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Executive Summary

Recent events have demonstrated that Earthquake Induced Liquefaction Disasters (EILDs) are
responsible for significant structural damage with, in some cases, EILDs accounting for up to half of
the economic loss caused by earthquakes. With the causes of liquefaction being largely acknowledged,
it is important to recognise the factors that contribute to its occurrence; to estimate the impacts of
EILD hazards; and to identify and implement the most appropriate mitigation strategies that improve
both building/critical infrastructure and community resilience to an EILD event. The LIQUEFACT
project adopts a holistic approach to address the mitigation of risks to EILD events. The LIQUEFACT
project sets out to:

e Achieve a more comprehensive understanding of the impacts that EILD events have on
the resilience of communities and buildings/critical infrastructure on which they rely;

e Achieve a more comprehensive understanding of the range of mitigation techniques
(technical, operational, managerial and organizational) that can be implemented to
improve the resilience of communities and building/critical infrastructure to EILD events;

e Develop more appropriate mitigation techniques (technical, operational, organizational
and managerial), for both European and worldwide situations; and

e Develop a Resilience Assessment and Improvement Framework (RAIF) to allow
community and building/critical infrastructure stakeholders to make the business case for
mitigation interventions.

This report summarises the work of WP5.

e Section 1 provides an introduction to the deliverable

e Section 2 presents the background theory to built asset management and reviews its
application to mitigation and adaptation studies

e Section 3 presents the final beta test version of the community resilience to EILD events toolkit

e Section 4 presents the final beta test version of the critical infrastructure toolkit

e Section 5 presents the final beta test version of the cost benefit analysis toolkit

e Section 6 presents the final beta test version of the Resilience Assessment and Improvement
Framework

e Section 7 presents the final beta test version of the built asset management planning Toolkit

e Section 8 outlines the next steps in the validation of the toolkits
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Scope of this document

This is a working document that will be amended and modified to reflect changing needs of the
LIQUEFACT project and the views of the external stakeholder group and external advisory panel.

Target Audience
This is primarily an internal document intended for the LIQUEFACT partners and researchers.

1.0 Introduction

Built asset management (BAM) is the process by which facilities/building managers ensure
that their built assets continue to perform at a level appropriate to their organisation’s needs.
Throughout a built asset’s life cycle, its ability to meet users’ needs diminishes, either because
of physical decay or because of increased demands placed on the built asset through changes
in use or external circumstances (e.g. technological developments, social expectations,
impacts of natural or manmade disasters etc.). The resulting gap between desired and actual
performance is known as the obsolescence gap. Strategic built asset management seeks to
minimise the obsolescence gap through routine maintenance, which seeks to repair physical
decay, and periodic refurbishment, which seeks to address changes in user demand or
external circumstances. However, because most organisations (both public and private sector)
have limited resources for maintenance and refurbishment activities, the obsolescence gap
can never be completely eliminated and invariably continues to widen over time. Once the
obsolescence gap becomes too wide to close through cost-effective refurbishment the built
asset is either sold, repurposed or demolished. The process from built asset inception to
demolition is known as the built asset life cycle.

The LIQUEFACT project is investigating alternative approaches to reducing the impact that an
earthquake induced liquefaction disaster event (EILD) will have on European communities
through mitigation interventions (technical and operational) that reduce the vulnerability or
improve the resilience of built assets to an EILD event. The technical mitigation interventions
being developed by LIQUEFACT can either be applied to the design stage of new built assets
or retrofitted to existing built assets as part of the BAM process. The operational mitigation
interventions can be integrated into business continuity/resilience (BCRP) and disaster
management planning (DMP).

11
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Recent earthquake disaster events (Marmara-1999?, Emilia Romagna-20122, Christchurch and
Canterbury-2010/20113, Indonesia-2018%) have resulted in significant damage to buildings
and critical infrastructures (collectively referred to in this report as built assets) which
significantly inhibits their ability to perform their primary function immediately following a
disaster event. The Sendai Framework for Disaster Risk Reduction (UNISDR, 2015) has
reinforced the importance of preparing for a disaster event (the Sendai principles) through: a
greater understanding of risk; improved governance systems; investing in risk reduction to
improve resilience and building back better following a disaster event. The LIQUEFACT project
has developed a Resilience Assessment and Improvement Framework (RAIF) that integrates
the Sendai principles into the BAM process. To support the RAIF LIQUEFACT has developed a
series of tools that will allow facilities/built asset managers and community stakeholders
assess their antecedent resilience to an EILD event and evaluate the potential of a range of
technical and operational mitigation interventions to improve built asset and community
resilience (Figure 1.1). This deliverable presents the final Beta Test versions of these tools.

‘ Scenario Analysis - Sub-System 2 (...)

s io Analysis - Sub-Sy 1 (e.g. Healtt )
Hazard and Risk Assessment Business Continuity and Resilience Planning
‘ Individual Asset C ‘ Individual Asset C
‘ Individual Asset B ‘ Individual Asset B
Individual Asset A Individual Asset A
Antecedent Conditions Mitigation Options
Hazard Threat Hazard Impact Level of Risk —
Is the built asset located | | What will the impact What is the level of Lower Vulnerability Improve Resilience
in an earthquake of an EILD event be risk of the asset to an Identify mitigation options that can Identify mitigation options that can
liquefaction zone? on the asset? EILD event? lower the operational vulnerability of improve the operational resilience
the asset to an EILD event of the asset to an EILD event
-
Impact Assessment Improvement Framework o
Loss of Functionality/Performance — Cost Mitigati i P I —
f N /! . igation Options Prioritise Mitigations
Estimate the Ios;ﬂ‘fﬁp\?rat:nal f:]r:icllzor;alltiforf:enass‘e\tlalnd the impact this Perform a costhenefit analysis o rank | | Against the level of improvement
ave on operational performance levels [ the impact of the various options to overall system performance —
Establish the effect of loss of al performance of individual assets on the Establish the effect of mitigation options on the operational performance of the
overall operational performance of the sub-system. Is this acceptable? T sub-system. Does this achieve the required improvements? ™
]
Yes Yes
No further Action Develop A Built Asset Management Plan to Programme
Mitigation Works

Figure 1.1: The LIQUEFACT Resilience Assessment and Improvement Framework

Ihttps://www.recoveryplatform.org/assets/publication/PDNA/CountryPDNAs/Turkey Earthquake_1999 Mar
mara%20Earthquake%20Assessment.pdf

2 https://www.commercialriskonline.com/insured-losses-from-emilia-romagna-italy-earthquake-up-to-200m-
eqecat/

3 https://my.christchurchcitylibraries.com/christchurch-and-canterbury-earthquakes/

4 https://www.worldvision.org/disaster-relief-news-stories/2018-indonesia-earthquake-facts
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The loss of performance (functionality) of a built asset because of an EILD event is related to
its antecedent vulnerability and resilience. A built assets antecedent vulnerability and
resilience to an EILD event can be improved if specific mitigation measures have been
incorporated into the built asset prior to the EILD event. The inclusion of specific mitigation
measures for an EILD event can occur either as a part of the original design process (with
design codes or performance-based design methods) or during routine maintenance and
refurbishment (through effective integration of mitigation measures within BAM plans). Built
assets designed and constructed to minimise the impacts of an EILD event should possess a
level of resilience that will allow them to support the local community resist, absorb,
accommodate and recover from the effects of the EILD event in a timely manner. Whilst most
modern built assets (particularly critical infrastructure) located in known earthquake zones
should have been designed to such standards, older built assets (and almost all domestic
buildings) may not have been. For these type of built assets, mitigation measures to reduce
their vulnerability or improve their resilience to an EILD event have to be fitted retrospectively;
normally as part of the BAM process.

Retrofitting EILD mitigation measures as part of a built asset’s normal maintenance/
refurbishment programme is an expensive activity that has to compete for funds alongside
other strategic interventions that seek to reduce the built asset’s obsolescence gap.
Prioritising maintenance/refurbishment interventions forms part of the BAM options
appraisal process. However, there are no generally accepted tools to support an options
appraisal business model that allow EILD mitigation measures to be evaluated against each
other (or other strategic maintenance/refurbishment priorities) or to be effectively integrated
into short-term (0-5 years), medium-term (6-20 years) or long-term (21-75 years) built asset
management plans. This deliverable outlines a series of tools to support the RAIF, including a:

o framework for evaluating community resilience to an EILD event and a
methodology for assessing the improvement in resilience that could be achieved
for a range of mitigation interventions;

e framework for evaluating Cl resilience to an EILD event and a methodology for
assessing the improvement in resilience that could be achieved for a range of
mitigation interventions;

e Cost-benefit analysis modelling methodology; and

e BAM planning tool that integrates the above into the RAIF that will allow
facilities/built asset managers and community stakeholders assess the impact
that an EILD event will have on the performance of their built assets and on overall
community resilience.

The RAIF BAM planning tool integrates the theories, models, metrics and tools developed in
Work Package 5 (Tasks 5.1, 5.2 and 5.3) with other theories, models and tools developed

13
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2.0

2.1

across the LIQUEFACT project (Work Package 2, Work Package 3, and Work Package 4) and
with the LRG software tool being developed in Work Package 6.

The work presented in this deliverable is a beta prototype version of the BAM planning tool.
The final version of the BAM planning tool will be developed in Work Package 7 following
validation using data gathered following the Emilia Romagna and Marmara earthquakes. The
final version of the BAM planning tool will be presented in the form of use-cases as part of the
LIQUEFACT final project report.

Built Asset Management

Built asset management is the combination of maintenance and refurbishment actions
required to ensure that a built asset continues to perform in a way that satisfies the asset
owners needs and expectations and adds value to an organisation over its life cycle (EI-Akruti
and Dwight, 2013; Ebinger and Madritsch, 2012; Wong et al, 2014; Kumaraswamy, 2011;
Alwan and Gledson, 2015).

Built Asset Maintenance, Refurbishment and the Building Life-cycle

Pukitea and Geipeleb (2017) reviewed the academic literature on building maintenance and
BAM and, whilst they identified a number of different definitions of building maintenance,
they concluded that they all described a generic process in which a range of management
activities are combined to identify, plan, implement, support, and control any building work
required to support the core strategic goal of the organisation that owns and/or occupies the
built asset for the pursuance of their business activities.

To this end Pukitea and Geipeleb (ibid) defined maintenance as:

“primarily focusing on actions required to keep, restore or improve every part of a
building in order to maintain the performance of the building and to sustain its
function and value.”.

The inclusion of performance as a key objective of building maintenance is consistent with the
work of Jones and Sharp (2007) and most of the world’s leading engineering and construction
professional bodies (e.g. ICE®, RICS®, ASCE’, etc.) who argue that any definition of built asset
maintenance must include an assessment of ‘performance’ if it is to address the obsolescence
gap.

5> https://www.cices.org/content/uploads/2013/05/Guiding-Principles-of-Asset-Management-3.pdf
5 https://www.google.co.uk/search?q=RICS+definition+of+building+maintenance&ie=&oe=
7 https://ascelibrary.org/doi/10.1061/%28ASCE%291S.1943-555X.0000436
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The emergence of Facilities Management as a growing profession responsible for the
operational phase of a built asset has broadened the definition of built asset maintenance to
include aspects of built asset refurbishment. The 1SO41001 (ISO 41001, 2018) standard for
Facilities Management defines building maintenance as:

“the integration of processes within an organisation to maintain and develop the
agreed services which support and improve the effectiveness of its primary activities."

Whilst the Royal Institution of Chartered Surveyors (RICS) consider both maintenance and
refurbishment together under the overall banner of BAMS,

However, whilst this widely accepted definition of BAM reflects the position of most
engineering and construction professionals, it does not address some of the fundamental
weaknesses that have been identified when trying to operationalise the concepts of ‘building
performance’ and ‘value’. Not least of these concerns is the use of the condition of a built
asset (as measured through the stock condition survey) as a proxy for performance and value.

Many authors have questioned the effectiveness and efficiency of the stock condition survey
process to support planned maintenance (O’Dell, 1996; Chapman, 1999) and despite
numerous attempts to improve the process (Straub, 1998; Daman & Quah, 1998; Jones et al,
1999) fundamental problems still exist (Constructing Excellence 2019).

In a review of the use of the stock condition survey process in UK social housing, Chapman
(1999) identified:

e poor specification of initial requirements;

e unclear aims and objectives and inappropriate frameworks;

e aninability to predict long term cost requirements;

e variations in levels of experience of those conducting surveys (similar findings
were reported by Kempton et al, (2002) who also identified the existence of
confirmation bias as an inherent weakness in the stock condition survey process);

e unrealistic claims by consultants selling survey services;

e inappropriate or unusable data;

e poor links to business objectives; and

e alack of fit of survey data to maintenance programmes;

as the key factors that contributed to high levels of dissatisfaction of the approach
amongst built asset owners.

8 https://www.rics.org/uk/events/training-courses/asset-management-tools-techniques-and-practices/
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Chapman also identified the gap between client expectations of built asset management
models and the limitations of the logic underpinning the stock condition survey process,
acknowledging that the latter could at best provide short-term predictions of built asset
management costs, but was unable to effectively inform long term built asset management
planning. At best, a stock condition survey provides a snap shot of a built assets performance
at a single point in time.

In an attempt to develop a more robust data model for long-term maintenance and
refurbishment planning Kirkham (2004) developed deterministic and stochastic models of a
built asset’s remaining life (through the use of decay profiles). However, the volume of data
needed for the models combined with the high levels of uncertainty and subjectivity
associated with the remaining life predictions (Kirkham, 2004) meant that the models were
rarely used in practice.

In addition to the practical problems associated with developing robust BAM models, Finch
(1998) and Jones (2002) identified fundamental weakness in the underlying BAM theory.

Finch (1998) argued that a condition based approach to maintenance that focused on a
narrow definition of ‘function and value’ would at best allow a building’s capacity to be
returned to its original level (or support an incremental improvement on the original level),
whilst increased functional and technological demands would result in an obsolescence gap
that, if not periodically addressed, would ultimately lead to the built assets demise.

Jones (2002) argued that the assumption that BAM is driven by organisational policies is in
many cases flawed, with organisational policy objectives of being unclear and no direct
(measurable) links existing between an organisation’s strategic objectives and their built asset
management programmes. Jones (ibid) argued that without a clear link between business
objectives and BAM interventions it is impossible to decide on which BAM interventions to
program first or to measure the effectiveness of BAM interventions over time. Both Finch
(1998) and Jones (2002) concluded that such an approach would invariably fail to address
business critical issues and result in increased building obsolescence and a growing
maintenance backlog over time.

To address these weaknesses Jones (2002) re-interpreted Finch’s model to reflect the changes
in demand being placed on built assets by the sustainability agenda. In particular Jones (ibid)
questioned whether a single measure of ‘value’ could really reflect the complex interaction of
social, economic and environmental demands that will be placed on built assets when they
are measured against the sustainability agenda. Jones (ibid) also questioned the degree to
which whole-life thinking needs to underpin BAM plans if maintenance and refurbishment are
to be used to effectively close the obsolescence gap. In addressing these questions Jones
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examined each stage of the BAM life-cycle and explored its relationship to the strategic
objectives of the built asset’s owners/occupiers.

Figure 2.1 represents Jones’ simplified model of the BAM life cycle. In this model a built assets
value/performance specifications are developed at inception as part of the design and
construction process.

Once the built asset is constructed it is handed over to the owner/user (a) who begins to use
the built asset. However once handover occurs the value/performance of the built asset will
begin to reduce (due to operational conditions) whilst the owner/user expectations will rise
as a consequence of change demands. At some point in the future (b) the value/performance
will have reduced to the extent that the owner/user instigates maintenance/repair activity to
return the built asset to its original value/performance level (c). After maintenance/repair the
performance of the building will again start to reduce and repeated maintenance cycles (a —
d) will be undertaken over time to repeatedly return the built asset to its original
value/performance level. This process represents a traditional view of maintenance where no
improvement above the original value/performance specification is envisaged.

Model of the Maintenance — Refurbishment life cycle

A Changing Demands

Obsolescence Gap

Refurbishment

Value/Performance

! Refurbishment Cycle

v

Inception  Handover

Figure 2.1: The maintenance — refurbishment life cycle
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2.2

However, over the same time period the built asset will be subject to changing demands (as a
consequence of technological developments, operational procedures, political requirements
etc.) and expectations of its users and there will come a point at which returning the built
asset to its original value/performance specification level (e) is no longer acceptable to the
owner/user. At this point refurbishment is required to reduce the value/performance gap (f).
However, because of legacy design decisions and past built asset intervention actions is
unlikely that even the most ambitious refurbishment will be able to fully close the
performance gap (g) and some residual obsolescence (the gap between the performance
expectations on the performance levels that can be reached following refurbishment) will
remain. This maintenance/refurbishment cycle continues over time until a point is reached
where the residual obsolescence that exists following the refurbishment cycle (h to i) is
unacceptable, or where the cost of closing the obsolescence gap is uneconomical. At this
point the built asset owner/user either re-locates; the built asset is demolished and re-built;
or the built asset is refurbished beyond its original purpose and a change of use occurs.

