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Abstract: Uncertainties about climate change consequences, changing societal requirements and
system complexity require flood protection asset managers to continuously evaluate their asset
management policies and practice to manage risk and improve the resilience of their assets. However,
there are many challenges in doing this, with asset operators often facing conflicting interests and
major uncertainties about the future needs for asset performance. In the EU Interreg IV FAIR project,
flood protection asset owners and operators, with scientific partners from the North Sea Region of
Europe collaborated to develop practical guidance for adaptive asset management of flood protection
infrastructure. The central component of this guidance is the FAIR framework, presented here.
The framework combines insights and principles from ISO 55000 on asset management and ISO 14090
on climate adaptation with asset operator experiences to provide a practical guide for integration
of asset management considerations within both strategic and operational contexts via a tactical
handshake. This is a means to avoid the common lack of connection between strategic plans and
operational practice. The applicability of the framework is illustrated with examples from Pilot Cases
within the FAIR project, in which its value in terms of improved asset management and reduced costs
has been demonstrated.

Keywords: asset management; climate change adaptation; flood risk; operation; strategy; prioritization

1. Introduction

Interest in asset management as a formalised means of managing assets has increased significantly.
ISO 55000 defines asset management as “the coordinated activity of an organization to realise value
from assets” [1]. It is thus a systematic approach to ensure that throughout the whole life cycle of
an asset, or group of assets, the investment costs, the performance achieved and the risks faced are
balanced. Several approaches have been developed that are well aligned with the principles of asset
management, such as the development of Reliability-Centred Maintenance (RCM), in the context
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of aviation maintenance [2], and the development of Risk Based Inspection (RBI), in an industrial
context [3]. Both of these have contributed to the alignment of performance requirements and efforts
in terms of maintenance. The added perspective from recent asset management developments to these
approaches has been primarily to ensure that not only are operational aspects considered, but also
the strategic and tactical aspects [4,5]. This addresses how a performance requirement is to be met
and also includes consideration as to what the requirement should be and why. Many practical asset
management challenges are defined in the context of life-cycle management, which is the integrated
management of assets over their whole life-cycle based on performance, risk and cost [5]. This is thus a
very important subject of asset management.

In the context of flood protection, assets are primarily drains, dikes, dams, dunes, storm surge
barriers and other hydraulic structures. Asset management for these requires a means to align
reinforcement and renovations with maintenance and inspection efforts while ensuring that a variety
of performance requirements required by society are met for the foreseeable future and beyond.
Requirements can be acceptable risk levels, reliability targets or other factors such as the influence
on existing ecosystems or the number of additional functions an asset provides [6]. The latter is
especially of interest as many assets have multiple functions, for instance, nature-based solutions for
coastal protection (e.g., salt marshes [7]) also provide ecosystem services. The requirements for various
functions will change over time depending on e.g., changing societal preferences, technical innovations
or changes to environmental boundary conditions.

A key aspect of managing systems of flood protection is adaptiveness [8]. Many flood asset
systems have been developed over centuries, and now face large uncertainties to the extent and
influence of climate change and other societal effects on long term planning. Adaptiveness is therefore
a key consideration in asset management, and pivotal to ensure the future resilience of flood protection
systems [9]. ISO 14090 provides guiding principles [10] for adaptation to climate change that has been
applied to flood protection in the past. However, this has not been an explicit consideration in the
context of asset management as defined by ISO 55000. For instance, Kwadijk et al. [11] demonstrated
the viability of different strategies for delta management in The Netherlands for a set of possible futures,
and Haasnoot et al. [12] continued this in the context of extreme Sea Level Rise as a consequence
of potential Antarctic ice sheet disintegration. Typically such strategic analysis includes adaptation
pathway analysis as a method to identify the robustness and resilience of strategies over the longer term,
and this clearly demonstrates the need to look at adaptiveness in the context of asset management.

In practice, it is found that the strategic planning of asset management (the why and what) is
often not well aligned with the operational asset management (the how), which concerns, for instance,
the inspection and maintenance of assets [5,13,14]. Tackling this divide between strategic and operational
asset management has been one of the core goals and outcomes of the FAIR (Flood infrastructure Asset
management & Investment in Renovation, adaptation, optimization and maintenance) project.

FAIR was an EU part-funded project in which various partners and flood risk asset owners from
Belgium, Denmark, England, Germany, Norway, The Netherlands and Sweden collaborated to improve
adaptive asset management for flood protection. FAIR addressed the joint challenge of investing in
ageing flood protection infrastructure and taking into account uncertainties such as climate change,
demographic changes and/or economic developments. A major challenge in doing this is how to
relate strategic long-term planning questions to “everyday” operational asset management, and vice
versa. In addressing this challenge, FAIR has formulated both a policy framework [15] and a technical
framework for the delivery of adaptive asset management. The focus of this paper is on the technical
framework. The main goals within the FAIR project are that: (i) the available budgets for the asset
owners can be used 5% more efficiently; (ii) the lifespan of the infrastructure managed can be extended
by at least 5% to buy time to reduce uncertainties; (iii) the value of the infrastructure is enhanced to
include further functions and benefits, such as economic (e.g., tourism), ecological or social value.

