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Abstract 

For operational use there is a need to identify a set of measures that quantify the resilience. The ‘CoastRes’ 
project, a component of the UK Climate Resilience Programme, examined how an operational interpretation of 
resilience might be applied to the coast, building on existing approaches to shoreline management in the UK. 
The development of the methodology and resulting Coastal Resilience Model has been reported elsewhere. 
For this communication, we provide a brief summary of the management framework, the Coastal Resilience 
Model (CRM) and the preparation of the datasets, so that the limitations of the data available at a national scale 
are clear. We then illustrate how the Coastal Resilience Model has been implemented as the web-based CRM 
Portal. The purpose of the portal is to allow users to explore (i) the implications of future change on local and 
national resilience; and (ii) their own view of the relative importance of the Performance Measures that make up 
the Coastal Resilience Index. By exploring the influence of these weightings it is hoped that Stakeholders can 
develop a shared understanding of what is important for coastal communities. The CRM Portal can be accessed 
at: https:// coast alres ilien ce. uk/ crm/.
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1 Introduction
The term resilience is much used, especially in a pol-
icy context but its meaning can confound practical 
action because any definition is often context depend-
ent or conceptualised with reference to systems in 
a single domain (Alexander 2013; Fekete et  al 2020; 
Masselink and Lazarus 2019). Moving to a resilience-
based management framework that is quantitative is 
widely perceived as an advance over current risk-based 
approaches (Linkov et al 2014). Numerous policy docu-
ments 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 defini-
tion that matters, but that it provides a clear, pragmatic 
and consistent background throughout an analysis. For 
operational use there is a need to identify a set of meas-
ures that quantify the resilience in some way. This will 
necessarily be specific in terms of ‘resilience against 
what?’ and ‘resilience for whom?’. In this application 
we focus on coastal flooding and erosion in England. 
We adopted the US Army Corps of Engineers (USACE) 
definition (USACE 2014; Rosati et  al 2015), because of 
its direct relevance and clarity. This defines resilience as 
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“the ability of a system to prepare, resist, recover, and 
adapt to disturbances in order to achieve successful 
functioning through time”.

There is already a well-established risk-based frame-
work for managing flood defences and erosion protec-
tion that is embedded in the Shoreline Management 
Planning framework. This was first developed in the 
early 90’s following the completion of the Anglian Sea 
Defence Management Study (Townend 1990; Townend 
et al 1990; MAFF 1996). The first generation of 44 Shore-
line Management Plans (SMPs) were produced for the 
coast of England and Wales. In a second iteration, these 
were consolidated to 22 SMPs covering the entire coast of 
England and Wales (Nicholls et al 2013). The SMPs con-
tinue to be updated and the SMP process has undergone 
regular review, with the latest refresh currently ongoing 
(2021/22).

The ‘CoastRes’ project was a component of the UK 
Climate Resilience Programme, funded by UK Research 
& Innovation, and examined how an operational inter-
pretation of resilience might be applied to the coast, 
building on existing approaches to shoreline manage-
ment. With a stated objective of seeking to enhance 
coastal resilience, the project explored how to quan-
tify resilience to reflect the contributions made by the 
social, economic and environmental dimensions of 
resilience. The resulting methodology and issues related 
to the data requirements have already been reported 
(Lazarus et al 2021; Townend et al 2021). The detail of 
the proposed framework and the Coastal Resilience 
Model designed to support the framework are avail-
able at https:// coast almon itori ng. org/ ccore sourc es/ 
coast alres/ and the data used for the local case studies 
have been archived at https:// doi. org/ 10. 5255/ UKDA- 
SN- 854523. The national data sets can be accessed via 
the portal, https:// coast alres ilien ce. uk/ crm/, which is 
described in more detail below.

For this Communication, we provide a brief sum-
mary of the management framework, the Coastal 
Resilience Model (CRM) and the preparation of the 
national datasets, before describing the CRM portal in 
more detail.

