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Executive Summary

This deliverable has been prepared for the European Commission-funded project ARCH:
Advancing Resilience of historic areas against Climate-related and other Hazards. It is the key
output of task 6.4.3 Developing the Resilience Pathway Handbook; however, it incorporates
outputs from other tasks that support the development of the content of the Handbook: task
6.4.1 Step-by step methodology for the Resilience Pathway design (Chapter 1 & 2 of this
handbook); task 6.4.2 Developing a Resilience Pathway visualisation tool (Chapter 3 & Annex
B: RPVT User’s guide); and task 3.4.4 Co-create Resilience Options and Pathways (Chapter
4). The aims of the task 6.4 are: (1) to advance on the Resilience Pathway concept, which
integrates climate change adaptation and disaster risk management; and (2) to provide tools,
namely the Resilience Pathway Handbook and the Resilience Pathway Visualization Tool
(RPVT) to support the development of Resilience Pathways in the context of historic areas.
The handbook is an educational guide, targeted at stakeholders concerned with historic areas,
to support end users in the definition of Resilience Pathways for historic areas.

Chapter 1 of this handbook aims not only to clarify the concepts of Adaptation Pathways, but
to provide background on the origin of Adaptation Pathways, as well as their purpose and
added value in the context of adaptation planning. It also explains the need to further develop
Resilience Pathways from a practical point of view and describes the main similarities and
differences between adaptation and Resilience Pathways.

Chapter 2 aims to guide groups of stakeholders working together towards enhanced resilience
in historic areas as to the development of Resilience Pathways, which include Adaptation
Pathways. The chapter describes the methodology step by step, indicating the objectives of
each and providing some hints on available resources.

The ARCH project has developed a web-based tool, the Resilience Pathway Visualization Tool
(RPVT), to help with the graphical design of Resilience Pathways in the context of cultural
heritage. Thus, Chapter 3 briefly presents the tool and indicates in which steps of the
methodology and how the RPVT can support the development of Resilience Pathways outlined
in previous chapters. A user guide to the RPVT can be found in the Annex B and can be used
to understand the full content of the RPVT and help navigate through the tool.

Chapter 4 presents the ARCH co-creation and testing activities, with a detailed description on
how the methodology has been applied to ARCH Foundation City Valencia. Beyond this
particular pilot city example, practical considerations, reflections, and conclusions on the
Resilience Pathway approach have been contributed by the other ARCH city partners, namely
Bratislava, Hamburg and Camerino — and are also summarized in Chapter 4.
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Updates in version 2.0 from March 2023

This second version of the Resilience Pathway Handbook was produced after
the final review of the project in November 2022 upon request of the reviewers
and it further describes the critical role of heritage and culture in the pathway

approach (subsection 1.1.5) and adds explanations and examples to better
incorporate the heritage perspective in the different steps of the approach (1.1,
1.2,1.4,2.2, 3.1, 3.3...). Finally, it highlights in chapter 4 how heritage values
are considered in setting the objectives.
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1. Introduction

This deliverable has been prepared for the European Commission-funded research project
ARCH: Advancing Resilience of Historic Areas Against Climate-related and other Hazards.
ARCH aims to enhance the resilience of areas of historic and cultural value to climate change-
related and other hazards. In order to achieve this goal, a range of models, methods and tools
such as the Resilience Measure Inventory (RMI), Resilience Pathway Visualization Tool
(RPVT) and the Resilience Pathway Handbook (this deliverable) have been developed to
support decision-making at appropriate stages of the resilience management cycle.

As a result of Task 6.1, which refers to the Inventory of Preparation, Safeguarding,
Conservation & Management, and Response & Recovery Measures, the Resilience Measures
Inventory (RMI) was developed, and lists 261 measures. Furthermore, Task 6.2 Assessment
of Long-term Implementation Measures deepens the characterisation of these measures at
the case study level, mainly via a desk study on their economic, socio-institutional and
environmental performance’. The information gathered from the above-mentioned sources
has been analysed, mined and compiled corresponding to the objectives that ARCH
addresses. This information served as input for the RPVT.

On the other hand, the pathway approach is a novel methodology to assist planning. Thus, the
Resilience Pathway Handbook aims to:

e Introduce the concept of adaptation and pathways and its context

e Address the advances towards Resilience Pathway methodology

e Communicate in an educational way the steps and considerations needed to build
Resilience Pathways, with a special focus on historic areas

e Help with the use of the RPVT

e Describe the co-creation activities carried out as part of the ARCH project.

This deliverable D6.4, originally entitled “Resilience Pathway Visualisation Tool” in the DoA,
has been renamed the “Resilience Pathway Handbook”. The reason for this change is to clarify
the guiding role that the deliverable plays in providing context and guidance for using the
RPVT, as well as demonstrating the purpose of the tool, which is to help create graphical
displays for Resilience Pathways.

1.1. About this Handbook

1.1.1. What are Resilience Pathways?

A Resilience Pathway is a decision-making strategy closely related to urban planning, that
addresses both slow-onset climate change and natural disaster risk management and displays

1 Economic performance, understood as efficiency, refers to whether the benefits of making the change exceed the
cost of implementing the resilience measures. Socio-institutional performance, understood as acceptability,
expresses what level of acceptance have the measures to be implanted to reduce a risk. Environmental
performance, understood as effectiveness, expresses whether or not resilience measures reduce the impact of
natural hazards such as climate change.
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a sequence of potential resilience-boosting measures that can be implemented progressively
as conditions evolve. Why do we need to advance towards Resilience Pathways?

The pathway approach promotes flexible management: Not all decisions must be made
immediately, rather they are deployed progressively as needed based on latest knowledge. In
regard to resilience, a pathway approach has the following strengths:

It encourages a holistic approach, by considering a mix of resilience measures both
from adaptation to climate change and disaster risk management perspectives. This
helps to have a better understanding and coordination among stakeholders to address
risks.

It accounts for uncertainty about the future and promotes flexible responses to a given
problem. It allows planning for vulnerability and risk reduction while providing flexibility
on the implementation of measures to better consider forthcoming knowledge and
changing contexts. This will help to avoid an inappropriate use of resources by acting
too early or too late.

It encourages co-creation and, thus, the integration of various views and interests,
which may be at times conflicting interests.

It assists with the sequencing of measures, including identification of priorities through
benchmarking to increase resilience.

It can be translated into visual aids, similar to ‘route maps’ that support communication
with stakeholders (see Chapter 3: Resilience Pathway Visualisation Tool ).

Resilience Pathways can be built either based on scientific evidence or models or on
stakeholder non-scientific knowledge as presented in Figure 1. These two approaches can be
complementary.

Evidence-based supporting well informed decisions focusing on
solutions (best clusters of measures to address hazard impacts)

Stakeholder-led: to create narratives to communicate and assist
decision-makers to visualize a dynamic response to changing
conditions and promote stakeholder engagement

Figure 1. Working approaches for Resilience Pathways which determine their use
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1.1.2. The use of Resilience Pathways in the context of Heritage

Cultural heritage is recognised as both a universal value and a factor of economic growth, as
it often is a key driver for sustainable and resilient economic, social, and environmental
development. Because cultural heritage places hold special value for communities, their
protection is central to resilience. For this reason, the Resilience Pathway Handbook pays
special attention to historic areas, though it can be used in a broader sense.

1.1.3. Who is this handbook for?

This handbook is an educational tool, targeted to city and regional stakeholders, to support
cities, regions and their historic areas in the definition of pathways towards successful
resilience building2. Therefore, the handbook provides guidelines and advice to local and
regional administrations and their relevant stakeholders in order to help their historic areas
and, thus, cities or regions become more resilient and sustainable.

Audiences also include stakeholders concerned with adaptation to climate change, resilience®
or sustainability and historic areas, to support end-users in the definition of Resilience
Pathways for historic or urban areas. These stakeholders can be either decision makers or
technicians working at local or regional administrations as well as practitioners and consultants
supporting historic areas and municipalities.

1.2. Gender statement

This deliverable has been developed taking into consideration the guidance on gender in
research provided in the Project Handbook (D1.2), as well as State-of-the-Art (SotA) report
number 5 of deliverable D7.1 “Mainstreaming gender in building cultural heritage resilience”.

Following these guidelines, the work carried out within this deliverable has been built under
the established gender perspective, which aims toward gender mainstreaming in the work
carried out as follows:

» Working towards gender balance when considering the researchers who carried out the
development of the Resilience Pathway Handbook and RPVT in the framework of the task 6.4
and the reviewers.

* Providing equal opportunity to all members of the consortium and external participants when
involved in the meetings and workshops carried out in the framework of the task 6.4. for the
development of the RPVT.

2 To prepare historic areas against potential damages, to safeguard the historic areas (with technical, social and
governance approaches) once evidence of potential damages emerges, to plan and carry out conservation and
management works taking into account future climate projections into account, to tackle proper response & recovery
strategies, once the damages have occurred.

3“The sustained ability of a historic area as a social-ecological system (including its social, cultural, political,
economic, natural and environmental dimensions) to cope with hazardous events by responding and adapting in
socially just ways that maintain the historic area’s functions and heritage significance (including identity, integrity
and, authenticity)”
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1.3. Relation to other deliverables

This deliverable, D6.4 Resilience pathway handbook and the RPVT builds on previous work
described in deliverables D6.2 Assessment of long-term implementation options, and D6.1
Inventory of resilience measures. This deliverable also summarizes the main outputs of D6.3
Inventory and Characterisation of funding measures in terms of principal considerations for a
successful funding search. The RPVT content is based on the resilience measures identified
in D6.1, and the performance information gathered in the RPVT is fed by D6.2. Worth noting
is that performance of all measures may not be available for all types of assessments
(environmental, economic, or socio-institutional) or all types of metrics. The RPVT aims at
supporting the Resilience Pathway Handbook with the visual representation of pathway
roadmaps and by providing evidence-based information on resilience measures which may be
used for pathway development and, thus, planning and decision making.

1.4. Structure of this handbook

Following this introduction, the report is divided into 4 Chapters as seen in Figure 2, plus the

Glossary (Annex A) and the RPVT User’s guide (Annex B).

Chapter 1

Resilience pathways:

How did it come
about?

Chapter 2
Step-by-step
methodology to
develop a resilience
pathway

Chapter 3
Resilience Pathway
Visualization Tool in
the context of the
Handbook

Chapter 4
ARCH Co-creating
and testing activities

This chapter offers information:
+ An overview of the origin, concept and purpose of adaptation pathways
+ Describing the conceptual difference between adaptation and resilience

This chapter provides:

+ Areplicable methodology to develop resilience pathways in an educational way

+ Concrete examples of tools that can support the different steps of the methodology
+ Practical considerations for the application of resilience pathways in historic areas

This chapter offers:

* An overview of the Resilience Pathway Visualization Tool

+ A guide on how it can assist on the development of some of the given steps from Chapter
2, with special attention to historic areas

+ A summary of the content of the tool

This chapter provides:

+ The description of the co-creation activities in relation to adaptation carried out within
ARCH Projectin Valencia case study

+ Lessons learned and practical considerations of the implementation of the pathway
approach in Bratislava, Camerino, Hamburg and Valencia case studies

Figure 2. Structure and content of the handbook chapters
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Chapter 1. Resilience Pathways: How did they come
about?

1.1. Adaptation Pathways

Climate change is increasing the frequency and intensity of climate-related hazards. Their
effects will have huge economic, environmental and social impacts on European cities, for
which we have to be prepared. However, the uncertainty associated with climate change
makes it difficult to plan -- especially for the needed adaptation actions to protect our urban
and historic areas.

Furthermore, urban and historic areas are embedded in complex systems (socio-ecological
systems) that require great efforts to be modelled, analysed, understood, managed and
governed (1-3). These systems, which may vary depending upon culture, economy,
environment etc., involve a multitude of strongly intertwined components (4).

The quest for better cities and historic areas, in the context of climate change, has led to the
search for better planning and decision-making solutions. Nowadays improved planning
strategies (Figure 3) considering future scenarios have been put into place, such as:

e "Predict and act’, when it is believed that the future can be predicted with good
accuracy

e Static Robust Policymaking, when clear paths towards few future scenarios are
projected

But, are these strategies adequate when planning urban adaptation to climate change?
Probably not, due in large part to the fact that climate change introduces a significant amount
of uncertainty, and the nature of cities is complex. Additional uncertainties arise when one also
considers cascading effects. Despite this, decision-makers have to act with cost-effective and
flexible approaches that allow sustainable policy implementation over time, while considering
political uncertainty alongside other environmental, societal and economic changes.
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Figure 3. Approaches that policy makers apply regarding uncertainty of future scenarios. Source:
Adapted from (5)
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In the light of climate uncertainty and the (urban) system complexity, Flexible Adaptation
Pathways, as part of Dynamic Adaptive Policymaking* (DAP), have emerged as decision-
focussed approach to support climate change adaptation planning. Adaptation pathways
ensure the consideration of a wide range of adaptation measures while considering various
future alternatives. Depending on the evolution of the problem, the alternative is reinforced
with another set measures, modify or even delayed. In other words, in Adaptation Pathways,
measures and actions are planned well ahead to prepare for envisioned climate change
impacts, while their deployment is initiated once certain conditions occur.

1.1.1. The context of Adaptation Pathways

Academia started to use the term ‘deep uncertainty’ in the early 2000s to respond to the need
to address and name many different, yet plausible, future alternatives under climate change(6).
This term was often associated with complex systems (7) and decision-making frameworks
related to climate change (8). Soon, academics realized the need to assist decision makers
with new approaches and tools to support planning when many plausible futures are possible.
Consequently, DAP was developed. These approaches are based on assumption planning
and explore a wide range of future scenarios, as seen in Figure 3. These approaches are
based on the implementation of an initial plan, despite the fact that uncertainties are not yet
solved, with the plan being deployed over time as new knowledge is obtained e.g. through
monitoring of the evolution of conditions.

Yet, the concept of Dynamic or Flexible Adaptation Pathways was devised to address the
challenges of climate change uncertainty around 2010 and firstly applied to coastal adaptation
as a result of sea level rise scenarios (9). This approach considers the timing of actions
explicitly and it develops an overview of alternative routes into the future. Since more than 200
studies on Adaptation Pathways have been published.

1.1.2. What is an Adaptation Pathway?

Adaptation pathways assist local governments and communities® in making decisions about
adaptation to climate change in an ongoing, flexible and dynamic way. Their development and
implementation, as is the case with adaptation, is an iterative process. Flexible Adaptation
Pathways allow for monitoring and evaluating the outcomes of specific adaptation measures
and adjusting the roadmap as appropriate. This flexibility allows stakeholders to assess and
identify the most effective ways to minimise the impacts observed for a given context or
expected for the future impacts of climate change. They also allow for a change of course if
"maladaptations", i.e., unintended negative consequences of adaptation, occur.

There are different definitions of Adaptation Pathways depending on which component is
considered by the authors to be more relevant, as presented in Table 1.

Table 1. Definition of Adaptation Pathways

4 Dynamic Adaptive Policymaking lie under the assumption that future cannot be predicted

SA group of people with an arrangement of responsibilities, activities, relationships and with common interests e.g.
climate change. A community can also be a body of persons of common and especially professional interests
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Source Definition

(o :-T17:CE:To 1@ An Adaptation Pathway is a decision-making strategy that is made up of a
10 sequence of manageable steps or decision-points over time

A series of adaptation choices involving trade-offs between short-term and
long-term goals and values. These are processes of deliberation to identify
IPCC (11) . . ) o
solutions that are meaningful to people in the context of their daily lives
BS

and to avoid potential maladaptation

Sequences of potential actions that can be implemented as conditions
evolve in response to climate change risks and opportunities

8631:2021
12

Barnett et A sequence of linked strategies that are triggered by a change in

al. (2014) environmental conditions, and in which initial decisions can have low
13 regrets and preserve options for future generations

VL EGECY-1S Sequences of actions, which can be implemented progressively,

al. (2021) depending on future dynamics (on how the future unfolds and the
14 development of knowledge)

In practice, Adaptation Pathways may combine evidence-based information (e.g., modelling,
observations) with expert opinion to suit the Adaptation Pathway approach to the local context.
As the complexities of dealing with multiple future possibilities and local contexts, as well as
aims and commitments towards adaptation cannot be modelled, the Adaptation Pathway
approach does not provide a single, optimal plan. Rather, it provides policymakers support in
considering a wide range of actions, identifying opportunities and prioritizing them over time.

1.1.3. What are Adaptation Pathways suitable for?

Adaptation pathways may have goals with different levels of hierarchical importance towards
a system adaptation or transformation as described in the British Standard BS 8631:2021
Adaptation to climate change. Using Adaptation Pathways for decision making. Guide (12).
This may depend on how Adaptation Pathways are understood, as well as on the available
resources (e.g. climate knowledge and its impacts, technical, economic) and socio-political
commitment (Table 2) which will determine its final scope. Thus, Adaptation Pathways can be
used to:

e Achieve short, medium, or long-term adaptation goals

e Facilitate adaptation planning by considering a broad range of adaptation measures
and actions

e Promote awareness, learning, collaboration, and capacity building

Table 2. A summary of the goals of the Adaptation Pathway, needed resources and expected adaptation
outcomes

Vision of

the Political

What for Resources® | Knowledge LU

outcomes®

Adaptation commitment?
Pathway

A sequence | Develop a flexible medium High €€€ ©dodo
of measures | long-term action plan
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to achieve a | Guidance documents that Medium €€ SOOO
well-defined | provide a methodology on
adaptation how adaptation measures
objective can be deployed over time
and help incorporate them
in future action plans
Aroadmap | Support the consideration | Low-Medium €€ SO
of measures | of a wide range of
with various | adaptation measures and
alternatives | the order in which they
to promote a | could be deployed
change (Quantitative analysis)
towards a
strategic aim Support the consideration Low € oo
of a wide range of
adaptation measures and
the order in which they
could be deployed
(Qualitative analysis)
A tool to Awareness raising (e.g. Low € oo
support adaptation measures) to
adaptation achieve adaptation goals
to climate
change To engage and build a Low-Medium €€ ®
while collective vision on
considering | @daptation
uncertainty

8The required political commitment; Peconomic and technical needs; ‘How holistic the approach is; %Public and private

stakeholders needed to achieve the adaptation goals

1.1.4. Which advantages do Adaptation Pathways have in the context of Adaptation
Planning?

Adaptation Pathways provide several benefits compared to traditional planning instruments.