This objective of this paper is to outline the formulation and demonstrate the applicability
and use of the technical framework developed in the FAIR project. The framework uniquely helps
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asset managers to combine the general AM procedures outlined in ISO 55000 with the guidance for
adaptation provided by ISO 14090, and aligns the contexts of strategic, operational and tactical asset
management for flood protection assets. Section 2 outlines the development of the framework and
how it utilises the ISO guidelines. Section 3 presents specific applications in the context of strategic,
tactical and operational asset management and further specifies the different parts of the framework.
Sections 4 and 5 give a discussion and conclusions on applicability and further development needs.

2. A Framework for Adaptive Asset Management of Flood Protection

The FAIR framework (Figure 1. The FAIR framework for adaptive asset management [16]. It relates
different components of asset management decision making in strategic, tactical and operational
decision contexts, as well as principles for adaptation to climate change from ISO 14090 [10].) seeks to
link strategic, tactical and operational aspects of (flood protection) asset management (a framing
also recognized in ISO 55000 and by the Institute of Asset Management [4,17]). Within the FAIR
framework, the strategic context refers to the adaptive management planning process, the operational
context focuses on delivering and informing the adaptive plan, and the tactical context refers to the
“handshake” between the two. The framework helps “translate” operational findings into strategy,
and in turn “translate” the strategy in actionable operational planning and requirements.
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Figure 1. The FAIR framework for adaptive asset management [16]. It relates different components of
asset management decision making in strategic, tactical and operational decision contexts, as well as
principles for adaptation to climate change from ISO 14090 [10].

The FAIR framework has been developed through a collaboration between domain expertise
and practitioner expertise. These have included expert workshops [16] and several pilot studies
(see Figure 2) to understand the real-world challenges and best practice asset management approaches
in flood management [18,19], in water and wastewater [20], and general public infrastructure [5].
Through the FAIR workshops and pilot studies, these approaches have been extended to explicitly
consider a hierarchy of temporal and spatial scales and, crucially, the central role of the “tactical
handshake” as a pre-requisite for effective, efficient and adaptive asset management in practice. In so
doing, FAIR supports the translation of IS0 55000 into the flood risk management context, recognizing
that effective flood risk management relies upon good asset management (as recognized by the
Environment Agency in successfully attaining ISO 55000 accreditation (Environment Agency, 2015)).
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The FAIR framework supports the delivery of flood protection as a multi-stakeholder endeavour
and one that brings together issues of placemaking (through spatial planning), investment and aesthetics
as well as notions of acceptable risk, resilience and ecosystem health e.g., [21]. Asset managers seek
to provide flood protection in a way that balances these perspectives through a transparent process
of trade-offs relating to life-cycle cost [5], life cycle risk and life cycle performance at multiple
scales: spatially-from a single asset and to the system of assets-and temporally—from short to long
term; a process familiar to all asset managers and reflected in ISO 55000. The FAIR framework
reflects this long-term perspective through embedding a process of continuously gathering data and
information, and recurring analysis, adjustment and adaptation of policies and assets (including
modifying the probability of flooding and its severity as well as the vulnerability and resilience of the
receptors threatened e.g., [22]). To enable these connections in practice, and ensure these processes are
appropriately linked, four “principles of good practice” emerged through the collaborative process:

1. Frequently re-evaluate the performance, risk and costs across the asset system as well as the AM
processes in place.

2. Define hierarchical metrics (indicators) and assessment criteria that reflect the desired outcomes
from the strategic, operational and tactical contexts.

3. Consider multiple temporal and spatial scales and take appropriate action to manage assets
across these scales.

4. Understand the physical context, management, ownership and legal context of all assets within
the system (individually, collectively or interactively).

Further details of the planning and decision contexts and the various components 1–5 and A–D
are provided in the next section. It has to be noted that a specific situation can result in a different
starting context. Therefore, the perspectives from each of these contexts are explained and illustrated
using some of the Pilot Cases from the FAIR project.

3. Putting the Framework in Action

Five Pilot Cases were studied in the FAIR project, putting the FAIR framework into action.
These help to demonstrate the applicability of the framework in day-to-day asset management for
flood protection in different countries of the North Sea Region (NSR) see Figure 2 for the Pilot Case
locations. The Pilot Cases reflect the diversity of existing flood protection structures and different
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national or regional strategies and practices in asset management in the NSR. Thus, not every case
covers all components of the framework, but rather focuses on the part that is currently critical in a
given context. Table 1 provides a short description of each Pilot Case and indicates the focus area.