However, whilst Jones’ simplified model (2002) suggests a relationship between investment
in BAM and improved value/performance to the built asset owner/user it doesn’t explicitly
link value/performance to the cost of BAM interventions and as such it doesn’t provide the
economic basis for an options appraisal process (i.e. evaluate the future return on
investment).

Measuring BAM Value/Performance
A number of authors have attempted to develop process models that link maintenance and
refurbishment decisions to built asset value/performance.

Vanier (1996) suggested that the requirements (performance) of a built asset could be defined
in terms of the functional requirements of its users; expressed as a series of benchmarks and
key performance indicators against which different BAM interventions could be evaluated.

Hassanain et al (2003) proposed a similar approach to Vanier which sought to evaluate built
asset management interventions through a consideration of the extent to which the built
asset was meeting pre-set performance criteria. Hassanain et al (ibid) assigned multiple
performance criteria to built asset components and used upper and lower limit states to
describe an acceptable performance range. Maintenance/refurbishment need was assessed
with reference to the ability of a component to meet the performance criteria and
maintenance/refurbishment action prioritised using a cost-risk model that sought to minimise
the risk of failure whilst maximizing overall system performance.

El-Haram & Horner (2003) applied the theory of integrated logistic support to the
identification and selection of built asset management actions. El-Haram & Horner argued
that by integrating physical and functional models of a building together and applying failure
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mode effects analysis and reliability centred maintenance principles a more cost-effective
approach to built asset management could be achieved.

Alwan and Gledson (2015) developed a conceptual framework for integrated built asset
management in which a building performance attribute data model was developed to
investigate the gap between design aspiration and operational performance of green
buildings. In developing the framework Alwan and Gledson (ibid) identified the problem of
defining attribute data against changing occupier’s requirements and of linking specific data
attributes to building performance over the lifetime of the built asset. This consistent and
recurring problem was also identified by Munir et al (2019) who questioned both the quality
of the data used by BAM systems and the apparent disconnect between the data held in BAM
systems and the information needed by facilities/built asset managers for effective decision-
making).

In an attempt to develop an integrated solution to BAM that focused on developing long term
proactive solutions rather than short term reactive ‘fixes’ Smyth et al (2017) applied the
principles of relationally integrated value networks (RIVANS) to help better understand the
role of different stakeholder groups in delivering BAM programmes. Too and Too (2010) also
stressed the need for facilities / built asset managers to take a pro-active, rather than reactive,
approach to BAM decision making if they sought to add value to an organisation in the face of
changing demands.

Ebinger and Madritsch (2012) used a functional analysis approach in an attempt to develop a
generic BAM model that would link strategic and operational decision-making within the
organisational value stream to identify gaps in performance and facilitate discussions between
operational managers.

Finally, Alhazmi (2018) critically reviewed BAM international standards and guidelines,
identifying a common 6-stage process model that was present (to some extent) in all of the
standards and guidelines he examined. The first stage of the process model involved
identifying strategic drivers that would inform the BAM decision-making process. Once these
were established a rational reasoning process was used to operationalise the drivers to add
value to an organisation (public and/or private sector). This reasoning process involved:
identifying and diagnosing the problems to be addressed by the BAM; conceiving solutions to
these problems and evaluating these against a set of performance indicators; evaluating
priorities between conflicting solutions (in terms of an options appraisal approach);
developing a portfolio intervention plan to programme individual projects over the building
life cycle; and establishing a feedback mechanism to monitor actual added value.

However, whilst all the above seek to base performance issues at the centre of the BAM
decision-making process, they all still primarily consider performance as the physical ability of
the system (or its components) to meet a range of physical performance criteria. In essence
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2.3

the models are still primarily condition based and do not address the underlying issues linking
BAM expenditure with income generation (for the private sector) or community service
activities of an organisation (for the public sector). In essence they do not consider the wider
meaning of ‘value’ to the built asset owner/user or provide the theoretical (or practical) tools
needed if BAM is to be used to plan long-term improvements in the performance of built
assets as envisaged by Finch and Jones.

Performance Based BAM Process Model

Jones and Sharp (2007) examined the changes that would be required to elevate the BAM
process described in section 2.2 to one that could support the development of detailed
business cases as part of an options appraisal process that would allow the implications of
alternative maintenance and refurbishment interventions to be evaluated. As part of this
process Jones and Sharp (2007) examined the wider meaning of value within the context of
the simplified BAM life cycle model (Figure 2.1) as part of a series of projects that sought to
develop a set of business models to justify long-term BAM expenditure for a large private
sector commercial organisation. Through a series of meetings with the organisation’s senior
management Jones and Sharp (ibid) concluded that ‘value’ in the commercial context extends
beyond a consideration of building technology issues, to one that acknowledged the impact
of the performance of built asset has on the long-term viability of an organisation. In essence
Jones and Sharp (ibid) argued that ‘value’ should be explicitly linked to the ability of the built
asset to support organisational performance and BAM should be viewed as a strategic issue
managed within the broader context of an organisation’s strategic planning framework to
ensure that these added value was delivered.

As a consequence of their work Jones and Sharp (2007) developed a performance-based BAM
process model (Figure 2.2) to operationalise their simplified BAM life cycle model. The primary
principle behind Jones and Sharp (ibid) performance based built asset management model is
that the decision to maintain/refurbish a component should be based on the impact that the
decision has on the organisation’s performance over time. Thus, the key elements to built
asset management planning are to understand how built assets and their components impact
an organisation’s critical success factors. Whilst these will be specific to an individual
organisation the generic model will be applicable to all. The following detailed description of
the performance-based built asset maintenance process model is a summary of that
presented by Jones and Sharp (2007).

The first step of the performance-based BAM process model is to identify an organisation’s
policy/strategic goals and express these as a series of Critical Success Factors (CSFs). Once
these have been established a series of performance toolkits are developed that assess the
current level of built asset performance against each of the CSFs. Each toolkit contains a
number of metrics (key performance indicators) and benchmarks that reflect the performance
expectation (or expectation range) of a specific CSF. While some of the metrics might be
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individual measures it is more likely that a hierarchy of metrics will be needed to fully reflect
each CSF. Where a hierarchy of metrics is required the relative weighting of each metric within
the hierarchy needs to be established. Weightings can be derived through either simple
comparison or through more complex pairwise (see Saaty, 1980) comparison methodologies.
Whichever methodology is used the key aspect of each toolkit is to identify how well a built
asset is supporting the business function.

Once the current level of performance is established a series of analysis toolkits can be used
to investigate the root cause of any underperformance (note: generally, under-performance
is a symptom and not the cause of many problems.). Inquiry toolkits use qualitative analyses
(e.g. interviews, focus groups, case study reports etc.) to identify collective reasons for
underperformance and establish whether the underperformance is unique (e.g. specific to
this built asset) or systemic (e.g. similar underperformance is observed across a number of
built assets). Statistical and Experiential toolkits use quantitative analyses (e.g. user
satisfaction surveys, factor analysis, competitor analysis etc.) to identify underlying patterns
of built asset performance within a built asset over time or across a range of built assets.
Finally design toolkits relate the reasons for any underperformance to built asset issues (e.g.
problems with construction or in design philosophy).

Performance Based Built Asset Management Process Model

Policy/ Identify Establish Action Develop Evaluate
Strategy Need Cause Statement Solution Solution
Strategic Performance Analysis Project Modelling Impact
Drivers Toolkits Toolkits Brief Toolkits Toolkits

(Government
Policy, Physical Inquiry Prob_lem Scenarios Performance
Corporate Social Statistics Description Prioritisation Indicators
Priorities etc) Root Cause
Environmental Experiential Maintenance FTecr;gmk
i eedbac
CSFs Economic Design Required Impact Models
Improvement

A

[

Figure 2.2: Performance based built asset management process model (derived from Jones and Sharp
(2007).

Following the analysis of an under-performing built asset an Action Statement is written which
clearly articulates the problem and the perceived cause. It also quantifies the improvement
in performance (against individual metrics and CSFs) required of any solution. In essence, the
Action Statement forms the project brief against which potential solutions can be identified
and evaluated.
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Modelling toolkits allow alternative solution scenarios to be developed whilst multi-criteria
prioritisation methods allow each scenario to be evaluated against the organisations CSFs. The
effect of a range of BAM strategies (e.g. preventative action, responsive action, no action) can
be identified by the use of impact models which consider the consequences of delay in action
(measured against the performance criteria) on business performance (note: business risk will
not be consistent throughout an organisation’s portfolio but will vary depending on the
relative importance of the building/space to the organisation.). Where the business risks are
high a preventative strategy would be selected. Where business risks are low a responsive (or
no action) strategy would suffice.

Finally a set of Impact toolkits (e.g. Post Completion Evaluations; KPI’s etc) allow actual
improvements in performance (that result from the BAM interventions) to be compared
against the improvement requirements specified in the Action Statement. The results of the
feedback in turn inform future problem identification and ultimately organisational strategy.
Where BAM interventions cannot be evaluated in ‘real-time’ a series of future scenarios can
be used to test each intervention.

Although Jones and Sharp’s model (2007) was developed for commercial organisations to
manage their property assets the Royal Institution of Chartered Surveyors (RICS, 2012)
released the second edition of their public sector property asset Management guidelines
which is very similar to that developed by Jones and Sharp (ibid).

The RICS Guidelines were developed following an extensive review of built asset and property
management research and represents the current state-of-the-art in academic and
practitioner thinking. The guidelines provide practical guidance for facilities/built asset
managers as they seek to develop strategies and plans to ensure that their physical assets
respond to the changing needs of the occupiers and support service delivery models to satisfy
customer demand. The RICS guidelines (ibid) define poverty (built) asset management as:

“the process which aligns business and property asset strategies, ensuring the
optimisation of an organisation’s property assets in a way which best supports its key
business goals and objectives”.

In this context the role of the facility/built asset manager is to ensure that the assets are
aligned with the organisations business needs and that they support service delivery in the
most efficient and effective way; both now and over the remaining life cycle of the built assets.
The guidelines further suggest that the benefits of effective project management accrue to
not only the organisation occupying the assets but also to the wider economic and social well-
being of the community(s) that use the services of the organisation.

To ensure effective property/built asset management the RICS guidelines (ibid) propose a five
stage business process model that positions strategic property/built asset management
between an organisation’s customers and its suppliers (Figure 2.3).
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Figure 2.3 RICS process model for effective property asset management (source RICS, 2012)

The first stage the business process model is to identify the corporate vision and mission of
the organisation. This is achieved through reference to organisational documents and detailed

conversations with the organisation’s leaders and, for critical public sector organisations,
those politicians responsible for sectoral policy. Once the corporate vision and mission are

established they are translated into a series of business/service delivery strategies in
consultation with operational managers as the basis of analysing the alignment between the
property/built assets and the business/service delivery requirements. Any misalignment

between the business/service delivery requirements and the ability of existing property/built
assets to support them will form the basis of a series of options appraisals (property/built
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asset interventions designed to close the performance gap). The options appraisal process will
also consider the affordability of each option and from these considerations property/built
asset plan can be developed. The property/built asset management plans provide the
decision-making framework to support the development of specific (asset by asset) action
plans. Whilst each property/built asset management plan will be unique to the organisation
that has developed it, such plans typically include some or all of the following:

¢ aclear statement of the organisation’s corporate vision, including the financial and
legal context against which property/built asset decisions will be made.

e The development of a series of business focused critical success factors against
which performance assessments will be based.

¢ a clear statement of the expected performance levels required by each asset and
an assessment of the baseline performance (current performance levels) and the
identification of any ‘gaps’ in performance that need to be addressed.

e the articulation of clear action statements that articulate the required
improvements in performance to close any performance gaps.

¢ the identification and evaluation of alternative property/built asset interventions
(disposal, refurbishment, maintenance, change of use).

¢ an analysis of the risks associated with each of the interventions, including risk to
the business of deferring any actions over time, including a sensitivity analysis
considering future scenarios (e.g. technological developments, demographic
change, environmental change etc.).

e periodic review of the success of the interventions against the stated expected
improvements in performance measured against business objectives.

Once the built asset management plan has been developed it is reviewed against a range of
business case scenarios that systematically identify the benefits and dis-benefits (both
financial and non-financial) of each property/built asset option against the current
performance baseline. The financial assessments of each option are normally considered using
a discounted cash flow approach where capital and revenue costs for each intervention are
calculated and discounted over a period (normally 20 to 30 years for common built assets).
From this a net present value can be calculated. Non-financial benefits and costs can be
evaluated using a weighted scoring matrix where importance weightings are assigned against
the evaluation criteria outlined in the property/built asset management plan and each
intervention is scored on its potential impact on that criteria. The overall weighted score can
be derived summing the product of the importance factor and impact factor. A comparison
between different property/built asset intervention options can be obtained by considering
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2.4

the net present value per benefit point (i.e. by dividing the net present value by non-financial
benefits score for an option).

Those options that are selected for implementation are then incorporated into a
property/built assets delivery plan where work can be sequenced to address both operational
and financial constraints of the organisation (work is likely to be programmed over a period of
time to smooth cash flow considerations or provide the opportunity for alternative
operational contingencies to be developed to reduce the impact of disruption during any
building work). The effectiveness of building work can then be assessed through a series of
performance measurements that link to the business/service delivery requirements. The
results of these performance reviews, from both a property/asset and business perspective,
form the feedback loops that inform business/service delivery strategies over time.

The best practice process model proposed by the RICS (2012) along with that proposed by
Jones and Sharp (2007) which have been used to inform the development of the LIQUEFACT
RAIF and BAM planning tool.

In developing the RAIF and BAM planning tool the LIQUEFACT project has extended the scope
of property/built asset management beyond a narrow consideration of current service
performance level to a wider consideration of the impact that an EILD event would have on
the ability of the property/built assets to continue to deliver its required service following a
disaster event. This work builds on a similar research project undertaken by Prof Jones
(LIQUEFACT WPS lead) to develop a strategic built asset management process model for the
planning of mitigation and adaptation interventions to improve flood resilience of a UK social
housing provider to future extreme weather events as a consequence of climate change
(Hallett, 2013).

Application the performance-based built asset management process model to
developing the business case for mitigations/adaptation interventions to
improve flood resilience of a UK social housing provider — The CREW Project
Built asset management models have been applied to the development of disaster risk
reduction plans by Jones et al (2017), by Mohammad et al (2014), and Warren (2010). This
section presents in detail the work undertaken by Jones as part of the CREW project as this
work formed the basis of the approach to BAM planning developed in the LIQUEFACT
project.

The performance-based BAM process model described in section 2.3 was applied to the
evaluation of the vulnerability and resilience of a major UK social housing provider’s building
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stock to extreme weather events (Hallett, 2013)°. In conjunction with this work Jones et al
(2017) developed a theoretical approach built asset management planning that could
integrate future climate change mitigation interventions into long-term built asset
management plans®.

Jones et al (2017) used a participatory action research methodology to work with a range of
stakeholders (internal company representatives ranging from technical operatives to
executive officers and external consultants) to operationalise the performance-based built
asset management process model (Figure 2.2) to a range of future climate change scenarios
(flooding and overheating).

Through a series of workshops and meetings the research team identified the organisations
critical success factors (tenant satisfaction and ensuring that future climate change did not
cause any of the organisations housing units to fall below its published housing quality
standards) against which maintenance and refurbishment (including climate change
mitigation/adaptation) would be judged. This procedure confirmed the ability of the key
organisational stakeholders to identify performance thresholds (in this case a combination of
social, environmental, economic and physical) that could form the basis of a range of key
performance indicators.

Once the CSF’s were established members of the research team, working in conjunction with
the organisations operational staff developed a series of performance toolkits that were
used to measure the performance-in-use of each property. Four specific toolkits were
developed.

The first toolkit (vulnerability matrix) sought to identify those properties that were located in
a potential (current and future) flood zone AND were vulnerable to water ingress. This
toolkit involved superimposing the organisation’s properties onto flood maps using geo-
referenced data and a geographical information system to identify those properties that
were at potential risk of flooding (likelihood of exposure to a flood event). Each of the
properties that had a likelihood of exposure to a flood event were then examined in more
detail (using the organisation’s BAM database, Google Street View, and external street
surveys) to identify the potential for water ingress into the property assuming a 0.5 m flood
in the street immediately adjacent to each property. A combination of the likelihood of
exposure to a flood event and the likelihood of water ingress into the property was used to
determine each properties level of vulnerability (Figure 2.4).