The three fundamental ones are:

e They can reflect different (planning) future scenarios that promote flexibility in terms

of the deployment of adaptation to climate change.

e They are based on the performance of the solutions; thus, planning is supported by

evidence®.

e They are an approach that encourage consideration of a wide range of actions and
the sequence in which they could be implemented to address a challenge or risk.

8 Stakeholder-led pathways are also an option to build narratives to communicate and assist decision-makers to

visualize a dynamic response to changing conditions and promote stakeholder engagement
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e They reduce uncertainty in adaptation planning as the triggers for decision points
are scaled against events, and not time. The deployment of measures is initiated
once certain climate-related occurrences have been observed to get worse.

e They buy time to plan and reduces the pressure of making decisions now. As
previously mentioned, the Adaptation Pathway is deployed over time when
monitoring of conditions identifies triggering conditions, at which further decisions
or measures deployment will need to be undertaken.

1.1.5. Gaps in Adaptation Pathways: Heritage

Based on literature, there is a notable lack of attention given to heritage and cultural-led
approaches in the design of pathways. Despite the benefits of cultural-led approaches based
on local knowledge, many planners tend to overlook them in favour of scientific knowledge-
based approaches to reduce climate risks. At the time of writing this Handbook, it appears that
Adaptation Pathways have only been applied once (15) for the climate adaptation for
Aboriginal and cultural heritage. This work focused on the management of heritage, and it was
the result of a stakeholder-led approach using a risk matrix as in Figure 13. This highlights
both:

(1) that this topic is not common knowledge, for example, among heritage managers Thus,
there is a need to further explore and communicate the pathway approach with
heritage-related stakeholders and

(2) that there appears to be a preference for more standardised and universal strategies
that can be easily implemented across different contexts, rather than context-specific
solutions that draw on the knowledge and experiences of local communities. As a
result, the potential contributions of heritage and culture to climate change adaptation,
community resilience and sustainable development goals are often not fully recognized
or utilized in the pathway design.

1.1.6. Gaps in Adaptation Pathways: Disaster Risk Management

Adaptation pathways, as previously mentioned, have been conceptualized to address the
challenges of climate change adaptation. This is often related to slow-onset hazards like
glacier melt, sea level rise, or the spread of invasive species. Thus, flexible Adaptation
Pathways address long-term, gradual and progressive risks. However, as a result of climate
change, the frequency and intensity of weather extremes is also intensifying. Disaster risk
management has traditionally addressed these sudden extreme weather events and their
related impacts, as well as geophysical extremes (earthquakes, volcanic eruptions etc.). Thus,
there is a gap in the application of the pathway concept, as disaster risk management and
adaptation are also naturally intertwined from a climate change perspective. Similarly, it has
not been designed to address, for example, the resilience of historic areas to geophysical
hazards. To bridge this gap, the ARCH Project has advanced the conceptualization of
Resilience Pathways.
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1.2. Resilience Pathways

What are the conceptual differences between an Adaptation and Resilience
pathways?

While Adaptation Pathways deal only with slow-onset risks, Resilience Pathways integrate
them and allow stakeholders to address and plan for sudden hazard extremes -- that is,
disasters. Resilience pathways are aligned with the ARCH Resilience Management
Framework (Figure 4,(16)), which integrates both the management cycle of climate change
adaptation (17) planning and the disaster risk management cycle (18). The normal operating
phase within the ARCH Resilience Management Framework encompasses both the planning
of slow-onset risks as well as the prevention, preparedness and protection activities that would
take place during possible future disasters. Meanwhile, the emergency operating phase (i.e.
the during and post-disaster recovery activities) is triggered once a disaster occurs. Thus,
Resilience Pathways approach mirrors the cycle by addressing the identification, assessment,
prioritization, and sequencing of resilience measures during normal and emergency operating
phases of the ARCH Resilience Management Framework.

Therefore, the authors of this report adopt the following definition for Resilience Pathways:

A Resilience Pathway is a decision-making strategy, closely related to planning, that
addresses both slow-onset climate change and natural disaster management, and

sequences potential measures that can be implemented progressively as conditions evolve
(depending on how conditions change over time, as well as how knowledge develops
further).

The main differences between adaptation and Resilience Pathways are presented in Table 3,
while methodologically specific differences are covered in Chapter 2. Step-by-step
methodology to develop a Resilience Pathway.

Table 3. Differences between adaptation and resilience approach

Addressed

Pathway | Addressed Examples of disaster risk Considered solutions

approach hazard hazards management
phase

From the adaptation to
climate change
perspective:

-Measures to prepare
areas against potential
Pre-disaster® | damages (Preparedness)
-Measures for
conservation &
management, taking
future climate projections
into account (Prevention)

Slow sea level rise,
average monthly or
annual temperature
increase

Adaptation | Slow-onset
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Pathway

approach

Addressed
hazard

Examples of
hazards

Addressed

disaster risk
management

phase

Considered solutions

-Measures to safeguard
the sites once evidence of
potential damages
emerges (Protection)

Sudden Pluvial and fluvial -Measures to prepare
weather foods Pre-disaster* | areas against potential
extremes damages (Preparedness)
From the adaptation and
prevention of a disaster
perspective:
-Measures to prepare
areas against potential
Sl e vl s damages (Preparedness)
average monthly or . . -Measure§ for
Slow-onset T (TS Pre-disaster* | conservation & '
increase management, taking
future climate projections
. into account (Prevention)
Resilience -Measures to safeguard
the sites once evidence of
potential damages
emerges (Protection)
Sudden Pluvial and fluvial -Pre-disaster measures &
weather foods, explosive Pre-during- | -Emergency response
extremes cyclogenesis post disaster | measures
sudden Earthquakes, Pre-during- -Restoration, recovery
geophysical | volcanic eruptions, post disaster | and building back better
extremes | tsunamis measures
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Figure 4. ARCH Resilience management framework
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Chapter 2. Step-by-step methodology to develop a
Resilience Pathway

Both adaptation and Resilience Pathways are aligned or embedded in the climate change
adaptation cycle (17, 19) and the ARCH resilience management framework (20)(Figure 4).
Once the target system’s vulnerabilities, risks and impacts have been evaluated, Resilience
Pathways address mainly the identification, assessment and selection of the resilience
measures using a specific methodology. This allows to prepare an action plan to adapt,
safeguard and mitigate impacts from climate change and/or other natural hazards.

What are the unique features of pathways in the identification and selection of resilience
measures?

e They are problem-solving roadmaps. They not only work towards the identification and
selection of resilience measures, but also towards the sequencing of these measures

e They reflect on clusters of resilience measures at the same time: Aggregation of the
resilience measures which are often called ‘Resilience Pathway alternatives’

e They consider the performance of the resilience measures. Though not all pathway
approaches may be data driven, their effectiveness is normally assessed by means of
environmental or economic performance (e.g., modelling or literature based) but can
also be addressed by stakeholder vision co-development or/and experts’ judgment.

ARCH Resilience Pathway methodology, and proposed resources, responds mainly to the
following purposes (Figure 6), which are considered data-driven approaches:

. To achieve short, medium, or long-term adaptation/resilience goals
. To facilitate resilience planning by considering a broad range of resilience measures

and actions

However, when there is a gap in knowledge the methodology may be adapted (e.g. without

explicitly considering thresholds (step 1.3) or effectiveness (step 3.2) of each pathway
alternative) to promote awareness, learning, collaboration, and capacity building among
various local stakeholders and/or create resilience narratives. This may be also very relevant
as a starting point especially in those systems where resilience management is at a
preparatory phase, the management of the system is complex due to the involvement of
numerous stakeholders with various responsibilities, lack of data to perform an evidence-
based pathway and/or a capacity building of the stakeholders’ work is sought.

The proposed methodological sequence is composed of four main steps (Figure 5), which are
not necessarily linear, may be iterative and can be adjusted according to the strategic
objectives, local needs, and resources of each municipality. As seen in the image, the three
first steps are composed of three sub-steps, each. The British Standard BS 8631:2021 (12),
on the other hand, divides the process in 9 similar steps.
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Step 1.

Preparing « Preparation and context analysis
the ground * Long-term vision & objectives
and setting

objectives

» Definition of threshold

 Creation of resilience measure portfolio

» Characterisation of resilience measures

» Spatial plannification of resilience measures

Step 3. - Aggregation of different resilience pathways
. into the pathway alternatives
Developlng * Performance assessment of the pathway
pathway alternatives
. *Sequencing of the resilience measures over
alternatives time
* Decision regarding the optimal pathway
Step 4. choice, or
Selecting a *Ranking of pathway choi
pathway  EREHESEHRE SR

Figure 5. Methodological sequence of the Resilience Pathway approach

This chapter provides step-by-step guidance on how to develop a Resilience Pathway,
explains key concepts that may be new to the reader, as well as practical consideration and
tools to assist local government and communities on their development.

Step 1: Preparing the ground and setting objectives

This step is vital to ensure the successful development and implementation of a Resilience
Pathway. It aims at organizing and coordinating a working group and finding the best ways to
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use its knowledge and the local/regional government’s resources, all while reaching consensus
on an integrated vision for resilience. This step is transversal and benefits from a
multidisciplinary view in preparing for adaptation to climate change or other natural hazards.

Step 1.1 Setting the purpose of the Resilience Pathway approach

« Clarify the purpose of the adaptation or resilience pathway, i.e to

. . answer What do we want to use the pathway for?

ObJeCtIVGS « To align resources to the scope of the pathway

« To identify the best decision making framework to the scope of the
pathway

Before starting to prepare the framework and structure needed to develop a Resilience
Pathway, the actors and stakeholders driving the initiative must determine the purpose of the
pathway approach. This will determine, among other things, the number of resources
(financial, human, technical) needed, and the time needed to develop the pathway (see also
Table 5). Figure 6 presents some examples of the possible purposes of the pathway, which
will also determine its final impact on preparing, safeguarding and managing historic areas.
The stakeholder engagement and political commitment may also determine the scope of the
Resilience Pathway.

Help to develop a long-term roadmap to address climate or other natural
hazards risk

Provide a methodology to show how adaptation/resilience measures

can be implemented over time and help initiate action

Awareness raising & stakeholder engagement to achieve effective
outcomes

Facilitate a flexible planning considering a wide range of actions and
the sequence in which they could be implemented

Inform decision-makers on adaptation/resilience building based on
multiple futures

Figure 6. A non-exhaustive list of potential Resilience Pathway purposes in the context of the historic area
or municipality based on the BS 8631:2021 (12)

A second relevant question to address is whether the pathway should follow an adaptation or
resilience approach. In Chapter 1. Resilience Pathways: How did it come about? The main
differences between an Adaptation and Resilience Pathways were described from a theoretical
point of view, which are also represented in Figure 7. In summary, Resilience Pathways
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address both adaptation to climate change and disaster risk management of extreme events
or disasters. Adaptation pathways only address long-term gradual adaptation to climate
change and prepare for, but do not manage, impacts from weather events such as flooding.

Adaptation
to climate

Resilience

Disaster risk

change management
Long-term Risk Risk
gradual management management in
progressive in relation to relation to
adaptation to weather geophysical
climate risks extremes hazards
E

Weather sudden
impacts

Changes in
frequency and
intensity of extreme
rain events,
heatwaves etc.

CLIMATE CHANGE

Figure 7. Intersection between disaster risk management and adaptation to climate change. Adapted from
(21).

Sudden impacts
geophysical extremes
Earthquakes, volcanic
eruptions, tsunamis

Slow-onset impacts
Changes in temperature, rain
pattern, sea level rise, spread
of invasive species etc.

Consequences

However, there are other practical considerations when deciding for the final approach
(summarized in Table 4), which may determine the pathway methodology selected. This might
include the type of heritage assets in question, capacity to engage with stakeholders or
whether the full cycle of Disaster Risk Management (DRM) needs to be considered.
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Table 4. Characteristics of the different pathway approaches and methodology. *See Figure 8 on the “tip
box” for clarification

Pathway Heritage
methodolog typ

Characteristic Adaptation Resilience

based /

performance IR pEse Pre-disaster e, d“f'”g AL
covered post-disaster

High Nature of Structural, Structural,
dependence - Social, Social,
iytoalkbzhsc;gi: on Tangible measures Institutional Institutional
SR stakeholder &
non-scientific S . ibl
knowledge participation intangible : .
and Performance Multistakeholder Multistakeholder
knowledge indicator knowledge knowledge
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TIP!
What is a structural, social and institutional adaptation or resilience measure?

*This category gathers measures with clear outputs and
outcomes and that are well defined in scope, space and
time

*They include structural and engineering solutions (e.g.
coastal protection, building reinforcement), the application
of technologies (e.g. sensors for structural stability, early
warning system), the use of ecosystem-based solutions
(e.g. ecological restoration, shade trees) and the delivery of
services (e.g. enhanced emergency medical services)

Structural

*This category aims at improving informational strategies
(e.g. vulnerability map, definition of emergency storage
facilities for movable heritage), favouring behavioural
measures (e.g. changing cropping practices, household

. preparation and evacuation planning) and providing

SOC' al educational services (e.g. awareness raising, sharing local

and traditional knowledge)

«|t especially focuses on reducing social vulnerability and
increasing the knowledge of elements like cultural heritage,
in order to facilitate its safeguarding, management and
protection against hazards

*This category targets institutional measures that foster
adaptation/resilience

*They include economic actions (e.g. financial incentives for
adaptation, catastrophe bonds), laws and regulations (e.g.
regulation for effective citizens' evacuation, zoning and
statutory planning regulations for historic areas) and
government policies and programs (e.g. integrated coastal
zone management, integrated strategic planning for urban
heritage conservation management)

Institutional

Figure 8. Categorisation of adaptation/resilience measures based on their nature
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Step 1.2 Preparing the ground

» Ensure a high level of support within different fields (adaptation,
heritage, civil protection, planning, funding etc.)

* Minimise the risk of inadequate coordination

» Clarify roles and responsibilities (internally and externally)

* Minimise the risk that the involved people do not understand the
importance of considering and planning both climate change
adaptation and disaster risk management at the same time

» Securing funding or minimising the risk of running out of funding in
the without it in the implementation, with the consequences that
this entails.

Objectives

While there is no one exclusive way of approaching these pathways, there are some logical
tasks to set the context of the historic area/municipality in terms of climate change and natural
disasters. This preparatory step has a transversal nature and, while framed as an initial phase,
should be integrated throughout the different steps of the pathway approach.

The proposed working sequence:

e Setup of the internal working team responsible for the resilience process in all its
phases. This team should be responsible for coordinating and leading the pathway
development, securing funding, clarifying roles and responsibilities, conducting
stakeholder engagement, and setting a continuous communication process.

TIP!

A multidisciplinary working team is especially important when addressing historic areas as
stakeholders working on climate change or civil protection traditionally do not have
technical/social knowledge on heritage or its management. Similarly, heritage managers or
conservation officers can lack certain knowledge on how climate change or other natural
hazards will affect the historic areas or what type of work can be done to preserve the historic
sites in light of climate impacts.

e Development of a map of stakeholders and institutions linked to climate change
adaptation, disaster risk reduction and heritage. This map can be revised during the
pathway development [See TOOLBOX 1]. For this purpose, it may be useful to have
gathered information that gives relevant context to the status quo of the municipality’s
actions in this area: For example, data about observed impacts on heritage sites that
may be associated to climate change, previous initiatives, etc.
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TOOLBOX 1

There are different methodologies and tools to identify stakeholders. The stakeholder
ecosystem map allows to identify stakeholders based on their typology and on their interest
and capacity (technical, economic, political...). Relevant stakeholders may be among others:
decision makers on district, municipal, or national level related to historic areas, resilience
or adaptation to climate change, disaster risk managers, heritage managers (including
managers of museums and collections), public administrators, sustainability and resilience
officers, critical infrastructure managers, service providers, emergency service providers,
civil society associations (including the cultural and creative sector), non-governmental
organisations, academic and research institutions.

Stakeholder ecosystem map

N Capaciy
Citizens & 4 Local & regional

cor‘nmunity groups govenments
—\ Ex3
Inisrest 4 -/ =

Intsrest

Cxd

& institutions A\
Capacity

Local organisations Private sector

¢ Involvement of stakeholders (public, private, associations, etc.) which could contribute
or have interest in making the historic area more resilient. The involvement of
stakeholders often depends on the governance culture, resources of the local
government, and on the political commitment of authorities. However, involving
stakeholders with local, traditional knowledge and those from the cultural and creative
sector is particularly important when designing resilience pathways with a focus on
heritage. These stakeholders possess a wealth of knowledge about local heritage,
cultural practices, and traditional ecological knowledge that can inform the design of
pathways that are context-specific, grounded in local cultural values and foster
community resilience. Additionally, their involvement can help ensure that heritage is
not only preserved but also leveraged for the social, economic, and environmental well-
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being of local communities. Table 5 shows the type of decision-making framework in

terms of stakeholder engagement with their advantages and disadvantages.

