, i.e. outputs 1 and 2 (Policy Selection). 

The last of these (3) forms the focus of this report, a Technical Report is also available. 

2 Adaptation and resilience definitions 
Whilst the primary focus of this research is on ‘adaptation’, ‘adaptation pathways’, and ‘resilience’, the 
notion of ‘transitions’ was also identified to be important for policy evaluation. For clarity, these are 
defined as follows: 

Adaptation – an intervention that modifies the coastal system in some way (e.g. building a sea 
defence, allowing certain areas to flood in very extreme events, etc.); 

Adaptation pathway – a series of interventions with decisions points that are dependent on triggers 
(e.g. the evidence from ongoing monitoring about the rate of sea-level rise) which over time 
determine a way forward (i.e. a pathway); 

Resilience – the capacity to anticipate and plan for disturbances, resist damages and/or absorb 
impacts, rapidly recover afterwards, and adapt to stressors, changing conditions and constraints 
(Rosati et al., 2015); 

Transition – change from one policy to another, with a resultant change in the state of the system. 
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In this project, policy transitions within the shoreline management process, where one is seeking to shift 
from one policy option to another, are considered part of the suite of policy options to deliver coastal 
resilience. Hence, three broad options for transition are envisioned (relative to the current policy and 
plan): 

No change – nothing to do at the strategic level and the focus is on implementation of the existing 
strategic option;  

Rapid change or Directed change – transition from one strategic option to another, where the 
changes required are clear and there is a well-defined adaptation pathway;  

Slow change or Progressive change – transition from the existing option to another option, where 
several intermediate steps, or measures, may be required in order to achieve the transition.  

Such policy transitions may or may not involve adjustments for the local community or natural systems at 
a given location as part of policy implementation but, as stated, this is not the focus of this report. Whilst 
the concept of transitions is not considered further in this report, the concept is likely to be essential in 
the future development of adaptation pathways that are central to the future projections that become 
possible with the application of the Coastal Resilience Model that is the focus of this report. 

3 Developing the framework 
Although resilience has often been conceptualised with reference to systems in a single domain (e.g. 
ecosystems or infrastructure systems), coastal resilience is a composite property that emerges from the 
interplay of diverse natural and human systems. Quantitative resilience-based coastal management offers 
many advantages over more narrowly focused risk-based analyses of vulnerabilities and likely losses 
(Linkov et al., 2014), but operationalising it to support coastal management encounters the problem of 
reconciling measures defined for these very different domains. There are many possible conceptual 
models of resilience, depending on how society chooses to define the system and the problem. 
Recognising these challenges, we have pursued an approach that is grounded in current capabilities, 
whilst acknowledging the shortcomings and hence potential to develop the approach further. 

To implement a framework for decision making, we adopt a method that is supported by a model to 
quantify the current state of coastal resilience and how this might change over time. We first outline the 
steps needed to establish the framework, before detailing the model structure and quantification. 

3.1 Decision-making framework 
Various adaptation options may be applicable for a given situation, although these options may change 
over time. If the performance of a given option can be measured in some way, then it is possible to 
consider how best to optimise the selection of one from a suite of options. Typically, such an assessment 
will consider how effective the adaptation is likely to be, whether the benefits outweigh the costs so that 
it is an efficient use of resources, whether the outcome is equitable and promotes social justice and 
whether the adaptation is considered legitimate by the affected parties. Whilst there are numerous 
methods available for evaluating evidence and decision making under uncertainty, the most well-
established within this field is multi-criteria analysis. This type of analysis has been reviewed and applied 
by the (EA, 2007) and was used to support the decision-making process for TE2100 (Reeder and Ranger, 
2013). It has also been widely used across government to support the decision-making process (DCLG, 
2009). A typical approach for the development of policy can be summarised as : 

1. Establish the decision-making context (policy aims, decision-makers, key stakeholders). 
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2. Identify the objectives of the policy or plan. These need to be clear objectives that are specific, 

measurable, agreed, realistic and time dependent. There should be a single high-level objective 

but sub-objectives can be added if required. 

3. Define the options available.  From the range of possible approaches that could be used to 

prescribe options, undertake a preliminary assessment to identify those that can realistically 

address the objective(s). There may be a need to revisit the initial selection as more information 

becomes available. 

4. Identify the criteria to be used to measure the performance in delivering the objectives. Such 

Performance Measures need to be operational. A measurement or a judgement needs to specify 

how well each option meets the objectives expressed by the criteria. Useful questions include: 

“Is it possible in practice to measure or judge how well an option performs on these criteria?” 

“What would distinguish between a good choice and a bad one in this decision problem?” 

5. Assess the provisional set of Performance Measures for completeness, redundancy, operability, 

independence, double counting, number of measures (not too many) and ability to measure any 

variation of performance over time. The measures should also be transparent and easy to 

communicate. 

6. Test the performance of each option using the defined measures (e.g. with a performance matrix). 

This requires the following sub-tasks: 

a. Gather the data required to undertake the performance assessment of each option; 

b. Apply scores and weights to reflect their relative importance; 

c. Evaluate the ability of the approach to identify realistic options; 

d. Carry out a sensitivity analysis to determine how different assumptions influence the 

outcome. 

3.2 Application to coastal resilience 
Steps 4 to 6, in the approach outlined in Section 3.1, are essentially the method for analysing the pros and 
cons of the various options. For coastal resilience these need to be modified because we are examining 
multiple sets of options (pathways) over time and this needs to be compared with the changes projected 
to occur if we do nothing (e.g. as a result of climate change, or changes in demographics). The analysis 
steps developed to examine coastal resilience were therefore as follows: 

(i) Determine the current state of the system using the defined measures following sub-tasks a-
d in Step 6, where the evaluation considers whether the resultant measure of coastal 
resilience is meaningful and provides a useful characterisation of its spatial variation.  

(ii) Define how key drivers will vary over time to establish several future scenarios (variations in 
demographics, sea level and storminess, national/international policy context, etc.). 

(iii) Define sets of policy options for each hazard zone. These will often include transitions in the 
set of policy options to be used, in order to express pathways for adaptation. Such transitions 
may well be linked with thresholds or trigger points, rather than being at some fixed point in 
time. 

(iv) Combine steps (ii) and (iii) to assess how the resilience measures are projected to change over 
time and compare the results with the current state defined in step (i).  

The method needs to be applicable at both the local and national scale. The output from step (i) when 
applied at a national scale could provide a “State of the Nation” style summary of coastal resilience. 
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Whereas by examining future change and adaptation, the last step (iv) allows Policy Pathways to be 
evaluated locally, or the benefit of different resource allocation models to be examined nationally. 

3.3 Decision-making context and objectives 
The context of coastal flood and erosion hazard in England was outlined in Section 1 and concerns the 
need to reduce overall risk, where possible, but where this is not possible, to adapt to enhance resilience. 
Rising sea levels have, and will increasingly, change the way the coast is managed and engineered (Nicholls 
et al., 2013), although the aim of reducing overall risk where possible, or increasing resilience remains 
(EA, 2017; EA, 2019). To achieve this, policies aim to: 

 Minimise injury, loss of life and health impacts (health); 

 Minimise damage to property and infrastructure (assets); 

 Minimise residual risk and community recovery time from events (residual risk); 

 Minimise local economic disruption (economy); 

 Minimise habitat loss and disruption of the natural coastal system (nature); 

 Maximise community preparedness (community). 

For these to be workable objectives, it must be possible to define what is to be minimised or maximised 
in order to do something (take action). This in turn means that the change must be measurable (even if 
only as a qualitative index). In CoastalRes these high-level objectives are sub-divided into more specific 
objectives, as detailed in Table 1, to a level of resolution that allows performance measures to be defined.  

The above objectives need to be delivered through appropriate and legitimate governance arrangements 
that seek to improve social justice, whilst recognising the need for the plans to be affordable (whoever is 
paying). How these objectives are translated into policy options and performance measures is explored 
further in the following sections. 
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Table 1. Summary of objectives and sub-objectives used in CoastalRes 

Context Coastal Resilience Objectives Sub-objectives 

Human health Maximise human health 
Minimise (i) loss of life, (ii) injury, (iii) health 
impacts 

Human assets Minimise damage 
Minimise damage to (i) property and (ii) 
infrastructure 

Residual risk 

Minimise response time - 

Minimise recovery time - 

Minimise displacement Due to (i) flooding and (ii) erosion 

Economy Minimise damage to local economy 
Minimise (i) local and (ii) national damage 
(including supply chain impacts) 

Natural assets 

Minimise habitat loss - 

Minimise disruption of natural 
systems 

- 

Community 
preparedness 

Maximise preparedness  
Using (i) warnings and awareness, (ii) monitoring 
and maintenance  

Minimise exposure to Risk 
Minimise exposure by (i) avoidance, (ii) protection, 
(iii) limiting residual risk, and (iv) limiting financial 
impact 

Maximise social acceptance - 

3.4 Coastal resilience policy options 
Current SMPs enable the strategic planning of flood and coastal defences to protect people and property 
from flooding and erosion (Defra, 2006). Within these plans, Strategic Options are used to characterise 
the need (‘where and why’ some form of defence is needed) which are implemented by Strategic Defence 
Plans (the ‘how and when’). However, SMP Strategic Options are mutually exclusive and at any location, 
or point in time, only one option can be adopted. The three epochs used in SMPs are used to map changes 
in the selected strategic option over time. The SMP Strategic Options have proven to be effective in 
providing a framework within the context for which they were established. However, the broader context 
required to address coastal resilience requires a more extensive set of policy options and these are 
necessarily no longer mutually exclusive.  

A review of policy options currently used in SMPs, Defra adaptation strategies and actions (Burton, 1996; 
Cimato and Mullan, 2010) and EA resilience tools (EA, 2019) was carried out. Input from stakeholders was 
also included. Not unexpectedly this revealed that the SMP Strategic Options do not encapsulate all 
potential adaptation strategies or options. A synthesis, aligned where possible with existing policies or 
management practices, resulted in the proposed CoastalRes resilience options (Table 2).  

 

  



        
6 CoastalRes Final Report 

 

Table 2. Current strategic policy options used within the SMPs in England, separate sets of adaptation options 
(Defra, 2018) and resilience tools (EA, 2019), and a set of derived resilience–focused policy options that build on 

existing government agency activities. 