2  Management framework
The overarching framework requires that we can deter-
mine the state of resilience and assess how it is likely to 
change (a) over time and (b) in response to interven-
tions or proposed adaptation pathways. If the perfor-
mance of a given option can be measured in some way, 

then it is possible to consider how best to optimise the 
selection of an option from a suite of options. Typi-
cally, such an assessment will consider how effective 
the adaptation is likely to be, whether the benefits out-
weigh 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 legiti-
mate 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 was used to support the decision-making pro-
cess for the Thames Estuary, TE2100 project (Ranger 
et al 2013) and has also been widely used across govern-
ment to support the decision-making process (DCLG 
2009). A typical approach for the development of policy 
has the following steps:

1. Establish the decision-making context
2. Identify the objectives of the policy or plan.
3. Define the options available.
4. Identify the criteria to be used to measure the perfor-

mance in delivering the objectives.
5. Assess the robustness of the Performance Measures 

and their ability to measure variations in perfor-
mance over time.

6. Test the performance of each option using the defined 
measures

The context of coastal flood and erosion hazard in 
England and concerns the need to reduce overall risk, 
where possible, but where this is not possible, to adapt 
to enhance resilience. To achieve this, policies should 
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 possi-
ble 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). For this application, these high-level 
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objectives are sub-divided into more specific objectives, 
to a level of resolution that allows performance meas-
ures to be defined.

Within SMPs, Strategic Options are used to charac-
terise the need - ‘where and why’ some form of defence 
is needed, which are implemented by Strategic Defence 
Plans - the ‘how and when’ (see Nicholls et al 2013 for a 
more detailed explanation). In the context of resilience, 
a much broader approach is required, that encapsulates 
adaptation options that allow communities to prevent 
loss, tolerate loss, spread and share loss, change use or 
activity, change location or have the capacity to restore 
and replace (Cimato and Mullan 2010). Many of these 
are already a part of existing government policies, or 
arrangements, but require greater integration across 
government in order to be applied as an effective set of 
Coastal Resilience Policy Options. To identify and test 
suitable performance measures we used the following 
options - Land use planning, Catchment management 
planning, Coast protection (erosion and flooding), Flood 
and storm proofing, Emergency planning, Storm fore-
casting, monitoring and warning services, Recovery and 
restoration, Habitat creation (space for water), Socio-
economic regeneration (see Townend et  al 2021 for 
details). In many cases there will be a need to use some 
combination of these options and there will be a need 
to consider how they might combine over time to define 
adaptation pathways (Haasnoot et  al 2019), especially 

when considering transitions that involve some change in 
the state of the system, Fig. 1.

The remaining steps involve the identification and 
testing of performance measures. This requires a 
conceptualisation of the system, in order to define 
measures that contribute to the defined objectives. 
Combining the various measures enables the pre-
sent state of resilience to be determined, and project-
ing how the measures may change over time provides 
a forecast, or scenario testing, capability. A summary 
of the Performance Measures adopted can be found in 
Townend et al (2021).

It is important to note that the Performance Measures 
need to reflect progress towards the management objec-
tives, but also be available as data sets with sufficient 
resolution and spatial coverage. This necessarily con-
strains the selection of measures. The work presented 
here was a formative exploration as part of the UK Cli-
mate Resilience research initiative. It has subsequently 
informed the work of the Environment Agency, in 
developing their own set of flood and coastal erosion 
resilience indicators (EA 2022), which they are now 
planning to test in more detail.

3  Coastal resilience model
The Coastal Resilience Model uses a set of Perfor-
mance Measures to define a Coastal Resilience Index, 
thereby providing a way of measuring progress towards 

Fig. 1 Schematic of approach, measuring the state of the coastal system to inform policy options. This often translates into pathways with a series 
of decision points (D), which may lead to some action (A) to implement one or more policy interventions, or may simply delay any action to a 
later time. Some actions may lead to a change of state – a transition (T) – whereas others may simply adjust the existing state. The timing of the 
decision points and actions is likely to depend on changing system conditions, such as climate change, demographics, ecosystem health and the 
consequences of other government policies (eg, agriculture, housing, tourism, etc)
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enhancing coastal resilience, as we adapt to future 
changes. The Performance Measures are combined 
using a set of stakeholder weightings that reflect the 
varying importance that different stakeholders place on 
the contributions that make up the Coastal Resilience 
Index. This is necessary when seeking to quantify per-
formance across the complex and interacting social, 
economic and environmental domains.