Table 5. Decision making framework based on the involved stakeholders

stakeholders)

City Council Reactivity from
(Tactical expertise- other
Centralized the Resilience stakeholders, Fast ?:gegzeap
Pathway initiative is poor, not P
led by an individual) validated
City Council
(Operational Reactivity from
competences- the
" other
. . Resilience Pathway Fast and cheap
Hierarchical R stakeholders,
initiative is launched process
by various poor, not
- validated
municipal

Reactivity from

Private Sector,
Organizations
(NGOs and local),
Citizens

and budget)

City Counci other
. . . y ol stakeholders,
Hierarchical with (Operational X
L not validated Fast process
scientific knowledge competences), d f
Expert Support and poor form
the citizens
point of view
City Council
(Operational No
Hierarchical with competences), representation Relatively fast
limited participation Expert Support, of the process
Organizations citizenship
(NGOs and local)
City Council
(Operational
competences), Resources Higher level of
Participatory Expert Support, invested (time heritage
Private Sector, and budget) protection
Organizations
(NGOs and local)
City Council
(Operational :
Community sense
competences), f belonai
_ Expert Support _ Resourcgs of be onging
Co-Design ’ invested (time  better considered

from the citizens.
360-degree vision

e Funding and resources. Definition of the human and economic resources to develop
the Resilience Pathway and the financing mechanism to ensure appropriate economic
resources are sought for the implementation of the resilience measures (further
information can be found in Step 1.6 Financing the flexible Resilience Pathway)
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e Internal and external communication and citizen participation. Enabling and use (or,
where appropriate, creation) of communication mechanisms and spaces for citizen
participation. Using the cultural and creative sector can be a powerful way to
communicate complex ideas and engage diverse audiences, by using arts, music,
storytelling, and other cultural expressions to convey messages and foster meaningful
dialogue.

Step 1.3 Context analysis

* Make appropriate and optimal use of existing information

* Access suitable methodologies and select those that are most
appropriate for our municipality /historic area

* Improve knowledge about possible impacts and effects of climate
change & other natural hazards in the municipality, both negative
and positive if any

* Assess vulnerability and potential risks

» Define those impacts that transcend the territorial or jurisdictional
scope of our municipality competence of our municipality

+ Enable sufficient coordination between agents and institutions

Objectives

Apart from stablishing a resilience team structure it is also important to identify the resilience
needs of the historic area in question. In other words, stakeholders might ask of themselves:

e We are aware of geophysical hazards in our area, and that climate change is a reality,
but how does it affect this particular historic area?

e Which areas and activities will be most affected, and which are most vulnerable?

e What is our collective (or individual) capacity to react?

o What are the places, traditions, events, etc., that hold inherent significance for local
communities, beyond those officially listed as heritage assets?

In the process of resilience building, proposing effective measures depends on the availability
and awareness of information regarding the current situation of the historic area, and of local
realities when it comes to climate impacts and other hazards. It is important to quantify climate
trends and their impacts, the factors that determine vulnerability to climate change or
geophysical hazards, as well as the potential risks the historic area or municipality faces.

The main elements to be addressed during this step:
Compilation of available information on the defined historic area/municipality.

Often municipalities, regions and their stakeholders possess a valuable, but scattered
knowledge on the local context, as well as the status of a given historic area. The integration
of the knowledge from different stakeholders allows a broader picture not only of the observed
changes in climatology and its impacts (e.g., changes in the beginning of flowering, new pests),
but of the needs and challenges that the historic area faces. Furthermore, the compilation of
information in a historic area should take into account not only the historic value but also the
values ascribed to the elements by the local community. This can provide a comprehensive
understanding of the cultural significance of the area and serve as a basis for designing
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pathways that are sensitive to local needs and aspirations. ARCH D3.3 City baseline report
and the Irish Climate Change Sectoral Adaptation report provide examples of risk profiling in
heritage sites and historic areas, which can aid in identifying and characterising observed
changes associated with natural hazards and climate change.

Compilation of available information on climate change, geophysical hazards and/or
extreme events, including historical events.

This task aims at answering questions regarding the magnitude of projected climate impacts
and changes, the ability to predict such changes, and the ability to anticipate hazards. To gain
clarity in these areas, first the (climatic) variables and scenarios need to be decided upon (e.g.
using business-as-usual climate projections), as well as the timeline for action.

Preliminary identification of potential future local impacts of climate change
Igeophysical hazards.

The existence of a climate hazard does not necessarily imply that a municipality (or its historic
areas) will suffer its effects or impacts, as this varies widely depending on its context (specific
historic areas, sectors of activity, infrastructure, population, ecosystems, etc.). To this end, the
exposure of an area must be determined, in order to know which hazards are of the highest
concern.

Exposure refers to the presence of people, livelihoods, species or ecosystems, environmental
services, resources, infrastructure, or economic assets, social or cultural assets, in locations
that could be adversely affected or impacted by an event or adversely affected or impacted by
a climate event or trend. In order to determine what is exposed to particular hazards and to
what degree or order of magnitude an impact may occur, it is often necessary to undertake
local studies called impact modelling.

This involves carrying out studies of various kinds to gain a more accurate understanding of
the potential extent of impacts arising from changes in climate variables or patterns, or other
geophysical hazards. Examples of impact modelling include flooding studies, mapping of the
heat island effect, epidemiology studies of certain diseases, seismic damage models,
ecological niche displacement analysis, etc.

Due to the diversity of biophysical and socio-economic situations, the impacts of climate
change for similar hazards vary from region to region, affecting different sectors, actors, and
decision-makers in very different ways. This strengthens the case for carrying out these local
studies. In addition, effects in one geographical area or sector may have consequences in
other sectors or areas, resulting in so-called cascading effects or highlighting other
interdependencies. ldentifying and prioritising these direct and indirect impacts of climate
change, as well as existing interdependencies, is key to define resilience measures
appropriate for a given municipality or historic area.

Vulnerability and risk assessment of the historic area, municipality and/or relevant
sectors.

One of the key concepts and steps in climate change adaptation and resilience building is the
vulnerability analysis (22), which refers to the propensity or predisposition of a system to be
affected by a hazard. Vulnerability can be assessed generally using indicators or by expert
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judgment, preferably through a predefined rating scale. Normally, socio-economic, or
environmental indicators available in the municipality are used, such as population data, level
of education, family income, age and types of buildings, classification of economic activities,
unemployment rates, green space per area or inhabitant, access to services, etc. The selected
indicators will be available at a certain level of disaggregation of the data. This will condition
what our basic unit of analysis will be (buildings, census tract, neighbourhood, district, urban
planning areas, etc.).

In any case, it is important to link with the previous step (exposure) and therefore to overlay
the exposure to climate hazards with the vulnerability assessment. To carry out such an
exercise, it is advisable to identify relevant impact chains’ for our system. The formulation of
an impact chain consists of pairing a climate hazard with a receptor, usually a subsystem or
element of the municipality. For example, we may define that heat waves can affect health, or
that floods can affect infrastructure or economic activity. In case there are multiple impact
chains of interest, there are different methodologies, as shown in e.g. ARCH HUB to prioritise
them. For each impact chain, we select the appropriate indicators that can be used to develop
a risk assessment [TOOLBOX 2]. This involves selecting key data and information from
previous stages regarding hazards, exposure and vulnerability.

TIP!

The IVAVIA methodology guides a risk-based vulnerability assessment, helping to map,
analyse and communicate the impact of climate trends and weather events on key elements
of a community’s physical, social and economic fabric. IVAVIA provides guidance on how to
prepare, gather, and structure data for a risk-based vulnerability assessment, to quantify
and combine vulnerability indicators, to assess risk and to present outcomes.

As for vulnerability assessments, there are different qualitative and quantitative approaches to
risk analysis, which can be combined. Irrespective of the approach or methodology adopted
(quantitative and/or qualitative), it is important to consider the uncertainty® associated with the
quality of the data or the methods (23) used and how to communicate it (24). The risk
estimation often implies the comparison and prioritisation of the results of the risk analysis.
These results can often be ranked according to a nominal scale (high, medium, medium, low)
or ordinal scale (e.g a scale of 1 to 5). Once the risks have been analysed and their importance
has been prioritised, the next step is to assess the need for action, including where and when
it is needed. This assessment is likely to depend on how the risk is linked to other priorities of
the municipality, the legal and jurisdictional framework, or the resources available for
resilience-building actions.

7Impact chains can be used to identify and describe relevant cause-effect relationships as a basis for further risk
and impact analysis

8 A state of incomplete knowledge that can result from a lack of information or disagreement about what is known
or even knowable. It can have many types of origins, from imprecise data to ambiguous concepts or terminology,
or uncertain projections of human behaviour. Uncertainty can therefore be represented by quantitative measures
or by qualitative statements (e.g., reflecting the judgement of a group of experts).
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TOOLBOX 2

1. The Risk Assessment Module (RAM), developed by the European Research Project
Shelter, is an online tool (Figure 9) that calculates the risk score of the heritage asset
using indicators related to the applicable hazard. It targets city technical practitioners
and researchers.

Figure 9. Shelter Risk Assessment Module. Source: https://shelter.ekodenge.com/

2. The Risk Systemicity Questionnaire (RSQ), developed in a web and excel format by
the European research project Smart Mature Resilience, can be used to identify and

prioritise risk scenarios, where interdependencies between risks are shown to lead to
networks of risks, including so-called “vicious cycles,” and to review and prioritize
mitigation and adaptation actions for various scenarios of risk interdependencies
(Figure 10).

Flooding
Critical Elderly

infrastructure population

Air
pollution

Social
alienation

Health Community
integration

Social Social
inequalities cohesion

Public unrest

Figure 10. Topics that the RSQ includes which fall under three broad themes: social dynamics, climate
change, and critical infrastructure. Source: https://smr-project.eu/tools/risk-systemicity-questionnaire/
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Shelter Strategic Decision Support System (SSDSS) is a web-based application that
implements and links the multiscale iterative vulnerability and resilience assessment
methodology.

BASELINE

Figure 11. Shelter Strategic Decision Support System9

TIP!

Climate data processing, geophysical scenarios, impacts, vulnerability, and risk assessment
often require expert assistance.

However, when that is not possible due to lack of resources or lack of data, screening
methods (Figure 12) or conventional risk matrices (Figure 13) can be used, informed by local
knowledge.

9 https://shelter-project.com/about/. To be released by November 2022
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CoastAdapt

b4

Fill in your project

details

Scope your
assessment

Risk assessment template

Organisation

Project

Date

What is the objective of this risk
screening?

What is your planning horizon or
time frame of this risk screening?

Briefly document the reason for
selecting this time frame

Which climate change scenariofs
will you include in this risk
screening (i.e. high RCP8.5,
medium RCP4.5, low RCP2.6
scenario)

Screen potential coastal climate risks in your coastal zone

Coastal hazards
around open
coast beaches an

estuaries

Have these
Potential hazards in the coastal occurred in the

zone past in your area

Do you have any
existing risk
management
strategy in place

Briefly document the reason for
selecting your scenario/s

Do you have any residual
(existing) risk from this hazard?
(i.e. if you have a record of past
occurrence of a hazard, and you
do not have in place an

What is the likely future
direction of the hazard?
(based on your selected
time frame and climate

of interest? to tackle this adequate risk management .
. change scenario)
hazard? strategy to address it, then you
have a residual risk)

|— Yes |— Yes |— Yes |— Decrease

Storm related beach erosion in ™ Ho ™ he ™ Ho [ Ingrease
d your area (short-term erosion)

[ Mot Relevant [ Mot Relevant [ Net Relevant [~ Mo change

[ es [ Yes [ ¥as [~ Decresse
Long-term shoreline recession ho Mo [ Mo [ ingrezee
around open coast beaches

[ Not Relevant [ Mot Relevant [ Mot Relevant [ Mo change

Figure 12. Extract of the screening template on risk identification. Source: CoastAdapt Australia.
https://coastadapt.com.au/tools/decision-support-templates-create-risk-register
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LOW MEDIUM HIGH EXTREME
0-ACCEPTABLE 1- GENERALLY | 2-UNACCEPTABLE | 3INTOLERABLE
RISKRATING | MANAGEBLE
KEY OKTOPROCEED | — e SEEKSUPPORT | PLACEEVENTON
TAKE MITIGATION HOLD
EFFORTS
SEVERITY
ACCEPTABLE TOLERABLE | UNDESIRABLE | INTOLERABLE
LITTLE TONO EFFECTSARE SERIOUS IMPACTS | COULDRESULTIN
EFFECT FELT,BUTNOT ADISASTER
CRITICAL
LIKELIHOOD
IMPROBABLE Low MEDIUM MEDIUM HIGH
RISK IS UNLIKELY 1. 4 ’ 10-
TOOCCUR
POSSIBLE Low MEDIUM HIGH EXTREME
RISK WILL LIKELY 2. 5. 8- =i
OCCUR
PROBABLE MEDIUM HIGH HIGH EXTREME
RISK WILL OCCUR s L i Ak
Figure 13. A conventional risk matrix. Source: Adapted from (17)
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HERITAGE TIP!

ICCROM (International Centre for the Study of the Preservation and Restoration of Cultural
Property) and the Canadian Conservation Institute (CCl) published a Guide to Risk
Management of Cultural heritage in 2016, which provides a specific list of common risks that
heritage faces, based on real lived experiences (Figure 14). However, the guide is focused
on achieving effective protection from risks, some of which are climate change related.

Cumulative
Rare events Common events
processes

Physical forces

a

Criminals

Pollutants

Light and UV
. 1 4
y 5

Incorrect T

Incorret RH

N

Figure 14. Identification template for the specific risks that affect heritage asset in its own context
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Step 1.4 Define resilience threshold or objectives

+ Define the objectives of the resilience or adaptation pathway
based on the context analysis

* Help to identify ‘acceptable’ losses based on thresholds and thus

Objectives identify when new resilience measures should be deployed to
avoid non-acceptable losses

* Make sure that the scope of the resilience or adaptation pathway
is adjusted to the available resources

"Threshold'® analysis is an approach to prioritize where and when action will be needed by
understanding the points at which a system is deemed to be no longer effective (economically,
socially, technologically or environmentally) as a result of changes in the average or extreme
climatic conditions” (25). Figure 15 presents a graphical representation of a threshold analysis
and concept. The threshold analysis responds to the classical top-down approach, “What if
climate changes according to scenario x?”. However, threshold values are not always feasible
or easy to determine for all type of hazards. In those cases, the Resilience Pathway approach
can also focus on the ability to cope with climate change or other local hazards. This makes
the method less dependent on climate scenarios and focuses more on resilience. In these
cases, it is desirable to set specific objectives for resilience. Resilience objectives may be clear
after analysing the context and resilience needs derived from vulnerability, impact and/or risk
assessment. However, in cases where the targeted system or historic area is complex, there
is high uncertainty on the gathered information, or there remain big gaps in knowledge,
practical tools to trigger and support socio-institutional co-creation are available [TOOLBOX
3].

In any case, regardless of the approach, objectives or thresholds should be documented
including how they were determined and the reason behind the assumptions made, if any.

10 A climate threshold is a critical limit where a climate system responds drastically when exposed to an external
forcing, resulting in the system changing into a different stable state
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Expected sea level rise due to climate change

u
Without adaptation r With adaptation

““

"Tlpplng point” or “Point of no o The threshold has been exceeded
return” where the system is no longer and the system needed to be
effective or safe, and thus, when a abandoned

threshold value is reached
eMapmtiun measures in place thus

a new threshold (higher sea level) has

been set

Figure 15. Tipping point and threshold concept graphical representation for sea level rise

TIP!

What is an adaptation tipping point? The point at which a series of small changes become
significant enough that their impacts render a system no longer effective. An adaptation
tipping point determines a point in time when the threshold is reached (see Figure 15 for an
example of a tipping point) and new adaptation or pre-disaster measures are needed to
safeguard a system.

What is a resilience tipping point? The point at which a significant incident or disaster
modifies the system resulting to be no longer effective (the crisis stage in a process, when a
significant change takes place). A resilience tipping point determines a point where the
disaster occurs and during- and post-disaster measures (Emergency operating phase, see
Figure 4) need to be deployed.
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TOOLBOX 3a
» Theory of change aims at deeply understanding how change actually occurs

The Theory of change process was conceptualized as the mini-steps that allow a system to
achieve long-term goals while setting assumptions and connections between the activities
that need to be in place and the outcomes that occur at each step. It is especially focused on
identifying the pre-conditions needed to achieve the long-term goals, that is, understanding
what the activities do (outputs) and how these lead to the desired goals (outcomes). Then it
works back from these to identify all the conditions that must be in place for the goals to
occur. Source: The Center for Theory of Change (26)

Reality - Outputs Outcomes

What are the What activities do What is the long-
current conditions you plan to solve Which resilience What changes term change that
in relation to your the problem? measures will will be produced you want to
vision? What resources you implement? for the historic achieve?
will you use? area?
What is the What products or What is the long-
problem you are Which services will be What will be the term resilience
trying to solve? stakeholders created? wider benefits objective you aim
should achieved? at achieving for
participate? the historic area?

Figure 16. Schematic steps involved in the theory of change methodology

As shown in Figure 16, the Theory of Change begins by determining the desired long-term
changes in, for example, the historic area in relation to the resilience objectives (vision).
Then, the identification of the existing conditions and envisioned or actual
climate/geophysical problems is carried out. This is followed by the determination of
necessary inputs and outputs to achieve short-term as well as intermediate outcomes, which
themselves lead to the desired long-term impact (vision). Furthermore, assumptions are
identified and linked to a specific pathway risk to attempt to manage these by identifying what
conditions must hold true for change to occur. An example of its application to heritage can
be found in the where Theory of Change has been
applied to define its goals.
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TOOLBOX 3b
> Setting SMART objectives (26)

Five criteria (Specific, Measurable, Achievable, Relevant and Time-bound (i.e. 'S.M.A.R.T")
have traditionally been used to ensure quality objectives or determine the criteria for
monitoring and evaluating the results of an implemented policy. In the Resilience Pathway
approach, the time-bound criterion would be replaced by scenario-bound to account for
the uncertainty related to climate change (e.g greenhouse gasses emission scenarios,
climate model uncertainty etc.)

What are SMART objectives?

Specific Objectives should be precise and concrete enough not to be open to

varying interpretations by different people.

Measurable Objectives should define a desired future state in measurable terms,
to allow verification of their achievement. Such objectives are either
quantified or based on a combination of description and scoring
scales.

Achievable Policy aims should be set at a level which is ambitious but at the same
time realistically achievable.