SMP Policy 

Option 

Defra Adaptation 

Options 
EA Resilience Tools 

CoastalRes Resilience Policy 

Options (applied in this project) 

Hold the line 

Advance the line 

Managed 
realignment 

No active 
intervention 

Preventing losses 

Tolerating losses 

Spreading or sharing 
losses 

Changing use or 
activity 

Changing location 

Restoration and 
replacement 

Flood walls 

Coastal infrastructure 

Natural flood management 

Property flood resilience 

Flood forecasts and warning 

Sustainable drainage systems 

Evacuation 

Recovery 

Land management 

Spatial planning 

Innovation 

Moving people to new places 

Land use planning 

Catchment management planning 

Coast protection (erosion and 
flooding) 

Flood and storm proofing 

Emergency planning 

Storm forecasting, monitoring and 
warning services 

Recovery and restoration 

Habitat creation (space for water) 

Socio-economic regeneration 

 

Some of these options are ubiquitous. Emergency planning for known hazards, storm warning systems 
and ongoing coastal monitoring programmes are a pre-requisite for the delivery of coastal resilience. 
Recovery and restoration includes things like insurance cover, or a response to a national emergency (such 
as an event like the 1953 flood) are also coast wide. At a local level, the remaining synthesised resilience 
options can be redefined: 

 allocation changes in local plans to relocate assets (LUP); 

 changes in accepted levels of inundation, e.g. flood storage areas, pumping, etc (CMP); 

 provision of flood and coastal defences on any “line” (CPW); 

 prevention of water ingress - temporary flood/storm barriers, flood proofing buildings (FSP); 

 making space for water and habitats (HCR); 

 reduce inequality and deprivation on the coast through measures to enable socio-economic 
regeneration (SER). 

These are explained in more detail in Appendix A. Table 3 shows how these resilience policy options 
support the objectives in Table 1. 
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Table 3. Mapping of policy options against the defined resilience objectives 

Policy Options 

Resilience Objectives 
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LUP Land use planning       

CMP Catchment management planning       

CPW Coast protection        

FSP Flood and storm proofing       

EPR Emergency planning & response       

SWM Storm warning and monitoring        

R&R Recovery and restoration       

HCR Habitat creation (space for water)       

SER Socio-economic regeneration        

Green indicates a positive effect, red a negative effect and orange indicates that the effect can be positive or negative. Some 
policy options may improve human resilience but have the opposite effect on natural resilience and vice versa. Furthermore, 
some policy options could be used to support other interests and result in a negative impact (e.g. pressure to more build 
houses). 
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3.5 Defining performance measures (criteria) 
Performance measures (often called criteria) are used to assess how well a given suite of policy options 
deliver the agreed objectives. Identifying suitable measures was an iterative process starting from the 
policy options. Initially, it proved easier to identify measures for specific policy options. This in turn led to 
a refinement of the objectives, to identify what needed to be improved (maximised or minimised). This 
process also highlighted the fact that a given location had a set of properties that characterised the state 
of resilience at a given point in time. The measures therefore needed to capture this state and how it 
changes with time.  Table 4 identifies one or more measures for each objective or sub-objective as 
identified in Table 1. These are not ‘ideal’ measures but are conditioned by the data that is currently 
known to be available.  

Table 4. Summary of selected Performance Measures 

 
Performance Questions Performance Measures 

1 What is the impact on human life and health? 
 

Impact on human health 

2 How well is the local community supported by 
emergency response systems? 

Access to first responders (emergency services) 

3 What is the ability of the local community to 
recover from an event? 

Ability to recover from an event 

4 How many people are displaced as a result of 
erosion or flooding? 

People or property displaced 

5 Do storm warnings reach the community? 
 

Access to warnings and community awareness 

6 Does monitoring provide the data necessary to 
inform trigger levels, decision points and 
thresholds? 

Adequacy of monitoring and maintenance 

7 Has LUP helped to reduce the risk within the flood 
or erosion zone? 

Level of exposure due to developments 

8 What is the current level of protection provided by 
the defences? 

Level of protection provided by defences 

9 What is the residual risk with the coast protection 
in place? 

Residual risk faced by community (see Box 1) 

10 Are insurance claims above the national average 
for flood and erosion related claims? 

Annual Average value of insurance claims 

11 What is the value of property and infrastructure 
damage caused by erosion or flooding? 

Annual net cost due to damage  

12 What is the value of disruption to the economy 
caused by erosion or flooding? 

Annual Average cost of clean-up, demolition, loss 
of business, etc 

13 Are the coastal policies exacerbating the loss of 
natural habitats? 

Area of coastal habitat 

14 Are the coastal policies inhibiting or reducing the 
natural resilience of the coastal system? 

Proportion of shoreline that is defended or 
constrained 

15 Has the SMP/CRP been formally adopted as part of 
the Local Plan? 

Adoption of SMP (or coastal resilience plan - CRP) 
within the Local Plan 
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Box 1 - Residual Risk 

Whether some form of coastal protection or active risk management is adopted, there will 

always be a residual risk. Making this explicit has the benefit that all communities should 

become aware that protection is partial rather than absolute. In addition, it provides a means 

of optimising the expenditure on protection to a given design standard and accepting some 

residual risk will be borne by the community depending on how climate changes and what 

events occur. For such an evaluation we do not consider rare catastrophic events1. In the 

Coastal Resilience Framework these are addressed under the Recovery and Restoration option, 

where we envisage a national emergency response to such events. Here we consider those 

events that exceed the design standard of the defence but do not cause the defence to fail. 

Where the design standard is low these might be frequent low return period events (that can 

be considered a nuisance risk) as well as the more extensive impacts from major events. In 

contrast, where the defence standard is high, only major events are likely to lead to any damage 

or loss2. 

The residual risk is measured in the same way as the risk under the assumption of defence 

failure, only now the defence is assumed not to fail. This therefore requires an estimate of the 

likelihood and magnitude of all the events that exceed the defence design standard and the 

associated damages. 

Notes: 

1 – a rare catastrophic event is here taken as an event that is not predictable as an extreme event based 

on the available data. Tsunami and underwater landslides fall in this category, as do events such as the 

1979 energetic swell that demolished large lengths of Chesil beach because this was not predictable from 

the historic data at that time. 

2 – major events are those that are predictable from the available data, are greater than the adopted, or 

proposed design standard and occur with a frequency of less than once in every ten years, whereas 

nuisance events exceed the design standard much more frequently. 
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Figure 1.  Mapping of objectives and associated performance measures to enhance coastal resilience  
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These measures all pertain to the state of the system. Any performance measure of an objective may be 
defined by one or more measures that are either direct or surrogate measures (the latter is used when a 
direct measure cannot be identified or there is no data available for the direct measure). Where more 
than one metric is defined, they are combined to give a single overall performance measure for the 
objective, as explained in Section 4. The full list of measures for each objective are shown in Figure 1 and 
detailed further in Appendix C. 

When the measures are to be used to evaluate the collective influence of a set of actions on the overall 
objective(s) it is important that they provide a complete coverage of the main issues, without duplication 
so that there is no double counting of any one aspect. The desirable properties for this to be the case are 
summarised in Box 2. The iterative process adopted in the project meant that the initial list of measures 
was used to refine the objectives, which in turn led to the identification of a more complete set of 
measures.  

Multi-objective decision models (also known as multi-attribute utility models) can be complex because 
they seek to consider uncertainty and allow for interaction between performance measures (Keeney and 
Raiffa, 1976; DCLG, 2009). The analysis is greatly simplified if one or both factors can be ignored. An 
assessment was therefore undertaken to determine (a) whether the properties set out in Box 2 had been 
met and (b) to identify any inter-dependencies. This led to some measures being merged and a few 
deleted to avoid duplication. The measures summarised in Table 4 and detailed in Appendix C are the final 
output from this iterative process. 

 

Box 2 – Minimal set of performance measures 

Are the performance measures a necessary and sufficient set to assess: 

1. the current state of coastal resilience (nationally); and 
2. whether a selected suite of policy options is likely to improve coastal resilience? 

The desirable properties of a set of attributes to measure how well the objective is achieved 

requires that they be complete, operational, decomposable, non-redundant and minimal 

(Keeney and Raiffa, 1976). 

Complete – adequate to indicate the degree to which the overall objective is met; 

Operational – the attributes must be meaningful to stakeholders so that they can understand 
the implications of the alternatives (political acceptability may also need to be considered); 

Decomposable – where there are multiple attributes the problem can become unwieldly unless 
it can be broken down and the utility and uncertainty can be determined for sub-sets of 
attributes (perhaps two or three at a time); 

Non-redundancy – redundancy needs to be avoided so there is no double counting in the final 
set of attributes; 

Minimal – because the complexity of the problem rapidly increases as the number of attributes 
increases, it is desirable to keep the total number as small as possible, whilst meeting the 
foregoing four requirements. 
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4 Policy assessment using multi-criteria analysis 
Having defined a set of performance measures, the simplest form of analysis is to compile the data for a 
coastal “unit” and present the raw data as a performance matrix capable of providing a simple, direct 
summary without any subjective values added (i.e. without any attempt to score or weight the different 
performance measures). The most suitable “unit” needs to be the subject of more extensive testing but 
for this demonstration exercise we used the area defined by the combined flood and erosion hazard zone. 
Data were compiled from a range of sources as summarised in Appendix D. 

The multi-criteria analysis adopted for this study follows the approach developed by (Keeney and Raiffa, 
1976) and explained in a clear and accessible manner in the DCLG manual (DCLG, 2009). Once the data 
have been compiled to define the suite of performance measures for a unit (or set of units in a national 
analysis), they need to be combined to give an overall assessment of coastal resilience. This requires that 
the various measures be converted from the units of the source data to a common scale – referred to as 
scores. It is common to use a range from 0 to 100 for the scores but the scaling from the source data to 
the score does not have to be linear, as explained in more detail in the section on Scores and Weights. 
Plotting the resultant scores of the performance measures (with no preference weightings) provides a 
means of comparing the relative significance of the various measures within the unit. However, the 
contribution of some measures to meeting the objective(s) is usually considered to be more important 
than others. This so called “utility” value depends on both the score and the preferences of the decision 
maker and is incorporated by defining a set of weights that define the relative importance of each 
performance measure. Different stakeholders or decision makes are likely to have different priorities and 
hence will assign different weights. This is sometimes seen as a weakness because it is highly subjective. 
However, as explored in the Illustrative Case Studies section (4.6), examining a number of different 
perspectives can provide additional insights into the complexity of the problem, which can aid the 
decision-making process. Combining scores and weights gives a value for each performance measure, 
which when summed gives an overall measure of coastal resilience. In the presentation of the illustrative 
case studies the weights assigned from different perspectives are referred to as ‘Perspectives’ and in all 
four perspectives were considered, namely: economic, environmental, social and combined (average of 
the other three). 