The way in which Coastal Resilience is quantified at 
any point in time is summarised in Fig.  2. This shows 
how the raw data (Metrics) are first mapped over the 
range of the data, such that all data values can be given 
a Metric Score between 0 and 100. These metrics are 
combined to give a Performance Measure, using a set 
of weights that reflect the contribution each metric is 
thought to make towards the various measures of per-
formance. Each Performance Measure is intended to 
reflect progress towards at least one of the objectives, 
that collectively contribute to the aim of enhancing 
resilience. The creation of metric scores and measure 
weights requires detailed consideration of each metric 
and the underlying data. This aspect is therefore the 
subject of ongoing research to identify a more rigorous 
methodology.

The way in which the Performance Measures are com-
bined to give a Resilience Index, also makes use of weight-
ings. Applying a weighting to a Performance Measure 
results in a Preference Score. This reflects the Users/
Stakeholders view of the contribution that a specific 

Performance Measure makes towards the delivery of 
Coastal Resilience. The resulting Performance Scores are 
summed to give the Resilience Index, Fig. 2.

4  National Data
The ‘CoastRes’ project undertook several local case 
studies to test the resilience index concept using a 
data set that addressed the full set of performance 
measures that underpin the objectives (Townend et al 
2021). The data available for a national scale analy-
sis was considerably reduced because of the limited 
availability of open access datasets (see Appendix). 
As discussed by Lazarus et  al. (Lazarus et  al 2021), 
this is considered to be an important requirement if 
data are to be used to develop public understanding 
and confidence in the approach being proposed. For 
example, numbers of people impacted by flood or ero-
sion events had to be obtained from literature or sec-
ondary sources for the pilot study. Measures based on 
flooding/erosion events, such as ‘number of lives lost’, 
‘number of displacements’ and ‘annual average cost of 
replacing properties’ were challenging to obtain even 
at a local level. Consistent data on defence standards 
were also difficult to source. Where there were unre-
solved data gaps, or where access to a known licenced 
dataset was not possible within the project timescale, 
the relevant data were highlighted as a priority for 
future acquisition and removed from our preliminary 
national analysis.

Fig. 2 Steps used to calculate a Resilience Index from a set of Metrics, by first converting the raw metrics to scores, combining them into 
performance measures and using the stakeholder weightings to establish Preference Scores, which are summed to give the Resilience Index
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To resolve geographical variation in resilience, the 
hazard zone had to be split into recognisable areas 
which are managed individually. The hazard zone was 
split into Output Areas (OA), the smallest unit of cen-
sus reporting (ONS 2012). These were developed spe-
cifically for statistical purposes, meeting confidentiality 
thresholds and consistency in the number of house-
holds per OA. Many of the datasets used in the model, 
such as census data and deprivation indices use OA for 
reporting. Data reported at the Lower Super Output 
Area (LSOA) level were disaggregated to the OA areas 
(the OA level is the most finely resolved output achiev-
able using UK Census data). The coastal OA units 
extend seaward (to map the administrative boundaries 
to the ‘extent of the realm’) and required clipping to the 
shoreline to provide area polygons that do not include 
areas seaward of the shoreline.

The model requires each OA to have information 
on defence condition and residual life. This can be 
attached to the nearest defence, but in areas of the 
hazard zone that are distant from the defence it may 
be unclear which defence is most critical for protec-
tion. Therefore, OAs more than 1 km (an arbitrary 
choice) from the defence line were removed from the 
data set.

Our national resilience model contains a total of 8382 
OAs within the hazard zone. For each of these, the cur-
rent state of resilience is modelled based on the combi-
nation of social, environmental and economic indicators. 
The raw output at this level includes small and narrow 

zones along the coastline (see CRM Portal below), which 
are difficult to visualise nationally. Aggregation to larger 
regularly shaped areal units was used to achieve more 
effective visualisation. Discrete global grids (Sahr et  al 
2003) use hexagons to reduce sampling bias and these 
also offer the ability to follow the coastline without pro-
ducing gaps within the data, Fig. 3.