Relevant The objectives should be directly linked to the problem and its root
causes.

Time-bound Objectives should be related to a scenario of change (or scenario of

(Scenario- resilience measure implementation) to allow an evaluation of the

bound) pathway’s achievement to reduce the risk per scenario.
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Step 1.5 Alignment of the Resilience Pathway with long-term vision of the system

* Make sure that the resilience objectives are aligned with the
municipalities or historic area’s long term-vision
Objectives * Understand that the flexible resilience pathway will be the
planning toot to deployed the resilience objectives, similarly to
conventional sectorial or transversal strategic plan
* Revise the involved stakeholders to ensure that the resilience
pathway will not encounter implementation risks

This step aims to ensure that the objectives set for the Resilience Pathway are not in conflict
with other municipal policies. Figure 17 shows the different planning levels to be revised within
this step. It may also help to identify synergies with existing plans and promote the cooperation
with the leading stakeholders, if they are not already part of the working team dedicated to the
Resilience Pathway development. It is important to document the deadlines, specific
objectives, and the specific plan’s timeframe to align the outputs of the Resilience Pathway
with ongoing projects. It is also vital at this stage to revise the stakeholder ecosystem map.
This will also promote more efficient and sustainable funding and management of the different
plans or projects targeting the same or similar objectives within different sectors.

ng-term An image of the
VISION desired future
Objectives A clear goal

©

Plans to achieve
the goal

Specific projectto
achievethe strategy

Figure 17. Framework for planning and decision-making based on the set long-term vision
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Step 1.6 Financing the flexible Resilience Pathway

* Make sure that the financing of the potential resilience measures
is considered from the beginning to secure funding or minimising
the risk of running out of funding at implementation, with the

Objectives consequences that this entails.

* Understand available funding opportunities and select the most
appropriate one for each resilience measure typology and our
municipality /historic area

Despite challenges to funding and financing in sustainable urban development (as reported by
local authorities) (27), local action on climate change adaptation, disaster risk reduction or
resilience building in general is an opportunity. Not only because it anticipates potential
problems or opportunities, but because it can position municipalities to access new sources of
funding, programmes and initiatives that are being carried out in Europe (LIFE+, Horizon 2020,
Interreg, among others).

It is therefore essential to consider from the outset what sources of funding are available and
to understand what characteristics apply to each funding programme. In order to do this, it is
important to have a methodology to help identify the best funding programme for each type of
resilience measure.

TIP!
The ARCH Methodology followed three main steps to identify and select the most
appropriate funding opportunities.

The (1) screening, (2) categorisation and (3) applicability of funding measures is a crucial
part of the pathway development for improving the resilience of historic areas to climate
change-related and other hazards as it supports decision-making at appropriate stages of
the management of resilience measures.
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Figure 18. The methodology adopted to analyse the financing of the resilience measures in the case of
ARCH pilot cities.

The initial screening of the funding measures is conducted to analyse all the possible
funding opportunities for the identified resilience measures and narrow down the choice to
a given number of possible funding sources.

The categorization of funding measures is performed by performing a “Strengths,
Weaknesses, Opportunities and Threat” (SWOT) analysis of the identified funding measures
for selected resilience options and analysing the city’s structure based on a set of indicators:
social, technical, economical, institutional and organizational.

Finally, the applicability of the identified funding measures to the cities structure is
represented with a “crossing” SWOT table that matches the SWOT analysis of the funding
measures with the city’s structure leading to a final result score table of the most suitable
funding measures.

ARCH Example

Once the resilience measures are identified, an initial “screening” of possible funding
measures should be performed (See Figure 18). These range from EU funds to non-traditional
financing sources like crowdfunding and funding through Public-Private Partnerships (PPP).
Various solutions apply and can contribute to funding resilience measures in historic areas.
These should be selected paying special attention to the intersections across the fields of
cultural heritage conservation, disaster risk management and adaptation to climate change.

ARCH D6.4



46

The screening activity can be conducted by
way of literature review, including research of
grey and scientific literature and EU and
international projects’ websites. Other sources
like articles and scientific publications should
be consulted.

Moreover, possible funding sources to
consider are bank foundations, private
foundations, donors and foundations networks
(e.g. for Europe DAFNE, ENEL Foundation,
Fondazione TIM, BOCELLI Foundation,
Rockefeller Foundation, Fashion sector etc.),
EU institutions (ECB, EIB, EBRD, EEA),
International Organisations (UNESCO, Global
Heritage Fund, ICCROM, World Bank) and
other sources like the EU Crowdfunding Network, and IKOSOM platform for civic
Crowdfunding.

To narrow down the search for the most suitable financing solutions for the selected resilience
measures, the following steps (Figure 19) for the identification of possible funding opportunities
should be followed when, for example, the EU funds are investigated.

Check
programmes

Consult public Read funding dagggzglst of

websites and programme f
A unded
database documentation projects

in the area of
interest

Figure 19. Four step methodology for the identification of possible funding opportunities

The first step is to check EU Programmes in the area of interest. In order to be financed,
the identified resilience measure must meet the selection criteria and investment priorities of
the regional programme. At the EU or regional/local level, strategic priorities are normally
identified, and for the financing of the selected resilience measure, these must be aligned with
the financing programme’s priorities.

The second step is to consult public websites and databases for available funding
instruments. Examples of EU funds database are:

v https://ec.europa.eu/info/overview-funding-programmes_en
v https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/home
v' https://www.funds-navigator.eu/en
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v https://euro-access.eu
v' www.welcomeurope.com/programs
v www.eucalls.net

The third step is reading funding program documentation. This is essential to understand
the strategy behind the funding instrument. The EU, for example, sets annual or even long-
term goals in so-called "work programs" that are to be achieved within a certain period.
Through calls for tenders, the EU then looks for service providers who can help to translate
these EU work program goals from theory into practice through the implementation of very
specific projects. The programmes funded under the Multiannual Financial Framework (MFF)
are grouped into various headings or expenditure categories of the EU budget, each one
dedicated to a specific policy area. For resilience measures, for example, these could fall into
the policy area “cohesion, resilience and values” or “natural resources and environment”. Once
the policy area is identified, the “programme guide” should be carefully analysed together with
all the call documents, financial guidelines and other available documentation.

A fourth step is consulting the database of funded projects to check whether the resilience
measure to be financed has been already financed or could be connected with previously
financed projects.

The scheme below (Figure 20) illustrates a summary of the guiding criteria that could be
applied to select the most suitable funds, once a preliminary analysis of the resilience
measures and the structure of the city has been performed.
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Applicant has an issue to solve which is common to
other countries/cities and wants to test various solutions
in pilot actions and share good practices

Projects to be financed are more brain than bricks INTERREG
Applicant can create an international partnership
Applicant has the poxsibility to co-finance the project

Applicant has an issue to solve which requires in depth
research in a specific topic and pilot actions

Projects to be financed are more brain than bricks ESRR:')ZI!’%N
Applicant can create an international partnership
Applican can afford a complex project application

Applicant has an issue to solve which requires in depth
research in a specific topic regarding environment and
climate change or nature and biodiversity

No partnership needed LIFE
Possibility to create a leverage in the area
Applicant has the poxsibility to co-finance the project

Applicants need funds for small scale projects
Projects to be financed are more bricks than brain

Opportunity to apply using local language and low ERDF-NRRP
complexity in application

No partnership needed

Projects to be financed are more brick than brain

Projects belong to post-disaster actions that are more
appealing for the community ALTIEURBTEA)\;IVE

Projects with high social acceptability
Capable to manage an awareness raising campaign

Figure 20. Guiding criteria for the funding selection
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Once the screening of the available funding measures has been conducted, in order to narrow
down the choice of the most suitable financing measures for the selected resilience measure
to be implemented in a given context (city), the following steps of categorization should be
followed:

v' SWOT" analysis for identified funding measures

v" Analysis of the city structure based on a set of
indicators:  social,  technical, economic,
institutional and organizational

The parameters to carry out the SWOT analysis can be
the following:

Programme budget

Project budget

Frequency

Partnership

Project TRL (technology readiness level)
Complexity of project preparation
Success rate

Necessity of co-financing

9. Project innovation rate

10. Project social acceptability

11. Combination with other financial instruments
12. “Brain or bricks” focus

13. Support rate of public or private entities
14. Project reporting complexity

15. Intellectual property issues

16. Need for fundraising web platforms

17. Territorial availability

18. Project duration

19. Communication campaign requirements
20. Private stakeholder involvement

®NOOh WD~

For example, the SWOT analysis of the Horizon Europe programme is reported in Figure 21.

" Strengths: These are things that enable securing the necessary funding; Weaknesses: These are things that
hinder the application to resources or increase the effort needed to be eligible; Opportunities: These are things
which could benefit the entity applying, but do not currently; treats: These are things which could discourage the
application to that specific funding.
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ﬂ-‘er;.' high budgets availakle per
project {<1.5 milion C; 1.5-5 million C;
5-10 milliom €; 10-20 million €)
=High ca-financing rates (up 1o 100%
far no profit entities and for research
and innavative actions;
=All submizsion and project
management pracesses online
through the Participant Portal;
«0nce you are awarded with the first
grant, it is easier fo keep receiving
funds in the fufure.
+|ndirect casts/overhead (no need ta
be reported) are normally 25% of
eligible direct cost
=Ma need communication campaign

.

= Presence of dedicated affice ar dpt
in the municipality;

= English-speaking persannel
required;

=Subject to significant technical and
financial reparting;

= Complicated managemant and
caosts eligibility, resulting in
beneficiaries more prone 1o errors
and EU contrnbutian recovery risking
not to be paid.

~Complex financial management
+THL based appraach (mare brain
thain bricks)

+Meed of a partnership (min 3 from
the member state)

«Fartners have to be invalved at [zast
G months before the awarding. and
have to guarantee a structural
stability of their organization far about
3ta S years

Neeads dissemination campaign !

/

-

~,

*Success rate very low
*Complexity of proposal preparation;
=Recurrent clusters of beneficiaries —
high barriers ta entry

*Raises the intemational scientific
standing of your arganisation

“Once you are awarded with the first
grant, it is easier ta keep receiving funds
i the future

*Pariners have to guarantee a structural
stability of thaeir erganization for about 3

\t_n 5 years _,,-" l\

Figure 21. SWOT analysis of the Horizon Europe programme

An analysis of the local (or regional) government structure should be carried out in order to
assess the applicability of the selected financing measures, keeping in mind the characteristics
of the funding measures and financing mechanisms. This helps to assess the capacity of the
local or regional government to access the funds based on technological, economic,
institutional, and organisational criteria. Figure 22 presents the indicators used to analyse the
ARCH pilot cities’ structures.
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CRGAMISATION
AL istaff
availability,
organiaational L)
capacity).

actions or
Interested in other
projects 1o be
priontized in the
area)

Figure 22. Indicators used to analyse the ARCH pilot cities structures

B

The applicability will therefore derive from both the SWOT analysis of the funding measure
and the characteristics of the cities, as well as the specific type of resilience measure analysed.

The applicability of opportunities is assessed by the
stakeholder, supported by the administrative/technical
staff of a local government based on technological,
economic, social, institutional, and organisational
criteria. These criteria should be employed to evaluate
the benefits of funding measures in terms of
effectiveness, value creation and minimised risk.

The result of the analysed funding measures as applied
to the specific case of each city will be described and
illustrated with a “crossing” SWOT analysis that will take
into account the SWOT analysis of the funding measure
(see above).

The crossing SWOT can appear quite similar to the SWOT analysis performed for the funds in
the categorization phase when resilience measures chosen are not executive detailed projects
with identified costs and the information about the city’s structures collected are not so crucial
to take the priority on the characteristics of the fund itself. However, the SWOT analysis
crossing tables are essential to create the final score tables related to each city case.

The SWOT below (Table 6) represents the crossing SWOT analysis of the Horizon Europe
programme for financing infrastructure structural monitoring of stability in ARCH pilot city
Camerino, i.e. technologies to provide information on the performance and condition of the
infrastructure such as Global Positioning System (GPS) systems through sensors.
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Table 6. SWOT analysis of the Horizon Europe Programme for financing infrastructure structural monitoring

of stability

* High  co-financing
rates (up to 100% for
no profit entities and
for research and
innovative actions)
All submission and
project management
processes online
through the
Participant Portal
Indirect
costs/overhead (no
need to be reported)
are normally 25% of
eligible direct cost
* No need of
communication
campaign to apply

Lack of EU project
dedicated office in the
municipality

Limited number of
English-speaking
personnel

Project implementation
subject to significant
technical and financial
reporting

Complicated

management and costs
eligibility, resulting in
beneficiaries more prone
to errors and EU
contribution recovery
risking not to be paid

Complex financial
management
TRL based approach

(more brain than bricks),
chosen resilience action
not so adapt

Partners have to be
involved at least 6 months
before the awarding and
have to guarantee a
structural stability of their
organization for about 3 to

5 years
Needs dissemination
campaign during the
project

* Raises the
international scientific
standing of  your
organisation

* Once the partnership
is awarded with the
first grant, it is easier
to keep receiving
funds in the future

» Opportunity to exploit
an existing
partnership

* Opportunity to involve
external consultants
paid by the project

» Success rate very
low
» Complexity of

proposal
preparation;

* Very high budgets
available per
project (<1.5

million EUR; 1.5-5
million EUR; 5-10
million EUR; 10-20
million EUR) hence
large  structured
project needed

As seen in Table 7, the results of the analysis are valued with a score from 1 to 5 (1= lowest
applicability, 5= highest applicability) and represented by a traffic light in which the green light
represents the solution with which it seems to be possible to proceed smoothly, the yellow light
represents a solution to adopt with a more cautious approach and the red light means that, for
the specific case, it is worth re-evaluating whether the fund can be effectively applied or not.
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Table 7. The results of the analysis performed for Camerino case study

Buildi
B:::klggtter > ‘ z ‘ . .

Monitoring | 3 5 3
System .

Awareness 2 3 4

raising . ‘

As illustrated above, the EU programmes are focused on clear individual themes and specialist
sectors. Therefore, once the project idea is established, there is normally one main funding
instrument per thematic sector to investigate. However, there is also the possibility to present
cross-sectoral projects with potential synergy effects.

It is important to bear in mind that, as a general rule, it is not allowed to apply for two different
funding sources for one project at the same time. However, different types of funding can be
grouped, for example, private and public funds.

For financing the selected resilience measures for local authorities, the best solution could
most likely be that of combining funding sources. For example, a crowd funding campaign,
therefore private funds, could be anticipated by a publicly funded awareness raising campaign
financed through EU grants.
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Step 2: Selecting resilience measures

The possible responses and solutions associated with the impacts and effects of climate
change or geophysical hazards may be familiar, even obvious, if these effects are related to
an aggravation of problems already experienced by or familiar to a given place (floods, heat
waves, thermal oscillation etc.). If, on the other hand, the potential impacts are new (infectious
vectors, new pests, change in species productivity, etc.), they may be less obvious, and more
effort will be needed to identify responses. In this phase, alternatives and possibilities for
responding to the risks, challenges or opportunities must be identified, from which the best
suitable measures can be selected depending on the socio-institutional context and the nature
of the hazards that affect the historic or territorial context.

A wide range of resilience measures are available to reduce the negative impacts of climate
change and other hazards. However, when it comes to heritage, due to its authenticity and
heritage significance, the measures applicable to the specific area may be significantly
reduced. This is especially true for structural measures (see Figure 8 for the definition) that
may have a visual, physical and/or spatial impact and which may not be reversible. For
example, in a historic area that has been designated as a sacred site by a local community,
the community's perception of the heritage may determine whether certain measures, such as
flood walls, are deemed appropriate or not. This may be related on how historic areas and their
associated values are receptive to change based on their different qualities.

Step 2.1 Identification of resilience measures

+ Build a portfolio of resilience measures that are relevant and
appropriate to the specific challenges or opportunities of the
historic area and its specific characteristics

+ Optimise the use of existing resilience assets

* Learn from good practices and "maladaptation” examples if
available

Objectives

A first step in this process is to identify the sources of information which may be relevant. The
information to build a preliminary portfolio of resilience measures may come from catalogues
of adaptation, risk reduction or resilience measures, good practices and reference cases in
other historic areas or municipalities.

A few catalogues dedicated to general adaptation to climate change are available and to
resilience of heritage [See HERITAGE TOOLBOX 1]:

e RESIN Adaptation Option Library'? includes over 100 adaptation measures mainly for
urban environments and addressing climate risks including heat; pluvial, fluvial and
coastal floods; and drought

12 https://resin-aol.tecnalia.com/apps/adaptation/v4/#!/app/summary
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e Climateapp' provides urban designers, engineers or others insight in feasible
measures for a project with a specific climate adaptation goal

e Urban Green-Blue Grids!? for resilient cities is focused on Nature-based Solutions
(NbS) and provides not only general information about each NbS typology but
examples of projects.

HERITAGE TOOLBOX 1:
The ARCH Resilience Measures Inventory and SHELTER Solution Portfolio provide databases
focused on building local heritage resilience.

The ARCH Resilience Measures Inventory is designed to help identify measures along the
disaster risk management and adaptation process to improve the resilience of historic areas.
The inventory is divided in two sections: urban built heritage and agricultural heritage. It also
provides addition information on general co-benefits and negative effects provided by the
measures and the impact they could have on heritage.

Y SAVING
- CULTURAL
HERITAGE

Welcome to the
RESILIENCE MEASURES INVENTORY

A database of measures to build local heritage resilience

LET'S START

The SHELTER Portfolio of solutions for emergency phases includes existing
solutions/strategies gathered for their suitability for Climate Change Adaptation (CCA),
preparedness, response and reconstruction, taking into account all the considered hazards
(earthquakes, storms, floods, heat waves, wildfire and subsidence). The Portfolio includes a
Benefit-Cost Analysis and a simplified Life Cycle Assessment. The solutions/strategies are
defined according to various indicators. The portfolio presents solutions and strategies to be
implemented to tackle climate hazards. It is integrated in the Decision Support System of the
SHELTER project.