Table 1. Overview and brief description of Pilot Cases in the FAIR project. The decision context indicates
which asset management context the Pilot Case focuses on primarily (strategic/tactical/operational),
the last column gives a brief description of the case and its main aspects. Some cases covered different
angles and might occur twice.

Pilot Case Decision Context Description and Main Topics

Ribe (Hvide Sande), Denmark

Strategic
Discussion on safety standards; Improved adaptation of flood

protection to future climate through systems analysis and
development of adaptive pathways.

Tactical
Develop a coordination and planning strategy with regards to

maintenance and administration of flood defence
infrastructure; management of diverging stakeholder interests.

Helsingborg, Sweden
Strategic Introduce long term strategy for dealing with climate change.

Operational Search for practical guidelines for the redesign of the city, that
help include FRM in other infrastructure developments.

Hollandse IJssel,
The Netherlands Tactical

System-approach; trade-off costs and benefits between dike
and barrier improvements to reduce whole lifecycle costs of

flood protection system; prioritizing dike
reinforcement projects.

Middelkerke, Belgium Operational Design of an adaptive, nature-based flood defence which can
deal with climate-change-induced future developments.

Hamburg, Germany Operational

Analysis of maintenance processes and strategies to improve
maintenance with respect to cost reduction and optimal

investment; develop a risk-based maintenance strategy and a
web-based “Dike Information System” (DIS) incorporating all

relevant flood protection data.

None of the pilots covers the entire FAIR framework. The pilots have been selected based on the
range of their different stages in AM (operational/strategic/tactical), the type and location of defences,
and the governmental complexity. For example, the Ribe pilot is about a tidal/river system interaction
where there is not yet a clear view on threats and opportunities, and for which different stakeholders
with a variety of interests (flood protection, nature, fishery) need to find the best way how to combine
their interests in an integrated system approach. However, there are no safety requirements specified,
so the main focus of the pilot is on defining threats and opportunities, and from here derive system
requirements and strategic alternatives for future adaptation. In the Hollandse IJssel Pilot Case,
an assessment showed that the dike on the river the IJssel does not meet existing safety requirements.
Through close collaboration between the authorities managing the dikes and the storm surge barrier,
an integral approach was found that aids in optimizing investments in the storm surge barrier and
dikes, leading to a more efficient asset management strategy. Here the focus was much more on
aligning strategic interests (i.e., breaking free from the individual organisational silos) with operational
interventions through the tactical handshake. The pilot in Hamburg focused on the operational
asset management of gates in the sea walls, with a major focus on ensuring the reliability of the gate
operation and relating this to maintenance and inspection measures. These are just some examples
of the diversity of practical situations that can be encountered and that can be streamlined by the
FAIR framework.

3.1. The Framework in Action from a Strategic Starting Point

The main challenges within the strategic context should be to establish the overall strategy-including
norms, legislation and policy-and long-term planning processes that follow. For this purpose, the strategy
should use an overall integrated system perspective aimed at understanding and integrating knowledge
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on threats, asset operational effectiveness, responsive policy, standards and interactions within flood
protection systems and their physical context. A strategy defines priorities for investment goals to
be used in the tactical handshake as a basis for prioritization based on cost, risk and performance.
These are driven from an understanding of the flood risks, the opportunities associated with alternative
strategies, objectives and functional requirements, and the performance of alternative adaptation
measures necessary to achieve these. The strategic components in the FAIR framework (Figure 1) are
as numbered:

1. Performance of the network: This component receives information from component D in the
operational loop, via the tactical handshake. This provides the observed performance and
predictions of longer-term functioning/reliability essential for use in the source-pathway-receptor
(SPR) analysis to reveal the performance of the assets and system as a whole and their
longer-term functioning.

2. Identifying threats and opportunities: This requires consideration of both external (e.g., climatic,
socio-economic) and internal (e.g., asset and asset network functioning) factors. Understanding the
opportunities and threats for individual assets and also system/strategic contexts, enables asset
managers to plan ways to optimise investments for the operational context. It enables the
take-up of opportunities (e.g., multi-functionality of services) and minimises the risks from
threats cost-effectively.

3. Setting strategic asset management objectives and requirements: This component aims to
establish the desired role that flood protection assets play today and, in the future, their performance
objectives, and the likely investments in a way that delivers multi-value outcomes and that can be
appropriately adapted in the future. Strategic objectives must seek to reflect local and national
needs, align multi-institutional and stakeholder interests and set out the performance objectives.
This should take into account funding arrangements, roles and responsibilities.