This analysis procedure (Figure 2) encapsulates the proposed Coastal Resilience Model (CRM). The CRM 
provides a measure of coastal resilience for a given state (typically a point in time). When applied to the 
national set of “units” (e.g. all hazard zones) this generates an overall picture of how coastal resilience 
varies around the coast and the relative importance of the different performance measures at different 
locations – in effect a national ‘State of Coastal Resilience’ summary. However, for operational use the 
evaluation of how the current state may vary over time due to (a) external drivers such as climate change, 
land use, etc. and (b) response to the implementation of one or more policy options is important. To 
achieve this, one or more scenarios to describe future conditions are used (for the illustrative case studies 
a single scenario and used a 50-year time horizon).  

Policy pathways are then defined. These set out how the various policy options might be used. Some 
options might be applied for the entire study period, whereas others may introduce changes either at 
given time, or progressively over a period (i.e. define pathways). Such changes may be determined by a 
threshold or trigger point and so the exact timing may be uncertain. For the illustrative case study, we 
have examined two pathways. The first is essentially the maintenance of the status quo, and the second 
aims to improve local resilience. 
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Figure 2. Schematic of the derivation of the Resilience Index (RI) 

 

Within the SMP process that focusses on the need for and location of defences, the costs of any scheme 
begin to be addressed as part of the strategy plan stage rather than within the SMP itself and fully 
developed as part of the Scheme proposal. This is reasonable as only at these later stages is enough 
information likely to be available to make a detailed evaluation of the costs and benefits. However, for 
much a broader coastal resilience plan, involving multiple agencies, to be credible, it needs to be clear 
that it is affordable before being adopted. The costs are necessarily specific to a policy pathway but may 
also be influenced by the planning scenario(s) considered.  

The cost of each policy pathway is calculated and any variation across scenarios is treated as a sensitivity 
test of the likely cost. Rather than using the net present value of the benefits, as typically used for benefit-
cost analysis, the trade-off between the overall coastal resilience and cost is analysed using a Resilience 
Index, as defined in the next section. This allows different pathways to be compared on a consistent basis 
to inform the decision-making process. 

4.1 Scores and weights 
The raw data used to determine the performance measures can be qualitative or quantitative and, when 
quantitative, can have different units of measurement. The performance measures are therefore mapped 
to a common scale (e.g. 0-100), a so-called Score. This can be done based on a qualitative assessment of 
outcome preferences, or a mapping of quantitative or fuzzy data. In both cases there is the option to 
define a function that relates the performance measure value to the Score. In some cases, this may be a 
linear relationship. More often this a curve that reflects a sort of pareto preference for outcomes as they 
vary from worst to best. For the illustrative case studies, we used a two-part linear relationship as a simple 
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representation that can capture some of the non-linearity, as detailed in Appendix E. An example of a set 
of scores for the various performance measures is shown in Figure 3. 

Figure 3. Illustrative set of performance measures scores to show the difference between unweighted scores 
and preference scores (weighted scores) 

 

 

If information about the probability of a particular outcome is available, this can be included in the analysis 
but this invariably adds to the complexity. For this demonstration exercise, the uncertainty was captured 
using a qualitative confidence measure (high-medium-low), which was assigned subjectively based on the 
knowledge of the project team. 

Weighting addresses the relative importance of the performance criteria, recognising that the measures 
are not of equal importance in the overall assessment.  There are a range of formal methods for eliciting 
the preferences of stakeholders and decision makers. These include techniques such as:  

 Analytic Hierarchy Process (AHP) – method for converting subjective assessments of relative 
importance to a set of overall weights 

 Outranking methods such as used in the ELECTRE method (Elimination et Choix Traduisant la 
Realite) is fundamentally a pairwise comparison between every pair of options being considered. 

For a more extensive discussion of the relative merits of the different approaches see the DCLG manual 
(DCLG, 2009). For the illustrative case studies the weightings were derived using a simple hierarchical 
ranking process, with the project team adopting different perspectives to represent different stakeholder 
groups (i.e. we used a mock-up rather than real stakeholder elicitation). In all three perspectives were 
used, namely, environmental, social and economic. These three perspectives were also combined by 



          
15 

CoastalRes Final Report 
CoastalRes Final Report 

averaging the weight assigned for each Performance Measure. The weights used are detailed in Appendix 
E. 

The utility value or preference score for each performance measure is obtained by multiplying the score 
and the weight together (the two are compared in Figure 3). The overall preference score is simply the 
summation of weighted scores for all performance measures. Letting the score for performance measure 
i be represented by si and the weight for each performance measure by wi, then for n performance 
measures, the overall preference score, S, is given by: 

𝑆 = ∑ 𝑤𝑖𝑠𝑖
𝑛
𝑖=1             (1) 

As the use of weights and scores can be confusing, we have used the following terminology to distinguish 
between values relating to a Performance Measure and the overall combined value: 

Score – a value in the range 0-100 to map each Performance Measure to a common scale.  

Weight – a preference weighting for each Performance Measure. The weights for all performance 
measures sum to 1. 

Perspective – a collective set of weights obtained from a particular group of stakeholders of decision 
makers.  

Preference Score – the weighted score for a performance measure. 

Resilience Index – the overall preference score obtained by summing the weighted scores for all 
performance measures.  

Some performance measures are defined using multiple metrics. This necessitates a two-stage process in 
which each of the broader performance measures (Pj, j = 1 … N) are defined by the weighted combination of 
their constituent metric scores (si, i = 1 … M). Thus: 

𝑃𝑗 = ∑ 𝑞𝑖
𝑀
𝑖=1 𝑠𝑖            [2] 

where qi, i = 1 … M are weights assigned to the metric scores that combine to give performance measures, Pj 
, where   

∑ 𝑞𝑖
𝑀
𝑖=1 = 1              [3] 

The individual preference scores are given by the weighted performance measure, wjPj and a composite 
Resilience Index (RI), is simply the overall preference score as defined by equation (1):   

𝑅𝐼 = ∑ 𝑤𝑗
𝑁
𝑗=1 𝑃𝑗            [4] 

where wj, j = 1 … N are weights assigned to the performance measures. We found it more intuitive to define 

this second set of weights on a scale of 0 to 100 and then to convert them to a scale of 0 to 1, such that: 

∑ 𝑤𝑗
𝑁
𝑗=1 = 1            [5] 

4.2 Scenarios 
A scenario defines how conditions may change in the future. This can be the result of changing 
environmental conditions (e.g. climate change), land use, migration, national/international policies, or 
any other plausible change that affects the coast. Clearly it is not feasible to explore every possibility and 
so it is common to develop a suite of future scenarios that represent different possible futures, as was 
done for the Foresight Flooding project (Evans et al., 2006). This entails estimating or modelling how the 
current conditions will change over the period of interest. Given that the focus is on relatively long 
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timescales (e.g. 50 years), as well as estimating how conditions within the study “units” change, any 
change in the extent of the hazard zone must also be considered, particularly because of sea level rise and 
coastal erosion.  

As explained in Appendix D, where possible, national data sets were used. When these were not available 
estimates for the illustrative case studies were obtained from the literature or secondary sources such as 
the SMP and the Local Plan. Projections of changes in sea level and storminess were used to estimate 
changes in flood frequency and rates of coastal erosion. For this demonstration exercise only the 
inundation frequency was considered, whereas a more complete evaluation should also consider any 
change in the extent of the hazard zone. 

Given that any future projection is uncertain and that for many of the external forcing conditions 
probabilistic information is already available (e.g. UKCP18), a probabilistic assessment would be 
appropriate. This could readily be included in the various scenario projections but requires a more 
automated modelling procedure than used for the illustrative case studies and so was not included.  

4.3 Policy pathways 
The policy options identified to support the delivery of enhanced coastal resilience are drawn from across 
a wide range of local and national governance, planning and management functions. Just how these can 
be applied to benefit coastal resilience is explained in Appendix A. By their very nature, these functions 
are administered by different agencies and operate at a range of planning and implementation timescales. 
Establishing a plan that all agencies can then implement it therefore unlikely to be feasible. It therefore 
makes more sense to move towards greater integration, where the changes needed are agreed and the 
timescale for implementation may depend on internal constraints within the responsible agency, or some 
trigger or threshold (e.g. acceleration in the rate of sea level rise, or erosion from an agreed baseline). 
This therefore points towards a collection or set of actions over time, which we here refer to as a policy 
pathway. 

At the planning stage several pathways will generally need to be considered. These will reflect possible 
responses to (i) different projections of the future (the scenarios), and (ii) different stakeholder 
preferences and be constrained by what is affordable. For each of the illustrative case studies we have 
developed short narratives that explain two possible pathways. These merely indicate the process. In 
reality, developing policy pathways would require the detailed local knowledge of the various agencies to 
identify what is and is not possible; engagement with the local community; and detailed combined 
scenario and pathway modelling. 

4.4 Scenario and policy pathways model 
The modelling of both scenarios and policy pathways was deliberately kept simple for the demonstration 
exercise, in order to focus on the overall framework and how the different components are best combined. 
In each case, an end state was defined (i.e. a value in 50 years) for each performance measure based on 
how the measure is likely to be changed due to external conditions, or the set of policies that are 
implemented.  Two possible types of change were then included, namely: 

1. A linear change from the current value to the end value of the performance measure; and 

2. A step change from the current value to the end value at a defined time interval from the start 
(e.g. at 23 years). 

These two models are illustrated in Figure 4, where: 

1. Measure 1, Pathway 1: Displacement measure going down linearly (getting worst) because more 
people are being displaced 

https://www.metoffice.gov.uk/research/approach/collaboration/ukcp/about
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2. Measure 2, Pathway 1: Warning and awareness going up linearly (getting better) as greater focus 
put on community engagement, monitoring and warnings 

3. Measure 3, Pathway 1: Protection by defences – step change to poorer standard of protection 
when defences are allowed to fail after 30-40 years 

4. Measure 3, Pathway 2: Protection by defences – defences up-graded with a step change after 15-
20 years 

 

Figure 4. Illustration of linear and stepped change in Performance Measures 

 

The change models were applied to each performance measure to define the collective change on the 
system. Where a scenario or policy pathway could modify multiple performance measures and there was 
the potential for some interdependency, this was assessed manually in determining the respective 
performance measure end states. In a more well-developed system algorithms could be defined to 
capture these interactions. It should also be possible to unpack the policy pathway to examine the 
influence of adding or changing an individual policy option but again this was not done at this 
experimental stage. 