9 See https://arcc.ouce.ox.ac.uk/wp-content/pdfs/CREW Final Report.pdf for more details
10 See https://www.arcc-network.org.uk/wp-content/D4FC/D4FCA8-Octavia-housing-full-report.pdf for more
details.
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Figure 2.4: Vulnerability Matrix

The second toolkit sought to quantify the impact that exposure to a flood event would have
on the performance-in-use of ‘vulnerable’ properties. External surveys of a sample of the
organisation’s different building typologies identified as highly vulnerable to a flooding event
(from Figure 2.4) were undertaken to identify their coping capacity (Figure 2.5) to a flooding
event. A combination of the potential damage that a flood event would cause and the
recovery time it would take to return the property to its pre-flood performance level was
used to categorise each building typology’s coping capacity as Low Medium or High.

The vulnerability and coping capacity of each ‘at risk’ property for flooding was plotted onto
a resilience grid (Figure 2.6) and those properties that were highly vulnerable and had low
coping capacity to a flooding event were prioritised for early action in the BAM plan. Those
properties that were highly vulnerable but had a Medium/Low coping capacity to a flooding
event were prioritised for short-medium term action in the asset management plan. Those
properties that had a low vulnerability and high coping capacity were identified for periodic
review as part of the organisation’s ongoing property review procedure.

Two further (similar) toolkits were developed to assess the organisation’s vulnerability,
resilience and coping capacity to overheating scenarios.
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Failure of a property (or properties) to satisfy a benchmark target triggered a more detailed
analysis to identify the underlying cause of the problem and the potential for improvement.
Internal surveys of 26 typical properties were undertaken to establish the root cause of both
overheating and flooding and to identify potential mitigation solutions. In all cases these
solutions were affected by legacy design decisions made when the buildings were newly
constructed or underwent major refurbishments.

Resilience Time Line
:
g Pre Disaster Performance Level
% 7
g 7

/ / v
/ / -
/ 7
/ e
/ s
/ s
7
/I 7
/ / s
1,/
7
7
Time
_Pre Disaster Disaster Disaster Recovery
DI'Esvaesr:ter Event Management

Figure 2.5: Coping Capacity

Adaptation options in the form of resistance (preventing water entering the property) and resilience
(increasing speed of recovery once the property has flooded) measures were considered for those
properties potentially at risk from flooding. Once the desired improvements in vulnerability and
coping capacity were identified researchers worked with the organisation’s technical staff to identify
and evaluate a range of generic mitigation interventions. The evaluations were made against a series
of future scenarios. For flooding it was assumed that a flood had occurred in the street immediately
adjacent to the property that had resulted in water ingress into the property. For basement flats it
was assumed that up to 1.0m of water would enter the property and would remain in the property
for a period of up to 48 hours depending upon the ease at which flood water could be removed once
external flooding had receded. For ground floor flats it was assumed that up to 0.5m of water would
enter the property and remain in the property for a period of up to 24 hours depending upon ease at
which flood water could be removed once external flooding had receded. For street level houses it
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was assumed that up to 0.5m of water would enter the ground floor of the property and remain in
the property for a period of up to 24 hours depending upon ease at which flood water could be
removed once external flooding had receded (if the house had a basement then the basement flood
scenario was used).

Inherent Resilience of ‘AT RISK’ Stock

Typology A

Coping Capacity

Vulnerability
L

Typology B

Figure 2.6: Vulnerability and Coping Capacity of properties at risk of flooding
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Figure 2.7: CREW Project Resilience Framework

The potential for a range of flood resistance and resilience measures to address these
flooding scenarios was assessed for archetype properties using the 26 internal surveys.
Mitigation included the retrofitting of technical resistance and resilience measures to
buildings and fixtures and fittings as well as tenant (e.g. home use guidance and advice on
personal insurance etc.) and landlord (e.g. tenant vulnerability profiling to avoid placing
highly vulnerable tenants in highly vulnerable properties, developing and testing
organizational business continuity and resilience plans and organisational disaster
management plans etc.) operational interventions.
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A cost benefit analysis (undertaken by the organisation’s financial advisers) was used to
prioritise potential interventions and to assign each intervention a priority rating (immediate
action, action in the next five years, actions between year 6 and 20) which was then
incorporated into a strategic built asset management plan to reduce the vulnerability and
improve the coping capacity of the organisation’s housing stock to future climate change
extreme weather events.

From the surveys it was clear that it would be very difficult (if not impossible) to prevent
water entering some types of property (e.g. basement flats). Further, once water had
entered the property it was likely to cause significant damage to both building components
and fixtures & fittings that significant work would be required in order to return the property
to a habitable condition. Thus, the mitigation strategy for this type of property would be to
let it flood but to improve the resilience of building components and fixtures & fittings to
shorten the time it would take to return the property to a habitable condition.

Where it was possible to prevent water entering a property in all but the most severe flood
scenarios the mitigation strategy would be to prevent water ingress wherever possible
through the use of temporary resistance measures and include resilience measures to
shorten the time it would take to return the property to a habitable condition. The balance
between resistance and resilience would be made on a property by property basis to reflect
property specific conditions and circumstances.

Finally, all of the organisation’s properties that were vulnerable to flooding would be
covered by a flood action plan. These plans would provide practical guidance on preparing
for a flood and guidance on what to do whilst a flood is in progress. The plans would also
provide guidance on how to protect precious items (particularly irreplaceable personal
items) from the effects of water damage. The process model described above is shown in
Figure 2.7.

The LIQUEFACT project has re-interpreted Prof Jones’ performance-based built asset
management process model; the building life-cycle model; and the risk framework described
above to take account of the changing demands and expectations that will be paced on built
assets as a consequence of an organisation’s vulnerability and resilience to an EILD event.

The LIQUEFACT project has:

e extended the CREW resilience model to include an assessment of the
community’s expectations of the level of performance (defined as the ability for
the built asset to continue to deliver the level of service expected by the
community) to the aftermath of an EILD event.

31
LIQUEFACT Project — EC GA no. 700748



This project has received funding from

LIQUEFACT

Deliverable D5.4

WHOLE LIFE BUILT ASSET MANAGEMENT MODELLING FRAMEWORK:
Integrating mitigation to earthquake induced liquefaction disaster events
into strategic built asset management planning

the European Union’s Horizon 2020 v.1.0
research and innovation programme
under grant agreement No. 700748

3.0

3.1

e modified (where necessary) the theoretical basis of the performance based built
asset management process and building life-cycle models to reflect the wider
body of theory associated with community resilience to disaster events; and

e has developed a new range of toolkits (community resilience model, Cl resilience
model, cost benefit analysis model) that relate specifically to assessing the
vulnerability, resilience and coping capacity of built assets to an EILD event.

The remainder of the deliverable describe these tools in more detail and outlines the BAM
planning tool that integrates them into RAIF.

Toolkit for Assessing Community Resilience to EILD Events

The theory pertinent to community resilience to EILD events was critiqued and summarised in
LIQUEFACT deliverable D1.1% and its application to the development of the LIQUEFACT
Community Resilience Assessment Tool was described in LIQUEFACT deliverable D5.1%2. This
section provides a short summary of the key conclusions from D1.1 and D5.1 as a precursor to
the presentation of the final beta test version of the LIQUEFACT Community Resilience
Assessment Tool.

A review of the factors affecting community resilience to an EILD event
Attempts to develop practical measures of community resilience to disaster events have
resulted in the identification of a wide range of factors that affect community resilience and
a number of models that seek to integrate these factors into a range qualitative and
guantitative toolkits. In all of the studies three issues repeatedly arise:
e What are the factors that influence community resilience and are these factors
consistent across disaster types and context?
e Can reliable, robust and consistent metrics be developed to measure each of the
factors?
e What methods can be used to combine the factors into a reliable robust and
consistent scorecard that reflects local circumstances and context?

LIQUEFACT deliverable 1.1 reviewed a wide range of academic papers and identified the
factors that affect community resilience. These factors are summarised in Table 3.1.

11 See https://zenodo.org/record/1342684#.X0OU2u0xFybV for the full report
12 See https://zenodo.org/record/1887913#.X0OU2-ExFybU for the full report
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Table 3.1: Characteristics/factors known to affect community resilience to disaster events.

Resilience Factor / Indicator / Expectations
Characteristic
Robustness Damage avoidance in lifelines and critical infrastructure

(transportation networks, residential housing stock, healthcare
facilities, communication networks, commercial and manufacturing
establishments etc.); Continuity of service provision; Continuity of
functional systems performance; Avoidance of casualties; Avoidance /
minimisation of economic losses,

Redundancy Backup and/or duplicate systems; Backup or access to alternate
resources to sustain operations (insurance, alternative sites, robust
supply chains etc.); Alternative community logistics (food, water,
power etc.); Untapped resources/contingency budgets.
Resourcefulness Access to money; Information; Technology; Human resources;
Household emergency plans; Business continuity plans; Diagnostic
and damage detection systems; Contingency plans across stakeholder
groups.

Rapidity Disaster preparedness (Organisational capacities, Early warning
systems, Contingency planning, Emergency response planning, etc.);
Reduced time of recovery to return systems as close as possible to
business as normal.

Personal Factors Critical awareness; Self-efficacy; Sense of community; Outcome
expectancy (positive or negative); Action coping and resource
availability; Education and training; Psychological preparedness;
Empowerment; Social norms; Trust; Personal responsibility; Social
responsibility; Experience; Resources; Adaptive capacity; Cultural
attitudes and motivations; Social networks; Property values;
Livelihoods; Participation in recovery; Volunteering.

Community Factors Collective efficacy; Participation; Commitment; Information exchange;
Social support; Decision making; Resource availability; Engagement;
Leadership; Demographics; Sense of community; Community values-
cohesion; Collective efficacy; Place attachment; Adaptive capacity;
Local understanding of risk (Hazard assessment, Vulnerability
assessment, Impact assessment, Resource management, Mitigation);
Counselling services; Health and well-being services; Community
organisations (e.g. faith based etc.); Employment;

Institutional Factors | Empowerment; Trust; Resources; Mechanisms for community
problem solving, Adaptive capacity, Participation in hazard reduction
programmes; Hazard mitigation plans; Zoning and building standards;
Emergency response plans; Interoperable communications; Continuity
planning; Municipal finance/revenues.
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Governance Factors | Policy & Planning; Legal and regulatory systems; Integration across

time and scale; Leadership; Partnerships; Accountability.

Derived from: Ainuddin & Routray (2012); Becker et al (2013); Boon et al (2012); Bruneau et al (2003); Cutter et al (2008);
DPRAP (2013); GOAL (2012); Normandin et al (2009); and Paton (2007).

LIQUEFACT deliverable 1.1 concluded that the factors and indicators presented in Table 3.1
should be considered exemplars of the kind of issues that will need to be addressed when
assessing community resilience to EILD events.

The general applicability of the range of factors identified from the literature to provide the
basis of a community resilience model of EILD events was tested during an external
stakeholder workshop held in Bologna in the Emilia Romagna Region (Italy) on October 3rd
2016. The workshop was organised by UNICAS under the auspices of the “Associazione
Geotecnica ltaliana”; of the “Ordine degli Ingegneri della Provincia di Bologna”; and of the
“Ordine dei Geologi della Regione Emilia Romagna. Two hundred and five participants from
a range of occupational backgrounds (engineers, architects, geologists drawn from
representatives of municipalities, local authorities, governmental institutions; academic
institutions, and private consultants) attended the workshop. During the afternoon session
they were asked to complete a short questionnaire in which they scored the impact that they
thought the range of concepts identified in deliverable D1.1 would have on community
resilience to EILD events. In particular respondents were asked to describe the strength of
the relationships that they believed existed between the concepts and community resilience
using a five-level Likert scale expressed in linguistic terms as "very low", "low", "medium",
"high" and "very high". The respondents were also asked to describe the type of influence
that they believed each factor has on resilience using the “+” sign to express a positive
influence (i.e. as the factor increases/decreases, the resilience increases/decreases) or the “-
“ sign to express a negative influence (i.e. as the factor increases/decreases, the resilience
decreases/increases). If the respondent was confident that no relationship existed between
the concept and community resilience they were asked to leave the field blank. The weighting
and direction of influence (including the % of respondents who agreed with the direction) for
each factor by all the participants are shown in Table 3.2.

From both the mode and arithmetic mean score presented in Table 3.2 it is clear that, whilst
all the factors (except political leadership) were considered of some importance to community
resilience, those that addressed ‘technical’ issues were generally considered more important
than those associated with ‘social’, ‘economic’ and ‘organisational’ issues. This can be more
clearly seen in Figure 3.1. Figure 3.2 shows a breakdown of the importance to each group of
factors given by the 4 primary respondent groups (missing data has been excluded from the
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analysis). Whilst is can be seen that the ranking order of importance weightings is generally
consistent across all respondent groups (all group’s rank the technical factors as the most

important), it does appear that the architects, engineers and geologist groups tend to rate all
the factor groups as more important than the manager group. This said, none of the
respondent groups exhibited a wide range in weighting factor values and this must be noted
when developing any weighting system as part of a community resilience to EILD event toolkit.

One hundred and twelve respondents completed the questionnaire survey.

Table 3.2: Arithmetic mean, modal score and direction of influence of a range of technical,
organisational, social and economic factors have on community resilience to an EILD
event - all respondents

Factor Arithmetic | Mode Direction of Influence
Mean Score (% agree)
Poor design and construction (T) 4.06 Very High | Negative (91%)
Unregulated land use planning (T) 3.90 Very High | Negative (91%)
Lack of building codes (T) 3.47 High Negative (89)
Protection of Cis (T) 3.74 Very High | Positive (90%)
Protection of built assets (T) 3.61 Very High | Positive (81%)
Stock assessment and retrofitting (T) 3.49 High Positive (94%)
Network redundancy (T) 3.36 Medium Positive (88%)
Proximity to disaster prone areas (T) 3.94 Very High | Negative (88%)
Early warning (O) 3.18 Medium Positive (90%)
Risk assessment (O) 3.25 Medium Positive (94%)
Trained staff (O) 3.72 Very High | Positive (94%)
Emergency response plan (O) 3.68 High Positive (91%)
Public information (O) 3.14 High Positive (90%)
Hazard mitigation plan (O) 3.54 High Positive (92%)
Political leadership (O) 2.18 Very Low | Positive (58%)
Pre-disaster planning (O) 3.45 High Positive (87%)
Education (S) 3.26 Medium Positive (91%)
Disaster preparedness (S) 3.34 Medium Positive (92%)
Social cohesion (S) 3.19 Medium Positive (93%)
Social support (S) 2.83 Medium Positive (88%)
Social networks (S) 2.56 Medium Positive (86%)
Poverty (S) 3.07 Medium Negative (88%)
Collaboration with research institutes (S) | 2.74 Medium Positive (90%)
35
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Public participation in decisions (S) 2.80 Medium Positive (81%)
Empowerment (E) 2.94 Medium Positive (92%)
Disaster insurance (E) 3.08 Medium Positive (89%)
Funding mechanism (E) 3.54 Very High | Positive (89)

Business continuity plan (E) 2.97 Medium Positive (89%)
Ability to mobilize resources (E) 3.87 Very High | Positive (91%)

Note: T-Technical Factor; O-Organisational Factor; S-Social Factor; E-Economic Factor

Aritmetic Mean Across Factors

Economic Factors

Social factors

Organisational Factors

Factor Groups

Technical Factors

0.00 050 1.00 150 200 250 3.00 350 4.00
Arithmetric Mean

Figure 3.1: Arithmetic mean score of the weights assigned by the respondents by category of factors

36
LIQUEFACT Project — EC GA no. 700748



* X %
*

. * LIQUEFACT
* > Deliverable D5.4
* * WHOLE LIFE BUILT ASSET MANAGEMENT MODELLING FRAMEWORK:
* o X Integrating mitigation to earthquake induced liquefaction disaster events
into strategic built asset management planning

v.1.0

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No. 700748

Arthimetric Mean Across Factors by Respondent
Group

5.00

o

4.00
3.0
2.0

o

Arthimetric Mean

1.0

o

Architect Engineer Geologist Manager

Respondent Group

B Technical Factors m Organisational Factors Social factors Economic Factors

Figure 3.2: Arithmetic mean school of the weights assigned by different respondent groups to
technical, organisational, social and economic factors that affect community resilience

The aim of the Bologna workshop was to test whether a group of decision-making
stakeholders that had recent experience of an earthquake disaster event that included
liquefaction could associate with the generic range of community resilience factors identified
from literature and, whether they could assign consistent importance weighting scores to
individual factors and across factor groups. From the results of the questionnaire survey it
would appear the answer to both of these questions is yes. Whilst initially some respondents
asked for clarification of the questionnaire, this was primarily in seeking to understand how
to interpret the positive/negative question associated with the direction of influence that each
factor would have on community resilience and not on understanding the meaning of each
factor. As such, whilst technically the questionnaire was researcher-administered, in the vast
majority of cases it can be considered as self-administered and the results demonstrate that
community resilience to EILD events based on scoring the impact and importance of a range
of factors similar to those presented in Table 3.1 could be developed. Development of the
community resilience to EILD events commenced in WP5 Task 5.1 and completed as part of
WP5 Task 5.4 (reported here).
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3.2  Areview of modelling approaches to community resilience to an EILD event
LIQUEFACT deliverables D1.1 and D5.1 also critically reviewed the range of toolkits and metrics
developed to measure community resilience to disaster events (Table 3.3) and the modelling
approaches used by the various toolkits to achieve an overall assessment of a community’s
resilience to a disaster event. The range of modelling approaches included:

e qualitative assessments based on the existence or not of a factor (tick box
scorecard);

e linear modelling using simple summation across a range of factors;

e statistical and quasi-statistical approaches to identify critical or dominant factors
within a community including factor analysis and structural equation modelling;

e comparative models that reflect resilience before and after a disaster event
(normally assessed through reference to future scenarios);

e mapping approaches that group individual metrics against a range of higher-level
factors including network models (analytic hierarchy process, analytic network
process and policy cognitive maps); and

e complex models, including systems modelling of single and multiple integrated
(or nested systems)

Table 3.3: List of toolkits for measuring community resilience to disaster events.