4. Understanding the technical performance of the system and system measures: Good decision-
making relies upon an understanding of the behaviour of the asset system. This includes
developing an understanding of:

• The geographical boundaries of the system, the vulnerabilities to flooding within that system;
• The external influences that may influence the behaviour of the system over time;
• The hydrological and hydraulic functioning of the system;
• The performance of assets in response to the loads and future climate change;
• Inherent uncertainties within the data, models and model structures;
• The user of the system and their interests, such as heritage protection or ecosystem management.

The Source-Pathway-Receptor (SPR) model (as applied to flood management) [23], provides a
practical means of disaggregating the basic components of probability and consequence into their
constituent components. Consideration is given to both the probability of the initiating event
(the source of the flood) and the probability that floodwaters will reach a particular location,
taking account of the performance of the intervening system (the pathway of the floodwater).
The consequences if flooding occurs reflect both the vulnerability of the receptors and the chance
that a receptor will be exposed to the flood.

5. Developing an adaptive asset management plan: Strategic plans should proactively plan for
an uncertain future and can be modified periodically (e.g., every 10 to 20 years), and as new
evidence and insights emerge. Investments in monitoring and evaluation provide the central
underpinning of the process of updating both the strategy and the operational delivery to ensure
flood risks are well-managed and plans adapted in a timely manner.

An application of the framework focused on strategic aspects is given in the next section.



Infrastructures 2020, 5, 109 7 of 16

Pilot Case in Ribe, Denmark: From Static/Hold-the-Line Thinking to Dynamic Planning

The town of Ribe (Municipality of Esbjerg) is subject to multiple sources of flooding. To the west,
a dike protects the town and its surroundings from flooding from the Wadden Sea. Climate change
will put pressure on this dike through sea-level rise and increased storminess. Two streams flow
through the pilot area: the Rivers Ribe and King. These cross the dike through sluices. In the winter
season, large amounts of water are present in the polder, that need to be discharged through the
sluices. However, due to high water levels at sea, the sluices have to close frequently. As pressures
on the system will increase in the future a change of strategy is required. This is constrained by the
limited availability of funding and the system complexity. The structured approach in FAIR has helped
develop a good understanding of (i) existing assets and their co-dependencies in a system context;
(ii) The sources of flooding, (iii) Flooding mechanisms, (iv) How requirements can be set (Denmark
does not have a national standard) and (v) Risk and acceptable risk.

Conventional approaches to asset management in Denmark adopt fixed timeframes following
national guidelines and driving operational decisions that typically lead to “hold-the-line” policies,
i.e., focused on maintenance of existing measures and not incorporating potential climate change
impacts. New methods promoted through FAIR such as dynamic pathway planning [11] (see Figure 3)
enable a more coherent strategic approach, that incorporates multiple aspects of planning at a system
level. An SPR analysis has highlighted new pathways for how the flood protection systems may respond,
based on, among other things: outside pressures on the system (climate change, urban development),
planning cycles (local planning, political cycles) and socioeconomic considerations. The possible
responses as considered in the dynamic pathway planning derive from multiple considerations such
as moving the economic focus of some areas from farming to tourism. As such the dynamic pathway
planning provides a strategic structure for the viability of different future strategies in the area of Ribe.
Integrated hydrodynamic modelling incorporating sea levels, river discharges, groundwater levels and
precipitation are becoming key components in the planning toolbox, and a common understanding of
the performance of all assets are important prerequisites of any future work and application of this in
prioritization of interventions.

Map generated with Pathways Generator, ©2015, Deltares, Carthago Consultancy

Current Situation

Double dike system

Dike upgrade

Upstream reservoir

Buy out farmland

Sea Level Rise
0.00 1.600.20 0.40 0.60 0.80 1.00 1.20 1.40

Moderate SLR
2020 2030 2040 2050 2060 2070 2080 2090 2100

Extreme SLR
2020 2030 2040 2050 2060 2070 2080 2090 2100

Figure 3. Initial consideration of adaptative pathways developed through collaborative working with
the FAIR science and local authority partners [24].
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3.2. The Framework in Action from an Operational Perspective

Flood protection assets are either operated by their respective private owners or, like in most
cases in the North Sea Region (NSR), by public authorities. Within the operational decision context,
asset management is handled very differently by the authorities involved in FAIR, ranging from
contracting private companies for most measures to performing all major operational tasks with
in-house staff and experts [25]. In general, Operational Asset Management (OAM) represents a
broad range of tasks and measures performed by the flood protection authorities. Compared with
the strategic measures, these measures have short planning horizons and a limited spatial scale.
Operational measures depend on feedback from inspections and field tests. In the context of a constant
improvement process for flood protection assets, OAM provides crucial information for design and
construction. Within FAIR this scope of activities and duties is considered in the four major components
depicted in the operational loop of the framework (see Figure 1: A. Measures for assets; B. Design and
construct; C. Monitoring, maintenance and operation (MMO); D. Performance of assets.