4.5 Summary of Coastal Resilience Model outputs 
In terms of the proposed framework, the task of enhancing coastal resilience is encapsulated in a set of 
objectives, Table 1. Progress towards meeting the objectives is assessed using performance measures, 
Table 4 and Appendix C. The performance measures are converted to scores on a common scale (0-100 in 
this case) and combined using weights that reflect stakeholder preferences (i.e. Preference score = Score 
x Weight). The Resilience Index is then obtained by summing the preference scores for all performance 
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measures. By considering different weights obtained from different stakeholder groups, preference 
scores and a Resilience Index for the different perspectives are obtained. The analysis of performance 
measures in space and time constitutes the proposed Coastal Resilience Model (CRM). 

The preference scores and Resilience Index define the state of the system at a given point in time. To 
examine how resilience changes over time, scenarios are used. These define how the pressures and 
drivers (by any cause: e.g. climate change, demographics, government policy, etc.) alter the performance 
measures. A possible baseline would be to consider how the coastal resilience is likely to change if no new 
actions are taken, i.e. as a consequence of just the chosen scenario. Policy interventions then have the 
potential to change the state of the system and so alter the coastal resilience. The suite of nine policy 
options, Table 3, provide a wide range of possible actions that can help to improve community resilience 
on the coast. For any one area, or “unit”1, a selection of policy options is made and collectively they define 
a policy pathway that is implemented over time (possibly depending on triggers or thresholds to prompt 
a change). The policy pathway can also alter the various performance measures, resulting in different 
preference scores and a change in the Resilience Index. 

Figure 5. Illustrative 50-year projection of preference scores for all performance measures  

 

 

                                                           

 

1 The definition of the spatial unit over which Coastal Resilience is assessed is left deliberately vague at 

this stage as this needs more extensive testing using national data sets. 
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The variation of a sub-set of performance measures is shown in Figure 4 and the variation of a complete 
set of Performance measures for one scenario and one policy pathway are shown in Figure 5. When 
summed to give a Resilience Index, the variation over time for the combined case is shown in Figure 6. 
Figure 6(a) shows the temporal variation of the Resilience Index for the combined case, where the three 
perspectives (economic, environmental and social) have been averaged under two policy pathways. The 
results for the combined case and the three individual perspectives is shown in Figure 6(b). Even in this 
simple example some clear differences in how the Resilience Index changes are evident, suggesting that 
retaining the different perspectives may be beneficial and provide some additional insight as to the 
relative merit of different policies/pathways.  

Figure 6. Illustrative 50-year projections of Resilience Indices for two policy pathways. (a) Combined (average of 
all) perspectives, and (b)Combined with the three economic, environmental and social perspectives 

(a)  

 

(b)  
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Examining the preference scores for the set of performance measures at a given point of time (e.g. current 
state, or future state) provides a sort of signature for the unit. This signature varies for different policy 
pathways, Figure 7(a), different perspectives, Figure 7(b) and different locations, Figure 8.  These 
signatures can be used as a diagnostic tool to investigate how best to improve coastal resilience and as 
the basis for a dialogue with different stakeholder groups who may hold different views on what 
constitutes and improvement. 

Figure 7. Illustrative preference score signatures at a given point in time. (a) Combined perspectives under two 
policy pathways  and (b) Combined and individual perspectives 

(a)  

 

(b)  
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Figure 8. Illustrative preference score signatures at a given point in time for the three case studies 

 

Figure 9. Illustrative Cost-Resilience Index comparison for two policy pathways showing the variance due to 

perspective 

 

 



          
22 

CoastalRes Final Report 
CoastalRes Final Report 

The final step is to compare the different policy pathways in terms of their cost and this is illustrated in 
Figure 9. In this figure, the cost versus Resilience Index is plotted for two Pathways. The larger points 
indicate the combined perspective case, and the three contributory Perspectives are also shown. The fact 
that the spread of Resilience Index varies for the two pathways is again useful in determining relative 
values and their associated cost for the different stakeholders (i.e. perspectives). 

4.6 Illustrative case studies 
Three scenarios have been modelled using the CRM to examine different coastal issues as follows: 

1. Highcliffe to Milford: an eroding cliff coast with a progressively increasing risk exposure as the 
eroding cliff moves closer to a larger number of properties. 

2. Portsmouth: a (relatively) densely populated area, currently defended to a high standard, and 
with limited options to move or relocate assets. 

3. Outer Humber (north bank): an extensive low-lying area of rural estuary, reclaimed by enclosure 
several hundred years ago and now a candidate to offset coastal squeeze losses elsewhere in the 
estuary. 

The narratives used to define both the scenario and two policy pathways, together with some illustrative 
results are presented in Appendix F.  

All scenarios assume increasing sea-level rise and rates of erosion. For this demonstration indicative rates 
were assumed and the way that these changes influence other parameters was estimated rather than 
modelled. If one was to implement the CoastalRes approach to resilience modelling, then the influence of 
drivers, pressures and policy actions on the Performance measures would require more in-depth analysis 
and modelling for the resilience estimates to be robust. 

The results provide a characterisation of the study areas, which varies over time as a function of the 
changing environment and policy implementation. At a summary level, the Resilience Index can delineate 
positive and negative changes due to the collective influence of the various changes imposed, Figure 5 
and Appendix F. Whether this is truly meaningful, at both local and national scales, requires further 
development of the method (as outlined below) and some ground truthing to ensure that this is a robust 
indicator. However, the initial indications from the illustrative case studies is promising. 

Examining the preference scores for the performance measures, at a point in time, or over time, was also 
found to be a useful basis for comparing: 

(a) how the preference scores change over time, Figure 5; 

(b) different policy pathways, Figure 7(a); 

(c) the situation at different locations, Figure 8; 

(d) the sensitivity to different perspectives, Figure 7(b). 

These various views enable the measures that have the most influence on the Resilience Index and the 
measures which are responsible for changes in the Index over time to be identified. This suggests that the 
performance measures collectively provide a signature of coastal resilience at the local scale. Building up 
a national picture of these signatures should provide greater insight into how best to interpret them and 
use them to inform policy development and decision making.  

The benefit of retaining the perspective views in the analysis was unexpected. It was originally intended 
that the different weightings would be generated to assess the sensitivity of the method and the three 
views (economic, environmental and social) were chosen because they were easy to characterise. 
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However, the perspective results were found to provide some additional insight and this suggests that it 
would be worth developing this aspect more formally.  

5 Conclusions 
The US Army Corps have defined coastal resilience in terms of the capacity to anticipate and plan for 
disturbances, resist damages and/or absorb impacts, rapidly recover afterwards, and adapt to stressors, 
changing conditions and constraints (Rosati et al., 2015). The methodology proposed addresses this broad 
definition to both (i) measure the state of the system (at national or regional scale) and (ii) explore how 
things may change under different futures, or as a consequence of changing policies to support 
management and planning activities.  

To develop a framework to assess the state of coastal resilience, we have considered what are the main 
concerns that may need to be improved, or are likely to need to adapt in response to changing conditions 
(e.g. climate change). This led to a set of objectives, Table 1, which define what we care about in the 
context of coastal resilience. For these to be useful, the objectives need to be measurable and to this end 
a set of performance measures have been proposed, Table 4 and Appendix C. These are not definitive but 
rather a preliminary set of measures to test the method. A more in-depth study should examine 
alternative measures and test (a) the availability of suitable national data sets and (b) whether they are 
fit for purpose. In combination the objectives and performance measures enable the state of coastal 
resilience to be measured at a given point in time. 

In order to change the state, there is a need to take action. The starting point was the policy options used 
within Shoreline Management Plans, which we assessed against recent proposals for adaptation (Cimato 
and Mullan, 2010) and resilience (EA, 2019) to derive an expanded set of policy options (Table 2 and Table 
3). These are aligned to existing policies, or management practices but are under the remit of multiple 
government departments, agencies and local authorities. How these policy options can be applied to 
benefit coastal resilience is discussed in Appendix A. The main challenge here is developing a mechanism 
for collective action by multiple agencies and closely coupled with community engagement, as discussed 
further below.  

The method of analysis is built on well-established multi-criteria analysis techniques, such as those 
outlined in the DCLG manual (DCLG, 2009). This entails converting performance measures to scores and 
weighting the scores to obtain preference scores, Figure 2 and Appendix E. Summing the preference 
scores gives what we have called a Resilience Index. We have introduced the concept of perspectives to 
capture the influence of the different weights that different stakeholder groups might assign. The 
additional complexity arises from the need to examine how things change with time. This entails 
considering future scenarios of how the pressures and system drivers change and policy pathways, which 
comprise sets of policy options. The resulting Coastal Resilience Model (CRM) has been tested using three 
illustrative case studies and shown to have the potential to give a spatially distinct signature of an areas 
state of resilience which can be summed to give a national picture. In addition, by adding the time domain 
the ability to examine the impact of future Scenarios and different courses of action (policy pathways) has 
also been demonstrated. 

The results from the illustrative case studies indicate that the CRM is capable of delineating differences 
between locations and, consequently, how conditions change over time. The preference scores for the 
performance measures provide a signature of conditions for a given state of the system. This appears to 
be useful in understanding the dominant drivers and how these can be manipulated over time to improve 
the situation. The retention of different sets of weightings to reflect different perspectives was found to 
be useful in providing additional insight into what was most affected by the forecast scenarios and the 
policy pathways that were tested. Hence, comparing the results for different stakeholder perspectives 
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over multiple scales – from a local management unit to national analysis - adds an important dimension 
that can support the decision-making process. Recognising that societal priorities and policies change over 
time, the ability to include projections based on prevailing paradigms and then update these to reflect 
changing stakeholder preferences ensures that the CRM can remain robust over time. 

Mapping the current state of resilience provides a snapshot and relies on historic records. This, of itself, 
is useful to identify the more vulnerable locations,  but the picture is unlikely to differ dramatically from 
previous risk-based analyses, although the different economic, environmental and social perspectives on 
resilience can be illuminating. Important benefits of the CRM are in its potential use for forward planning. 
By providing a formal framework to engage with stakeholders and capture their views in an explicit 
resilience statement – the “resilience signature” - the CRM can be used to establish a dialogue. Policy 
pathways are predicated on local knowledge which will need to be developed by local groups of 
stakeholders. If these were developed alongside integrated models that can define representative future 
scenarios, the state of resilience can be examined over time, as illustrated by the results presented. A 
national appraisal could then consider different resource allocation models (e.g. economic benefit, social 
wellbeing, environmental gain, etc.) to explore how different policy choices impact the overall state of 
resilience at a national scale and the implications of these choices at a local scale. This would provide a 
robust basis for policy guidance to inform local decision making and the refinement of policy pathways. 