Toolkit Description

GOAL This toolkit measures community level resilience through the assessment of a broad
range of resilience components in 5 thematic areas.

e Governance (6 components)

e  Risk Assessment (3 components)

e Knowledge and Education (3 components)

e Risk Management / Vulnerability Reduction (12 components)

e Preparedness and Response (6 components)
Each component is scored on a 1-5 scale and then aggregated to provide an assessment
of the resilience of each key component and the overall level of resilience of the
community. The output is in the form of a dashboard radar plot that can compare
different communities or the same community before and after interventions
https://www.goalglobal.org/images/5101 HN OP 006 11 Resilience Toolkit English

BO2.pdf
DPRAP This toolkit was developed to measure the socio-economic and environmental impacts
CoBRA of community based disaster risk reduction to drought across the Horn of Africa. The

specific aim of the toolkit is to “design a quantitative impact assessment of interventions

at the community or household level”. The CoBRA model establishes a baseline

assessment of an individual household’s resilience to an event and then measures how
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this might change following a range of interventions. Resilience is measured at a set point
in time through a composite of 5 components (human, physical, natural, social and
financial) that provide individual and overall resilience score. Measurements are then
repeated after a disaster event/interventions and improvements (or reduction) in
resilience can be calculated. Although the metrics developed in the toolkit are not
directly applicable to earthquake disasters the principles of importance (ranking) and
performance (scoring) underpinning the approach are.
https://issuu.com/edwintoo/docs/cobra conceptual framework and meth

Menoni The EU ENSURE (Enhancing resilience of communities and territories facing natural and
et al na-tech hazards) project examined the relationship between flooding vulnerability and
resilience in Sondrio (Italy). As part of the project a matrix approach was developed to
assess the resilience of the built environment, infrastructure and social systems. The
matrix approach provided a framework for assessing the existence (or not) of a range of
factors that would affect resilience to a flooding event.
http://link.springer.com/article/10.1007%2Fs11069-012-0134-4

Bruneau | This framework was developed specifically to measure the seismic resilience of

et al communities. The framework is based around a series of matrices that define at a global
level (through performance criteria) the Robustness, Redundancy, Resourcefulness and
Rapidity requirements of a community’s Technical, Organisational, Social and Economic
systems. Further matrices repeat the process (Robustness, Redundancy, Resourcefulness
and Rapidity requirements) for critical systems (Power, Water, Health, Emergency
Response) from a Technical, Organisational, Social and Economic perspective. This
multiple performance metric approach allows community resilience to be broken down
into three complimentary measures: reduced failure probabilities; reduced
consequences from failures; and reduced time for recovery.

http://earthquakespectra.org/doi/abs/10.1193/1.1623497

Kellett et | The Future Framework for Disaster Risk Reduction: A guide for Decision Makers is a set

al of guidance for government decision makers on what should be included in a disaster
risk reduction framework. Whilst the guidance does not provide specific tools, it does
highlight 11 areas (making the case, the architecture, monitoring and accountability,
financing, vulnerability and inclusion, disaster risk, environmental and ecosystems,
science and technology, conflict and fragility, stakeholders and leadership, sustainable
development) that need to be addressed in any disaster risk reduction framework.
https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-
files/8996.pdf

Resilienc | Provides a framework for assessing resilience in social-ecological systems. Their

e workbook for practitioners provides guidance on developing and implementing
Alliance management solutions to improve system resilience. The framework provides tools for
describing the system under threat; applying the adaptation cycle; identifying system
interactions; understanding governance systems and social networks; and for developing

conceptual models and setting threshold criteria. The resilience assessment resulting
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from enacting the framework can be implemented and integrated into strategic plans
and management processes to improve the resilience of the system.
http://www.resalliance.org/files/ResilienceAssessmentV2 2.pdf

IFRC Earthquakes: Guidelines on Preparing, Responding and Recovering. The International
Federation of Red Cross and Red Crescent produce guidelines for national societies in
preparing, planning and implementing field operations in response to an earthquake
event. The guidelines are built on the Hyogo Framework and although this has now been
superseded by The Sendai Framework the advice in the guidelines is valid.
http://www.preventionweb.net/files/26164 earthquakeguidelinesenweb.pdf

UNISRD The Disaster Resilience Scorecard for Cities consists of 95 disaster resilience evaluation
Disaster | criteria (later increased to 118) grouped by subject/issue, details of the item being
Resilienc | measured, a qualitative or quantitative statement of an indicative measurement, an

e indicative measurement scale (from 0 to 5, where 5 is best practice), and comments to
Scorecar | help those applying the item being measured. Each item is assessed against two risk
d for scenarios; a “most probable” scenario and a “most severe” scenario. These scenarios
Cities are defined by each city in response to its assumed hazard threat level. Where possible

individual assessments are based on objective measures but where these do not exist
subjective assessments can be made. Irrespective of which type of assessment is used,
full justification for the scores given should be recorded; this will not only allow external
validation but will also act as a start point for assessing future revisions. Where items are
not under the direct control of a single stakeholder, scoring should be done following
consultation with all relevant stakeholders. Finally, not all items listed in the scorecard
will apply to all situations and as such the scorecard should be contextualised to reflect
city specific circumstances and disaster type.
https://www.unisdr.org/we/inform/publications/53349

Ainuddin | Developed a multiple indices approach to measuring community resilience to earthquake
& hazards in Baluchistan. Their approach was based on 4 components of (social, economic,
Routray | physical and institutional) each representing its own domain and measured through 17
individual indicators. Each indicator was expressed in percentage terms and weighted to
represent the relative importance of each indicator to each other. Due to lack of data
the authors used a subjective assessment of the relative weights and whilst this does not
negate the principles behind the approach, it does call into question the robustness of
the specific comparisons presented in the paper. The overall community resilience was
then calculated by combining the individual component scores.
http://link.springer.com/article/10.1007/s11069-012-0201-x

The tools, models and metrics presented in Table 3.3 can be considered exemplars of the kind
of issues that will need to be addressed when assessing the resilience to EILD events. Following
the detailed consideration of the various toolkits with researchers from the LIQUEFACT project
and the LIQUEFACT International Advisory Board, the UNISDR Disaster Resilience Scorecard
for Cities was identified as the most appropriate for assessing community resilience to an EILD
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3.3

event. The rationale behind this choice was based on a perceived best practice approach
demonstrated by the UNISDR scorecard and the fact that many countries/cities were
beginning to use the scorecard to assess their antecedent resilience to a range of disaster
events, including earthquake events. As by definition, earthquake induced liquefaction
phenomenon cannot occur without an earthquake event happening, it seemed logical to the
research team that any scorecard it developed to assess resilience to an EILD event should be
compatible with, and supplementary to, the UNISDR scorecard. As such, LIQUEFACT
researchers have customised the latest version of the UNISDR Disaster Resilience Scorecard
for Cities to provide supplementary guidance to ensure that when the Scorecard is applied to
an assessment of community resilience to earthquake disaster events it also includes an
assessment of the potential for, and antecedent resilience of communities to EILD events.

Review of the Customised UNISDR Disaster Scorecard for Cities for EILD events
In 2015 the UNISDR (UNISDR, 2015) developed “The Disaster Resilience Scorecard for Cities”
as an assessment method to allow cities to better understand how resilient they are to
natural and man-made disasters. The Scorecard was developed from the “Ten Essential” for
Making Cities Resilient in support of the Sendai Framework for Disaster Risk Reduction 2015-
2030.

The “Ten Essentials” seek to provide a better understanding of:

e the disaster risks a city might face;

e how to mitigate the risks; and

e how to respond to disasters in a way that seeks to minimise loss of life, livelihoods,
property, infrastructure, economic activity, and the environment.

The “Ten Essentials” are grouped into three sections (Figure 3.3). Essentials 1-3 address
governance and financial issues; Essentials 4-8 address planning and disaster preparation;
and Essentials 9-10 address disaster response and post-disaster recovery. The Scorecard
was developed to enable cities to establish a baseline measurement of their antecedent
level of disaster resilience for each “Essential” and to identify opportunities for investment
and action (mitigation interventions) to improve their disaster resilience over time.

The UNISDR Scorecard consists of 118 disaster resilience evaluation criteria (Table 3.4)
grouped by subject/issue, details of the item being measured, a qualitative or quantitative
statement of an indicative measurement, an indicative measurement scale (from 0 to 5,
where 5 is best practice), and comments to help those applying the item being measured.
Each item is assessed against two risk scenarios; a “most probable” scenario and a “most
severe” scenario. These scenarios are defined by each city in response to its assumed hazard
threat level. Where possible individual assessments are based on objective measures but
where these do not exist subjective assessments should be made. Where items are not
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under the direct control of a single stakeholder, scoring should be done following
consultation with all relevant stakeholders. Finally, not all items listed in the scorecard will
apply to all situations and as such the scorecard can be contextualised to reflect city specific
circumstances and disaster type. The LIQUEFACT project has developed a customised version
of the Scorecard for use alongside the original scorecard by cities/regions assessing the
resilience to earthquake events.

In developing the customised Scorecard LQIUEAFCT has taken note of the experience of
other users and of the feedback from the Bologna workshop and from the LQIUEFACT
International Advisory Board.

Experience from those cities that have completed the scorecard suggests that they have
done so at three different levels (UNISDR, 2015). Some cities have adopted a high level
survey approach where a one to two day workshop supplemented with a pre-event
questionnaire has been used to provide a simple (average or consensus) score for each
“Essential” and, if required, an aggregated score across all essentials. Other cities have
adopted a more focussed approach, concentrating on specific aspects of resilience (e.g. a
selection of the “Essentials”) to provide an in depth assessment of that specific aspect of
resilience. Some cities have taken the opposite approach and performed an in depth
assessment of all of a city’s resilience “Essentials” but it was noted that such an approach
can be very time consuming. The ability to apply the scorecard at different levels of
sophistication provide the opportunity for both a rapid assessment of a cities resilience to a
disaster as well as for a detailed assessment of the impact that a range of
mitigation/adaptation interventions could have to improve the city’s resilience. The
LIQUEFACT customised version of the UNISDR Scorecard has been developed to a similar
range of assessment levels; in particular, a supplementary Critical Infrastructure Scorecard
has been developed to reflect the specific nature of EILD events and the potential impact
that such events can have on the performance of critical infrastructure.

Irrespective of which approach is used to complete the Scorecard, the final decision that
those using the Scorecard need to make is their approach to aggregating the scores given to
the items measured in each “Essential” and between “Essentials”. Whilst a simple
arithmetic summation or average will provide an overview of a city’s resilience, it does
assume that all the items are equally important within each “Essential” and that all the
“Essentials” are equally important to the city’s overall resilience. Such an approach, whilst
providing a reasonable basis for general discussions on a city’s resilience, as indicated in the
Bologna Workshop questionnaire, is probably a little simplistic if the Scorecard is to be used
to assess the effectiveness of a range of mitigation interventions to improve resilience (as
required in the LIQUEFACT project). The LIQUEFACT customised version of the UNISDR
Scorecard has been developed to provide two levels of aggregation using weightings derived
from expert opinion and applied through either a balanced scorecard approach, or a multi-
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criteria approach, that reflect the relative importance of each criteria within each essential,
and the relative importance of each essential, to overall community resilience to an EILD
event. The aggregated scores from the customised UNISDR Scorecard will be integrated into
the RAIF and built asset management plan as part of the mitigation options appraisal
process.

City Resilience Scorecard
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Figure 3.3: The City Resilience Scorecard (source: UNISDR, 2017)

Table 3.4: Summary of the subject/issues addressed in the UNISDR Disaster Resilience Scorecard for
Cities (source: Summarised from UNISDR, 2017)

Essential Element Subject/Issue Number
of Items
Measured
Organise for Resilience Plan making 3
Organisation, coordination and participation 4
Integration 1
Data capture, publication and sharing 1
Identify, Understand and Hazard assessment 1
Use Current and Future Knowledge of exposure and consequences 2
Risk Scenarios Cascading impacts or interdependencies 1
Hazard maps 1
Updating of scenario, risk, vulnerability and exposure 1
information
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Since the submission of deliverable 5.1 (May 2017) the UNISDR and AECOM?2 have continued
to develop and refine the UNISDR Scorecard based on the feedback from a number of pilot
studies, including:

e The need for the Scorecard to support short (1 day) workshops with a range of city
stakeholders (e.g. local businesses/civic groups) who could collectively agree a
consensus on the impact and scoring mechanisms for each essential based on their
experiences and potential response to future scenarios (e.g. most severe and most
probable disasters scenarios). The Scorecard also has to differentiate clearly
between essentials; identifying those which needed further investigation outside
of the workshop. For the LIQUEFACT customised Scorecard this will include the
development of a more detailed assessment of the impact that EILD events have
on critical infrastructure (Cl) assets.

e The need for the Scorecard to provide a level of detail to the analysis that would
allow potential improvement to the essentials for a range of mitigation activities to
be evaluated as part of the wider Hazard Mitigation Planning process. For the
LIQUEFACT customised Scorecard this will include the identification of mitigation
interventions that can improve a subject/issues indicative measurement score.

e The need for the scorecard to support individual businesses in assessing the
resilience to disaster events including assessing their preparedness and response
strategies. This includes the need for the scorecard to be integrated into wider
disaster risk management planning. For the LIQUEFACT customised Scorecard will
include the integration of the Scorecard into the RAIF, including into an
organisation’s Business Continuity and Resilience/Disaster Management Plans.

e The need to integrate the Scorecard with more specifically focused disaster
resilience tools that focus on particular essentials, or support very localised
assessments of disaster impacts, including the ability to apply the Scorecard to a
range of businesses (and their supply chains) located within a potential disaster
impact region. For the LIQUEFACT customised Scorecard will include the
integration of the Scorecard into the RAIF, including into an organisation’s Business
Continuity and Resilience/Disaster Management Plans and the development of a
specific section for a detailed assessment of Cl resilience to EILD events.

e The need for the Scorecard to reflect previous local disaster history including a
recognition of attitudes to risk amongst different stakeholder groups and the ability
to realise coping capacity (e.g. insurance, back-up (out of region) systems, recovery
and rebuilding (build back better)). For the LIQUEFACT customised Scorecard this
will be achieved through integration with the RAIF and cost benefit analysis tool.

B http://www.nafsma.org/sites/default/files/shared-files/UN Scorecard Melnar Chapman 0531 2018.pdf
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34.1

e The need for a shorter preliminary assessment version of the Scorecard that would
allow a rapid screening of potential risks without the need to invest the time and
effort you undertaking a full analysis. For the LIQUEFACT customised scorecard this
will be achieved through the use of the simple balanced scorecard aggregation
method.

Given all of the above a customised version of the UNISDR Disaster Resilience Scorecard for
Cities was developed as the basis for measuring a city’s antecedent resilience to EILD events
and for assessing the improvement in this resilience that could be achieved by applying a range
of mitigation interventions. The next section of this report describes the development and
validation of the LIQUEFACT customised Disaster Resilience Scorecard for Cities for an EILD
event.