The adaptive (strategic) plan needs to be refined to define actual measures for assets (component A)
of the OAM loop. Through the tactical handshake, strategic objectives are translated to asset-specific
requirements and interventions. These include requirements for key tasks such as flood preparedness
for extreme events, data and information management or the implementation of relevant European
Directives. Additionally, requirements for reliability can be defined based on the “translation” from
required network reliability to asset reliability e.g., [26]. The inclusion of other environmental or
societal dimensions and requirements must also be considered especially where the asset provides
multiple functions.

Design and construction (B) of the selected options for the individual assets are based on
several principles and functional requirements, depending on the local conditions and the dominant
factors the design is intended to address. General guidelines for the design and construction of
flood protection assets are defined in numerous national or international codes, standards and
technical rules but can vary for flood protection. For instance, The Netherlands uses flood probability
standards [27], whereas in Belgium design storms with certain exceedance probability are used and
the UK uses a cost-benefit oriented approach (for public expenditure, [28]). Regardless of these and
other national differences, the three underlying core principles of FAIR when it comes to design
and construction—multifunctionality, bridging the gap between design and maintenance and taking
a long-term perspective incorporating adaptability—were addressed in the activities around the
FAIR pilots.

Apart from day to day operation, flood protection assets primarily must be fully functional when
needed. This requires an in-depth knowledge of their mode of operation. In FAIR, critical pathway
analysis was found to be a valuable tool to identify essential processes in operation of assets and thus,
to address possibilities to overcome unwanted impacts for the operation over time. In the absence
of extreme events like floods, operations are mostly confined to regular maintenance. The main
goal of maintenance is to preserve or improve a defined target state of an asset to ensure its desired
functionality (see e.g., DIN 31051:2012-09), considering the requirements, and enabling assessment of an
FP asset performance. Most of the FAIR partners rely on condition-based maintenance which depends
on a profound knowledge of the FP asset status and the relevant boundary conditions. Therefore,
monitoring is an integral part of the whole process. Mostly through comparatively low effort checks,
the status and condition of the FP asset as well as the frequency and intensity of loads are monitored
regularly. Managing the collected data and providing access to it is one of the key tasks for OAM.

The assessment of the asset performance (D) directly depends on the findings from Maintenance,
monitoring and operation. This feedback is considered in performance assessments in various ways by
the FAIR partners. In The Netherlands for example, the authorities follow a model-oriented approach,
developing statutory safety assessments for their FP assets see e.g., [26,27]. The UK, however, relies on
a more pragmatic, condition-based assessment, where experienced surveyors assess an asset-based on
predefined criteria and condition levels, which are described in the Condition Assessment Manual [29].
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In Germany and Denmark, regularly scheduled inspections, as well as on-site analysis by a group
of experts, are used for the performance analysis. In general, the complexity of the performance
assessments is tuned to the FP values and risks in the protected areas as well as to the complexity
of the FP structure. The multitude of individual performance assessments will then translate to an
evaluation of the overall network performance and thus provide input for strategic asset management,
thus assisting with the evaluation of whether the chosen strategy works out well in practice or needs
to be reconsidered.

Pilot Case in Hamburg, Germany: Integrating Data and Observations to Support Operation
& Maintenance

Data management is one of the major challenges that operating authorities with numerous flood
protection assets must deal with. On-site analysis and tests, performance assessments, inspections
and expert surveys generate a large amount of different types of data. When stored and managed in
an ordered manner, and made accessible to all employees of the operating authority, this data poses
an extensive added value to Operations & Maintenance, providing all relevant information on an
asset instantly. In the FAIR project the local authority (Agency for Roads, Bridges and Waters; LSBG),
owner of the Hamburg Pilot Case has been developing a central module for the presentation of all
relevant data for the city flood protection facilities—the Dike Information System, DIS (see Figure 4).
This tool provides planners, designers and maintenance personnel comprehensive information about a
specific asset, thus facilitating their daily work. Challenges that had to be overcome in the process were
the determination of the data structure itself, the avoidance of redundancies and the conversion of the
data itself as much of it was only available on paper. As the DIS is web-based, it is available in the
office as well as in the field, e.g., during an on-site inspection. LSBG is confident that the DIS will lead
to a significant improvement to Operation & Maintenance practice. Thus enabling better-informed
decision making, better monitoring of performance and thus improving asset management practice.
The insights into performance provided by the DIS can add value to strategic asset management in the
Hamburg region as there is a more structured platform for translating asset to network performance.
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3.3. The Framework in Action: Connecting Strategic Goals to Operational Action through the
Tactical Handshake

The tactical asset management decision context acts as the handshake between the operational
and strategic contexts. The tactical decision context needs to translate strategic plans to establish
the boundary conditions in space and time for the operational decision context. Prioritisation
and programming are key elements in this translation from strategic plans to operational delivery.
Translation of performance of single assets to system/network performance forms the link from
operational to strategic processes. There are five key aspects in this vice versa translation:

• Re-evaluation of the tactical handshake, or how well strategy relates to practicable operational
delivery and vice versa. These re-evaluations can trigger the need to reconsider strategies or
adapt operation.