Although the testing undertaken suggests that the method has potential, there remain several issues 
relating to the further development and testing of the method as outlined below. However, there are also 
some philosophical aspects to the delivery of coastal resilience that would merit further examination.  This 
largely relates to what we mean by coastal resilience and whether actions are positive or negative. For 
example, in the method outlined here, coast protection counts as a positive contribution to resilience but 
arguably reduces resilience in two ways: (i) inhibiting natural coastal processes and their inherent 
resilience and (ii) making the community dependent on the installed defence (and at times complacent). 
We have sought to offset this, to some extent, by having a measure for the length of unprotected coast 
and several measures that address the issue of residual risk. However, if there is a need to make radical 
shifts, rather than incremental changes to management approaches at the coast, then the issue of what 
constitutes resilience and what delivers a positive contribution may need to be revisited. 

5.1 The way forward 
5.1.1 Further development of the method 

Within the time and resources of the current project it was only possible to test the framework on a few 
cases at the local scale. For this, scores were based on simple normalisation of the measures and expert 
judgement to define the weightings. The application at a national scale can only be presented 
conceptually. The next step will therefore be to develop data sets, at least, at the sediment cell (SMP) 
scale but ideally at a national scale. This will enable some trials to be done on:  

(i) the most suitable areas to be used to quantify the Performance measures (i.e. units such as hazard 
zone or Local Authority districts, etc.); 

(ii) different approaches to defining the scores and weights. Defining weights from a number of 
perspectives has been shown to provide additional insight and will require active engagement 
with a wide range of stakeholders and the application of more formal methods to elicit decision 
preferences; 

(iii) modelling future scenarios of change. The climate change component could be provided as a 
national scenario for use at a local level. Consideration of demographics, deprivation and 
potential policy changes; 
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(iv) engaging with local actors (planners, coastal managers, community) to develop procedures to 
identify policy options that could be adopted in the area (unit). 

This scale can also be used to test how best to introduce the concept of trigger levels to define transition 
points that set the timing for a change from one option (or set of options) to another. If this further testing 
proves successful then a full-scale national assessment can be considered, as a pre-cursor to a transition 
to using the framework to support the development of Coastal Resilience Plans (CRP). 

A further issue that will need further development is keeping the CRPs current. On the one hand 
embedding the CRPs within Local Plans will help to ensure that they go through a well-established process 
that establishes community acceptance. The process is also cyclical so that there is a basis for reviewing 
the CRPs. However, the very nature of transitions and triggers for adaptation pathways is to improve the 
management of a dynamic system, recognising the inherent uncertainty. Just how this is captured and 
translated into a plan needs further work. 

5.1.2 Interim development of existing SMP process 

The policy options and metrics identified here will require a substantial effort to develop, refine and test. 
The resulting method will be substantially more complex than the current SMP process. However, our 
initial evaluation suggests that a national scale analysis is feasible. A synthesis of a national analysis could 
then provide a foundation for future coastal resilience planning, much in the same way that FutureCoast 
provided a national scale analysis of coastal processes and MDSF2 provided a national view of flood risk. 
This will however take a sustained research effort before a workable system can be made available. 

The analysis of options did however identify several changes that could be taken forward in the interim 
and would, in themselves, enhance the current process. These comprise the following: 

1. A revised set of coastal protection options are outlined in Appendix B to support the policy options 
for coastal resilience planning. The revised focus may also be worth considering for SMPs. 

2. The options in Appendix B include the concept of variable standards of protection. To make full 
use of this option a standard method to determine the residual risk (assuming that any defences 
present perform to the designed standard) will need to be developed; 

3. Establish a method for determining the cost of different options (initially this might focus on the 
coast protection options (Appendix B) but ultimately this will need to be broadened to the full 
suite of coastal resilience policy options); 

4. Develop transition pathways (with defined triggers linked to the ongoing monitoring programme) 
as an alternative to epochs (which have no rational basis and are currently causing lock-in in some 
places). 

The above fours steps could all be implemented within the current SMP process and provide important 
incremental improvements, while the more comprehensive and transformative CoastalRes methods are 
more fully developed. 

5.2 Governance needs to deliver the proposed framework 
One of the challenges is that the Policy Options proposed are the responsibility of multiple departments, 
agencies and the Local Authorities. To develop coherent plans across this broad range of actors is likely to 
require some new approaches to governance.  

A key issue is that determining what actions are feasible requires local knowledge and only those actively 
involved in an area are likely to have a sufficient understanding of the multiple interactions in play. In 
contrast, policy is almost always determined at a national scale, e.g. funding for defence (FDGIA); 
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insurance regime (Flood Re); spatial planning regime (NPPF); forecasts/warnings (East Coast system); 
Agricultural support (CAP); etc. This therefore leads to a tension between the two scales.  

Whilst an assessment of coastal resilience (a State of the Nation report) can be prepared as a first step, 
any attempt to project forward, or consider how to optimise policy choices/resource allocation, is 
predicated on local knowledge. Such a national analysis of resource allocation is likely to need to be 
developed iteratively. Using the State of the Nation summary of coastal resilience, and some ‘model’ 
future Scenarios, local groups could be tasked with developing policy pathways, as outlined in this report. 
If done to a standard format these could then be included in a national appraisal of what is proposed in 
terms of affordability but also by considering different allocation models (e.g. economic benefit, social 
wellbeing, environmental gain, etc.). The results of this assessment may then feed back to the local groups 
as policy guidance for the refinement of policy pathways. 
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Appendix A – Policy options for coastal resilience 
The proposed Policy Options all make use of existing governance structures, and associated planning and management practices. The main requirement is for 
these to be used in a more integrated manner to deliver enhanced coastal resilience. Here how the Policy Options might be adapted for this purpose are explained. 

1) Land Use Planning (LUP) 

The relocation of important assets or vulnerable land uses to either outside the hazard zone or to areas that are less exposed.  

2) Catchment Management Planning (CMP) 

Reducing the likelihood of flooding or the level of flooding from all sources (fluvial, pluvial, groundwater and marine) through actions such as increasing flood 
storage, reducing the speed of run-off, or increasing pumping capacity. These response options are developed through the Catchment Management Planning 
process and are likely to be most applicable within estuaries. 

3) Coastal Protection (CPW) 

This option essentially covers the policy options currently provided by the Shoreline Management Plans. Some changes are proposed to provide a set of Coast 
Protection policy options (see Appendix B) that provide a more adaptive approach. They also recognise the need to set-back flood and coast protection 
defences in some locations as being distinct from making space for water and habitats. The latter option can occur independently of coastal protection and is 
defined as a stand-alone Coastal Resilience policy option. 

4) Flood and Storm Proofing (FSP) 

Reducing the potential for damage caused by flood or storm events. This might include measures such as temporary barriers, flood proofing of buildings and 
vulnerable infrastructure, raising buildings or ground levels, and flood tolerant planting.  

5) Emergency Planning and Response (EPR) 

Community awareness of the potential risk and preparedness to respond when an event occurs can help mitigate the losses. It can also help to promote 
collective action and enhance local responsibility (especially for the care of the young and the elderly). Testing of emergency plans at intervals commensurate 
with the residual risk and ensuring that response provision is sufficient (emergency service capacity, shelters, control of bottlenecks at access points, etc). 

6) Storm Warning and Monitoring (SWM) 

Timely warnings of hazard events are essential for both emergency response and planning to avoid the hazard. The need exists for warnings across a range of 
time scales from hourly/daily for storm events through to seasonal and inter-annual for erosion and climate change impacts (e.g. sea level rise). Adequate 
monitoring to know the rate of change on the coast (erosion of beaches and cliffs) and the state of the system (weak points during storms, cliffs at risk of 
collapse, etc) also considers rates of change and helps to inform the warning process. 
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7) Recovery and Restoration (R&R) 

The ability to recover from an event and where necessary restore damage to assets (property, infrastructure, amenities, habitats, etc) depends on the self-
sufficiency of the area affected. This aided by measures such as insurance, government emergency schemes, and the actions of local authorities and community 
help groups. In extreme cases a national emergency may be invoked and assistance provided by central government.  

8) Habitat creation - space for water (HCR) 

Making space for water and habitats can help transition towards a more natural coast and deliver enhanced ecosystem services. This option is likely to be 
most common in estuaries to offset the loss of habitat due to coastal squeeze. There may be ancillary coast protection benefits, but this is not the primary 
focus when this option is adopted.  

9) Socio-Economic Regeneration (SER) 

Social wellbeing can influence the capacity of a community to respond to change, with the potential that insufficient capacity can make communities more 
vulnerable to a given level of risk. Socio-economic regeneration provides a policy option that can address social deprivation in coastal communities. 
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Appendix B – Coast protection options 
The current SMP options are hold the line, advance the line, managed realignment and no active intervention. A more nuanced set of policy options (here called 
Coast Protection Options to make clear the distinction) aim to provide the flexibility to better fit local circumstances and greater opportunity to adapt to change. 

1) SDP - Strategic Defence Provision 

This option applies when protection is underpinned by national policy. Hence if this option is adopted, it is likely to require endorsement by central government. 
The policy is likely to be applicable for the protection of critical national infrastructure, such as nuclear power stations and essential road and rail links. Local 
government may choose to adopt this option where it can demonstrate that the necessary funding can be raised, without recourse to central government 
funding. 

2) LDP+ and LDP- – Local Defence Provision 

The local community can promote defending the current line or a modified line providing: 

i. they have a realistic plan to fund the works; 

ii. the works will not result in adverse effects elsewhere on the coast. 

The + and – refer to the option to vary the design life and/or standard of defence. Positive implies that standards will be maintained (or improved) in the face 
of changing climate conditions. A negative implies that the standard of provision will be revised in the face of climate change, or schemes will be implemented 
with a shorter design life and/or to a lower design standard. This might be linked with a transition to a different Policy Option at some time in the future. 

As noted, this option can maintain the current line or a modified line and hence encompasses advance and set-back. The former may be considered in concert 
with actions linked to socio-economic regeneration (e.g. by reclaiming and/or raising land). Whereas setting back (or retreating the line) may be needed 
without the implication that, in doing so, habitat needs to be created. This is likely to be the case where such an option is implemented in urban and some 
semi-urban areas. An example would be where the beach fronting a defended coastline is steepening and the existing defences must be set-back in order to 
maintain a viable defence. 

3) PWP – Phased Withdrawal of Protection 

Plan, with a defined transition pathway, to progressively reduce any intervention (structures, nourishment, etc) and allow the coast to adapt naturally in 
response to changing climate. The aim should be to have a pathway defined in terms of quantitative trigger metrics, so that the change is managed in concert 
with changes in climate and/or hazard. 