Customisation of the UNISDR Disaster Resilience Scorecard for EILD events

The LIQUEFACT toolbox will use the UNISDR Disaster Resilience Scorecard for Cities as the
basis for assessing community resilience to EILD events. The subject/issues;
question/assessment area; indicative measurement scale; and comments sections outlined in
the Scorecard have been reviewed by the LIQUEFACT project partners, external expert
stakeholders and LIQUEFACT International Advisory Board to identify those items that are
potentially affected by an EILD event and to rank the relevance of each item to community
resilience to an EILD event.

Research Methodology for customising the UNISDR Disaster Resilience Scorecard for
EILD events

A series of group interviews were held with LIQUEFACT Partners and External Stakeholders to
customise the UN Scorecard for the specific case of EILD events. Community Resilience to
liquefaction is a complex phenomenon and using this discursive research methodology
enabled the researchers to:

e discover how different groups (LIQUEFACT partners; and external stakeholders
involved in disaster management emergency response) viewed community
resilience to liquefaction and to explore in detail why they held certain opinions;

e investigate the use, effectiveness and usefulness of the criteria presented in the
UNISDR Scorecard in case of and EILD event; and

e generate additional guidance to score each subject/issue to the case of

earthquake induced liquefaction.
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3.4.2

Before each group interview all participants were sent the UNISDR Scorecard in order to give
them the opportunity to familiarise themselves with the document. However, during the
interviews the interviewer reviewed again the subject/issue; question/assessment area;
indicative measurement scale; and comments sections for each criterion to ensure that all the

group participants understood the reasons for the interviews.

The LIQUEFACT partners were asked to consider and discuss each of the Criteria in the
Essentials 1-4 and 6-10. Essential 5 (Safeguard Natural Buffers to Enhance Protective Functions
Offered by Natural Ecosystems) was removed from the list of Essential as pre-screening by the
research team had deemed this Essential ‘not specifically relevant’ to community resilience to

an EILD event.

After the first round of interviews Essential 8 was also removed (except for criteria 8.1.1 and
8.1.2 as they focus on protective infrastructure and their maintenance) as a review of the
wider literature around improving resilience to EILD events (see LIQUEFACT deliverable 5.1)
had already identified the need for LIQUEFACT to develop a much more detailed scorecard
which could reflect the impact that an EILD event would have on the performance of a range

of critical infrastructure systems. The detailed Cl scorecard is presented in section 4.

Stakeholder interview protocols

Twelve group interviews were held with stakeholders located in either Italy or Turkey.
Anonymized details (to comply with ethics requirements) of the 12 group interviews are given
in Table 3.5.

Table 3.5: List of organizations and experts involved in the interviews

Group ID Number of Level of Expertise Area of Expertise
Participants

P1 7 Professors, Geotechnical Engineering,
Researchers, PhD Construction Technology,
students, MSc students

P2 2 Professor, Researcher Geotechnical Engineering

P3 3 Professor, Associate Geotechnical Engineering
Professor, Researcher

P4 3 Associate Professor, Geology, Geotechnical
Senior Research Fellow, | Engineering, Structural
Researcher Engineering
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P5 2 Senior Research Earthquake Hazard and
Engineer, Head of Risk, Earthquake
Department of Engineering, Engineering
Earthquake Hazard and | Seismologist
Risk
P6 3 Researchers Geology, Geotechnical
Engineering, Emergency
Management
P7 3 Practitioner Engineers, Engineering, Surveying
Reconstruction and
Planning Managers
P8 7 Practitioner Engineers, | Civil Engineering, Geological
Practitioner Geologists | Engineering, Disaster
Management
P9 2 Professors, politician Geophysics Engineer,
P10 5 Professors, Associate Civil Engineering, Geological
Professors, Researchers | Engineering
P11 4 Practitioner Engineers, | Geological Engineering,
Emergency Responder Geophysical Engineering,
Search and Rescue, Hazard
Training
P12 4 Practitioner Engineers Civil Engineering,
Geophysical Engineering,
Geological Engineering

In total 45 individuals participated in 12 group interviews conducted between May and
December 2018. Following a general welcome, the interviewer: confirmed that:

e the purpose of the interview was to evaluate the suitability of the UNISDR
Scorecard to assess community resilience to an EILD event; and where necessary,
to provide modified statements that better reflected the impact that each of the
issues addressed by the scorecard would have in the event of an EILD event;

e the interview would be conducted under Chatham House rules where the results
from the workshop would be shared but where no individual response would be
attributed to any individual participating in the workshop. In other words the
interview would be fully anonymized; and

e the procedure that the interview would take and established the ground rules for
participation.
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The group interviews were conducted as though they were focus groups. Two interviewers
carried out the group interviewers; one did the Italian participants and the other the Turkish
participants. Each interviewer was a native speaker of the country in which the interviews

were carried out. The interviews were conducted in the participants native language.

Both interviewers used the same standard protocol script and set of questions for the
interviews. As these were focus group type interviews, the interviewer:
e kept the discussion moving;
e provided further explanations or examples in case interviewees struggled to
understand or contextualise the question;
e kept the discussion focused on the topic being investigated; and

e attempted to bring everyone into the conversation.

All the discussions were recorded and then summarised by the interviewers. A summary of
the major topics/comments/points discussed in each interview were reported against each
guestion in an excel spreadsheet.

For each subject/issue the first question was an open question: Is this subject/issue of
relevance when considering the effect of earthquake induced liquefaction on community

resilience?

Different types of answer where provided to this question based on the level of confidence
the participants demonstrated. For all the subject/issues the following answers were
registered:
e Yes-itisrelevantin case of liquefaction and comments were provided.
e  Yes no comments - it is relevant in case of liquefaction but no comments were
provided.
e No-itisirrelevant in case of liquefaction.
e Yes/No - in case participants were undecided.
e No Answer - if the participants were not confident: in answering a specific
subject/issue, or the entire essential; or in discussing the specific criteria in an

Essential but the essential was discussed only in general terms.
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3.4.3

Participants who answered YES (this was a relevant subject/issue for earthquake induced
liquefaction) and who felt confident to discuss the subject/issue, were asked to expand on
their answer and to provide comments/explanations on whether the subject/issue,
question/assessment area, indicative measurement scale, and comments contained in the
UNISDR Scorecard were appropriate (in their existing UNISDR scorecard form) and able to
effectively address resilience to an EILD event or whether they required amendment, either
in part or in whole? Participants who thought that amendments were required were then
asked to suggest modifications. After all those who wanted to express an opinion on the
subject/issue had been given the opportunity to do so the interviewer moved to the next

subject/issue and the process was repeated. Each group interview last about three hours.

Analysis of interview responses

Analysis of the interview responses was carried out at two levels by three independent
researchers. For each subject/issue an analysis was carried out on the results of the first
question: Is this subject/issue of relevance when considering the effect of earthquake
induced liquefaction on community resilience? Whilst it was acknowledged that this is an
insubstantial metric; it did provide a screening tool to assess the relevance of the subject/issue
to an EILD events. It also allowed an assessment of any difference in relevance found between
the interview groups. This analysis also allowed the identification of those subject/issues that
were clearly relevant or clearly not relevant in the case of an EILD event. Those that were
identified as definitely relevant and should be considered in the EILD customised scorecard;
those which were definitely not relevant and would require no specific consideration from an
EILD perspective in the customised scorecard. The following criteria was used to evaluate
importance:

e |f more than 50% of groups identified an issue “Yes or Yes no comments” it was
considered relevant and should be included in the final EILD customised score card.

o |f between 40%-49% of groups identified an issue “Yes + Yes no comments” it was
considered not relevant but requiring further consideration before a decision was
made to include or remove it from the final EILD customised scorecard.

e If more than 50% of groups identified an issue “No” it was considered not relevant
and should be removed from the final EILD customised scorecard.

o |f between 40% and 49% of groups identified an issue “No” it was considered not

relevant but requiring further consideration before a decision was made to remove
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it from the final EILD scorecard. This further consideration sought to examine the
degree of confidence demonstrated by the group in answering this specific issue.
o “No Answer” was greater 50%, more than 50% of the interviewees were not
confident in answering a specific criterion.
o “No Answer” was equal to 50%, 50% of the interviewees were not confident

in answering a specific criterion.

An analysis of the responses from all 12 groups identified all the subject/issues for Essentials
1,2,3,4,7,8,9, and 10 as relevant when evaluating community resilience to an EILD event
Table 3.6. As such all the subject/issues would need to be considered in the EILD customised
UNISDR Disaster Resilience for Cities scorecard. The subject/issues for Essential 6 were
inconclusive and as such these should be considered for inclusion in the EILD customised
UNISDR disaster resilience cities Scorecard.

The above said, it should be noted that when the same analysis was carried out for the two
subgroupings significant differences were observed between the relevance rankings given by
the LIQUEFACT partners/ Italian external stakeholder groups and those given by the Turkish
external stakeholder groups. The Turkish external stakeholder groups rated all the
criterion/issues as relevant.

Table 3.6: Table showing the guidance on the relevance of each subject/issue for inclusion or rejection
from the UNISDR Disaster Resilience Scorecard for Cities when considering community
resilience to EILD events.

Essential Include Definitely Include Maybe Reject Definitely
1 1.1.1,1.1.2,1.1.3,1.2.1,
1.2.2,1.2.3,1.2.4,1.3.1,
141
2 2.1.1,2.2.1,2.2.2,2.3.1, 2.5.1
24.1
3 3.1.1,3.2.1,3.2.2,3.2.3,
3.2.4,3.3.1,3.3.2,3.4.1,
34.2,34.3
4 4.1.2,4.1.2.1,4.1.3, 4.1.1,43.3
4.2.1,43.1,43.2,44.,
4.4.2
6 6.1.2,6.1.3,6.1.4 6.1.1,6.2.1.1,6.3.1,
6.3.2,6.4.1,6.4.1.1,
6.4.2,6.5.1,6.6.1
7 7.1.1,7.1.2,7.1.2.1,
7.2.1,7.2.2,7.3.1,7.3.2,
7.4.1,7.4.2,7.4.3

51
LIQUEFACT Project — EC GA no. 700748



LIQUEFACT

Deliverable D5.4

WHOLE LIFE BUILT ASSET MANAGEMENT MODELLING FRAMEWORK:
Integrating mitigation to earthquake induced liquefaction disaster events
into strategic built asset management planning

v.1.0

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No. 700748

8 (only ?? 8.1.1,8.1.2 8.2.1,8.2.2,8.2.3,8.3.1,
considered 8.3.2,8.3.3,8.4.1,8.4.2,
8.43,8.4.4,85.1,8.5.2,
8.5.3,8.5.4,8.5.5, 8.5.6,
8.5.7,8.6.1,8.6.2, 8.6.3,
8.7.1,8.7.2,8.7.3,8.8.1,
8.8.2,8.8.3,8.9.1, 8.10.1,
8.11.1,8.14.4.1,4.4.21.2,
8.11.3

9 9.1.1,9.1.1.1,9.2.1,
9.3.1,9.3.2,9.4.1,
9.4.1.1,9.5.1,9.5.2,
9.5.2.1,9.5.3,9.5.4,
9.6.1,9.6.2,9.6.3,9.7.1,
9.7.2

10 10.1.1, 10.1.2, 10.1.3,

10.2.1
Note: there were NO Reject Maybe subjects/issues.

The following sections present a summary of the key comments made by the stakeholder
groups for each Essential along with detailed additional guidance when considering the impact
of EILD events of community resilience.

Essential 1: Organise for Resilience

This Essential was about municipalities organising themselves for resilience; be that from local
to national levels. There was a wide range of opinions expressed by the respondents as well
as a general feeling of ambivalence towards how to implement this Essential into the
LIQUEFACT scorecard. There was some agreement that long term planning is needed but that
it requires large financial commitments to enact. There were a few mentions of working with
other organisations but too few communication practises currently being put into place to
support this. Specific comments made by the groups for each subject/issue comprising
Essential 1 are summarised in Table 3.7.

Table 3.7: Specific comments to ensure that EILD events are fully considered in Essential 1: Organise
for Resilience

Subject/Issue Relevance | EILD Specific Comments
Score
Risk 1.0 Plan making needs to include an assessment of the risk of
Consideration in liquefaction using macrozonation maps supplemented with
Plan Making micro-zonation studies and site-specific vulnerability analyses,
particularly for key elements of critical infrastructure.
Consultation in 1.0 Consultation needs to include geotechnical
plan making associations/engineers who can provide specific advice on
liguefaction.
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Review of 0.917
strategic plans

Whilst there is a need to review the strategic plan for EILD events
the suggested time period of three years is too short. Strategic
plan should be reviewed as more detailed macro
zonation/micro-zonation studies become available and level of
knowledge of liquefaction improves.

Pre-event 0.917
planning and
preparation

No specific additional (beyond that undertaken general
earthquake disasters) planning should be required for EILD
events except for assessing the liquefaction impacts on key
elements of critical infrastructure.

Coordination of 0.792
event response

No specific additional (beyond that undertaken general
earthquake disasters) coordination should be required for EILD
events except for assessing the liquefaction impacts on key
elements of critical infrastructure.

City resources 0.875
for managing
preservation,
ordination and
participation

No specific additional (beyond that undertaken general
earthquake disasters) consideration should be required for EILD
events except for ensuring that those responsible are aware of
the liqguefaction phenomenon.

Identification of 0.792

No specific additional (beyond that undertaken general

resilience with
other initiatives

physical earthquake disasters) physical contribution should be required
contributions for EILD events.

Integration of 0.958 It is important that the impacts of an EILD event on

disaster initiatives/projects are evaluated, particularly for critical

infrastructure, and that micro-zonation studies and/or site-
specific vulnerability analyses are budgeted for.

Extent to which 0.833
data on the city’s
resilience
position is
shared with
other
organisations
involved with the
city’s resilience

It is important that micro-zonation studies are made widely
available so that other organisations can assess their level of risk
to a potential EILD event.

Essential 2: Identify, Understand and use Current and Future Risk Scenarios
This Essential is about adopting future risk scenarios to improve resilience. There were a range

of different ideas between the groups and a few contradicting concepts. It was clear that the
stakeholders all felt that vulnerabilities are far-reaching and that social factors need
consideration (although there was not much knowledge in this area in these stakeholders).
Many respondents felt that vulnerabilities need to be considered at a local level. Specific
comments made by the groups for each subject/issue comprising Essential 2 are summarised

in Table 3.8.

LIQUEFACT Project — EC GA no. 700748

53



LIQUEFACT

Deliverable D5.4

WHOLE LIFE BUILT ASSET MANAGEMENT MODELLING FRAMEWORK:
Integrating mitigation to earthquake induced liquefaction disaster events
into strategic built asset management planning

v.1.0

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No. 700748

Table 3.8: Specific comments to ensure that EILD events are fully considered in Essential 2: Understand
and use Current and Future Risk Scenarios

Subject/Issue Relevance | EILD Specific Comments
Score

Knowledge of 1.0 Identifying a most severe and most probable liquefaction

hazards (also scenario is very difficult as it requires a combination of an

called perils, or earthquake event and susceptible ground profile. Reference
shocks and should be made to macro zonation and micro-zonation maps
stresses) that the and liquefaction specific diagnostic tools should be used to

city faces, and identify areas at risk. These areas should then be examined in

their likelihood more detail through the use of in-depth tests and specialised
expertise. The LRG software can support these type of
assessment.

Knowledge of 0.958 Detailed microzonation studies supplemented with site-specific

exposure and ground investigations should be performed to identify

vulnerability potentially liquefiable soils and to calculate the impact, through
the use of fragility curves generated from a range of earthquake
scenarios, on built assets. The LRG software can support these
types of assessment.

Damage and loss 0.792 Knowledge of exposure and vulnerability to an EILD event

estimation should be calculated for each of the cities subsystems (e.g.
critical infrastructure, large-scale housing, key business areas
etc.) and these analyses used to estimate damage and loss. The
LRG software and RAIF can support these types of assessment.

Understanding of | 0.833 The exposure and vulnerability of each critical infrastructure

critical assets and subsystem needs to be analysed and its interdependency on

the linkages other subsystems needs to be established. The RAIF can support

between these these types of assessment.

Hazard maps 0.75 Micro-zonation studies supported by liquefaction specific
diagnostic analysis should be undertaken.

Update process 0.625 Whilst regular updating processes for an EILD event is
important, the three year time period suggested in the
scorecard is too short. Updating should take place as and when
new micro-zonation studies become available.