• Scale (temporal and spatial): while operational asset management tends to look at shorter time
horizons and smaller systems, strategic asset management is more concerned with long term
adaptation to cope with developing threats and utilize arising opportunities.

• Enabling implementation: the tactical handshake should align and point to the different
requirements and desires from different functions and their practical consequences.

• Use appropriate metrics: a major factor in the success of the tactical handshake is whether the
metrics used for translating strategic to operational decisions (and vice versa) are fit-for-purpose
and result in the desired effects on asset and network performance.

• Looking beyond the management scope: a major challenge in the tactical handshake is that
strategic and operational contexts of AM may be the responsibility of different organisations.

In the FAIR framework, the first main task of tactical asset management is the translation of an
adaptive plan at the system level to defined measures for assets (5 to A in Figure 1). In this, the strategic
plan is translated into asset-specific measures, such that potential constraints in terms of budget or
capacity are dealt with using an assigned prioritisation. It is possible that the strategic plan might not
be practically feasible immediately. This is one of the core tasks of the tactical handshake: to align
strategic goals to deliver actual measures in the operational process that fit the available resources.

The link from operational delivery to input for strategic planning is represented by the translation
of the performance of single assets to system/network performance (D to 1 in Figure 1). Of particular
importance is that the operational asset performance assessment includes all aspects relevant for
determining the network performance. For a dike ring area, this should include all possible modes
of failure for every section and component. The time horizon of the performance assessment is of
importance, as performance assessments typically have time horizons of less than 12 years (in FAIR
cases), but strategic plans typically extend far longer than this. This disparity should be addressed in
this component, either by changing requirements for the operational performance assessment or by
translating the monitored results into a longer-term prediction of network performance.

The practical success of the tactical handshake depends upon the capacity to implement the
translation of strategic plans to operational delivery and vice versa. This depends strongly on the
following points:

• For the re-evaluation of the tactical handshake, it is critical to ensure stable funding for a defined
and confirmed period for delivering projects. However, there needs to be sufficient flexibility to
cope with changes arising from the strategic context or implementation issues encountered in
operational delivery. This is often found to be a challenge, especially organisationally. For many
areas, there are multiple actors with different responsibilities and different strategic goals, who each
have limited budgets. Even if responsibilities are based within a single organisation, there are
often multiple internal silos that create false barriers.

• Different functions often have different responsible actors, also in terms of funding sources or
allocations. The tactical handshake needs to map the different utilities and functions, clearly showing
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who is interested, who benefits and who pays. This added analytical complexity is a significant
challenge in the allocation of resources, especially as funders typically do not understand the need
to do this beyond their own immediate interests.

• The use of various and different metrics to assess the value and benefits from AM investments can
cause confusion, disagreement and misunderstanding. In many applications, different ways of
assigning priority and value are used by each major stakeholder. Overall, as called for by CIRIA
(2013) and others, any metrics need to be standardised and formalised in an agreed format by
all players.

• A challenge in AM decision making is to properly account for benefits that might not directly
benefit the asset owner. The tactical handshake challenges the various adverse preferences which
should be exposed and dealt with in a joint effort by the relevant actors.

Many of these points have been addressed in the Hollandse IJssel pilot case as described in the
next section.

Pilot Case at Hollandse IJssel, The Netherlands: Aligning Investments from a System Perspective

The dikes along the river Hollandsche IJssel are managed by the regional water authority (HHSK).
In 2017, the dikes of HHSK were assessed on their performance (component D of the FAIR Framework,
the performance of assets). The dikes did not meet the statutory standard, due to the introduction of
new legislation, revised standards, and the incorporation of the failure rate of the storm surge barriers.
Especially the height and inner slope stability of the dikes is inadequate.