4) UDC – Un-Defended Coast 

The Do-Nothing option has been replaced by No Active Intervention but there seems to be considerable discontent about this option because there is often a 
need to do things (e.g. remove structures) which cost significant sums of money and requires very active intervention. Given the other policy option within 
the Coastal Resilience suite of options one could simply remove this CP option. However, for mapping and planning purposes it is likely to useful to have an 
option for the unprotected coast (e.g. the cliff coast in Cornwall). 

Note that managed realignment is now often seen as synonymous with habitat creation. It will therefore help communication if this is made explicit. We have 
therefore dropped reference to managed realignment and adopted Habitat Creation (to maintain, enhance or increase certain habitats, or to make space for 
water) as a stand-alone Coastal Resilience policy option that is distinct from the Coast Protection policy options, even though it may also perform this function.  
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Appendix C – Summary of objectives, performance measures, metrics and data  
 

Objective Sub-Objectives Performance Measures and Metrics Data 
Policy Options that 
modify Measures2 Other drivers of change 

Human Health 
 

Impact on human health 
   

  Loss of life Average No. of lives lost per event No. of reported lives lost in N 
events 

LUP, CMP, CPW, EPR, 
SWM 

Population, Deprivation 

  Injury Average No. of injuries per event No. of reported injuries in N events LUP, CMP, CPW, FSP, 
EPR, SWM 

Population, Deprivation 

  Health impacts Annual Average No. of reported health 
issues 

No. of reported health issues in T 
years 

LUP, CMP, CPW, FSP, 
EPR, SWM, SER 

Population, Deprivation 

Response Time   Access to first responders (emergency 
services) 

      

     Indicative response distance Average distance from OA 
centroids to first responder 
centres (Fire/Hospitals) 

EPR Population 

     Population served Number of people which share a 
single emergency service 

EPR Population 

Recovery Time 
 

Ability to recover from an event 
   

  
 

% homes with NO insurance cover No. of homes with no insurance 
cover 

SER Population, Deprivation 

  
 

% homes in hazard zone that are in the 
lower quartile of the Deprivation Index 

No. of homes in lowest 2 decile of 
deprivation index protected by 
defences 

SER Population, Deprivation 

Displacement   People or property displaced       

  Due to Flooding 
Annual Average no. of days away from 
property 

No. of days displaced from 
property in T years 

LUP, CMP, CPW, FSP, 
EPR, R&R 

Population density, Climate 
change 

 Due to Erosion 
Annual Average no. of homes 
abandoned/relocated 

No. of homes abandoned in T 
years 

LUP, CPW Climate change 

Preparedness 1 
Warnings and 
awareness 

Access to warnings and community 
awareness 

   

   Access to warnings based on connectivity % availability of broadband SWM Technology 
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Objective Sub-Objectives Performance Measures and Metrics Data 
Policy Options that 
modify Measures2 Other drivers of change 

   Access to warnings based on connectivity 4G coverage in MU (% of area) SWM Technology 

   Community awareness of risk (%) 
No. of households signed up to EA 
flood alerts 

SWM, EPR Population 

   Community experience (Y/N) 
Event or location specific 
emergency response exercise in 
last 10 years  

SWM, EPR - 

Preparedness 2 
Monitoring and 
maintenance 

Adequacy of monitoring and maintenance       

    
Adequacy of coverage and standard of 
monitoring 

Classify as 3-High/2-Medium/1-
Low by region 

 SWM Economy 

    
Adequacy of coverage and standard of 
defence maintenance 

Classify as 3-High/2-Medium/1-
Low by region 

 SWM, CPW Economy 

Exposure to Risk 
1 

Avoidance Level of exposure due to developments    

   Population exposed Population in the hazard zone LUP Population 

   Properties exposed 
No. of properties in the hazard 
zone 

LUP Population 

   Infrastructure exposed 
Value of infrastructure in the 
hazard zone 

LUP Population, National need 

Exposure to Risk 
2 

Protection Level of protection provided by defences       

    Defence design standard Design standard (1 in N years) CPW Climate change 

    Residual life No. of years before replacement CPW Climate change 

Exposure to Risk 
3 

Residual Residual risk faced by community    

   Residual risk 
Annual damages for residual risk 
events 

LUP, CMP, CPW, FSP, 
EPR 

Population, Climate change 

   Proportion of population that are in the 
lower quartile of the Deprivation Index 

Population in lower 2 deciles of 
deprivation index in hazard zone 

LUP, SER 
Economic investment, 
Population 

Exposure to Risk 
4 

 Financial Annual Average value of insurance claims     

      
Value of insurance claims in T 
years 

LUP, CMP, CPW, FSP, 
EPR 

Climate change, Population, 
Economic development 

Economic 
damage 

 Annual net cost due to damage    
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Objective Sub-Objectives Performance Measures and Metrics Data 
Policy Options that 
modify Measures2 Other drivers of change 

  Property damage 
Annual Average cost of repairing or 
replacing property 

Costs incurred in T years LUP, CMP, CPW, FSP 
Climate change, Economic 
development 

  
Proportion that 
are vulnerable 

No. homes in hazard zone that are in the 
lower quartile of the Deprivation Index 

No. of homes in lowest 2 decile of 
deprivation index protected by 
defences 

LUP, SER 
Economic development, 
Population 

  
Infrastructure 
damage 

Annual Average cost of repairing or 
replacing infrastructure 

Costs incurred in T years LUP, CMP, CPW, FSP 
Climate change, Economic 
development 

Economic 
disruption 

 Annual net cost due to disruption    

   Annual Average cost of clean-up, 
demolition, loss of business, etc 

Costs incurred in T years LUP, CMP, CPW, FSP 
Climate change, Economic 
development 

Habitat loss   Area of coastal habitat       

    Area of priority habitat in the hazard zone Priority habitat area LUP, CPW, HCR Climate change 

    
Area of shoreline habitat (foreshore & 
backshore) 

Effective width = area/metre of 
shoreline 

LUP, CPW, HCR 
Climate change, National 
need 

Disruption of 
natural system 

 Proportion of shoreline that is defended or 
constrained 

   

  Length of non-natural (constrained coast) Defended length of shoreline LUP, CPW, HCR 
Climate change, Economic 
development 

Social 
acceptance 

  
Adoption of SMP (or coastal resilience 
plan) within the Local Plan 

   

  Acceptance of coastal resilience plan 
Status of SMP/CRP (3-part of Local 
Plan,2- approved plan, or 1-
reference document) 

All 
Government policy, 
legislation, Community 
action 
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Appendix D – Summary of data sources 
The following table shows all the datasets considered within the Pilot study and National Resilience Model. The source, comments, improvements and brief 
methodology of converting the raw data into data metrics in given below. Further detail or the processing steps and the creation of the hazard zone is explained 
in the accompanying Technical Report (Carpenter and Hill, 2020) 

Appendix C - Table 1. Data sources summary table 

Objective 
Inclusion for 

Pilot /National 
Model 

Data Source Methods / Comments 
Data Improvements 

/ Future 
Recommendations 

Human Health 

Pilot 

- Remove for 
National Model 

No. of reported lives 
lost in N events 1st CCRA report on 

flooding - National Dataset 
– used as a function of 
hazard zone areas within 
the Pilot study 

Not available at local level. 

 

Recommended for 
future collection 

No. of reported 
injuries in N events 

No. of reported health 
issues in T years 

Response Time 
National model 

(New Dataset) 

Hospital Access Score 
Hospital Point Data = 
Points of interest, 
Ordnance Survey 

Use of population weighted centroids in Output 
Areas (2011) to define euclidean distance to service. 
Distance converted to score through a Logarithmic 
point scale. 

0-4km =14pnts 

4-8km = 10pnts 

8-12km = 7pnts 

12-20km = 3pnts 

>20 km=1pnt. 

Some Output areas had no pop weighted centroid 
and were removed from the analysis. 

Use traffic travel data 
and average call out 
time to refine scoring 
process 

Fire Access Score 
Fire Station Point Data = 
Points of interest, 
Ordnance Survey 

Recovery Time 
Pilot + National 
Model 

% homes with no 
insurance cover 

Data on tenure and 
insurance. Living Cost and 
Food Survey, 2014 

Data on tenure and insurance. Data includes % of 
properties which have no insurance premium by 
tenure type. 

Data Calculation example: 

Output area = E00***** 

Owned properties count = 14 

Owned Properties = 16% with no insurance 

Owned, no insurance = 2.24 

Combine with; Owned, Social, Private Rented and 
Rent-free. 

 

Find up-to-date 
address data which 
categories by tenure 
type (Ordnance Survey 
AddressBase) 
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Objective 
Inclusion for 

Pilot /National 
Model 

Data Source Methods / Comments 
Data Improvements 

/ Future 
Recommendations 

National model 

(New method) 
Deprivation Decile 

Index of multiple 
deprivation – Census 2011 

Index of Multiple Deprivation categorised output 
areas by deprivation decile.  

Smaller decile = more deprived. Higher weighting on 
deciles 1-3. 

Inclusion of all deprivation scores (instead of the 
lowest two within the pilot study) 

Maintain 

Displacement 

Pilot 

- Remove for 
National Model 

No. of days displaced 
from property in T 
years 

NaN 
Not available at local level. 

 

Recommended for 
future collection 

No. of homes 
abandoned in T years 

NaN 

Preparedness 1 

Pilot 

- Remove for 
National Model 

Availability of 
broadband 

https://checker.ofcom.org
.uk/broadband-coverage 

Data not downloadable at national level. 

 

Pilot - Areas with “good" or "very good" coverage 
(indoor) for 4g for O2 user within hazard area 

Remove from model 

4G coverage 

https://checker.ofcom.org
.uk/mobile-coverage. 

 

No. of households 
signed up to EA flood 
alerts 

NaN 

Data not available. 

 

Recommended for 
future collection. 
Possible source: 
https://www.gov.uk/c
heck-flood-risk  

Event or location 
specific emergency 
response exercise in 
last 10 years  

NaN 

Preparedness 2 

Pilot 

- Remove for 
National Model 

Adequacy of coverage 
and standard of 
monitoring 
(high/med/low) 

Expert classification 

based on inclusion of 

SMP policy in local plans 

from Channel Coastal 

Observatory 

National Data is limited 
Recommend future 

collection Adequacy of coverage 
and standard of 
defence maintenance 
(high/med/low) 

Exposure to Risk 
(Avoidance) 

Pilot + National 
Model 

Population in the 
hazard zone 

OpenPopGrid 
(http://openpopgrid.geod
ata.soton.ac.uk/) 

Extracted count of population from OpenPopGrid – 
a gridded population dataset from Office of National 
Statistics (2011). 