The results, illustrated in Fig.  3, show considerable 
variations in the Resilience Index, ranging from less that 
50 to close to 100 (the maximum score). This occurs 
spatially, as might be expected, but also for the different 
stakeholder perspectives. The three views tend to exhibit 
different levels of aggregated resilience (social is low and 
environmental is high with economic in between), which 
is averaged out in the combined case. This may reflect 
a limitation in the choice of metrics to adequately rep-
resent the different perspectives, or a bias in the scor-
ing system used. At this stage this is to be expected, and 
reflects the preliminary nature of the measures, which 
now need to be explored and critiqued by user commu-
nities. This was a key driver behind the development of 
the portal.

It is also important to note that what is being presented 
is a snapshot, at a given point in time, based on the avail-
able up-to-date data. We have previously illustrated how 
this can be extended to incorporate future projections 
(Townend et al 2021). The approach adopted was simplis-
tic and, as we noted (op.cit.) the modelling of the external 
changes, imposed management actions, and how these 
affect the interactions between the various measures, is 

Fig. 3 State of resilience mapping for England, showing the Resilience Index mapped onto 90  km2 hexagonal units. Weightings used reflect 
different stakeholder perceptions, classified as social, economic and environmental, with the combined case being the average of the three 
perspectives



Page 6 of 9Townend et al. Anthropocene Coasts            (2022) 5:13 

complex and will need a substantial research effort before it 
can be implemented as an interactive tool. However, man-
agers make judgements, often informed by multiple pro-
cess specific models, by synthesizing the information they 
are presented with to draw conclusions. We take advan-
tage of this process to provide a means of allowing users to 
examine the consequences of a certain amount of change in 
the various measures, where we assume that the user has 
accounted for the interactions as part of their synthesis.

5  CRM portal
The CRM Portal has been designed to take the national 
CRM to a wider audience, test the weightings of the 
contributory metrics and performance measures and, 
through an online map-based user interface, enable 
stakeholders to explore the implication for coastal resil-
ience measures of changing the relative weightings of the 
contributory factors. This is designed to further stake-
holder understanding of coastal resilience and how any 

Fig. 4 Screenshot of CRM Portal map with location and variable selection, showing results for each hazard zone polygon. A description of how to 
change the weightings and explore future change is provided in the Quick Start Guide on the About/FAQ tab of the portal: https:// coast alres ilien ce. 
uk/ crm/

https://coastalresilience.uk/crm/
https://coastalresilience.uk/crm/
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evaluation depends on both the underlying data, and 
stakeholder preferences and values.

The analytical functionality of the CRM has been 
re-engineered using open source tools, including a 
database (PostgresSQL) and processing within a PHP/
Python environment. The front-end is delivered to 
provide an attractive and engaging map-based ‘Leaf-
let’ implementation, that provides support for Dis-
crete Geographic Grids and use of Javascript front end 
tools to re-run and update the mapping based on user 
interactions and online processing. The users are able 
to change the relative weights applied to the metrics 
and performance measures of resilience and view the 
changes real-time. The functionality includes the ability 
to re-run and compare analyses for comparative assess-
ment, and basic online web-mapping functionality (e.g. 
to display the underlying data and hazard variables 
(erosion and flooding)).

A screen shot from the resulting CRM Portal is shown 
in Fig. 4. As already described with reference to Fig. 2, the 
raw data (Metrics) are first mapped over the range of the 
data, to obtain Scores. This conversion can be linear or bi-
linear in the current model and the user can adjust the 
change point of a bi-linear mapping using the Change 
Metric Scores tab. These Metrics are combined to give a 
Performance Measure, using a set of weights that reflect 
the contribution each metric is thought to make towards 
the various measure of performance. Whilst this is con-
sidered to be part of the Performance Measure definition, 
the option to modify these weights using the Change 
Metric Weights tab is provided so that the user can 
explore their relative importance.