The Hollandsche IJssel can be isolated from the main water system by a storm surge barrier,
managed by Rijkswaterstaat, RWS (see Figure 5). This barrier thus controls the hydraulic loads on
the dikes and is therefore of pivotal importance for the performance of the system as a whole. In the
context of this Pilot Case, an integrated flood risk management analysis has been carried out by HHSK
and RWS for the entire river system of the Hollandsche IJssel including the barrier (component 1 of
the FAIR Framework, the performance of the network). The SPR Framework (1 and 4 in the FAIR
framework) was used to develop a mutual understanding of the system performance, which was
complemented by a model analysis.
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The main outcome is that improvements to storm surge barrier reliability will reduce hydraulic
loads on the dikes and thus reduce the required (future) investments in dike reinforcement. To achieve
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this additional investment in the barrier is needed, but funding is only available for dike reinforcement
by the regional water authority, which is a clear barrier for implementation.

However, after the findings from the Pilot Case, the regional water authority and Rijkswaterstaat
proposed an exchange of means to the main funding authority, which is now in the process of getting
final approval. The expected reduction in system life-cycle cost is expected to be ~5%, making this
case a clear example of how “breaking free from the silo” might lead to more efficient (tactical) asset
management. More information on this case study can be found in [30].

4. Discussion

4.1. Outputs, Outcomes and Beneficial Effects

Application of the FAIR framework in the cases has helped to refine the framework and evaluate
the effectiveness in highlighting and defining the details of the strategic, tactical and operational
contexts for AM. The FAIR findings can be divided into three categories: outputs, outcomes and
beneficial effects. Here, we define outputs as improved approaches, methods and guidance for AM of
flood protection infrastructure. Outcomes are defined as improvements to existing practice, learning
or other insights from the usage of the FAIR outputs. Beneficial effects are considered the broader,
longer-term benefits, such as flood risk reduction, from applying the FAIR framework.

Pertaining to the strategic context of AM, outputs included a demonstration of adaptation planning
as a means for proactive planning for uncertain futures, and demonstration of Source-Pathway-Receptor
and whole systems approaches as practical means for structuring system risk analysis. The outcome of
this is improved understanding and consequently better planning by asset owners, as was illustrated
by the adaptive planning approach used in Ribe, Denmark. Over the longer term, this is expected to
lead to reduced lifecycle cost and better return on investments due to better targeting of expenditure
and cost-sharing, an extension of asset lifetime due to intensified maintenance, and/or increased
functionality through collaborative planning and connecting investments across functions. Some of
these beneficial effects have already been found in the case on the Hollandse IJssel, The Netherlands.

The output in the tactical AM context included the establishment of institutional perspectives
beyond the immediate management scope, which helped in overcoming challenges of cross-utility and
multifunctional use. The outcome that followed was the acknowledgement that providing an overview
of all functions of flood protection should become a component in the procedure for asset rehabilitation
projects. Over the longer term, this is expected to create support and benefits for all stakeholders and
lifecycle cost reduction by pooling investments across different functions. An example of the potential of
overcoming these challenges was found for the Hollandse IJssel flood protection system, where further
integration of management and budgeting of different system interventions (i.e., improvement of
flood defences and storm surge barrier) can lead to more efficient asset management strategies on a
network level. The expected cost savings of 5% are in line with the findings of the ROBAMCI (Risk
and Opportunity Based Asset Management for Critical Infrastructures) research programme [31].
Here, several cases of asset management of public infrastructures in The Netherlands were investigated,
and cost savings were found to be between 5–20%. Within FAIR, for the case of Middelkerke (Belgium)
even larger cost savings were found (26–38%), as the asset management perspectives lead to a design
of the sea defence that was more efficient from a life-cycle perspective [16].

Operational AM outputs included the promotion and illustration of different methods for
performance assessment, ranging from simple in situ technical inspections to comparatively complex
methods. In addition, it was demonstrated that accounting for the important feedback loop from
the maintenance to the design and construction, helps to improve the design of flood protection
assets. Furthermore, guidance on maintenance strategies and monitoring processes was provided.
Klerk et al. [32] explored the life cycle cost reduction through head monitoring for flood defences and
found these to be up to 50% for the considered cases. The guidance provided in FAIR supported asset
owners in developing an asset maintenance approach that includes the portfolio of assets and the
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interacting systems. Over the longer term, it is expected that maintenance efforts can be planned more
efficiently. Reform of the asset maintenance approach in Hamburg (Germany) reduced the required
maintenance budget by 5%. In addition, efficiency will likely increase further if communication
between inspectors, maintenance (maintainers), and designers is improved. This can be supported
through systems such as the Dike Information System now employed in Hamburg.

4.2. Challenges

Despite the beneficial value of applying the framework, the FAIR cases have demonstrated that
there remain considerable challenges for asset management.