Essential 3: Strengthen Financial Capacity for Resilience

Most interviewees did not feel confident in discussing this section. There was a consensus that
liguefaction needs to be considered as part of a general assessment of resilience to
earthquake events at both local and national levels and for the need to generally strengthen
financial capacity for resilience to natural disasters. Specific comments made by the groups
for each subject/issue comprising Essential 3 are summarised in Table 3.9.
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Table 3.9: Specific comments to ensure that EILD events are fully considered in Essential 3: Strengthen
Financial Capacity for Resilience

Subject/Issue Relevance | EILD Specific Comments

Score
Awareness and 0.583 Predicting the costs associated with an EILD event is very
knowledge of all difficult but additional funding, on and above that required to
possible methods deal with the impacts of earthquake ground shaking is required.
of financing The LRG software can provide a high-level assessment of the
and funding, as costs of an EILD event. The city needs to ensure that these costs
required are covered in the disaster funding plans.
The city is
actively pursuing
financing and
funding, as
required
Note: If sufficient
funds exist these
assessment
criteria can be
omitted
Adequacy of 0.583 Specific funding, on an above that for general earthquake
financial planning resilience, should be identified to improve the resilience of any
for all actions critical infrastructure assets that have been identified at risk
necessary from an EILD event.
for disaster
resilience
Capital funding 0.417 Specific funding, on an above that for general earthquake
for long run resilience, should be identified to improve the resilience of any
engineering critical infrastructure assets that have been identified at risk
and other works from an EILD event.
that address
scenarios and
critical assets
identified in
Essentials 2 and
Essential 8
Operating 0.5 Specific funding, on an above that for general earthquake
funding to meet resilience, should be identified to improve the resilience of any
all operating critical infrastructure assets that have been identified at risk
costs of disaster from an EILD event.
resilience
activities
Contingency 0.5 No additional specific issues required (assuming that
fund(s) for post liguefaction is included as part of general earthquake recovery).
disaster recovery
(may be referred
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to as a “rainy-day

organizations to
improve disaster
resilience —
disaster plans,
premises etc

fund”)

Domestic 0.5 No additional specific issues required (assuming liquefaction is
insurance covered by existing insurance)

coverage

Non-domestic 0.5 No additional specific issues required (assuming liquefaction is
insurance covered by existing insurance)

coverage

Incentives to 0.583 No additional specific issues required (assuming that
businesses liquefaction is considered part of an organisation’s general

earthquake disaster planning).

Incentives 0.5
to non-profit
organizations to
improve disaster
resilience —
disaster plans,
premises etc

No additional specific issues required (assuming that
liquefaction is considered part of an organisation’s general
earthquake disaster planning).

Incentives to 0.583
homeowners to
improve disaster
resilience —
disaster plans,
premises, etc.

No additional specific issues required (assuming that
liguefaction is considered part of a homeowners general
earthquake disaster planning).

Essential 4: Pursue Resilient Urban Development
There was much ambiguity about what was currently being provided to support the pursuit of
resilient urban development. However, the groups all agreed on the general importance of
implementing resilient urban developments and that regulations, although not fully efficient,
were beginning to support this. Specific comments made by the groups for each subject/issue
comprising Essential 4 are summarised in Table 3.10.

Table 3.10: Specific comments to ensure that EILD events are fully considered in Essential 4: Pursue

Resilient Urban Development

Subject/Issue Relevance EILD Specific Comments
Score
Potential 0.625 No additional specific issues required (whilst liquefaction can
population create major damage to buildings, as it is a localised
displacement phenomenon, population displacement is not a significant
issue).
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Economic activity | 0.75 No additional specific issues required for % employment at risk
at risk - % of (assuming that vulnerability, exposure, damage and loss
employment at calculations have been undertaken as part of Essential 2).
risk
Economic activity | 0.75 No additional specific issues required for either % of business
at risk - % of output at risk (assuming that vulnerability, exposure, damage
business output and loss calculations have been undertaken as part of Essential
at risk 2).
Agricultural land 0.667 No additional specific issues required (assuming that
at risk vulnerability, exposure, damage and loss calculations have been
undertaken as part of Essential 2).
Urban design 0.917 Liquefaction is primarily a localised phenomenon and as such
solution that design solutions need to be at a local scale. Mitigation
increase techniques should be assessed at a local scale.
resilience
Existence of 0.917 Ensure that local, national and/or international building codes
building codes and guidance address earthquake induced liquefaction.
designed to
address risk
identified in
Essential 2
Updates to 0.833 No additional specific issues required.
building codes
Sustainable 0 No additional specific issues required (not relevant to an EILD
building design event).
standards
Application of 0.75 Ensure that land use zones reflect the results of micro-zonation
land use zoning studies where available.
Application of 0.625 Ensure that the local, national and/or international building
building codes codes and guidance address earthquake induced liquefaction.

Essential 5: Safeguard Natural Buffers to Enhance the Protective Functions Offered by
Natural Ecosystems

This essential was deemed not applicable to an EILD event and as such did not form part of
the group interview process.

Essential 6: Strengthen Institutional Capacity for Resilience

Respondents felt that many of the subjects/issues were not directly relevant or applicable to
liquefaction. Most of the respondents agree that institutional capacity for resilience needs to
be strengthened but did not offer suggestions as to how this could be achieved. Additionally,
insurance was identified as an important issue that has not generally received enough
consideration. Specific comments made by the groups for each subject/issue comprising
Essential 6 are summarised in Table 3.11.
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Table 3.11: Specific comments to ensure that EILD events are fully considered in Essential 6:
Strengthen Institutional Capacity for Resilience

Subject/Issue Relevance | EILD Specific Comments
Score
Availability of skills 0.5 No additional specific issues required.

and experience in
disaster resilience -
risk identification
mitigation, planning,
response and post
even response

Private sector links 0.583 No additional specific issues required.

Engagement of 0.583 No additional specific issues required (assuming that
insurance sector liquefaction is covered under general earthquake insurance).
Civil society links 0.625 No additional specific issues required.

Exposure of publicto | 0.583 No additional specific issues required (assuming liquefaction
education and is covered by the education and awareness materials).
awareness

materials/messaging
-Coordinated public
relations and
education campaign
exists, with
structured
messaging, channels,
and delivery
Exposure of publicto | 0.5 No additional specific issues required (assuming liquefaction
education and is covered by the education and awareness materials).
awareness
materials/messaging
- Exposures per
member of public,
per month to
messaging

Extent to which data | 0.5 No additional specific issues required
on the city resilience
position is shared
with other
organizations
involved with the
city's resilience
Extent to which data 0.5 No additional specific issues required
on the city resilience
position is shared
with community
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organizations and
public
Availability of take- 0.583 No additional specific issues required (assuming liquefaction
up of training is covered by the education and awareness materials).
focussed on Risk and
Resilience
(Professional
Training) - Training
offered and available
to resilience
professionals (from
government,
voluntary or other
sources)

Availability of take- 0.583 No additional specific issues required (assuming liquefaction
up of training is covered by the education and awareness materials).
focussed on Risk and
Resilience
(Professional
Training) - % of
population trained in
last year
System/process for 0.542 No additional specific issues required (assuming liquefaction
updating relevant is covered by the education and awareness materials).
training
Accessibility of 0.542 No additional specific issues required (assuming liquefaction
education and is covered by the education and awareness materials
training to all
linguistic groups in
the city - % of
population trained in
last year

Effort taken to learn 0.583 No additional specific issues required (assuming that
from what other liguefaction is part of the learning process).

cities, states and
countries (and
companies) do to
increase resilience

Essential 7: Understand and Strengthen Societal Capacity for Resilience

This Essential is about developing and understanding the societal capacity for resilience to
ensure that it can be strengthened in preparation for a disaster. Most respondents felt that
this subject/issue was not directly relevant to liquefaction. One interviewee group did identify
business continuity planning as important but did not elaborate on how this will be done.
Specific comments made by the groups for each subject/issue comprising Essential 7 are
summarised in Table 3.12.

59
LIQUEFACT Project — EC GA no. 700748



LIQUEFACT

Deliverable D5.4

WHOLE LIFE BUILT ASSET MANAGEMENT MODELLING FRAMEWORK:
Integrating mitigation to earthquake induced liquefaction disaster events

into strategic built asset management planning
This project has received funding from 1.0
the European Union’s Horizon 2020 Ve 1.
research and innovation programme
under grant agreement No. 700748

Table 3.12: Specific comments to ensure that EILD events are fully considered in Essential 7:
Understand and Strengthen Societal Capacity for Resilience

Subject/Issue Relevance EILD Specific Comments
Score
Coverage of 0.5 No additional specific issues required.

community or
"grass roots"
organization(s)
throughout the
city
Effectiveness of 0.5 No additional specific issues required.
community
network -
Community
organization
meeting frequency
and attendance
Effectiveness of 0.5 No additional specific issues required.
community
network - Clear
identification and
coordination of
pre post-event
roles for
communities
bodies, supports
by training. Roles
screed and signed
off, preferably via
MOU or similar.
Social 0.5 No additional specific issues required.
connectedness
and
neighbourhood
cohesion
Engagement with 0.5 No additional specific issues required.
vulnerable groups
of population
Extent to which 0.2 No additional specific issues required.
employers act as a
channel with

employees

Business 0.5 No additional specific issues required (assuming liquefaction
Continuity is covered as part of business continuity planning).

Planning
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Frequency of
engagement

0.5

No additional specific issues required.

Use of mobile and
e-mail "systems of
engagement" to
enable citizens to
receive and give
updates before
and after disasters

0.5

No additional specific issues required.

Validation of
effectiveness of
education

0.5

No additional specific issues required (assuming that
liguefaction is part of the education process).

Essential 8: Increase Infrastructure Resilience
This essential will be replaced with a specific critical infrastructure scorecard that provides a
more detailed analysis of each critical infrastructure type. The first two subject/issues were
explored in the group interviews as they provide a strategic level assessment of protective
infrastructure. Specific comments made by the groups for each subject/issue comprising
Essential 8 are summarised in Table 3.13.

Table 3.13: Specific comments to ensure that EILD events are fully considered in Essential 8: Increase

Infrastructure Resilience

maintenance

Subject/Issue Relevance EILD Specific Comments
Score
Adequacy of 0.833 Need to assess the degree to which ground improvements
protective mitigations to reduce earthquake induced liquefaction can
infrastructure be provided for key elements of critical infrastructure (e.g.
transportation embankments and bridges, dams, critical
buildings, etc.). Detailed analysis of mitigation options will
form part of the critical infrastructure resilience scorecard
Effectiveness of 0.833 No additional specific issues required (assuming that any

mitigation measures identified above also include routine

inspection and maintenance).

Essential 9: Ensure Effective Disaster Response
Most respondents did not think that this was directly relevant to liquefaction. One
interviewee group discussed the need for an early warning system for liquefaction but did not
expand on how this could be achieved. Specific comments made by the groups for each
subject/issue comprising Essential 9 are summarised in Table 3.14.
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Table 3.14: Specific comments to ensure that EILD events are fully considered in Essential 9: Ensure
Effective Disaster Response

Subject/Issue Relevance EILD Specific Comments

Score
Existence and 0.5 No additional specific issues required (assuming that any
effectiveness of early warning systems that exist for earthquakes include
early warning EILD events).

system - Length
and reliability of
warning - enabling
practical action to

be taken

Existence and 0.5 No additional specific issues required (assuming that any
effectiveness of early warning systems that exist for earthquakes include
early warning EILD events).

system - Will 100%
of population
receive it?
Existence of 0.5 No additional specific issues required.
emergency
response plans
that integrate
professional
responders and
community
organizations (For
post-event
response - see
Essential 10)
"Surge" Capacity 0.2 No additional specific issues required.
of police also to
support first
responder duties
Definition of other | 0.5 No additional specific issues required.
first responder
and other staffing
needs, and
availability
Definition of No additional specific issues required.
equipment and
supply needs and
availability of
equipment -
Equipment and
supply needs are
defined for "most
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probable" and
"most severe"
scenarios in
Essential 2

Definition of
equipment and
supply needs and
availability of
equipment -
Estimated shortfall
in available
equipment per
defined needs
potentially rom
multiple sources.
MOUs exist for
mutual aid
agreements with
other cities, and
also for private
sector sources

0.5

No additional specific issues required.

Likely ability to
continue feed the
population

0.5

No additional specific issues required.

Likely ability to
meet needs for
shelter/safe places
- "Shelter gap" -
number of
displaced persons
minus shelter
places available
within 24 hours

0.5

Ensure that EILD losses are included in earthquake loss
assessments.

Likely ability to
meet needs for
shelter/safe places
- "Shelter gap" -
"Shelter gap" -
ability of shelters
to withstand
disaster events
and remain safe
and usable

0.5

Ensure that EILD damage is included in assessments.

Ability to meet
likely needs for
staple goods

0.5

No additional specific issues required.
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Likely availability
of fuel

0.5

No additional specific issues required.

Interoperability
with neighbouring
cities/states and
other levels of
government of
critical systems
and procedures

0.5

No additional specific issues required.

Emergency
operation centre

0.5

No additional specific issues required.

Coordination of
post event
recovery

0.5

No additional specific issues required.

Practices and
rehearsals -
involving public
and professionals

0.5

No additional specific issues required.

Effectiveness of
drills and training

0.5

No additional specific issues required.

Essential 10: Expedite Recovery and Build Back Better
This Essential is about developing and understanding the societal capacity for resilience to
ensure that it can be strengthened in preparation for a disaster. Most respondents did not

think this subject/issue was directly relevant to liquefaction. One interviewee group identified
the need for business continuity planning but did not elaborate on how this will be done.
Specific comments made by the groups for each subject/issue comprising Essential 10 are

summarised in Table 3.15.

Table 3.15: Specific comments to ensure that EILD events are fully considered in Essential 10: Expedite

Recovery and Build Back Better

there has been
stakeholder
consultation
around the
"event recovery
and economic
reboot"

Subject/Issue Relevance EILD Specific Comments

Score
Planning for post | 0.5 No additional specific issues required (assuming liquefaction
event recovery assessment is included as part of an earthquake scenario).
economic reboot
Extent to which 0.5 No additional specific issues required (assuming liquefaction

assessment is included as part of an earthquake scenario).
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Shadow financial 0.5 No additional specific issues required.
arrangements for
processing
incoming aid and
disbursing funds
Learning loops 0.5 No additional specific issues required.

3.4.4 Discussion of the customisation procedure

Although the stakeholder groups were generally very knowledgeable about EILD events they
found it difficult to identify specific issues that needed to be addressed in the UNISDR
Scorecard. Participants found it difficult to identify specific EILD attributes for the
general/procedural issues. This said, it is clear from the interviews that the key aspect of a
city plan/resilience strategy/action plan for an EILD event revolves around those Essentials (1,
2 and 3) that collectively inform corporate/city governance. What was clear from the
interviews was the need for these Essentials to explicitly address the potential risks associated
with an EILD through the use of the latest macro-zonation maps, micro-zonation analyses, and
site-specific investigations. The risk assessment also needs to consider the specific impacts
that earthquake induced liquefaction would have on key critical assets through the use of
fragility curves. The risk assessment also needs to identify the financial costs that will be
needed to improve resilience of key critical assets to an EILD event and ensure that these costs
can be covered through prudent financial planning. The tools being developed by the
LIQUEFACT project (particularly the LRG and RAIF) should provide the basis for the above
analyses.

Essentials 4, 6 and 7 which (along with Essential 8) collectively inform an integrated planning
framework for a city plan/resilience strategy/action plan appear to be less influenced by the
specifics of an EILD event and as such the generic indicators used by the UNISDR scorecard
should cover resilience to an EILD event. Assuming that liquefaction is considered as part of
the general resilience to earthquakes very little additional criteria is required to customise the
scorecard for an EILD event.

The exception to the above is Essential 8, which in the opinion of the LIQUEFACT project is not
detailed enough to provide meaningful assessments of the impact that an EILD event could
have on the range of critical infrastructure systems that communities rely on. As such, an
alternative critical infrastructure resilience scorecard has been developed in the LIQUEFACT
project (see section 4) which can be integrated into the EILD customised UNISDR Scorecard to
provide an overall assessment of a city/region’s resilience to an EILD event.
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3.4.5

Essentials 9 and 10, which collectively inform the response planning framework for a city
plan/resilience strategy/action plan are primarily generic and independent of a specific
disaster event and as such no additional information is required to customise the for an EILD
event. Again assuming that liquefaction has been recognised earlier in the scorecard as a
potential sub-hazard of an earthquake event that the city/region may or may not need to
address.

With regards to the appropriateness of using the UNISDR scorecard to assess community
resilience to an EILD event, respondents found it very difficult (except for the technical
indicators) to separate earthquake induced liquefaction from ground shaking. A number of
respondents also commented on the large degree of overlap between indicators that
effectively appeared in more than one Essential and they commented on the need to ensure
that double (or even triple) counting doesn’t occur if the scores from individual essential are
aggregated to produce an ‘overall’ community resilience indicator.