13 https://www.climateapp.nl/
14 https://www.urbangreenbluegrids.com/measures/
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Prioritization
Adaptive solution Temporary flood protection systems: Sandbags (buildings) l f
Index ____Jhelter
DRM phase Emergency [ :Prevention Preparedness O ERespDnse | Recovery & BBB

m [ {Heat waves Flooding [0 Earthquakes [ :subsidence O Wildfires: (] iStorm

M Building protection Function (2)
Type of AS Soft Architectural and engineering solutions Technical requirement  [Ea™

Impact ltural
NO
value:
Im

pact on protected No
CH

Action Scale

Reversibility

Building: []
Fagade [] Material [ Components [] Carpentry O %Colour/finishing
Roof: []:Material [ Volumetry |:| Components
Structure: [] :Material O Structural
system
Publiczone:| ] Paven-.nentf O Natu-ral Path{ gParc./naturaI
material species Gradient ‘environment

Short time

Description
The use of sandbags is a simple, but effective way to prevent or reduce flood water damage. Properly filled and placed sandbags can act
as a barrier to dive rt moving water around, instead of through buildings. Traditionally, sandbags have been used to block doorways,
drains and other openings into properties. They can keep water out for short periods which can be improved by using them in
conjunction with plastic sheeting.

Material

Burlap or woven polypropylene filled with sand or soil. Usually completed with plastic tarps or lones.

ositive aspects:

egative aspects:

Effective protection against minor flooding. They can filter Limited protection against major flooding. They take time to fill and laying
out some muddy sediments found in flood waters. They are them can be time consuming. They can be difficult to handle. Sacking
cheap and easy to obtain. No electricity orenergy is material is biodegradable and will perish if left in place fora long time.
needed. Adaptable and modulable. Usually traditional way ‘When they come into contact with floodwater they tend to retain

to protect against floods. contaminants and bags can often only be used once. Flexible in small scale,
but not e asily adaptable for buildings covering a great area.

Environment Agency, Temporary and Demountable Flood Protection Guide, 2011.
Historic England, Flooding and Historic Buildings, 2015.

State Historical Society of lowa, 1952.
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HERITAGE TIP!

V. Rebollo and V. Latinos. (2020) Good practices in building cultural heritage resilience.
Deliverable 7.2. EU ARCH Project GA no. 820999. This report is meant to serve as an
inventory of good practices in building cultural heritage resilience. It contains an overview and
classification of 40 cultural heritage resilience initiatives, providing information on their location,
biogeographical region and lead(s). 32 of them are featured as snapshots and eight of them
as case studies (containing in-depth information on aspects such as main outcomes, factors
of success and lessons learned). Additionally, and reflecting upon the term “replicability”, the
report proposes a set of criteria to evaluate their transferability potential to other urban

contexts.
Dood practices v Burlding culhaisl heitage resiliencs

3.2.6 CASE STUDY 2: ﬂ

Patios de la Axerquia: Regenerating historical courtyards
through social innovation

Typa: Managenial -Governance model
Main hazard{s): Extreme temperatures, drought, desertification

Q

Location: Cordoba, Spain
Biogeographical region: Mediterranean
Lead: PAX- Patios de la Axerguia

Bachkground

With a growi ng tourism industry and very litthe industrial
activity, Cordoba (a city of some ca. S00.000 inhabitants)is
now transforming itself and gradually becoming gentrified
The city is rich i architectural and intangibile cultural
heritage, and agriculture is very relevant for the economy. The
unemployment rate in Cordoba is amongst the highest in
Spain lat 78.5%)

Case description

The historic district of Cordoba is suffering de-population as
lang-term residents abandon their courtyard houses seehing
a more comfortable life away from mass tourism. [n April
2018, PAX (Patios de la Axerquial Association was established
by local groups to regenerate the histonc centre by restoring
the abandoned courtyard houses [casa-patio) of the Axerguia
[neighbourhood] together with resident groups constituted in
housing cooperatives, &n innovative operation of governance
has been applied by the group fostering a change to the
conventional urban development model based on speculation

to one of rehabilitation of neglected areas, avoiding tourist
focused gentrification and allawing the people of Cordoba

to reclaim their city's historic environment and its intangible
heritage. PAX is a local experiment that is expectedin the
near future to evolve into a larger scale ‘start-up’ of urban
governance facing gentrification processes

PAX provides a new style of governance in relation ta urban
regeneration, incorporating social innovation in a heritage
cily by acquiring vacant houses and cooperalively using
them; implementing multi-level co-management between
the city administration and the local residents, and among
the residents themselves, The project is pursuing urban
regeneralion of a specific vulnerable area by greening the
city, recovering the architectural and intangible heritage
value of the courtyard houses and forming a social and
solidarity-based economy: therefore, the model bridges
multiple concepts

For more information on PAX, visit
http:/fpatiosaxerquia.org

Contact info
Gaia Redaelli
gala@patiosaxverquia.eu

Relevant sources:
wan. built-heritage.net/gaia
redaelli-issued

Courtyard Housed of Axerguia

El Pails article on Pax in the
Hediterranean frame

Interview with Gaia Redaelll, co-
founder and president of PAX
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When considering the resilience measures for addressing the impacts and risks identified in
Step 1: Preparing the ground and setting objectives, it can be the case that a long list of
potential measures is identified. In this case, it may be relevant to classify (Figure 23) them to
have an overview of the identified measures and ensure no gaps exist, or if they do exist, to
be aware of them. During this step not only can future resilience measures be identified but
also past and current measures that could be further deployed. At the end of this sub-step a
portfolio of resilience measures should be in place per impact or impact chain.

/ Approaches to mange impact \
. Social measuras Instituticnal measuras Struciural measuras
Impact chain
= ) &
BN N | O = H H | |
B B O N |

Figure 23. Example of resilience measure's classifications

Step 2.2 Selection and characterisation of resilience measures

» Establish the feasibility information or criteria for the selection of
measures appropriate to our historic area or municipal reality

« Set the most suitable criteria for the characterisation and

Objectives prioritisation of the resilience measures

» Characterise the resilience measures

= |dentify appropriate methods for the prioritisation of resilience
measures.

Step 2.1 aims at screening and building a portfolio of possible resilience measures, that is, to
gather all resilience measures that can help prepare for, mitigate, and manage the impacts
and risks of the previously prioritised hazards. Step 2.2 aims at characterising the measures
based on relevant information for the stakeholders. This characterisation aims to help with the
selection of resilience measures suitable for the historic area or municipality (Figure 24). This
can be done sequentially in various steps or in one step depending on the number of identified
resilience measures in step 2.1.

ARCH D6.4




59

Long-term vision
and resilience

Stakeholder engagement & knowledge manemenent

Methodology for effectiveness

objectives Evaluation criteria assessment: environmental, Priorization methods

Direct and indirect

cost, feasability

im pact ana|ysis « Establish the charcterisation criteria + Review existing models « Selec the most appropriate method
A . « Typology + Effectiveness assessment for prioritisation
Risk anaIyS|s « Target « Simulations though » Multicriteria analysis
« Technical characteristics modelling « Economic analysis ( e.g.
etc. « Empirical studies on field Benefit cost assessment)
« Establish the evaluation criteria and measurements « Stakeholder participatory
metric: « Surveys workshops
« Economic « Select the most appropriate
* Environmental resilience measures

« Socio-institutional

!

Pathway alternative
effectiveness

assessment

Figure 24. Framework for assessing and selecting resilience measures. The long-term vision and impact
and risk analysis may determine the evaluation criteria, while the methodology for effectiveness
assessment will influence the pathway effectiveness assessment

In the Resilience Pathway approach, it is important to select the characterisation criteria
considering the following matters:

o Whether it will be a stakeholder-led (participatory) or a data-driven pathway approach
(Figure 25)

O

Stakeholder-led assessments are often based on qualitative analysis of various
criteria based on expert knowledge and experience. This may imply the
consensus of a variety of stakeholders, for example on the socio-institutional
acceptability of resilience measures. In this case, good knowledge of the local
context and resilience themes (e.g., heritage, disaster risk management,
climate change etc.) is essential. These stakeholders are especially useful to
build on resilience narratives based on the description of potential climate
change or other hazard impacts and possible responses if/when conditions
worsen. This approach encourages understanding of the bigger picture and
interconnections between adaptation to climate change, disaster risk
management and heritage. It is also based on awareness-raising and
stakeholder dialogue, which builds cohesion.

Data-driven assessments often require a quantitative or semi-quantitative
approach based on indicators. These indicators are often related to economic
performance or environmental impact, such as benefit cost ratio and flooding
height reduction, respectively. This information may be derived from modelling,
literature information from laboratory or site-specific testing, statistical data, etc.
It allows for the direct addressing of hazard impacts based on evidence.
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e The availability of data to assess and prioritised the resilience measures. Often
quantitative data may not be available for all the identified resilience measures, in this
case qualitative assessment may be sought.

e The robustness of the data. This may determine the importance of the criteria in the
selection and prioritisation of the criteria.

ENVIRONEMMNTAL
IMPACT

Environmental effectiveness
Hatural capital accounting

Return ol investment
Benfit-cost leffectivness asessment

Economicvaluation
Theary of change

ther stakeholder
assessmnel
Surveys, focus

anoUps et S0OCIAL

ASSESMENT

ECONOMIC
PERFORMAMNCE

Figure 25. Performance assessment framework and options. Modified from: Veerkamp, C. et al. (2021) (28)

Table 8. Example of characterisation criteria. Economic performance, environmental effectiveness criteria
are included together with criteria that describe the nature of the measures (what they are for and general
characteristics). BCR: Benefit Cost Ratio

Awareness Pre-during- Social Corr;r:cl;nlty _ Low High
raising pes stakeholders
Building ) Building & . . Medium
strengthening FTE-pEE S structures alelr =l -High
Protocols and  Pre-during- COmIRUTIY

o Institutional and - Medium  Medium
o e pes stakeholders
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E . Community
il WETITE, Pre-during Struct.ural and - Medium
ST EeEl; stakeholders
Erl:\t/)zlal‘::eand CEITIL Medium
economic Pre-post Institutional and - “Hiah
. stakeholders 9
instrument
Community
Risk mapping Pre Social and - Low
stakeholders
Emergency . Building & . .
stabilization e SiEE structures gt Rl

As previously mentioned, the resilience measures’ characterisation may be performed in one
stage (see example in Table 8 or (29)) or subsequent stages. The number of resilience
measures to be assessed, the type of criteria, the complexity of acquiring the information, and
the pathway assessment approach (stakeholder-led or data-driven) may determine the final
procedure. For example, when all measures gathered in the portfolio may not be viable for
implementation and their environmental performance assessment may be difficult to obtain for
all, a preliminary feasibility assessment may be done as a starting point (see Table 9 for an
example). Then, the environmental effectiveness or economic performance can be assessed
or searched for in literature for the shortlist of resilience measures. The feasibility criteria may
vary across local contexts, but may include:

Heritage criteria such as the physical, visual, spatial impact that the measure may have

on heritage or how the measures may affect the authenticity and heritage significance

o Will the resilience measure’s implementation entail a significant change in the
heritage significance and function?

o What changes in the historic area are possible without its identity to be
threatened?

Legal criteria such requirements from e.g., the Cultural Heritage Protection Act

o Does the national/regional/local heritage legal framework hinder the
implementation of specific resilience measure?

Technical criteria such as ease of implementation or technical knowledge requirements

o Can the resilience measure be implemented at local administrative/government
level without further support? If support is needed, would be very difficult to get
this support or acquire this knowledge in the future? Can the resilience
measures be implemented while maintaining the heritage values without further
support?

o Would the necessary skills and competencies to manage and maintain the
resilience measure’s function be available for this measure? If not, would be
very difficult to get support or get these skills in the future?

Environmental criteria such as environmental trade-off

o Does the resilience measure’s implementation result in environmental

damage?
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e Social criteria such as community acceptability, social equity and inclusiveness or
social trade-offs
o Does the implementation of the resilience measure undermine other social
policy objectives?
o Would the local community accept this resilience measure?
e Institutional criteria such as institutional acceptability, mainstreaming potential and
other enabling conditions
o Would local stakeholders accept this resilience measure?
o Is there a specific limiting factor on the implementation or upscaling of this type
of resilience measure?
o Could the resilience measure be integrated with existing local government
planning and policy development?
e Economic criteria such as economic constraints
o Isthere alack of financial resources and economic structure to support this type
of resilience measure? Can this constraint be overcome?
o Does the municipal or management entity have potential access to funding to
cover the cost? (See Step 1.6 Financing the flexible Resilience Pathway)

TIP!

Table 9. Example of a possible feasibility assessment and prioritisation methodology

Feasibility assessment

Resilience Feasibility criteria Result  Priority
measures ; . ; ; ; actions
Heritage Technical Environmental Social Economic
Low (1) Medium High (3) High (3) Low (1) 10 3
(2)
Low (1) Low (1) High (3) Medium Medium 9 4
(2) (2)
Low (1) High (3) Medium (2) High (3) High (3) 12 2
Low (1) Low (1) High (3) Low (1) Medium 8 5
(2)
Medium Low (1) Low (1) Medium  High (3) 9 4
(2) (2)
High (3) High (3) Low (1) High (3) High (3) 13 1

Feasibility screening can be seen as a first characterisation step which can help on the pre-
selection of most suitable resilience measure or to narrow down the number of resilience
measures. The next step would be to perform a deeper assessment or characterisation of the
new portfolio of measures based on their environmental or economic performance and any
other relevant criteria such as barriers, co-benefits or “maladaptation” potential (i.e., may entail
associated or undesirable side effects). Feasibility and impact characterisation performed
subsequently may facilitate the process of resilience measure selection and their ranking, if
needed.
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TIP!

Resilience pathways, in contrast to Adaptation Pathways, consider not only structural
measures to directly address the hazard impact based on evidence (data-driven pathway),
but also social and institutional ones (Table 4). Socio-institutional measures are also
important to decrease the impact of extreme events, however most socio-institutional
resilience measures do not have a direct effect on the reduction of natural hazards’ impact.
Thus, Resilience Pathways should be assessed using an economic performance metric
such as the benefit-cost ratio (BCR).

TIP!

Threshold analysis (Step 1.4 Define resilience threshold or objectives) may only be
performed when working with environmental performance.

TIP!

It is worth noting that many performance metrics depend on multiple local factors. This
should be kept in mind when extracting performance data from literature. The range of
effectiveness (the difference between the maximum and minimum values) will allow for a
better understanding of how context-dependent the performance of the specific resilience
measure may be.

Prioritisation of measures is undertaken with the aim of selecting the most efficient and
adequate options to face challenges and enhance the resilience of the historic area/
municipality. The most commonly used methods are:

e Monetary Analysis: The methodologies under the monetary analysis are based on
assigning monetary values to inputs and outputs, and thus facilitating the comparison
of a resilience measure or a group of them working towards an objective. Cost
effectiveness analysis (CEA) and cost benefit analysis (CBA) are among the most used
methodologies.

e Multi-criteria (Decision) Analysis is a method which has the advantage of considering
not only monetary based criteria, but e.g., environmental, social, cultural criteria in the
evaluation. It allows stakeholders to organise information and to contribute to
supporting decision-making processes (often with a high degree of uncertainty) based
on the transdisciplinary understanding of the problem.
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TIP!

Multi-criteria analysis (MCA) manual for making government policy provides guidance
for government officials and other practitioners on how to undertake and make the best use
of multicriteria analysis for the appraisal of options for policy and other decisions (30).
Typical eight step process in MCA are summarized below:

1. Establish the decision context

How can the MCDA fit into Climate Change Adaptation? How can the overall problem assessment be broken
down? What do we want to know?

1.1. Establish aims of the MCDA, and identify decision makers and other key players
1.2. Select technical and economic resources for conducting the MCDA

1.3. Consider the context of the appraisal

2. Identify the options to be appraised

Identify alternative policies, programmes, plans, projects or designed solutions. Are there any options? How
many options should be compared in a MCDA? Which options should be compared with each other?

3. Identify objectives and criteria

Can criteria be identified and formulated? Is there enough data for the evaluation?

3.1.1. Identify criteria for assessing the consequences of each option

3.1.2. Organise the criteria by clustering them under high level or lower-level objectives in a hierarchy

4. “Scoring”. Assess the expected performance of each option against the criteria. Then assess the value
associated with the consequences of each option for each criterion

4.1. Describe the consequence of the options

4.2. Score the options on the criteria

4.3. Check the consistency of the scores on each criterion

5. “Weighting”. Assign weights for each criterion to reflect their relative importance to the decision.

Identification of priorities at all the levels of the hierarchy structure, i.e. what is the assessment focus? Which
hierarchy elements are more or less important than others?

6. Combine the weights and scores for each option to derive an overall value
6.1. Calculate overall weighted scores at each level in the hierarchy

6.2. Calculate overall weighted scores

7. Examine the results

This is an iterative process, and if the user is not satisfied after the results the evaluation and repetition of the
previous steps is recommended

8. Sensitivity analysis
8.1. Conduct a sensitivity analysis: Do other preferences or weights affect the overall ordering of the option?

8.2. Look at the advantages/disadvantages of selected options, and compare pairs of options
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8.3. Create possible new options that might be better than those originally considered

8.4. Repeat the above steps until a “requisite” model is obtained

Step 2.3 Spatial planning

+ Facilitate the effectiveness assessment of pathway alternatives

+ Identify feasible places to deploy each type of resilience measure

+ Assist spatial planning of structural measures to achieve resilience
objectives and minimize risks

Objectives

Resilience measures’ impact may depend on their spatial deployment and their effectiveness
may vary, for example, on the total implemented area, the existing landscape or structures of
a given area. For example, depending on where infiltration techniques are implemented at the
city/neighbourhood scale, the pluvial flooded areas may decrease or not. To provide another
example, at the building level, depending on the vulnerability of buildings towards earthquakes,
the deployment of measures may vary. This spatial planning of measures is mainly relevant
for structural measures and modelling exercises (Figure 26) to assess the environmental
performance of pathway alternatives (Step 3).