Population count aggregated to output area 
boundaries. 

Maintain 

https://checker.ofcom.org.uk/broadband-coverage
https://checker.ofcom.org.uk/broadband-coverage
https://checker.ofcom.org.uk/mobile-coverage.areas%20with%22good%22%20or%20%22very%20good%22%20coverage%20(indoor)%20for%204g%20for%20O2%20user%20within%20hazard%20area
https://checker.ofcom.org.uk/mobile-coverage.areas%20with%22good%22%20or%20%22very%20good%22%20coverage%20(indoor)%20for%204g%20for%20O2%20user%20within%20hazard%20area
https://www.gov.uk/check-flood-risk
https://www.gov.uk/check-flood-risk
http://openpopgrid.geodata.soton.ac.uk/
http://openpopgrid.geodata.soton.ac.uk/
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Objective 
Inclusion for 

Pilot /National 
Model 

Data Source Methods / Comments 
Data Improvements 

/ Future 
Recommendations 

Population per km2 calculated 

Pilot + National 
Model 

No. of properties in 
the hazard zone 

OS Open Vector district 
buildings 

OS Open Vector district 10.19 – Buildings layer used 
to create a point dataset of buildings. 

It is assumed all buildings are properties. 

Properties per km2 calculated 

Find up-to-date 
address data which 
categories by tenure 
type (Ordnance Survey 
AddressBase) 

National model 

(New Dataset) 

Infrastructure Point 
Density 

Ordnance Survey Points of 
Interest 
(https://www.ordnancesur
vey.co.uk/business-
government/tools-
support/points-of-
interest-support) 

Use of Ordnance survey ‘Points of Interest’ 

Point count within output area hazard zone 

Infrastructure point density per km2 calculated 

Group infrastructure 
points based on; 
Essential, needed, not 
needed, and not 
important – by 
independent body. 

 

Currently includes all 
points which may not 
be defined as 
‘infrastructure’ 

National model 

(New Dataset) 

Strategic 
infrastructure Point 
Density 

Use of Ordnance survey ‘Points of Interest’ 

Extraction of:   () = pointX code 

 Railway stations, junctions and halts (10570738) 

 Accident and emergency hospitals (05280780) 

 Energy Production (07410534) 

 Airports and landing strips (10530728) 

Point count within output area hazard zone 

Strategic infrastructure point density per km2 
calculated. 

Note: dataset contains individual wind turbines 
therefore point density is skewed 

Refine wind turbines 
into a single point. 
Ensure all critical 
points are collected. 

https://www.ordnancesurvey.co.uk/business-government/tools-support/points-of-interest-support
https://www.ordnancesurvey.co.uk/business-government/tools-support/points-of-interest-support
https://www.ordnancesurvey.co.uk/business-government/tools-support/points-of-interest-support
https://www.ordnancesurvey.co.uk/business-government/tools-support/points-of-interest-support
https://www.ordnancesurvey.co.uk/business-government/tools-support/points-of-interest-support
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Objective 
Inclusion for 

Pilot /National 
Model 

Data Source Methods / Comments 
Data Improvements 

/ Future 
Recommendations 

Exposure to Risk 
(Protection) 

Pilot + National 
Model 

Design standard (1 in 
N years) 

Spatial Flood Defences 

(including standardised 

attributes) 

(https://data.gov.uk/datas
et/6884fcc7-4204-4028-
b2fb-
5059ea159f1c/spatial-
flood-defences-including-
standardised-attributes) 

Environment Agency Flood defences Data [3]- 
Defences owned, managed or inspected by the EA 
(updated: 19/12/19). Some defences not included 
therefore a complete dataset of defence position 
(CCO) [4] (without information on design standard 
or condition) was added. 

For those defences with no data, standard and 
condition information is assumed the same as other 
defences less than 1km from the original EA 
defences dataset. 

Any defences still without data, are assumed the 
average (mean) condition/standard to the original 
EA defences data. 

This was the following; design standard=223.8, 
condition = 2.61. 

Defence data is spatially joined to output areas 
within 1km of the defence. If no defence is within 
1km, the output area is removed from the study as 
it becomes too uncertain about which defence is 
defended which area. 

Residual life was calculated as a function of defence 
condition: 

50 > 1 - Very Good - Cosmetic defects that will have 
no effect on performance  

40 > 2 - Good - Minor defects that will not reduce 
the overall performance of the asset  

25 > 3 - Fair - Defects that could reduce 
performance of the asset  

10 > 4 - Poor - Defects that would significantly 
reduce the performance of the asset. Further 
investigation needed  

5 > 5 - Very Poor - Severe defects resulting in 
complete performance failure. 

Add comment on 
uncertainty of data – 
was the design 
standard/residual life 
inferred? This dataset 
is updated on a semi-
regular basis (6-month 
in 2019). 

 

Explore how each 
defence impacts the 
surrounding 
environment – which 
output areas does it 
provide protection for? 

Residual life 

Residual life was 
subjectively inferred 
from condition - can 
this be redefined? 

Exposure to Risk 
(Residual) 

  

Pilot + National 
Model 

Annual damages for 
residual risk events 

OS Open Vector buildings, 
Risk of flooding for rivers 
and sea 
(https://data.gov.uk/datas

Number of buildings (see exposure to risk 
(avoidance)) *average loss per property in a flood 
[5] * Probability of event. 

Repeat analysis using 
more accurate 
property data.  

https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/bad20199-6d39-4aad-8564-26a46778fd94/risk-of-flooding-from-rivers-and-sea
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Objective 
Inclusion for 

Pilot /National 
Model 

Data Source Methods / Comments 
Data Improvements 

/ Future 
Recommendations 

et/bad20199-6d39-4aad-
8564-26a46778fd94/risk-
of-flooding-from-rivers-
and-sea) 

Ordnance Survey Points of 
interest 

+ 

Infrastructure Count (see exposure to risk 
(avoidance)) *average loss per infrastructure in a 
flood [expert estimation] * Probability of event. 

Probability of event calculation 

Determine largest risk area within the hazard zone 
classed as high/med/low/vlow using Flood Risk 
model data [6]. 

Erosion-dominated zones (>20m long term rate 
under shoreline management plan) supplemented 
the ‘high’ flood risk category – “each year, there is a 
chance of flooding of greater than 1 in 30”. 

 

Recommend the 
collection of ‘average 
loss per property’ at a 
regional scale.  

 

Recommend the 
collection of ‘average 
loss per infrastructure 
type’ at a regional 
scale. 

National model 

(New Dataset) 
Deprivation Decile Index of multiple 

deprivation – Census 2011 

Index of Multiple Deprivation categorised output 
areas by deprivation decile.  

Smaller decile = more deprived. Higher weighting on 
deciles 1-3. 

Maintain 

Exposure to Risk 
(Financial) 

Pilot 

- Removed for 
National Model 

Value of insurance 
claims in T years 

NaN 
Data not available. 
 

Recommended for 
future collection 

Economic damage 

Pilot 

- Removed for 
National Model 

Annual Average cost 
of repairing or 
replacing property 

NaN 
Data not available. 

 

Recommended for 
future collection 

No. of homes in lowest 
2 decile of deprivation 
index protected by 
defences 

Index of multiple 
deprivation – Census 2011 Minimising duplication of deprivation data within 

the model 
Remove from analysis 

Annual Average cost 
of repairing or 
replacing 
infrastructure 

NaN 
Data not available. 

 

Recommended for 
future collection 

Economic 
disruption 

Pilot 

- Removed for 
National Model 

Annual Average cost 
of clean-up, 
demolition, loss of 
business, etc 

NaN 
Data not available. 

 

Recommended for 
future collection 

Habitat loss 

  

Pilot + National 
Model 

Priority habitat area 
Priority Habitat Inventory 
(England) -
(https://data.gov.uk/datas

Priority Habitat Inventory data – clipped to output 
area hazard zone 

Maintain 

https://data.gov.uk/dataset/bad20199-6d39-4aad-8564-26a46778fd94/risk-of-flooding-from-rivers-and-sea
https://data.gov.uk/dataset/bad20199-6d39-4aad-8564-26a46778fd94/risk-of-flooding-from-rivers-and-sea
https://data.gov.uk/dataset/bad20199-6d39-4aad-8564-26a46778fd94/risk-of-flooding-from-rivers-and-sea
https://data.gov.uk/dataset/bad20199-6d39-4aad-8564-26a46778fd94/risk-of-flooding-from-rivers-and-sea
https://data.gov.uk/dataset/4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-inventory-england
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Objective 
Inclusion for 

Pilot /National 
Model 

Data Source Methods / Comments 
Data Improvements 

/ Future 
Recommendations 

et/4b6ddab7-6c0f-4407-
946e-
d6499f19fcde/priority-
habitat-inventory-england) 

 Pilot 

- Removed for 
National Model 

Shoreline habitat 
(foreshore & 
backshore) 

Calculated by the area of 
foreshore multiplied by 
length 

Priority Habitats included shoreline habitats so was 
unnecessary 

Remove from analysis 

Disruption of 
natural system 

Pilot + National 
Model 

Defended length of 
shoreline (%) 

Spatial Flood Defences 

(including standardised 

attributes) 

(https://data.gov.uk/datas
et/6884fcc7-4204-4028-
b2fb-
5059ea159f1c/spatial-
flood-defences-including-
standardised-attributes) 

(1) Defended Length / shoreline length *100 

Hard defended areas [8] used to define ‘defended’. 
Defences described as hard include:       (*=wildcard) 

Beach – Embankment, Breakwater, Cliff – Groyned 
Beach, Cliff – Rock Revetment, Cliff – Seawall – *, 
Embankment, Groyned Beach, Other hard Defence / 
Structures, Piling, Rock Revetment - *, Seawall - *. 

Defence split into 10m intervals and output area 
code transferred to each segment. 

Total defence length = Sum (all 10m defence 
segments) 

(2) Shoreline Length  

Hazard zone converted to lines. 

Lines which intersect with shoreline management 
line extracted. 

Shape length and geocode maintained and joined to 
original hazard zone polygon 

Those > 100% reclassed as 100% 

Maintain 

Social acceptance 

Pilot 

- Removed for 
National Model 

Acceptance of coastal 
resilience plan - Status 
of SMP/CRP (3-part of 
Local Plan,2- approved 
plan, or 1-reference 
document) 

Expert classification based 
on inclusion of SMP policy 
in local plans from 
Channel Coastal 
Observatory 

National Data exist within reports, creation of the 
dataset requires a manual collection procedure of 
information from each individual council. 