Overall, whilst respondents had some concerns about the applicability of the scorecard to
address specific liquefaction issues, and about the potential double counting of issues
between essentials, they did agree that a customised version of the scorecard that included
an assessment of potential impacts of earthquake induced liquefaction alongside ground
shaking would provide a holistic tool to assess community resilience to an earthquake disaster
event. As such, a modified version of the UNISDR Disaster Resilience Scorecard for Cities that
integrates assessments of the impact of an earthquake induced liquefaction alongside that of
ground shaking has been developed in the LIQUEFACT project.

Beta Test version of the EILD Customised Disaster Resilience Scorecard for

Cities to be used in the LIQUEFACT validation process in WP7

Version 3 of the LIQUEFACT EILD Customised Disaster Resilience Scorecard for Cities that
combines the additional information identified in the interviews along with suggested
mitigations is shown in Table 3.16. The Customised Scorecard will be used in conjunction with
an assessment of the resilience of a city/region to earthquake disasters to ensure that EILD
events are properly accounted for in an earthquake city plan/resilience strategy/action plan.

The customised scorecard will be applied using the same methodology as described by the
UNISDR for the application of the standard UNISDR scorecard (see
https://www.unisdr.org/we/inform/publications/53349 for full implementation details.
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ESSENTIAL 1: Organise for Resilience
Table 3.16: UNISDR Disaster Resilience Scorecard for Cities Customised to include Earthquake Induced Liquefaction
Standard UNISDR Scorecard Additional Considerations for EILD events
Ref Subject / Question/ Indicative measurement scale Comments Specific Comments for | Indicative | Importance
Issue Assessment Area Liquefaction Score Score
Plan Making
111 Risk To what extent are 5 —The plan includes a range of actions/priorities Risk identification and aggregation into Plan making needs to include 501 [ 1High
Consideration in risk factors (e.g. urban growth and infrastructure projects) scenarios is considered in Essential 2. an assessment of the risk of 4[] [ 1 Medium High
Plan Making considered that directly respond to current and anticipated This assessment criterion (1.1.1) is aimed at liquefaction using 311 [ 1 Medium
within the City Vision future risks. the city teams involved in strategic planning | macrozonation maps 2[ ] [ 1 Medium Low
/ Strategic Plan? 4 —The plan includes a range of actions/priorities | / plan making. supplemented with micro- 1 1] [ ]Low
(e.g. urban growth and infrastructure projects) Does the plan making process use best zonation studies and site- o[ ]
that directly respond to current identified risks. available science and risk assessment specific vulnerability analyses, LIQUEFACT Score -
3 —The plan context is framed around clear process to inform the order, magnitude and particularly for key elements High
presentation of the city risk factors. location of major new urban growth or of critical infrastructure.
2 — A robust risk assessment methodology is significant infrastructure investment? i.e. is
integral to the city plan. the future spatial vision for the city
1 -There is evidence within the plan that risks informed through clear risk assessment
(hazards x likelihood) is broadly understood processes.
within the City planning team.
0 — Risks are not considered in the plan.
1.1.2 Consultation in Is this strategy 5 —Yes — All relevant groups have been invited * The city emergency services; Consultation needs to include | 5[ 1 [ 1High
Plan Making developed through and attended. Other city services and departments geotechnical associations 4[] [ 1 Medium High
inclusive, Stakeholders have been fully briefed on the (public works, transportation); engineers who can provide 3[ 1] [ 1 Medium
participatory process and receive regular bulletins on the e The local health sector: specific advice on 2[ ] [ 1 Medium Low
multi-stakeholder progress of the plan. Utility providers including liquefaction. 1[ 1] [ ]Low
4 — At least 8 of the 10 listed groups (right) have telecommunications: o[ ]
been engaged/consultef:l. « Local businesses; LIQ.UEFACT Score
3 — At least 6 of the 10 listed groups have been — High
67

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT

Deliverable D5.4

WHOLE LIFE BUILT ASSET MANAGEMENT MODELLING FRAMEWORK:
Integrating mitigation to earthquake induced liquefaction disaster events into strategic built asset management planning

v. 1.0
This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No. 700748
Standard UNISDR Scorecard Additional Considerations for EILD events
Ref Subject / Question/ Indicative measurement scale Comments Specific Comments for Indicative | Importance
Issue Assessment Area Liquefaction Score Score
engaged / consulted. * NGOs;
2 — At least 4 of the listed groups have been * Civil society organisations including
engaged / consulted. minority group representation;
1 - At least 2 of the listed groups were invited. * Environmental sector;
0 — Stakeholder engagement has been . X e
undertaken. * The wider city population in all
neighbourhoods, both formal and
informal community groups;
* Local universities;
* Scientific institutions;
Other tiers of government or
neighbouring cities, where necessary for
the city’s resilience;
* Industry associations.
1.1.3 Review of Is the city strategic 5 —The plan has already been reviewed and there Whilst there is a need to 501 [ 1High
strategic plans plan reviewed on a is a published commitment to review the plan at review the strategic plan for 4[] [ 1 Medium High
regular basis? least every 3 years. The plan update process EILD events the suggested 3[ 1] [ 1 Medium
(including capturing lessons learned) is detailed in time period of three years is 2[ 1] [ 1 Medium Low
the plan and stakeholders are clear how they can too short. Strategic plan 1 1] [ ]Low
inform the plan update process. should be reviewed as more o[ ]
4 —The plan has already been reviewed and there detailed macrozonation / LIQUEFACT Score
is a published commitment to review the plan at micro-zonation studies — High
least every 3 years. Clear processes have been become available.
instigated to capture lessons learnt and to ensure
these lessons inform plan updates.
3 —The plan has already been reviewed and
updated and there is a published commitment to
ongoing / regular review (at least every 3 years).
2 —No review has taken place but there is a
commitment to undertake a review every 5 years.
1 - No review has happened yet, but a review is
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Ref Subject / Question/ Indicative measurement scale Comments Specific Comments for Indicative | Importance
Issue Assessment Area Liquefaction Score Score
assumed. No timescale has been set out. The
commitment to review is not published.
0 — No review has been undertaken and there are
no plans to undertake a review.
Organisation, Participation and Coordination
1.2.1 Pre-event Co-ordination of 5 - There is a clear coordination of all relevant The single point of co-ordination may be a No specific additional 501 [ 1 High
planning and all relevant prevent pre-event planning and preparation activities. All person, or a group or committee (with sub- (beyond that undertaken 41 ] [ 1 Medium High
preparation planning roles and accountability are clearly defined groups or committees as appropriate). It will | general earthquake disasters) | 3[ 1] [ 1 Medium
and preparation between relevant organizations. coordinate the relevant (see below) planning should be required 2[ ] [ 1 Medium Low
activities exists 4 - There is some coordination of pre-event activities of: for EILD events except for 1[ ] [ ]Low
for the city’s area, planning and * The city government and, if separate, assessing the liquefaction o[ 1]

with clarity of roles preparation in the city. However, overlapping highways, police, armed forces/civil impacts on key elements of LIQUEFACT Score
and accountability roles exist and accountability is not clearly defence, water, energy, or any other critical infrastructure. — High
across all relevant defined. relevant city organizations);
organizations. 3 - The city (or focal point/institution) is currently o Other tiers of government (e.g. state
in process of coordination of pre-event and ward-level) or neighbouring
planning activities, which will clearly identify roles municipalities);
and accot’mta'blllty among relevant grganlzatlons. * Private sectors organizations with
2 - Coordination of pre-event planning and relevant roles — for example, utilities,
preparation activities not sufficient. No clear phone companies, healthcare, logistics
|d|ent|f|cat|on o.f rqles and accountability among companies, fuel depots, property
relevant .org.amzatlons. . i companies and other relevant
1 - The city is currently discussing to start a organisations
procZ.ss to " lanni d activiti Some cities may have different
COOL inate a pre—e\:ent P ?nnmg an Z‘?tlv't'es' organizational arrangements for different
0- There are current Y no p ans to coordinate pre- types of disaster. However, these need at
event and planning activities. least to work through the same
coordination point (person or committee) to
ensure consistency in response
arrangements; and also to enable
management of simultaneous disasters as
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Standard UNISDR Scorecard Additional Considerations for EILD events

Ref Subject / Question/ Indicative measurement scale Comments Specific Comments for Indicative | Importance
Issue Assessment Area Liquefaction Score Score

applicable. The test of relevance is whether
the organization or activity must contribute
in any way to preparing for the event
scenarios covered below in Essential
2.Coordination of data and systems is
covered in Essential 6.

1.2.2 Coordination of Coordination of 5 - There is a clear coordination of all relevant See guidance above. No specific additional 5[ 1 [ 1High

event response all relevant event response activities. (beyond that undertaken 4[] [ 1 Medium High
response activities All roles and accountability are clearly defined Event response coordination arrangements general earthquake disasters) | 3[ ] [ 1 Medium
in the city’s area, between relevant organizations. should be regularly tested, if not by real coordination should be 2[ ] [ 1 Medium Low
with clarity of roles 4 - There is some coordination of response events, at least in simulation exercises - see required for EILD events 1[ ] [ ]Low
and accountability activities in the city. Essential 9. except for assessing the o[ ]
across all relevant However, overlapping roles exist and liquefaction impacts on key LIQUEFACT Score
organizations accountability is not clearly defined. Coordination of data and systems is covered | elements of critical — Medium High
3 - Coordination of response activities is not in Essential 6 infrastructure.
sufficient. There is currently no clear
identification of roles and accountability among
relevant organizations in the city.
2 - The city (or focal point/institution) is currently
in process of coordination of response activities,
which will clearly identify roles and accountability
among relevant organizations.
1 - The city is currently discussing to start a
process to coordinate all response activities.
0 - There are currently no plans to coordinate
response activities.

123 City resources for | Ability of the city 5—Yes —all lead agency teams are well It is assumed these assessment criteria most | No specific additional 501 [ 1High
managing government to play established properly resourced / funded and have | relevant to the city government, but could (beyond that undertaken 4[] [ 1 Medium High
organisation, the critical convening | authority to act across all DRR stages — pre, event | be applied to other agencies if they take the | general earthquake disasters) | 3[ ] [ 1 Medium
coordination and and plan making role response and post disaster. lead organisational / convening role for consideration should be 2[ ] [ 1 Medium Low
participation for DRR. Do the city 4 —Yes —all lead agency teams are well DRR. Support can be co-opted (1.2.5) from required for EILD events 1 1] [ ]Low
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Issue Assessment Area Liquefaction Score Score
and or other lead established properly resourced / funded and have | public and private sectors — this question except for ensuring that o[ ]
agencies have the authority to act, but there is inconsistency in relates specifically to resource and authority | those responsible are aware LIQUEFACT Score
authority and resourcing across the key DRR stages. to plan and coordinate of the liquefaction — High
resources to deliver 3 — City teams have authority, convening power activities. phenomenon.
on their DRR and resource / funding but they do not have
commitments? proper inter-agency support.
This assessment 2 — City / lead agencies have authority but are
criteria relating to under resourced.
resources and They co-opt support with some success.
funding should be 1 - City / lead agencies have authority but are
considered for pre- under resourced.
event planning 0 — No. Lead agencies lack proper authority and
(1.2.1), event are under resourced
response
(1.2.2) and post event
(1.2.6 together).
1.2.4 Identification of Co-option of physical 5 — All key contributions fully defined for pre and Physical contributions refer to plant and No specific additional 501 [ 1High
physical contributions by both | post-event, underwritten by MOUs. equipment, people, premises and (beyond that undertaken 4[] [ 1 Medium High
contributions public and private 4 — Most key contributions defined — some minor | accommodation, supplies, data, computer general earthquake disasters) | 3[ ] [ 1 Medium
sectors. gaps in coverage. MOUs may not exist. systems, and so on. These will supplement physical contribution should 2[ ] [ 1 Medium Low
Identification of 3 —Some contributions formally defined but full those provided by the city and may come be required for EILD events. 1 1] [ ]Low
physical contributions | leverage of private sector yet to be achieved. from other agencies or from private sector o[ ]
for each major 2 —One or two contributions defined for specific organizations such as those defined above. LIQUEFACT Score
organization. areas — perhaps via informal agreements. The key is to have a clear view of what will — Medium High
1 - Plans being developed to seek contributions. be needed to supplement the city’s own
0 — No private sector. resources (defined in Essential 9); and then
to enter into explicit MOUs with the
organizations that will supply those items.
Note that the city may also receive
contributions to support plan making and
risk reduction — see 1.1 above.
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Integration
131 Integration of Extent to which any 5 — Explicit decision step, applied to all policy and For example: It is important the impacts of 501 [ 1 High
disaster resilience | proposalin budget proposals in all relevant functional areas. * Traffic management systems may also an EILD event on 41 ] [ 1 Medium High
with other government is also 4 — Explicit or semi-explicit decision step, applied help with evacuation, so increasing initiatives/projects are 3[ 1] [ 1 Medium
initiatives evaluated for disaster | in most cases and in most functional areas. disaster resilience; evaluated, particularly for 2[ ] [ 1 Medium Low
resilience benefits or 3 — No formal process, but disaster resilience * A development approval may locate critical infrastructure, and 1[ ] [ ]Low
impairments. benefits are generally understood to be “helpful” people in harm’s way; that micro-zonation studies o[ ]
Explicit stage in policy | to a proposal, in most functional areas. « Aland use change may reduce benefit and/or site-specific LIQUEFACT Score
and budget approval 2 — Decision step somet.imes applied,. but very . of wetlands in preventing floods. vulnerability analyses are — High
process where likely to be overlooked in most functional areas if Includes, but not restricted to, the budgeted for.
disaster resilience a proposal would impair disaster resilience. functional areas of: land use and zoning;
side benefits, or 1 - Applied ad hoc or occasionally. development; water, energy; public safety;
impairments, of any 0 — Not applied transportation;
C'ty gc?vernment food supply; healthcare.
initiative are
identified and
counted towards the
Return on Investment
(ROI) for that
proposal.
Data Capture, Publication and Sharing
14.1 Extent to which Availability of a single | 5— Full availability of the information listed at Information to consider making open for It is important that micro- 501 [ 1High
data on the city's “version of the truth” | right on readiness and risk; fully shared with public access might include: zonation studies are made 4[] [ 1 Medium High
resilience - other organizations. * A summary of readiness; widely available so that other | 3[ ] [ 1 Medium
position is shared | a single integrated 4 — Some minor gaps, or the information is in * The outcomes of this Scorecard; organisations can assess their | 2[ ] [ 1 Medium Low
with other set more than one place — but it is shared and it is at * An explanation of the hazards and perils level of risk to a potential 1[ ] [ ]Low
organizations of resilience data for least linked to enable navigation. EILD event. o[ ]

that the city is thought to face, and
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involved in city's practitioners. 3 —Some more significant gaps, for example on probabilities; LIQUEFACT Score
resilience readiness; other organizations may have to “hunt ’ — High
,, . * A hazard-map based summary (see
around” to create a complete picture for . .
Essential 2) of at-risk areas;
themselves.
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2 — Some significant information on readiness and * A description of what building codes will
risk is withheld from other organizations or is protect against, and where these have
missing and/or badly fragmented across multiple been applied;
websites. * Afull set of disaster response plans and
1 - Information provision to other organizations known issues:
on readiness and risk is rudimentary at best. Not * Key roles and accountabilities;
possible to for those organizations to derive « Planned investments that willlaffect the
specific conclusions for themselves. o - o
) ) city’s resilience position;
0 — No information.
* Further resources and contact details."
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Hazard Assessment
2.1.1 Knowledge of Existence of recent, 5 — Comprehensive estimates exist, were Cities need to have a view of the hazards Identifying a most probable 501 [ 1High
hazards (also expert-reviewed updated in last 3 years and reviewed by a 3rd or perils that they face — what specific and most severe liquefaction | 4[ ] [ 1 Medium High
called perils, or estimates of party. “Most severe” and “most probable” hazards (tsunami, hurricane, earthquake, scenario is very difficult as it 3[ 1] [ 1 Medium
shocks and probability of known hazards are generally accepted as such. flood, fire etc.) exist and how severe might | requires a combinationofan | 2[ ] [ 1 Medium Low
stresses) that the hazards or perils and 4 — Estimates exist but have minor shortcomings | they be? For each hazard there needs to be | earthquake eventand a 1[ ] [ ]Low
city faces, and their extents. in terms of when updated, level of review, or identified, as a minimum: susceptible ground profile. o[ 1]
their likehood level of acceptance. * A “most probable” incident; Reference should be made to LIQUEFACT Score -
3 — Estimates exist but with more significant o A “most severe” incident. macro zonation and micro- High
shortcomings in terms of when updated and Hazards may be identified from probability zonation maps and
level of review or acceptance. distributions, specifically conducted for the liquefaction specific
2 —Some estimates exist but are not purpose of assessing disaster resilience: diagnostic tools should be
comprehensive; or are comprehensive but more |« et probable” would be at the midpoint used to identify areas that
than 3 years old; or are not reviewed by a 3rd of the range of hazards that need to be risk. These areas should then
party. addressed and “most severe” would be be examined in more detail
1 - Only a generalized notion of hazards, with from the top 10% of the probability range. through the use of in-depth
no attempt systematically to identify Alternatively, they may be approximated tests and specialised
probability. from such sources as: expertise. The LRG software
0 - No estimates. * General hazard assessments for the can support these type of
Note: Use of the UNISDR Quick Risk Estimator region; assessment.
Tool (QRE) can support assessment against . )
these criteria. . Assumpt.lons creat.ed as. an |n.put to
land zoning, planning discussions or
permitting;
* Insurance industry risk assessments;
* Expert opinion as to “typical” hazards;
* Prior experience or historical records of
disasters in the region.
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Area

However, if these levels of knowledge are
not available, cities should still try to
assemble a picture from prior experiences
and/or estimation of the general level of
hazard that they face.