[10.001 - 0.005. Dry
VY 4 [-10.005 - 0.,25. Minor
{ [10.25 - 1. Moderate
, B 1- 2. Severe
Bl > 2. Very severe

Baseline scenario Permeability increase by 30%

Figure 26. Modelling outputs without and with resilience measures

At this stage the focus is on where the identified measures can be implemented to minimize
impacts, and thus, increase resilience. This step requires the involvement of e.g. planning
experts to reflect what resilience measures are feasible to deploy at the local level and to
identify feasible locations for the implementation of measures. In order words, the idea is to

'S Infiltration components are used to capture surface water runoff and allow it to infiltrate (soak) and filter through
to the subsoil layer. Infiltration components can be incorporated into a range of sustainable drainage systems
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create an “opportunity map”. This can be done, for example, by cross-linking land use typology
with resilience measures as seen in Table 10 .

Table 10. Example of prioritisation of resilience measures to address pluvial flooding per land- use typology
and heritage significance of the area for Bratislava case study

Historic il Historic CituEr Historic i Historic i
areas areas areas areas
Grass 2 2 2
Permeable 1 1 1 y 1 1
pavement
Water
Plaza v 2
Trees 5 & &
Parks/ 5 3
gardens
Infiltration 4 2 2 4 4
trenches
Rainwater
. 1 1
harvesting
Green >
roofs
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Step 3: Developing pathway alternatives

This step aims at analysing and benchmarking the environmental effectiveness or economic
efficiency of different groups of resilience measures or pathway alternatives. This step requires
a stakeholder dialogue to set the criteria to (i) re-organise the resilience measures in groups,
(ii) define the most suitable pathway alternative (Step 4: Selection of best pathway alternative)
and (iii) sequence the order of the deployment of resilience measures. To minimise resource
use, often the selection of best pathway alternatives is performed prior to the visual
representation of the pathway. The visual representation of a pathway alternative may vary,
but often is created via the sequencing of the resilience measures, like a road map.

Step 3.1 Resilience pathway alternative development

* Encourage the consideration of a wide range of measures to help
achieve a long-term vision in term of resilience

» Clustering resilience measures based on relevant criteria or
considerations

Objectives

What is a Resilience Pathway alternative?

A pathway alternative is a cluster of resilience measures, similar to a resilience or adaptation
strategy. This cluster is usually built based on a criterion or on stakeholder preferences. Criteria
may vary depending on local needs and preferences. Criteria may be related to the type of
mechanism of action, nature of the measure, barriers, costs, heritage significance alteration,
heritage identity preservation level etc.

Figure 27 presents an example to clarify this concept. In the figure, no criterion has been
applied for pathway alternative 1 considering all measures that may have hypothetically been
selected in Step 2. In pathway alternative 2 just one typology of resilience measure is
considered, based on the aim to address pluvial flooding, while the pathway alternative 3 is
the result of the stakeholders’ preferences.
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Parks! gardens

Amenity Lawns
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Infiltration
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Pathway alternative 3: Just grass and conveyance channels are
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Figure 27. Example of resilience measure clustering based on different criteria

What is the advantage of considering a cluster of resilience measures in the resilience
building process?

It can help to tackle a challenge in a more holistic way by assessing the impact of all potential
measures simultaneously. This is especially important if the effectiveness assessment of the
pathway alternatives (step 3.2) is performed by modelling or an ad-hoc economic performance
analysis.

Pathway alternatives allow for better assessments of the impact of a possible resilience
strategy and benchmark the performance of different clusters of measures (pathway
alternatives) at the same time. When considering an environmental performance assessment
in order to address the challenges indicated in Step 1, the pathway alternative will allow to
determine if our objectives or thresholds are achieved. In other words, pathway alternatives
will allow, in a flexible way, to determine how much pathway deployment is needed to reach to
the set objectives over time (in relation to steps 3.2 and 3.3).
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Step 3.2 Assessment of effectiveness

Objectives thresholds or objectives

» Assess the performance (e.g. effectiveness or efficiency) of each
pathway alternative
* Reveal which pathway alternatives can reach the established

* Provide information that will support the sequencing of actions by
providing e.g. the effectiveness or efficiency of each resilience
measure

In performance-oriented or data-driven pathways to address climate change and other natural
hazards, there are two different approaches to assess the performance of resilience measures:

e Quantitative:

O

Environmental performance: Simulations via modelling, as the ones shown in
Figure 26) allow for the consideration of the local context and spatialization of
resilience measures. Modelling accounts for drivers that may increase or
decrease the impact of the hazard. Effectiveness can be presented in a
dynamic way and at different scales. It assists with the identification of “hot-
spots”, or areas where problems may arise.

Economic performance: Scenario-based cost benefit analysis, or other similar
methodologies, help inform the assessment of the robustness and economic
desirability of the pathway alternatives, by seeing them as investment choices.
It accounts for the local context, thus being more accurate than the semi-
quantitative approach. It also may allow, in the design step of the flexible
Resilience Pathway, to better identify which investments are necessary as
starting points and keep options open to increase protection in the future, while
maintaining economic efficiency.
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TIP!

The Australian National Climate Change Adaptation Research Facility published an
information manual (31) which provides guidance on a Cost-Benefit assessment to help
decision makers to assess the costs and benefits of adaptation interventions and Adaptation
Pathways. It advises on how to navigate the difficult landscape of deciding when, why and
how to assess the costs and benefits of adaptation.

COSTs over 30 years:
70 million €
100,000 electric car subsides
100.000 building rehabilitation
subsides
100,000 hew trees

BENEFITS over 30 VEArs:

T4.000 premature deaths avoided
130.000 tons PM. ¢ avoided
Up to 353 million tons CO; avoided

740 million €

11:1
Benefit-
Cost Ratio

HERITAGE TIP!
Benefit-Cost analysis may help:

Decide which heritage places to protect and conserve first (when physical interventions
have spatially been decided. See Step 2.3) based on their risk to hazard, their heritage
values and community benefits. This will for example help the allocation of scarce
budget.

Decide on which pathway alternative’s benefit is likely to be the greatest in comparison
to the costs involved to increase the resilience of the historic area.

Semi-quantitative: Through the use of scientific data, the overall theoretical pathway
effectiveness or efficiency can be calculated as the sum of an individual measure’s
performance (see Figure 28 as an example). Despite being less accurate than the
quantitative approach in determining each pathway alternative’s impact, it allows for
benchmarking of the pathway alternatives and helps by presenting the pathway
alternative with the highest performance. This approach may not be able to determine
whether measures are relevant to lower the risk in specific vulnerable areas but will
allow ranking of the different pathways based on their effectiveness in reducing the
impacts of a climatic or other natural hazard. This was seen by Mendizabal et al. (2018)
(29) by assessing various Adaptation Pathways’ effectiveness towards pluvial flooding.
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This approach requires fewer resources and technical knowledge than the quantitative
assessment.

Effectiveness
(Water volume in m? infiltrated in 1h)
Improved area: 0.48 Km¢

m Pathway alternative 1 = Pathway alternative 2 = Pathway alternative 3

Figure 28. Example of result achieved by semi-quantitative performance analysis of pathways alternatives
considered in Figure 30 for pluvial flooding

As shown in Table 4, Resilience Pathways, in contrast to Adaptation Pathways, need to be
assessed using an economic performance metric such as the Benefit-Cost ratio to allow the
consideration of socio-institutional measures. These measures are vital to be included in the
full disaster risk management cycle. Adaptation pathways may be complemented with socio-
institutional measures in a parallel qualitative pathway, which would be outside the
environmental effectiveness assessment.
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Step 3.3 Sequencing over time

« Create a roadmap of resilience by assembling sequences of
resilience measures to address the identified risks

* Reflect under which conditions the measures loose effectiveness

Objectives and new measures are needed

+ Select what measures have highest priority for implementation
considering risks and spatial planning if necessary (where to
implement)

Once the effectiveness of the resilience measures and pathway alternatives have been
assessed, there is a need to draw a roadmap representing the possibilities of the measure’s
deployment. Generally, this roadmap is represented by a sequence of the resilience measures.
It is important to consider the previously gathered information (the current situation, future
expected risks, defined threshold/objectives, etc.) and other relevant criteria that may support
decision-making, such as urgency of action, when establishing the order of deployment. The
sequencing can be done for all pathway alternatives or just for the pathway alternative most
suitable for the historic area’s context (see Step 4: Selection of best pathway alternative).

The order by which the measures should be implemented over time can be decided by:

o direct stakeholder judgment

e a co-creation process

e multi-criteria analysis (see guide on page 64)
o feasibility analysis (e.g., Table 9)

Which criteria may be relevant to help on the sequencing?

There are several criteria that may determine the order in which the resilience measures may
be deployed to achieve the desired goals, as shown in Figure 29. The relevance of the criteria
will depend, among other factors, on the local socio-institutional context including: the
participating stakeholders in the resilience-building process; relevant hazards; historic area
characteristics and how resilience will be built.
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Effectiveness Cost Easy implementation

. Physmgl damage reduction (%) « Investment cost * No need extra Support from e.g.

. Annua_llzed0 collapse probability « Maintenance other authorities/ stakeholders
reduction (%) » Time required on implementation

» Mortality decrease (%)
* Economic loses reduction (%

)
« Benefit cost ratio ]

Impact on heritage significance Other

* Aesthetic * Urgency of action or risk level
» Social significance « Stakeholder accpetability

* Historic value * Feasibility

* Authenticity

Figure 29. Example of criteria that may be used to prioritise the roadmap development

What are the key elements when drawing an Adaptation Pathway?

There is not only one way to design Adaptation Pathways. As previously mentioned, they are
represented as a sequence of actions. They can range in complexity, and can be drawn as a
linear sequence (Figure 31) or have a decision tree structure (Figure 30).

Furthermore, there are few elements that should be considered, and which makes the pathway
approach unique:

1. Performance and appraisal of the pathway alternatives

Dynamic adaptive policymaking tools, in which Resilience Pathways are included, were
conceptualized to address uncertainty in decision making, while incorporating evidence-based
information. Though an appraisal of the pathway alternative’s effectiveness is done in Step 3.2
Assessment of effectiveness, the graphical displays associated with the sequencing are also
informative, with regards to how the order of the adaptation measures contributes to meeting
the set objectives.

In Figure 30 an example of a quantitative graphical display is shown. The upper horizontal axis
can represent the environmental or economic indicator to assess the effectiveness/efficiency
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of the resilience measures (larger size of the bar indicates higher level of effectiveness) as well
as the cumulative performance, while the lower horizontal axis represents time.

Adaptation |pre-disaster)

EJ 1IEI EI{] .':‘IEI alll:I' Effectivensss
| I 1 1 1 —
I -
o o I '
|
Trees i |
N |
I Park I I
B Rain garden : :
B Cool pavements | I
1 |
M Urban planning I I
|
Traffic reduction | N
| |
| |
| |
1 1 .
¥ Small change Significant change Worst case Time
2022 sSCenario sCenario scenario
Reference
Periad

= = Threshold! Objective 1
Threshold! Objective 2
= = Threshold! Objective 3

Figure 30. Example of the sequencing graphical display of an Adaptation Pathway (pre-disaster)

TIP!

In an evidence-based (quantitative) pathway approach, the individual and/or cumulative
resilience measures’ effectiveness are represented as a sequence over time. In qualitative
pathways (often stakeholder-led pathways, which may be used to create narratives towards
heritage resilience), performance is not represented in this way, rather just the order in which
the measures should be deployed and assigned to different hazard scenarios.

2. Thresholds/ tipping points or objectives.

In Adaptation Pathways, different future scenarios are considered and planned for — and
generally those which are linked to thresholds (dashed vertical lines in Figure 30) or tipping
points. Thresholds represent the point at which the system is no longer effective or when the
impacts associated with a hazard are deemed not to be bearable. In this instance, the system
would reach a “tipping point” which implies a decision needs to be taken. At this moment the
pathway alternative is reinforced with another set of measures.

For example, in Figure 30 a tree graph-like design is presented when reaching the worst-case
scenario (vertical yellow dashed line). In this case, it should be decided which of the two
possible routes (a) or (b) to implement. However, it should not be forgotten that Adaptation
Pathways are a representation of a plan designed well ahead to prepare for future envisioned
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climate change impacts while their deployment is initiated once certain “tipping point”
conditions occur.

TIP!

There are different representation forms of tipping-points in the diagram. The most common ways are as a
decision node or with thresholds lines like in Figure 30.

Tipping point node

3. Flexibility with measures deployment time and roadmap possibilities

Flexibility is considered within the Adaptation Pathways in various forms, and which depends
on the availability of new or more precise knowledge:

Measure deployment. Adaptation pathways ensure the consideration of various future
scenarios and, depending on the evolution of the problem, the road map is reinforced
with another set of measures, modified or even delayed. In other words, in Figure 30 it
may happen that after deploying measures like parks, trees and grass, there is no need
for further measures deployment as the result of a successful policy, e.g., climate
change mitigation actions. Thus, maladaptation would be avoided by avoiding
measures that are not needed such as cool pavement, urban planning associated
measures and extra trees (route a) or those included in route b.

Thresholds. These are related to scenarios of change or conditions that negatively
impact the historic or urban area. These scenarios are bound to an estimated timeline
which can be affected by uncertainty as to when they will take place. Thus, thresholds
may need to be shifted, as the likelihood of reaching them earlier or later is known. This
will help to avoid an inappropriate use of resources by acting too early or too late.
Route of deployment. As seen in Figure 30, when tree-like pathway design is possible
and various routes have been designed for a pathway alternative, when reaching
threshold/ objective 2 (yellow dashed line), the decision-makers can choose to
reinforce the pathway with route (a) or (b). This will enable to take into considerations
the historic area and local context at the point of decision and not only on planning.
Maladaptation. As implementation of past adaptation measures and their impacts are
observed via a monitoring and evaluation strategy, the pathway approach should
inform best practices to guide decisions away from maladaptation. Thus, the pathway
approach allows “steering the wheel” when necessary for better adaptation.
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What are the similarities and differences with Adaptation Pathways when drawing
Resilience Pathways?

The most important difference is that resilience accounts as well for disaster planning and
management, through the lens of sudden risks as well as slow-onset (future) risks. The ARCH
Resilience pathways are conceived based on the ARCH Resilience definition for historic areas,
which takes a holistic perspective, where dimensions such as the social, cultural or political
are considered.

ARCH Definition: Resilience of a historic area
“The sustained ability of a historic area as a social-ecological system'® (including its social,
cultural, political, economic, natural and environmental dimensions) to cope with hazardous

events by responding and adapting in socially just ways that maintain the historic area’s
functions and heritage significance (including identity, integrity and authenticity).”

1. Performance and appraisal of the pathway alternatives

Adaptation pathways, when data-driven, have been focused on reducing the hazard impact
mainly by structural measures (mainly the environmental dimension of resilience'). The
performance of the pathway alternatives in these cases have been assessed by either
environmental or economic indicators. However, Resilience Pathways aim at incorporating the
community and institutional® sphere of resilience more explicitly. Environmental metrics are
generally not suitable to assess the performance of these two relevant spheres of resilience.
Thus, in the case of Resilience Pathways, economic efficiency-related metrics are indicated
both for pre-disaster as well as during and post-disaster phases.

Resilience pathways can plan the future deployment of measures based on cost efficiency, on
how climate is expected to unfold, or on scenarios of change in the frequency or intensity of
geophysical hazards (pre-disaster phase). Thus, when economic performance is used, the
necessary measures to safeguard the historic area’s functions are identified while maintaining
the cost efficiency per scenario (quantitative approach). When quantitative approaches are not
available, the resilience measures can be assigned to each scenario, setting specific
objectives for each scenario (semi-quantitative approach). In this case, it is desirable to
document how the objectives were determined and the reasons behind the decisions and
assumptions made need to be documented then.

The graphical display of the pre-disaster phase is similar to the one for Adaptation Pathways
as seen in Figure 31. However, a Resilience Pathway complements the pre-disaster figure
with a second graphical display dedicated to planning for during and post-disaster phases,

16 “[complex systems of people and nature, emphasising that humans must be seen as a part of, not apart from, nature.” Source:
(32)

7 Structural resilience, which corresponds to the resilience of the ecological system and consists of: (i) resilience of (built)
environment and services; (i) resilience of natural ecosystems.

18 Community resilience, which covers the socio-cultural part of the social system and consists of: (resilience of social systems,
meaning people and communities; (ii) resilience of cultural systems, meaning resilience of cultural identify, local knowledge and
intangible heritage; Institutional resilience, which covers the political and economic part of the social system and consists of: (i)
resilience of government institutions, policies, and processes; (ii) resilience of economic institutions and processes. Source (16)
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which can also represent the performance of the resilience measures by an economic indicator
such as Benefit-Cost ratio. A decision tree structure representation can be used in the planning
of during and post-disaster phases to acknowledge the different routes depending on the
severity of the disasters.

Resilience (pre-disaster) - =
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Figure 31 Example of the sequencing graphical display of a Resilience Pathway. Pre-disaster on top and
during and post-disaster on the bottom

2. Tipping points or objectives

Resilience pathways have two types of tipping points:

Pre-disaster tipping point or objectives: Similar to adaptation tipping points, these
represent when the past implemented measures lose their effectiveness, or their
effectiveness is no longer sufficient to the new conditions. Pre-disaster tipping points
or objectives of resilience can be represented in a similar way to adaptation thresholds
(see Figure 31).

Disaster tipping point: When a disaster occurs, that is when the emergency operating
phase needs to be activated. At this point the during and post-disaster measures need
to be deployed (bottom graph in Figure 31). Disaster tipping points are not represented
in the pathway approach, but in the Resilience Management Framework (Figure 4).
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3. Flexibility with measure deployment timelines and road map possibilities

The conditions and premises of flexibility applied to Adaptation Pathways are equally valid for
resilience measures. As conditions evolve, the pathway may a) be reinforced with another set
of measures either for the pre-disaster or the during disaster period, then to be followed by
post-disaster measures, b) modifications or even c) delays.