Recommend future 
collection 

 

  

https://data.gov.uk/dataset/4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-inventory-england
https://data.gov.uk/dataset/4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-inventory-england
https://data.gov.uk/dataset/4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-inventory-england
https://data.gov.uk/dataset/4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-inventory-england
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
https://data.gov.uk/dataset/6884fcc7-4204-4028-b2fb-5059ea159f1c/spatial-flood-defences-including-standardised-attributes
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Appendix E – Summary of scores and weights 
Scores 

Appendix D - Figure 1. Possible variations in the Score mapping using three points 

(a) Linear positive (c) Convex positive (e) Concave positive 

   

(b) Linear negative (d) Convex negative (f)  Concave negative 

   

 

Performance Measure values are mapped from their native units to a common interval scale to give a Score. The simplest form of mapping is a linear scale which 
can be positive or negative, Figure 9(a) and (b).  This reflects the fact that for some measures a low value is poor performance and a high value is good performance, 
for example the residual life of defences. Whereas for some measures a low value may be better than a high value, such as the number of deaths or injuries due 
to flooding. Using a negative mapping for this measure ensures that larger Score values are better. 

Whilst the Score has a fixed range from 0 to 100, the Performance Measure will have a range from its minimum to its maximum value. Equally, the mapping does 
not have to be linear. Whilst it is common to use various non-linear functions, a two-part linear relationship with a turning point can capture much of this non-
linearity. This can be used reflect instances where there is a threshold above/below which further increments do not add significantly to the outcome. Four 
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examples of such relationships are shown in Figure 9(c)-(f), where the form depends on whether the relationship is positive or negative and whether the turning 
point results in a function that is convex or concave. When the function is convex and positive, values below the threshold deliver most of the benefit with increases 
above the value adding a lesser benefit. In Figure 9(c), a value of 200 results in a Score of 80, for example if the measure was the defence standard a design 
standard of 1:200 might be considered to give 80% of the benefit and design standards above this add progressively less. In Figure 9(d) a measure with a value of 
more than 200 is considered very poor, whereas the more it is below this value increases its contribution. The final two examples, show a greater preference for 
values above the turning point, Figure 9(e), and a preference for costs below the turning point in Figure 9(f), which might be applicable to monetary benefits and 
costs respectively. 
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Weights 

The Weights obtained from the three Perspectives for each Performance Measure are listed in Table 7. The Weights were defined as integer values to collectively 
sum to 100 (for ease of definition) and are applied as a proportion of 100 so that they sum to unity. The way in which metrics are combined to give a weighted 
Performance Measure is detailed on the S&W worksheet in the CoastalRes_case_study_model.xlsx spreadsheet. 

Appendix D - Table 1. Weights elicited from different perspectives 

Performance Measure Economic Environment Social Combined 

Human health 0.085 0.185 0.050 0.107 

Response time 0.045 0.170 0.020 0.078 

Recovery time 0.040 0.070 0.040 0.050 

Displacement 0.060 0.150 0.050 0.087 

Warnings and awareness 0.070 0.110 0.085 0.088 

Monitoring and maintenance 0.050 0.020 0.075 0.048 

Development exposure 0.095 0.030 0.100 0.075 

Protection by defences 0.095 0.070 0.030 0.065 

Residual risk 0.080 0.020 0.005 0.035 

Insurance exposure 0.060 0.065 0.005 0.043 

Economic damage 0.130 0.030 0.025 0.062 

Economic disruption 0.120 0.030 0.025 0.058 

Coastal habitat 0.015 0.025 0.255 0.098 

Coastal dynamics 0.025 0.000 0.135 0.053 

Social acceptance 0.030 0.025 0.100 0.052 

 

The detailed composition of the Scores and Weights used for the illustrative case studies can be found in the CoastalRes_scores_weights.xlsx spreadsheet (see 
Appendix G).  
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Appendix F – Results from the illustrative case studies 
This appendix summarises the narrative for each case study and presents the results obtained from the Coastal Resilience Model. The results summarise 2 policy 
pathways for each case study: Pathway 1 loosely reflects a continuation of the status quo and Pathway 2 includes policies that more proactively address a broader 
range of coastal resilience issues. 

Highcliffe-Milford 

Pathway 1 is for there to be no new works and the defences fail after 30 years. As a consequence, the number of properties and people in the hazard zone as the 
cliff edge erodes back closer to an area of denser housing.  

Pathway 2 is to relocate the worst affected properties and allow the existing cliff line to retreat for 15-20 years while maintain the defences. The in about 20 years 
to upgrade the defences on a retreated line with a wider beach and flatter cliff slope. At the same time there would be a need to increase monitoring and 
maintenance and support those in properties that are threatened. 

Portsmouth 

A substantial proportion of the defences at Portsmouth have recently been upgraded to a high standard with a design life to 2100 and an allowance for sea level 
rise. However extreme events could still cause flooding and because of the assets behind the defences there remains a significant residual risk. Pathway 1 assumes 
some loss of defence standard because of accelerated rates of sea level rise, increasing the residual risk over time.  

Pathway 2 focusses on ensuring that emergency services have a well-rehearsed response plan, the public have an increased level of awareness and flood proofing 
provision is increased later in the 50-year period considered. With new defences in place a careful public awareness campaign to strike a balance between 
recognition of the risk and acknowledgement of the high standard of defences in place. 

Outer Humber (north bank) 

Sunk Island has already been the subject of a small managed realignment. As a low-lying area, it is well suited to providing new inter-tidal and saltmarsh habitat. 
The need to maintain defences elsewhere on the estuary (e.g.  Hull and Immingham) has resulted in increased pressure to offset the losses caused by coastal 
squeeze using managed realignment. Pathway 1 assumes that Sunk Island is used to offset a significant proportion of the projected losses.  

Pathway 2 maps a different future in which the baseline pathway is disrupted by a change in government policy after 20 years. In this scenario, the demand for 
agricultural land reverses current policy and defences are reinforced, pumping enhanced and reclamation undertaken where feasible. There is therefore a dramatic 
switch from maximising environmental gain to maximising food production. However, there are and remain limited assets and people in the hazard zone so this 
change in policy has only a limited effect on a number of the other coastal resilience measures. 
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Highcliffe-Milford 

Appendix E - Figure 1. Summary of outcomes for Highcliffe-Milford 

Timeline of Performance measures for Pathway 1 Timeline of Performance measures for Pathway 2 

Current situation Timeline of Coastal Resilience Index for the two pathways 

  

Pathway 1, 50-year projection Pathway 2, 50-year projection 
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The results for this case study are quite sensitive to decision maker perspective (social, economic, environmental). There is a marked difference in the Resilience 
Index for the current situation and the two pathways diverge significantly over time, especially once the defences fail in Pathway 1 after 30 years. The mix of policy 
options adopted make only a small change in the social Resilience Index (horizontal dashed yellow line) but substantially improves the Resilience Index from other 
perspectives (the other dashed lines). This is the result of combining well timed defence provision with other measures to enable the local community to adapt to 
the inevitable changes along this length of coast. 
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Portsmouth 

Appendix E - Figure 2. Summary outcomes for Portsmouth 

 

 

Timeline of Performance measures for Pathway 1 Timeline of Performance measures for Pathway 2 

Current situation Timeline of Coastal Resilience Index for the two pathways 

  

Pathway 1, 50-year projection Pathway 2, 50-year projection 
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The results for this case study are also sensitive to decision maker perspective. The Resilience Index for the economic and social perspective start off as being 
similar but then diverge over time for both Pathways, whereas the environmental weightings suggest a much lower resilience. The level of exposure and the 
potential to enhance community awareness and responsiveness results in an improved resilience compared to the Pathway 1, which shows a progressive decline 
as the effect of climate change gradually erodes the standard of defence. This in turn increases the residual risk which is high because of the population and asset 
base within the hazard zone. 
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Outer Humber (north bank) 

Appendix E - Figure 3. Summary outcomes for the Outer Humber 

 

Timeline of Performance measures for Pathway 1 Timeline of Performance measures for Pathway 2 

Current situation Timeline of Coastal Resilience Index for the two pathways 

  

Pathway 1, 50-year projection Pathway 2, 50-year projection 
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The Resilience Index for the economic perspective is similar to the combined results, with the social perspective being substantially better and the environmental 
weightings suggesting a much lower resilience. This is a consequence of the small population in the hazard zone and the current wholly protected shoreline 
meaning that loss of habitat is inevitable as sea levels rise and the estuary is subject to marine transgression. Although from several perspectives (all but 
environmental) the change in policy after 30 years makes little difference to the Resilience Score, it does have a significant impact from an environmental 
perspective. This suggests that a methodology that retains the different perspectives (that are the result of weighting the measures differently) may be helpful at 
a local level in evaluating the implications of particular combinations of Coastal Resilience Policies or, indeed, changes in wider government policy, as illustrated 
in this case study. 
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Appendix G – The Coastal Resilience Model (CRM) spreadsheets 
Files available at https://www.channelcoast.org/ccoresources/coastalres/ 

 

The Coastal Resilience Model comprises several spreadsheets, as follows:       

# File name Purpose 

1 CoastalRes_case_study_data.xlsx A data input file 

2 CoastalRes_case_study_scenario.xlsx A scenario (future) input file 

3 CoastalRes_case_study_policy.xlsx A policy (future) input file 

4 CoastalRes_scores_weights.xlsx The scores and weights 

5 CoastalRes_case_study_model.xlsx The model that generates the output and figures 

 

The first 4 files should be open in order to manipulate the model     

Several of the Worksheets are protected to avoid corrupting computational cells. However, some cells (shaded light green) and not protected and are for user 
selection (dropdown lists) or data input. To make changes to a protected worksheet the password is ‘CoastalRes’.     

To use the model, the case to be examined is selected on the Intro worksheet (cell E31). The names of the input data files are also specified on the Intro worksheet. 

The various plots are created by manipulating selections on either Plot data or TS data worksheets in the model spreadsheet. The results are output on the Plot, 
and the 2 TS plots worksheets.  

This spreadsheet model is for illustration of the method ONLY. Any real application would be better implemented by coding the various data entry requirements 
(files 1-3), setting up an interactive interface to define the scores and weights (linked to suitable stakeholder elicitation methods) and linking in suitable models to 
define (a) changes over time and (b) the dynamic interactions between policy options and performance measures.    

https://www.channelcoast.org/ccoresources/coastalres/
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