Sophisticated cities may also attempt to
estimate the impact of multiple
consecutive smaller hazards, or
combinations of hazards (a hurricane and
accompanying storm surge, for example).It
is important to note that hazards may
change over time as a

consequence of urbanization and land use
(for example where deforestation
increases propensity for flash flooding),
climate change (for example, changing
rainfall or storm patterns), or better
knowledge (for example, understanding of
seismic threats or likely storm tracks).
Thus, hazard estimates need to be updated
regularly (See 2.5).

Knowledge of Exposure and Consequences
2.2.1 Knowledge of Existence of 5 — Comprehensive scenarios exist city-wide, for | Exposure may be thought of as who or Detailed microzonation
exposure and scenarios setting out the “most probable” and “most severe” what (people, land, ecosystems, crops, studies supplemented with
vulnerability city-wide exposure incidence of each hazard, updated in last 18 assets, infrastructure, economic activity) is site-specific ground

and vulnerability months and reviewed by a 3rd party. potentially in harm’s way as a result of a investigations should be
from 4 — Scenarios have minor shortcomings in terms hazard. Vulnerability may be thought of as performed to identify

each hazard level of coverage, when updated, level or the potential consequences of that potentially liquefiable soils
(see thoroughness of review. exposure (loss of life, property or service; and to calculate the impact, LIQUEFACT Score
above). 3 —Scenarios have more significant physical damage; health impact, economic through the use of fragility — High
shortcomings in terms of coverage, when impact; environmental impact and so on). curves generated from a

[ 1High

[ 1 Medium High
[ 1 Medium

[ 1 Medium Low
[ ]Low

O, NWA~UV
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Standard UNISDR Scorecard

Additional Considerations for EILD events

Ref

Subject /
Issue

Question/
Assessment
Area

Indicative measurement scale

Comments

Specific Comments for
Liquefaction

Indicative
Score

Importance
Score

updated, level of review, thoroughness.

2 — Partial scenarios exist but are not
comprehensive or complete; and/or are more
than 18 months old; and/or are not reviewed by
a 3rd party.

1-Only a generalized notion of exposure and
vulnerability, with no attempt systematically to
identify impacts.

0 — No risk assessment.

Note: Use of the UNISDR Quick Risk Estimator
Tool (QRE) can support assessment against
these criteria.

Different exposures and/or vulnerabilities
may combine, for example where the
tsunami generated by the Tohoku
earthquake in Japan in 2011 (also known as
the Great East Japan Earthquake) badly
damaged the Fukushima nuclear power
plant — generating a whole additional set of
exposures and vulnerabilities.

Exposures and vulnerabilities may be
assessed from sources such as regional
flood maps or earthquake hazard maps, or
from expert estimation.

Hazards, exposures and vulnerabilities
need to be assembled into “scenarios”.
Scenarios are comprehensive pictures of
the total impact of the hazard (if any)
across all neighbourhoods and all aspects
of the city, and will include:

* Exposure and vulnerability of
neighbourhoods and economic zones;
Exposure and vulnerability of critical
infrastructure items, with and without
alternatives (see below);

* Benefit from, and status of ecosystem
services, where applicable;

Estimates of recovery time, given
estimated benefit of mitigation
measures, if any.

Scenarios will ideally have been for
reviewed for thoroughness and plausibility
by a 3rd party and updated in last 18

range of earthquake
scenarios, on built assets.
The LRG software can
support these types of
assessment.
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Area
months. This is more frequently than the
reviews of hazards, above, as land use and
development that may affect exposure and
vulnerability happens on a faster time-
scale.
2.2.2 Damage and loss Do risk assessments 5 — Risk assessments identify multiple risk points Knowledge of exposure and [ 1High
estimation identify business including socio-economic, spatial and physical, vulnerability to an EILD event [ 1 Medium High
output and and environmental assets at risk from “most should be calculated for each [ 1 Medium

employment at risk,
populations at risk of
displacement,
housing at risk,
agricultural land and
ecosystems at risk,
cultural heritage at
risk for key identified
scenarios?

probable” scenario in current development and
future urban and population growth; any
knowledge gaps and uncertainties are
summarized and made explicit.

4 — Risk assessments identify multiple risk points
according to current urban development.

3 —Risk assessments focus mostly on spatial,
physical assets at risk. Data is limited in
sector/subject areas.

2 — Risk assessments currently focus mostly on
spatial, physical assets at risk. There are plans to
update risk assessments once other data is
available.

1 - There are plans to develop risk assessments
to identify on all sectors/subjects at risk.

0 — Risk assessments do not identify all risk
areas and there are no plans to update them as
such.

of the cities subsystem (e.g.
critical infrastructure, large-
scale housing, key business
areas etc.) and these
analyses used to estimate
damage and loss. The LRG
software and RAIF can
support these types of
assessment.

O, NWMWUV

[ 1 Medium Low
[ ]Low

LIQUEFACT Score
— Medium High

Cascading Impacts or Interdependencies

2.3.1 Understanding of
critical assets and
the linkages

between these

All critical assets
are identified (see
Essential 8) and
relationships

5 — Critical assets are identified city-wide and
systematically linked into failure chains as
applicable. The city and appropriate partners
have a retrofit and triage strategy that allows it

As identified above, critical assets are
equipment, facilities, infrastructure or
computer systems/data that are critical to
the functioning of the city, maintenance of

The exposure and
vulnerability of each critical
infrastructure subsystem
needs to be analysed and its

N w s~ U;

[ 1High

[ 1 Medium High
[ 1 Medium

[ 1 Medium Low
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between to prioritize upgrades and repairs. public safety or disaster response. While interdependency on other 1] [ ]Low
them are identified in | 4 — Critical assets and failure chains are many cities will identify these, at least to subsystems needs to be (o}
the form of potential | generally identified with some minor gaps and some degree it is much rarer to identify established. The RAIF can LIQUEFACT Score
“failure chains”. This omissions. A retrofit and triage strategy exists how they are linked and the “failure support these types of — High
is used to frame but it may also have gaps. chains” that may exist. assessment.
disaster plans and 3 -5 —Critical assets and failure chains identified | A failure chain is a set of linked failures
triage (se Essential 9) | to some degree but some significant known spanning critical assets in multiple
and also retrofits and | omissions. infrastructure systems in the city. As an
upgrades to improve 2 — Critical assets are identified but failure example — loss of an electricity substation
the capability of the chains are not. No triage or strategy is therefore | may stop a water treatment plant from
infrastructure to possible and retrofits are prioritised, if they functioning; this may stop a hospital from
withstand disasters. happen at all, by individual city departments. functioning; and this in turn may mean that
1 - Identification of critical assets is patchy at much of the city’s kidney dialysis capability
best — significant gaps exist by area, or by (say) is lost. This is a failure chain that
infrastructure system. No triage strategy. spans energy, water and healthcare
0 — No identification of critical assets systems.
The following ISO 37120 indicators,
especially where mapped spatially, can be
helpful to understand the city baseline,
and to potential cascading impacts:
* 1SO 37120 indicator 7.2. Electrical
connectivity;
* 1SO 37120 indicator 21.1. Potable
Water Supply;
* |SO 37120 indicator 21.3. Sanitation;
* 1SO 37120 indicator 15.1. Informal
Settlement;
* 1SO 37120 indicator 19.1. Quantifies
extent to which the natural
environment has been protected and
maintained;
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* 1SO 37120 indicator 19.2. Trees
Planted
Hazard Maps
2.4.1 Hazard maps Presence of hazard 5- Hazard maps for current urban development For availability / access and publication of Micro-zonation studies 501 [ 1 High
maps (for example, and future urban growth are developed based hazard, vulnerability and risk maps to other | supported by liquefaction 41 ] [ 1 Medium High
flood or seismic risk on available risk- assessments. Relevant organizations and to the public — see specific diagnostic analysis 3[ 1] [ 1 Medium
maps). guidelines exist including multiple benefits of Essential 1. should be undertaken. 2[ ] [ 1 Medium Low
tackling cross cutting issues in an integrated way | Training in risk, vulnerability and exposure 1[ 1] [ ]Low
(such as benefits of addressing adaptation, see Essential 6. o[ 1]
mitigation interface opportunities within (built Note that cities may wish to think about LIQUEFACT Score
environment). the frequency of updates to risk maps. — Medium High
4 — Hazard maps exist for current urban Urban conditions and risks frequently vary.
development and relevant guidelines exist. Smart sensing and controls are shifting
3- Hazard maps are available for current urban focus towards more dynamic updating of
development but there are no guidelines to hazard maps.
guide risk sensitive urban planning and
development.
2- Hazard maps and relevant guidelines to guide
risk sensitive urban planning and development
are currently being developed.
1-There are plans to develop hazard maps and
relevant guidelines to guide risk-sensitive urban
planning and development.
0—There are no plans to develop hazard maps
and / or relevant guidelines to guide risk-
sensitive urban planning and development.
Updating of Scenario, Risk, Vulnerability and Exposure Information
2.5.1 Update process Process ensuring 5 — Update processes exist, are proven to work Updates are Essential because hazards may | Whilst regular updating 501 [ 1High
frequent and at required frequency and thoroughness, and change over time (especially if weather or processes for an EILD event 41 ] [ 1 Medium High
complete updates of are accepted by all relevant agencies. sea-level related); and because land use, is important, the three year 3[ 1] [ 1 Medium
scenarios. 4 — Processes exist with some minor flaws in population and economic activity patterns time period suggested in the 2[ ] [ 1 Medium Low
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Existence of a coverage, date slippage or less important may also change as cities grow. scorecard is too short. 1[ 1] [ ]Low
process agreed agencies being bought in. Updates need to address: Updating should take place o[ ]
between all 3 — Processes exist, but with at least 1 major * Hazard patterns; as and when new micro- LIQUEFACT Score
relevant agencies to: omission in terms of frequency, thoroughness or * Dwellings; zonation studies become — Medium High
Update hazard agency buy-in. Risk identification may be « Businesses; available.
estimates every 3 compromised in some areas, accordingly. - s
. * City infrastructure and facilities (see
years or less; 2 — Processes have some major flaws to the . R . e
Update exposure point where overall value is impaired and Essent.lal 8), |nc.Iud|ng critical assets
L .. . . and failure chains;
and vulnerability original risk assessments are becoming o
assessments and significantly obsolete. * Critical computer systems and data
asset inventory every | 1-—Processes are rudimentary at best. A (see Essential 8);
18 months or less. complete risk assessment — even if elderly — has * Schools and healthcare facilities (see
yet to be achieved. Essential 8);
0 - No processes. * Ecosystem services (see Essential 5).
The focus here is on the process itself and
its ability to ensure continued and
complete updating of scenarios. Updates
may be by means of a regular updating
exercise that captures all changes for the
preceding period, or by means of an
incremental update process that reliably
captures changes as they occur. Many
countries update their risk data on a 5 year
cycle. This is unlikely to be adequate to
keep pace with urban boundary or land use
changes.
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Knowledge of approaches for attracting new investment to the city for DDR
3.1.1 Awareness and Where a city has 5 - Yes there is dedicated responsibility within the | (If no additional financing needs apply, omit | Predicting the costs 501 [ 1High
knowledge of all outstanding city authority to access available financing at this assessment). associated withan EILD event | 4 ] [ 1 Medium High
possible methods | resilience international and national levels. Many cities do not have a fully developed is very difficult but additional 3[ 1] [ 1 Medium
of financing expenditure needs 4 —Yes there is dedicated responsibility within “atlas” of where all possible sources of funding, on and above that 2[ ] [ 1 Medium Low
and funding, as (revenue or capital) — | the city authority to access those funding resilience funding may lie. As a result required to deal with the 1[ 1] [ ]Low
required the extent to which it | streams known to the city, but awareness of all improvements to resilience may go un- impacts of earthquake o[ ]
The city is has researched and available funds is incomplete or accessing such funded. Alternative financing methods and ground shaking is required. LIQUEFACT Score -
actively pursuing understands all funds can be too resource intensive. sources may include, but are not restricted The LRG software can provide Medium
financing and available routes / 3 - There is no dedicated responsibility within the | to: a high-level assessment of
funding, as options to close any city authority, however there are plans to discuss * Leasing; the costs of an EILD event.
required funding shortfalls. and implement this to gain full awareness of * Government grants, including matching The city needs to ensure that
Note: If sufficient | The extent to which available funds and how to access them. grants; these costs are covered in the
funds exist these the. city is actively 2.- There is.no dedicated responsibility \A{ithin the « Social impact or resilience bonds disaster funding plans.
assessment trying to meet city authority to access the funds; there is a (payment for results achieved);
criteria can be funding needs and low/partial awareness of available funds for « Development banks and aid
omitted has a clear response and recovery. o
responsibility for this. | 1—No dedicated responsibility within the city organlza.tlons; .
This may include the authority to access such funds and no awareness ) Foundat!ons that may have a .d.lrect
use of external of which finds to access/ no plans to do so. interest in some aspect of re5|||.ence -
funding or 0 — Response and recovery funding not for example where a cqnservatlon NGO
management considered whatsoever. might support restoration of ecosystem
consultants. services, or an education NGO might
This may include the support awareness and training;
systematic * Other government agencies that may
identification of have a direct interest in some aspect of
“resilience resilience — for example where a
dividends” (see right transportation agency finances a new
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—also known as co- bridge that may also improve
benefits). evacuation capacity;
* Crowd-funding;
¢ Development fees;
* Public-private partnerships;
* Taxes and surcharges.
“Resilience dividends” — sometimes called
co-benefits - arise in two ways: Inbound”
dividends arise where investments
elsewhere in the city have additional
resilience benefits — for example where
advanced meter infrastructures make water
and energy systems more able to report
damage from a flood or earthquake.
Inbound dividends will tend to reduce the
visible costs of resilience. “Outbound”
dividends, where an investment in resilience
also provides an additional, non-resilience
benefit- for example where a flood zone
doubles as a park during times of normal
weather. Outbound dividends serve to
increase the visible benefits of resilience.
Resilience budgets within the city financial plan including contingency funds
3.2.1 Adequacy of Presence of financial 5 — A coherent city-wide set of priorities exists If (as is likely) funding comes from several Specific funding, on an above 501 [ 1 High
financial planning | (capital and that covers all identified needs, is argued sources, the combined funding needs to be that for general earthquake 41 ] [ 1 Medium High
for all actions operating) plan(s) coherently and assembled into a coherent set of adequate for the city’s disaster resilience resilience, should be 3[ 1] [ 1 Medium
necessary with a reasoned set 5 year financial plans (there may be multiple needs, and also coherently deployed “as if” identified to improve the 2[ ] [ 1 Medium Low
for disaster of priorities, based on | responsible agencies). Plans are protected from there was a single source and a single plan. resilience of any critical 1[ 1] [ ]Low
resilience disaster resilience political change. Thus, if there are separate subsidiary plans infrastructure assets that o[ ]
impact achieved, and | 4 —Single 5 year set of priorities and financial (for example, transportation or
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linked to “most plans exist but with some minor omissions and sustainability plans), these need also to be have been identified at risk LIQUEFACT Score
probable” and “most inconsistencies. Political continuity may be an coordinated, complete and mutually from an EILD event. — Medium
severe” scenarios in issue. consistent.
Essential 2. 3 — Financial plans exist but longer than 5 years Plans also need to persist, even if changed
Priorities for disaster and may have some gaps and inconsistencies. or updated, through changes in the political
resilience investment | Political continuity is a known issue. leadership of the city.
SS are clear and 2 — Multiple financial plans from different
defensible, based on agencies — these have never been coordinated
a view of most and it is unclear whether they are consistent or
beneficial impact. not or will together deliver the required level of
Priorities are disaster resilience.
assembled into 5- 1 - Plans exist but with substantial gaps.
year plan that 0 — No prioritization — spe