Step 4: Selection of best pathway alternative

Objectives

» Reflect on which of the pathway alternatives (roadmap) best
aligns with the resilience needs (step 1.3), the vision (steps 1.4 &
1.5) and the local context in terms of feasibility (e.g. step 1.6)

* Discuss and assess the expected outcomes of each pathway
alternative

* Determine the methodology for the selection of most suitable
pathway alternative

» Select the resilience pathway to be implemented

This step consists of the selection of the most suitable Resilience Pathway alternative for the
historic area or municipality, depending on the focus of the work. This starts with the selection
of the methodology by which the most appropriate pathway alternative is to be selected. The
most common methodologies are:

Multi-criteria analysis: In this exercise the criteria to be selected may be associated
with the impact of the pathway alternative, heritage significance preservation, its co-
benefits and implementation cost, or management. Investment cost or available
financing mechanisms (Step 1.6) for the included measures may be relevant as a way
to ensure the long-term sustainability of resilience planning. Furthermore, it also allows
for the consideration of barriers, stakeholder preferences and policy priorities and is
meant to be incorporated into the decision-making process in a structured, systematic
and transparent way (33).

Cost effectiveness or Benefit-Cost analysis of each Resilience Pathway: This
methodology is used if pathways were assessed by environmental effectiveness or
other non-economic methodologies. This may imply the realisation of an ad hoc study
to perform this evaluation with its subsequent expenses. However, the combination of
environmental and economic performance analysis will result in more robust decision
making.

Stakeholder participatory workshop: This methodology promotes discussion of
stakeholders from different knowledge areas, backgrounds and competencies within
the resilience-building process. This will promote a consensus on the best way forward
on resilience building among different perspectives. An example of a supporting tool
that may be used is shown in Toolbox [4].
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TOOLBOX 4:

Decision loop is a tool that helps to define how the work that has been done (e.g. the
definition of resilience pathways) informs what to do next, in this case the pathway selection.
This tool is an example of the type of methodologies that could be used in a stakeholder
participatory workshop. The tool offers a framework based on methods, systems and
processes to help with decision making in a collaborative way.

Collect information
Assess needs & contaxt

Review outputs Prioritise criteria
Agree on the most suitable pathway Choose judgement approach
and document the process

Discuss
Evaluatz and benchmark pathway
alternatives

Figure 32. Example of a co-creation tool to select the most suitable pathway alternative

At the end of the Resilience Pathway development, it is important to document the process,
methodologies, and the final outputs to facilitate the process of revision in the future.
Afterwards, it can be relevant to communicate and disseminate the outputs of the process to
maintain the engagement and ownership of the results among stakeholders. This can also be
a chance to communicate with other parties about the work done so that the vision can be
shared. This buy-in will in turn reduce the risks for the pathway’s future implementation.

Furthermore, monitoring and evaluation of Resilience Pathways is key for various reasons:

e To understand when new measures should be deployed (related to thresholds and
“points of no return”’® as shown in Figure 15 and objectives) and be economically
efficient (34)

19 Often known as “tipping points”
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e To monitor the implementation of resilience measures
e To assess the outcomes of the deployment of the selected Resilience Pathway

TIP!
This step does not necessarily need to be the last one. Depending on the available resources,

or on the Step 3.3 expected outcomes, the selection of the most suitable Resilience Pathway
can be done prior to the design of the sequencing of the pathway
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Chapter 3: Resilience Pathway Visualisation Tool in
the Context of the Handbook

The ARCH project aims to enhance the resilience of areas of historic and cultural value to
climate change-related and other hazards. One of its objectives is to offer an integrated
framework and guide for resilience management which integrates both climate change
adaptation and disaster risk management (ARCH Resilience Management Framework (16)
and ARCH Standardisation activities (20)). Furthermore, ARCH also supports resilience
building of historic areas through supporting tools such as the Resilience Measures Inventory
(RMI) and the Resilience Pathway Visualization Tool (RPVT).

The ARCH RPVT is web-based tool to create and visualize Resilience Pathways. It provides
a user-friendly digital interface with which users interact to select, prioritize and sequence
potential resilience measures over time, which can be deployed as circumstances evolve.
Measures can be selected and prioritised according to various performance metrics (35).

The aim of the RPVT is to support the Resilience Pathway development for use by city
administrators, heritage managers and/or decision makers in the context of historic areas, and
help these stakeholders with the visual representation of pathways.

The RPVT, as it is based on the RMI, focuses on (i) heritage building & structures as well as
(ii) cultural heritage landscapes, with a focus on agricultural heritage.

This chapter will briefly explain how and in which steps of Resilience Pathway development
the RPVT can be used for support.
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RESILIENCE PATHWAY VISUALIZATION PROCESS

PATHWAEY CHARACTERSTICS RESILIENCE MEASLRRES
Thiz atep consists in petting tha main Thiz atep supparts and quides the This s1ep supnoris the gregihizal
characteristics af 1he patlwsay by selection of measures aimed a1 representation of the sequence af
saleciing the hazard. mefric of interest strengibaning the resilience. based ar resilience moasures over timae. This halps
far the aszessment and ciher reqguested environmental effectiveness ancfor communicate outputs fram the planning
RArEmetsrs sronamic anslysls process and aEslst decishonrmakers o

visalize a dynamic respansse 1o changing
conditlons

SETTING DBJECTIVES PATHWEY L] TERMATIVES
This sLep aims al gathering the resillence objectives for Thisstep allows Lo creats diffésent clusters of messures
the historic area's challenges based on expected changes based on specific ariterla. It alsa supparts to Wisualkns
v elimats ar natursl hezards and comgare the etlectiveness ol sach pathway

alternatives and selact the most aporopriate ors.

Figure 33. The RPVT process for pathway graphical representation

The RPVT can help:

» To select and compare measures based on environmental effectiveness and/or
economic analysis,

This handbook describes in Chapter 2 the relevant information to prepare the ground for
resilience building and setting objectives (see Step 1: Preparing the ground and setting
objectives) which could serve as an input when using the RPVT in setting the pathway
characteristics and objectives (Figure 33). On the other hand, in Step 2: Selecting resilience
measures of this handbook, some resources have been included: For example, the RMI
provides general information around 261 resilience measures, but does not include
environmental effectiveness or economic efficiency information. The RPVT, on the contrary,
includes performance information for 992° of these resilience measures (See example in Figure
34). This information can also support decision making during the selection of resilience
measures to be considered in Resilience Pathway development.

20 Those available through literature search in (35)
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Step 3: Select resilience to address Earthquake
Assessment indicator(s): BCR

Seafch

Saarch and salect the adaptation measmas
more appropriate for your case consldering MERELNEE BCR Add
B L= w
the intormation provided per meagune
n anchoring of moveable objecte 1o aveld damages Add
Fllters 3 - z = -
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OR™ i B Inzentive and suppartive activities A
B Freventative maintenance Add
IFC H Zaning and statutory planning regulaticns far kstoris areas Add
Bi grritorial urban plans And
teprageniativity
Hap B Sroecrural reinforcement to better withstand seismic sceivity A
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Select measure: Add €RBan
Gaod

very good

Besat

Figure 34. Screenshot of the qualitative economic performance information available from Step 3 from the
RPVT

» to create and benchmark different pathway alternatives (clusters of measures) based
on different performance metrics

The RPVT allows for the clustering of resilience measures based on different available criteria,
such as the nature of the measure, as shown in Figure 35. The RPVT also helps to visualize
the cumulative effectiveness per pathway. This permits users to benchmark which cluster of
measures will be more economically efficient or more effective to target the hazards. This is
covered in Step 3.1 Resilience pathway alternative development and Step 3.2
Assessment of effectiveness of this handbook.

The RPVT includes different metrics?' to assess the performance of the individual resilience
measures and pathway alternatives as shown in Figure 36. Thus, the RPVT can help develop
data-driven Resilience Pathways when metrics presented in Figure 36 are of interest.

Furthermore, when metrics present in the RPVT are not suitable for the development of the
Resilience Pathway or other assessment methods are preferred (see Table 4. Characteristics
of the different pathway approaches and methodology), the RPVT can show the
representativeness of resilience measures, as shown in Figure 37.

21 a standard for measuring or evaluating something
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Step 4: Pathway alternatives
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Figure 35. Resilience pathway alternatives based on institutional and social measures (top) and structural

measures (bottom) and their cummulative performance (yellow bars)
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Urban / building
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Figure 36. Metrics included to assess the performance of the resilience measures per inventory sections
and hazard. BCR: Benefit cost ratio. PET is suited to the evaluation of the human thermal comfort
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Figure 37. Screenshot of an example of representativeness chart of selected measures (top). The
representativeness of measures is based on the RMI subgroup of resilience measures (in the bottom a
screen showing the RMI subgroups’ description)

» to build Resilience Pathways (roadmaps) by sequencing the potential measures
over time, considering different scenarios or changing circumstances.

Step 3.3 Sequencing over time in the Resilience Pathway Handbook describes what factors
may be relevant to consider when sequencing the resilience measures, i.e. how to prioritize
the order of measures. The RPVT helps graphically represent this order (see Figure 38, Figure
39) and clarifies under which scenario they should be deployed. Resilience pathways are
meant to have a flexible deployment as climate or geophysical conditions evolve. To simplify
the planning of the implementation of resilience measures, some of the graphical
representations included in the RPVT show scenarios in terms of time periods that can be
associated with specific dates. The user should note that these dates should be considered
flexible and may be modified as conditions evolve and/or more accurate knowledge becomes
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available. In other words, near, medium and far future timelines should be considered as
representing small change, significant change and worst-case scenarios.

The graphical displays can also help communicate and assist decision-makers to visualize a
dynamic response to changing conditions.

BCR
w w =z
Territorial urban plans - z a =
= 31 -
Traditional skills and techniques in bui... 2 = :
T
Incentive and supportive activitles I-- B @ =
(=} -]
Structural reinforcement to roof, - e
Resistance reinforcement of walls Tt
Zoning and statutory planning
regulations for historic areas
Structural reinforcement to better i .

withstand seismic activity

T e e s e
damages |

Maoving the bullt Heritage (partially or | ..
totally)

Figure 38. Example of the type of graphical display that the RPVT allows to perform
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Figure 39. Qualitative representation example of a Resilience Pathway (pre-disaster)
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Chapter 4. Co-creating and testing activities

Co-creation processes, despite having different definitions and methodologies, have been
identified as valuable tools to bring greater research impact and to allow better local knowledge
uptake. This is especially true in the case of research applications dedicated to support local
policies. Thus, the ARCH project team has adopted a co-creation process and created a
guideline on co-creation (36) to ensure that project results are applicable and relevant in
practice.

The testing activities on the pathway approach have had different levels of intensity and
different degrees of ownership over the results. This has been the result derived from the
content of the ARCH Grant Agreement and the stakeholder engagement possibilities.

Three degrees of testing have been applied for the different ARCH pilot cities:

e Valencia: The pathway approach has been tested involving the local ARCH partner,
LNV, as well as some local stakeholders, and has aligned with current policies

e Bratislava: Three sessions combining theoretical information and co-creation exercises
have been carried out to showcase the main steps of the pathway approach with the
local ARCH partners

e Camerino and Hamburg: Transferability workshops have been performed to share the
outputs from Valencia and Bratislava and discuss how the methodology could
potentially be applied to each context

Prior to the testing activities, two training sessions were carried out to explain the theoretical
background of Adaptation Pathways and how it was applied to Antwerp and Bilbao in the
RAMSES and RESIN projects. At the start, it was observed (see Figure 40) that most of the
participants know the basics about Adaptation Pathways, but this was followed by 39%
participants having no or very little knowledge on Adaptation Pathways. This confirmed that
this area of knowledge was new to the majority of ARCH city and research partners. After the
training sessions, the level of understanding of attendees was assessed by asking them how
well they understand the Adaptation Pathway methodology with a scale from 1-5. All
respondents scored either a 3 or 4 with an average score of 3.4.
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What do you know about adaptation pathways?

= Adaptation what?

Heard the term, but don't know what it means
= | know the basics
= |'ve developed and adaptation pathway

= I'm an expert!

Figure 40. Initial knowledge on the concept of Adaptation Pathways by participants to the ARCH training
session 1. 13 respondents.

Valencia case study: Adaptation pathway towards heatwaves

The City of Valencia selected two large cultural landscapes as their target historic areas: the
Huerta irrigated peri-urban farmland, one of six remaining such landscapes in Europe and the
Albufera, a large coastal lagoon, supporting a diverse range of species including bird life and
fish, and bordered by land for rice cultivation. These two cultural landscapes are part of
Valencia’s socio-ecological system as its social, cultural, natural and economic spheres are
closely linked to these areas.

Furthermore, within ARCH, Valencia identified three priority objectives with respect to building
resilience of both the Huerta and Albufera cultural landscapes: 1) to acknowledge and explore
how the Huerta and Albufera help to mitigate the effects of climate change in the urban
environment of Valencia, 2) to understand and demonstrate in detail the impacts of possible
climate change scenarios on the Huerta and Albufera, and 3) to design detailed resilience
strategies in order to cope with these identified impacts. This last objective is fed by one of its
strategies: Improving resilience in the socio-ecological system Huerta / Albufera / City of
Valencia through Adaptation Pathways.

Step 1. Preparing the ground and setting objectives
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Step 1.
Preparing the * Preparing the ground & context analysis

grou nd and * Long-term vision &objectives

setting « Threshold definition
objectives

e Step 1.1. Setting the purpose of the Adaptation Pathway

The effect of extreme heat and heatwaves in agriculture, tourism, and the whole socio-
ecological system at the end is a major concern for Valencia. Thus, the aim of the Adaptation
Pathway was set to increase the thermal comfort of the urban and peri-urban open spaces,
including the Huerta, so that the areas can be as liveable as possible and for as long as
possible throughout the year (an adaptation perspective rather than a Resilience Pathway
perspective). This is especially important for the intangible heritage associated to agricultural
practices as this needs to be sustainable over a long period of time. By increasing the thermal
comfort around agricultural practices, as well as for residents, will allow this intangible heritage
to endure over time.

Furthermore, the Adaptation Pathway was set to have a special emphasis on the following co-
benefits:

(1) increasing the natural connectivity and biodiversity (Albufera and the Huerta).
Biodiversity improvements will improve the ecosystem services (e.g., healthy soils, pollinators,
and pest control). This leads to better crops, making agriculture more sustainable, and thus
protecting this heritage landscape, the agriculture sustainability in the Huerta and Albufera and
their ancient practices.

- Designing a pathway favouring green and blue solutions.
(2) the promotion of sustainable tourism and mobility

- Designing a pathway that helps to connect places of interest through e.g.
climate shelters and comfortable routes.

These co-benefits were considered to contribute to safeguarding the cultural landscape’s
activities by increasing the thermal comfort of agriculture workers, tourists and residents in
general, as well as promoting biodiversity which is key as much for agriculture as the natural
environment. Thus, the pathway approach was set to work in a holistic way, that is as a socio-
ecological system?? considering the connections between La Huerta, Albufera and the city of
Valencia.

22 complex systems of people and nature, emphasising that humans must be seen as a part of, not apart from,

nature
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e Step 1.2. Preparing the ground

In view of the objective of the ARCH project?®, in terms of decision-making, the goal for the
pathway was to set a roadmap of measures with various alternatives to promote a change
towards a strategic aim: to make the urban and periurban areas more resilient towards heat
extremes (Table 2). Given the research nature of the ARCH project, the pathway approach
followed a “hierarchical with scientific knowledge” decision making approach (see Table 5),
with Tecnalia as technical expert and LNV as the ARCH project’'s local stakeholder
representative. These partners led the process with specific inputs form various local
stakeholders already belonging to one of Valencia’s ARCH working groups.

e Step 1.3. ARCH: Context analysis

Climate context

There is plenty of evidence of global warming and expected climate projections which can be
consulted through different resources, as shown in Figure 41. However, local regionalized data
may not always be available or scattered. The ARCH project, in the framework of work
packages 4 (37) and 5 (38), has continued advancing on the generation of evidence for
Valencia on how climate will evolve (e.g. how often will the heatwaves occur) and a meso scale
thermal modelling considering different “typical days,” corresponding to different periods of the
century. Outputs from this work showed that the number of heatwaves will increase in intensity
and frequency (Figure 42) and displayed how the maximum temperatures will evolve and how
they will be spatially distributed in Valencia (Figure 43). Thus, there is a need to prepare for
these changes, especially as the effects of heatwaves on human health are well known. For
example, the 2003 heatwave shown in Figure 43 presented an increase of deaths by 4-fold.