Firstly, the institutional context for flood defence asset management is often fragmented.
The multifunctional context of flood defences requires alignment across a range of organizations,
for example including those that manage transportation, urban development and ecosystems [22,33],
or even different parts of the water system (e.g., the Hollandse IJssel pilot study). Furthermore, the cases
show that the institutional responsibilities and sources of finance for different AM stages across the
FAIR framework are fragmented. For example, dikes may be owned and maintained by private parties
(e.g., Denmark) or by local/regional authorities (e.g., Sweden), whilst strengthening measures are
(partially) funded by the national government. This can be a barrier for efficient asset management [5].

Secondly, funding is constrained, especially for maintenance and monitoring. Ageing flood defence
infrastructure across the North Sea Region requires large investments to keep flood defences up to
standard. Unsurprisingly, there is a bias towards construction, with financing primarily being directed
towards capital expenditures for strengthening the weakest links in flood defence systems. However,
the cases suggest that greater priority may be needed for financing operational AM, especially where
the assets are multifunctional. Through that, a more optimal balance of performance, costs and risks
across the lifecycle of flood defences might be achieved [32,34].

Thirdly, decisions taken today have longstanding implications. Changing conditions can lead to
infrastructure that may be unnecessarily costly, maladapted or regrettable as the reality of the future
unfolds [35]. The cases illustrate that this poses several challenges for decision making about the size,
nature and timing of investments. These complex decisions become even more difficult when the
long-term choices (that take account of future uncertainties in climate and socioeconomic contexts)
clash with short-term political realities and varying perceptions of risk. Therefore explicitly accounting
for adaptiveness in flood defence asset management is required, and as such, there is a need for
actionable tools for adaptive planning, flexible strategies and assets that can be modified in the face of
uncertainty [36,37].

Fourthly, strategic planning and operational processes often have little or no interaction.
For instance, the case of the Hollandse IJssel clearly demonstrates that regret investments can
only be avoided when strategic and operational perspectives closely interact via the tactical handshake.
However, alignment is not straightforward, due to the different orientations of strategic and operational
AM, and as responsibilities are often distributed among different organizations. Whilst strategic
perspectives are focused on continuous learning to anticipate and gain new insights, uncertain future
conditions and system performance e.g., [38], operational perspectives are typically task-oriented and
therefore more straightforward in terms of clarity of scope, needs and direction e.g., [39].

Fifthly, innovation is not consistently embedded in standard practice. Although the cases have
demonstrated various technological and process innovations, it is apparent that innovations, or an
innovative culture, are not consistently embedded in standardized AM working processes across the
NSR. This results in missed opportunities in terms of minimising life cycle cost, ensuring landscape
compatibility, public acceptance, and the ability to monitor and maintain asset performance.
For example, rudimentary data collection regarding asset condition often lags behind ongoing
developments in data collection and data management. As a result, asset operators struggle to seize
the opportunities brought by new technologies.
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5. Conclusions

Flood protection asset management aims to balance investment costs, performance and risks
throughout the whole life cycle. However, practical application is challenging due to the fragmented
institutional organization, lack of integration between strategic and operational contexts of asset
management and lack of flexibility towards strategic adaptation as well as innovation on a more
general level.

To support tackling these challenges, a framework has been developed in the FAIR project
that aligns different asset management components to better align interventions, both on asset- and
system-level such that the desired balance between cost, performance and risk is achieved. The FAIR
framework (Figure 1) encompasses the essential elements of adaptive asset management and links
three decision contexts of asset management: strategic (with the focus on adaptive management
planning over the longer term), operational (with the focus on delivering and evaluating the plan),
and tactical (focusing on prioritisation and programming, providing the “handshake” between strategy
and operation).

Five Pilot Cases were undertaken in the FAIR project to test and refine the framework and
demonstrate its value and use. Key considerations for these were:

1. The use of an overall integrated long-term system perspective. The outcomes have led to an
improved understanding of the constituent components of flood risk, and consequently better
planning by and between asset owners, improving their adaptive capacity.

2. The improved alignment of operational asset management activities. These were found to
be handled very differently in different countries and cases, although three underlying core
aspects could be distinguished: handling multifunctionality; bridging the gap between design
and maintenance and operation by using system knowledge and measurements; taking a
long-term perspective.

3. The explicit determination of the tactical decision context helps to efficiently translate the
strategic plans into the operational context and vice versa. In this translation, prioritisation
and programming were found to be key elements, as well as the translation of performance of
individual assets into system/network performance.

Application of the FAIR framework in different pilots has demonstrated the applicability of the
framework and therefore justifies use by other asset owners in the NSR and beyond. Over the longer
term, it is expected that the utilisation of the framework can lead to reduced life cycle costs and
enlarged adaptive capacity for a portfolio of assets; better insight into technical and organizational
activities and opportunities; and reduced maintenance efforts with more efficient planning over the
asset lifetime. Thus, the FAIR project is expected to have helped to improve asset management making
a major contribution to flood risk reduction in the NSR and elsewhere.
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