The way in which the Performance Measures are 
combined to give a Resilience Index, also makes use 
of weightings. Applying a weighting to a Performance 
Measure results in a Preference Score (Fig. 2). This rela-
tive weighting of the Performance Measure reflects the 
Users/Stakeholders view of the contribution that a spe-
cific Performance Measure makes towards the delivery 
of Coastal Resilience. This an important aspect of the 
Portal, allowing users to explore how different perspec-
tives can change the resultant Resilience Index. These 
stakeholder weightings are adjusted using the Change 
Measure Weights tab, allowing the resulting Prefer-
ence Scores to be summed to give a new mapping of the 
Resilience Index. The steps in the calculation are sum-
marised in Fig.  2. The data displayed in the charts on 
the various Change tabs are based on the national data 
sets for England. Whereas the data displayed on the 
Map tab are for the user selected geographical area.

A further option is to modify the raw metric values. 
This is, in effect, a way of modelling future change 
that might result from changing conditions (climate, 
demographics, policies, etc), or specific interventions 
and adaptations. The influence of each raw metric can 
be adjusted by a selected percentage using the Mod-
elling Change tab, allowing the effect on the Resil-
ience Index to be investigated. This is implemented 
by adjusting the raw metrics, mapping to scores and 
applying the various weightings and takes no account 
of possible interactions between metrics, which is 
likely to be an important consideration when model-
ling future change. The effects on the Resilience Index, 
which includes any modifications to Metric Scores, 
Metric Weights and Measure Weights defined by the 
user, are then shown in the graphs on the various tabs 
and the resulting Resilience Indices can be viewed on 
the Map tab.

6  Conclusion
A method to quantify coastal resilience in both space 
and time has been developed. The resulting Coastal 
Resilience Model has now been implemented as the 
web-based CRM Portal. The purpose of the portal is 
to allow users to explore (i) the implications of future 
change on local and national resilience and (ii) their 
own view of the relative importance of the Perfor-
mance Measures that make up the Coastal Resilience 
Index. The CRM Portal can be accessed at: https:// 
coast alres ilien ce. uk/ crm/. By exploring the influence 
of these weightings it is hoped that Stakeholders can 
develop a shared understanding of what is important 
for coastal communities. Key limitations of the model, 
as presented in the portal, are (i) the measures cho-
sen, (ii) the balance across the multiple dimensions of 
resilience, (iii) and the scoring adopted. By allowing 
users to explore the model and relate it to their own 
communities (for which only they have the detailed 
knowledge) it is hoped that this will lead to critiques 
that enable the development of a more robust set of 
measures and scoring process. Data availability is also 
key and currently a national scale analysis is limited 
by the availability of suitable open access datasets, at 
the desired level of resolution. This is considered to 
be an important requirement if data are to be used to 
develop public understanding and confidence in the 
approach being proposed. The scale of the data needs 
to resonate with the scale of the community and our 
choice of areas, that on average represent just over 300 
people, is consistent with this ambition.

https://coastalresilience.uk/crm/
https://coastalresilience.uk/crm/
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Table 1 Summary of data available at the national and included in the CRM Portal

n/a not available, tba to be added

Objective Sub-Objective Measures Data

Human Health Implications for human health tba

Response Time Access to first responders (emergency 
services)

Hospital Access Score

Fire Access Score

Recovery Time Ability to recover from an event Homes with NO insurance cover

Deprivation Decile

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

n/a

Due to Erosion Annual Average no. of homes aban-
doned/relocated

n/a

Preparedness Warnings and awareness Access to warnings and community 
awareness

tba

Monitoring and maintenance Adequacy of monitoring and main-
tenance

tba

Exposure to Risk Avoidance Level of exposure due to develop-
ments

Population Density

Property Density

Infrastructure Density

Strategic Infrastructure Density

Exposure to Risk Level of protection provided by 
defences

Defence design standard Design standard (1:N years)

Residual life No. of years before replacement

Exposure to Risk Residual risk faced by community Residual risk Annual damages for residual risk events

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

Deprivation Decile

Exposure to Risk Annual Average value of insurance 
claims

tba

Economic damage Annual net cost due to damage and 
disruption

n/a

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

n/a

Habitat loss Area of priority habitat in the hazard 
zone

Priority habitat area as a proportion of 
the hazard zone

Area of coastal habitat (foreshore & 
backshore)

tba

Disruption of natural system Proportion of shoreline that is 
defended or constrained

Defended length of shoreline

Social acceptance Adoption of coastal resilience plan 
within the Local Plan

n/a
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