RCF 8.5 Average maximum temperatunes per year

Figure 41. Climate projections under RCP 8.5 for the maximum temperatures from 2010 to 2100 in Valencia
city. Source Adaptecca24

23 ARCHis a European-funded research project that aims to better preserve areas of cultural heritage from hazards
and risks. The project will present various models, methods, tools and datasets to support decision-making.
24 nttps://adaptecca.es/
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Figure 42. Heatwave intensity (vertical axis) and duration (horizontal axis) of heatwaves for the historic
period and far future period considering RCP 8.5  projections. Source: (37)
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Figure 43. Maximum temperature of a typical tropical day of each period considering the RCP 8.5 (worst-
case scenario). Source: (38)

The GrowGreen EU H2020 project analysed the vulnerability and risk of the impacts of heat
stress to populations as seen in Figure 44 and Figure 45, respectively. This work identified the
areas where population may have higher risk to heat stress in the urban area.
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Figure 44. Vulnerability of the population to heat stress. Unit of analysis: the Administrative Functional
(AF) urban areas of Valencia. Source: GrowGreen project
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Figure 45. Risk posed by heat stress to residents in different areas of Valencia. Unit of analysis: the
administrative functional urban areas of Valencia. Source: GrowGreen project

e Step 1.4. Define resilience threshold or objectives

Based on existing knowledge, it was difficult to define a specific threshold. To overcome this
challenge, it was decided to work with minimum targets for adaptation, that is, to focus on
improving the percentage of land use classification in terms of thermal comfort using the
Physiological Equivalent Temperature (PET, °C) indicator (See Step 2.3 Spatial planning for
further clarity).

e Step 1.5. Alignment of the Adaptation Pathway with long-term vision of
the system

There are several plans that have similar objectives and compose different pieces of a puzzle
to achieve those objectives. The proposed Adaptation Pathway is aligned with them in the
following terms:

1. Regional Plan for the Huerta of Valencia?®

25 Source: https://politicaterritorial.gva.es/es/web/planificacion-territorial-e-infraestructura-verde/huerta-de-

valencia. [Last accessed on 28" July 2022]

ARCH D6.4
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https://politicaterritorial.gva.es/es/web/planificacion-territorial-e-infraestructura-verde/huerta-de-valencia

This plan is framed under the Law of the Huerta of Valencia, which has different objectives
and actions, one of these objectives being the public use of the Huerta of Valencia. The
Adaptation Pathway envisioned for Valencia is aligned with two of the actions included in this
objective: (i) creating a network of green routes all over the Huerta; and (ii) promoting
sustainable mobility. The only difference is that the Adaptation Pathway is dedicated to this
purpose not only in the Huerta but also in the urban area.

2. Programme for the prevention and attention to health problems derived from

extreme temperatures in the Valencian region?®

The Adaptation Pathway aims to help bridging the gaps identified by this programme by
improving environmental risk factors associated with mortality such as:

The lack of trees in residential areas the area around the house

Lack of access to cool areas during the working day (outdoor workers)
Lack of climatic refuges for the general population and tourists

Highly built-up environment (asphalt over permeable soils)

3. Valencia’s Green and Biodiversity Plan?’

Similar to this plan’s objective, the Adaptation Pathway aims also to contribute to the protection
and improvement of green infrastructure and biodiversity with the following purposes:

Adapt Valencia to the effects of climate change
Increase urban ecosystems’ biodiversity
Connect urban green areas

Connect with regional green infrastructure

4. NbS Strategy in the city of Valencia. Climate proofing urban planning through

NbS (GrowGreen Project Output)

The GrowGreen Project is supporting the new NbS Strategy development mainly through local
planning, e.g. Local Master Plan. Among the considered strategic objectives the Adaptation
Pathway can also answer their needs by:

Improving environmental health and comfort (Objective 2, theme area 4. Public space
security and health)

Ecological and multiscale connectivity and accessibility (Objective 3, themes area 6.
Relationship with ecosystems in the environment, mainly the Huerta and theme area
7. Sustainable mobility and accessibility to green areas)

26 Source: https://www.san.gva.es/web_estatica/index_va.html [Last accessed on 28" July 2022]

27 Source: https://plaverdvalencia.com/ [Last accessed on 28™ July 2022]
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Step 2. Selecting adaptation measures

* Resilience measure portfolio
* Resilience measure characterisation

+ Spatial plannification of resilience measures

o Step 2.1. Identification of adaptation measures

In order to identify possible adaptation measures that could tackle heatwaves, the first step
was twofold: first, to create a problem tree representing the conceptual model of the impact
chain (Figure 46); and then to create an adaptation canvas identifying the main groups of
measures that could be applied to address the impacts of heatwaves (Figure 47). Only
structural measures were selected, as seen in Figure 47, as the aim was to assess how these
measures could improve the thermal comfort in the public spaces in the city, as well as in La
Huerta. The indicator selected to assess human thermal comfort was the Physiological
Equivalent Temperature (PET, °C) as previously mentioned. Social and institutional measures
do not directly address the temperature and humidity challenges that contribute to thermal
comfort, and thus were not selected for the pathway assessment. The identification of
adaptation measures was mainly performed using the databases RMI and RESIN Adaptation

Option Library.

Extreme temperatures/ heatwaves in human health (open public space)

INTERMEDIATE
IMPACTS MAIM IMPACTS

DRIVERS

Temperature, {humidity, " H Confort humano y .
s L, o] Air quality Il calidad devida B
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Thermal impact: : agua

Temperature Do Mortalidad y
Urban hes Increase Rl  rmorbilidad (piel,
-Urban hea Loss of termal N oc 5

-Land | :
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distribution) P =
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Matenals {albedo)

Figure 46. Problem tree representing the conceptual model of the impact chain: heatwaves in human health
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Figure 47. Adaptation canvas at different level. Adaptation measures in grey (institutional), green
(structural) and yellow (social). Adaptation measures with red line were selected for the Adaptation Pathway
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Figure 48. Final list of adaptation measures by subgroup of measures

o Step 2.2. Selection and characterisation of adaptation measures

The next step was to characterise and prioritise the adaptation measures based on relevant
criteria for the Valencia case study. This was done by a multi-criteria analysis. The selection
and weighing of the criteria was performed together with local stakeholders (Table 11). As
eight criteria were selected, there were not a particularly large difference in the weighing of the
different criterion, but environmental effectiveness was the most relevant out of those selected
(Figure 49). The final score of each of the adaptation measures can be seen in Figure 50.

Once the multi-criteria analysis was performed and a ranking of measures was obtained based
on the selected criteria, the results were cross-checked with local stakeholders. The barriers,
general consideration and synergies with existing strategies were as well discussed, after
which some barriers were considered to have more niche applicability and excluded from
further analysis. Those adaptation measures that could have higher mainstream potential were
considered for the opportunity mapping (spatial planning).

The reason for excluding the measures were:

e Grass: Despite the fact that it could be implemented in areas where there is seasonal
flooding, it was considered to have a high-water demand and cost. This was particularly
relevant to the choice to exclude the measure because water scarcity is also a concern
in Valencia.

e Urban food garden: Despite the great synergy with the urban agriculture plan and the
fact that such a garden could be ideal for the transition areas between city and the
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Huerta, it was not considered the most effective adaptation measure towards heat
stress.

Artificial wetland: Due to the technical and spatial requirement it was considered not
easily manageable in Valencia, with focus being instead shifted toward recovering and
restoring natural wetlands. Other measures were prioritised in the more rural areas.
Bioretention systems, which include trees, have the advantage of improving water
infiltration, but as for the heat stress they would have similar effects as urban trees.
Thus, to simplify, this type of measure was included under the trees category.

Water spraying, due to its cost and high-water demand, was only considered to be
applicable in specific sites and not as a mainstreamed solution.

Blue solutions, including open swimming pools, were also considered to be applicable
only in specific sites, and therefore not considered as a mainstreamed solution.
Pavement watering was excluded as it had the lowest score, and it implies the use of
a large amount of water

Traffic reduction had a neutral reaction among the stakeholders, despite the fact that
as a measure, it may help improve air quality and thus lessen the impact of heatwaves.

Table 11. Criteria for characterisation and prioritisation of the measures

Cost (€/m2) Economic euros

Biodiversity Environmental "1-5" Max

Contribution to the connectivity of

Environmental "1-5" Max
natural areas
Contribution to climate change Climate ny-3n Max
mitigation
Thermal effectiveness Climate "1-5" Max
Generating opportunities for
recreation, education and people Social "1-5" Max
gathering
Tourist activity enhancement Economic "1-3" Max
Other co-benefits Other "1-10" Max
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Figure 49. Weight of each criteria representing their relative importance as average to all stakeholders
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Contribution of each criterion to the final score of the
measure

Urban cooling strategy: pavement watering
Cool materials

Water spraying

Blue solutions: fountains

Blue solutions: open swimming pools
Shading

Blue solutions: Playgrounds
Traffic reduction

Green permeable pavement
Urban green furniture

Blue solutions: channels network
Green faCade

Blue solutions: pond

Grass

Green roofs

Agroforestry

Multifunctional margen (trees)
Trees

Urban food garden

Bioretention system

Gardens

Artificial wetland

Park & urban forest
0,00 0,70 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00

u Cost (€/m2)
m Biodiversity
m Connectivity of natural spaces
Contribution to climate change mitigation
B Thermal effectiveness
m Generation of opportunities for recreation education and people gathering
m Tourist activity enhacement

m Other co-benefits

Figure 50. Final score in the multicriteria analysis and the contribution of each criterion in the final score
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Step 2.3. Spatial planning

This step was dedicated to create an opportunity mapping considering the administrative
functional areas (depicted in Figure 44), in order to identify what type of adaptation measures
can be implemented where. It should be noted that the methodology was built around the
functional areas aligned with the GrowGreen project’s outputs, due also in part to the fact that
urban planners could not join in this work at the time of this project due to other commitments.

This analysis will allow for spatial consideration of the different pathway alternatives and link
to the area of thermal comfort improvement. The methodology that was followed to build this
opportunity mapping can be divided into six steps:

1.
2.

Download the Master Plan’s land use classification (Figure 51)
Assign each land classification to a use

a. Road network

b. Building

c. Public spaces

d. Public spaces - green

e. Orchard

. Trim the building areas from the cartography to obtain what was defined as the area

between buildings. This was done as the initial information considered not only the
buildings areas but small areas adjacent to them. Figure 52 shows the six-land re-
classification.

Use an algorithm for calculating vegetation areas within each land classification as
shown in Figure 53. This was done to be able to calculate the available area for new
adaptation measures.

Characterise functional areas according to surface area and available area per type of
land use.

"Cluster" functional areas by typology. This clustering was based on the degree of
artificialisation, green areas and amount of available land for future adaptation
measures (Figure 54).

Preliminarily allocate potential adaptation measures according to land-use
classification. This step was developed together with local stakeholders. The outputs
of this work can be seen in Table 12.
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Figure 52. Re-classification of the land use in 5 main categories: pink as building, red as “interblock” areas,
blue as open spaces, dark green as green open spaces, grey as the road network and light green as the
Huerta
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Figure 53. Vegetation area determination per land use classification
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Figure 54. Clustering of functional groups by typology. Clustering based on the degree of artificialisation,
green areas and amount of available land for future adaptation measures
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Table 12. Assignment of potential adaptation measures according to land-use classification based on the
stakeholder’s vision. Darkest green is the most preferable adaptation measure per land-use while the
lightest green is the least preferable solutions

After the opportunity mapping development, it was easier to set adaptation objectives (Step
1.4 Define resilience threshold or objectives) as knowledge on available surface in terms of
percentage and Km? was made available. This information was confronted with local context
knowledge to define the objectives as shown in Table 13. Scenario 3, which would be
implemented in the worst-case climate scenario, involves a change of around 8% of the total
urban area (not just the available or feasibility areas for further improvement). The amounts of
area prone to be improved in each scenario are as follows:

e Scenario 1: 1.36 Km?
e Scenario 2: 2.72 Km?
e Scenario 3: 4.31 Km?

ARCH D6.4



107

Table 13. Target scenario for land use qualification change (improve adaptation).* Excluding Ciutat Vella
due to heritage value of the area,**% considering the available area for further improvement

Huerta Building* Urba*rl Huerta Building* Urba*rl Huerta Building* Urba*rl
area area area
1% 1% 10% 2.5% 2% 20% 5% 5% 30%
Step 3. Developing pathway alternatives
Step 3. * Aggregation of different resilience pathways
DEVE'DP into the pathway alternatives
« Performance assessment of the pathway
Pﬂthway alternatives
alternatives «Sequencing the resilience measures over time

¢ Resilience pathway alternative development

Pathway alternatives are groups of measures, or clusters, which are considered
simultaneously to address challenges. This aggregation of previous identified adaptation
measures was built considering stakeholders’ reflections. The selected pathway alternatives
and their aggregation criteria can be seen in Figure 55. Pathway alternative 2 was defined as
many of the adaptation measures require water and this may promote water stress in the whole
socio-ecological system. Nature based solutions are key elements of the policies that are being
developed as it was presented in Step 1.5 Alignment of the Adaptation Pathway with long-term
vision of the system (page 95), thus developing pathway alternative 3 with green adaptation
measures. On the other hand, lack of economic finance for adaptation has been identified as
a barrier. Therefore, the last pathway alternative (no 4) only considers the most economic
solutions.
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Figure 55 Defined pathway alternatives for Valencia and their characteristics considering the local
stakeholder inputs

¢ Assessment of effectiveness

Micro-modelling exercises for all measures, except for multifunctional and agroforestry, were
performed using envi-met software?® to benchmark their effectiveness in terms of PET
reduction (°C) compared to actual status (baseline) of the modelled areas. Figure 56 shows
where the modelling was performed and Figure 57 an example of the modelling exercise.
Measures were classified as low effective, medium effective and high effective considering the
thresholds shown in Table 14. The overall effectiveness for each pathway alternative was
assessed using an effectiveness index, the calculation of which is based on how much area is
improved per effectiveness range, as seen in Figure 58. Results are presented in Table 16.
Pathway alternative 1 showed the best effectiveness followed by pathway alternative 3. The
selection of the most suitable pathway was done prior to the sequencing of the pathways.

2 high-resolution commercial microclimate modelling system
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Figure 56. Modelled areas. A: Green roofs, green fagade, extra trees and grass (as garden) were modelled

in a street. B: Urban forest, grass as green permeable pavement, urban vegetable garden, pergola as
shading, fountain, pond, water spraying as playground
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Figure 57. Modelling outputs for the baseline (upper left) and the urban forest (upper right) in terms of PET.

Differences in the distribution in PET ranges by surface area within the baseline and tree cover scenario
(bottom image)
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Table 14. PET reduction (°C) values characterising each threshold of effectiveness

Threshold range Performance ‘
PET Reduction = 3.5 °C High

0.75 °C = PET Reduction < 3.5°C Medium

0°C < PET Reduction < 0.75 °C Low

PET Reduction <.0 Not effective

Range of effectiveness Implementation area
| J

IR (

Parks & urban
forests

J

e
— p—
—

|
[
|

b
e,
!

Effectiveness index

Figure 58. Conceptual example of how the overall effectiveness was calculated for each pathway alternative

e Sequencing over time

This step was done after the preferable pathway alternative was established.

The order by which the adaptation measures can be deployed is linked to the vision and
understanding of the local stakeholders of how the risk should be addressed. It represents the
measures’ priority given by the stakeholders to tackle the challenge. In the case of Valencia,
the criteria for this sequencing were (by order of relevance):

e Urgency of action: The implementation of the measures should be prioritised in areas
at high risk (see Figure 54).

e Touristic areas: one specific area, AF 1: Ciutat Vella, was given more importance as it
has heritage importance and tourists visit this area more frequently. It was deemed
important to provide comfortable open spaces for tourists.

o Effectiveness of the measures and the preferences of the stakeholders (Table 12).

A detailed sequencing of the measures was performed which accounted for what type of
measure should be implemented where (AF) and how much deployment would be envisioned
in that area. A section of the graph can be seen in Figure 59 and Table 15 includes all the
potential interventions in the sequencing. The cumulative performance of the pathway
alternative 3, if all measures are implemented, can be summarized as:
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e 3.6% of the planned intervention areas improve thermal comfort in the high range of
effectiveness

e 65.9% of the planned intervention areas improve thermal comfort in the medium range
of effectiveness

e 30.5% of the planned intervention areas improve thermal comfort in the low range of
effectiveness

Trees - AF 8, 1, 7 Road Network (419649m2)

Treas - AF 2, 3, 13 Road Network (232802m2)

il

Trees - AF B, 1, 7 Public Spaces (16361m2)

Trees - AF 2, 3, 13 Public Spaces (2B35m2)

Trees - AF B, 1, 7 Area between buildings (56247m2)

Treas - AF 2, 3, 13 Area between buildings (1 7062m2)

Treas - AF 8, 1, 7 Green Areas (7721m2)

Park - AF 8, 1, 7 Public 5paces (13088m2)

Park = AF 2, 3, 13 Public spaces (2268m2)

a*+J_’-_|.-‘.'-_|'F &

Grass = Garden_AF 8, 1, 7 Area between buildings (56247m2)

Figure 59. A section of the graph including the measures in scenario 1 (small change scenario), see Table
13

Table 15. Order of the implementation of the adaptation measures corresponding to the pathway alternative
3: only NbS are considered. AF: Administrative Functional urban area

Adaptation Implementation s .
> cenario
measure area (m?)

1 AF 8, 1, 7 Road Network 419,649

2 AF 2, 3, 13 Road Network 232,802

3 AF 8, 1, 7 Public Spaces 16,361

4 AF 2, 3, 13 Public Spaces 2,835

5 Tree AF 8,1,7 Ar_ea between 56,247
buildings

6 AF 2, 3, 13. Area between 17,062 1
buildings

7 AF 8, 1, 7 Green Areas 7,721

8 Park AF 8, 1, 7 Public Spaces 13,088

9 AF 2, 3, 13 Public spaces 2,268

10 Garden AF 8,1, 7 Area between 56,247
buildings
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Adaptation Implementation .
No. 2 Scenario
measure area (m?)
1 AF 2,3, 13.Area between 17,062
buildings
AF 8, 1, 7 Public Spaces, A.
12 Green urban between buildings 59,519
furniture AF 2,3, 13 Public Spaces,
1 A. between buildings T
14 Retention AF 8, 1, 7 Green Areas 5,147
Pond
AF 5,6, 9, 11, 14, 15, 16,
17, 18, 23 Road Network,
e liEEs Public Spaces, A. between 22
buildings, Green Areas
AF 5,6, 9, 11, 14, 15, 16,
16 Parks 17, 18, 23 Public Spaces 14,286
Garden & AF 5, 6, 9, 11, 14, 15, 16,
17 Green urban 17, 18, 23 Public Spaces, 59,266
furniture A. between buildings
Retention AF 5,6,9, 11, 14, 15, 16,
18 Pond 17, 18, 23 Green areas 6,957
19 Trees La Huerta 445,980
20 Green roofs All AF Buildings 111,937
21 AF 8, 1, 7 Road Network 83,930
22 AF 2,3, 13 Road Network 46,560
23 AF 8, 1, 7 Public Spaces 41,965
24 Tree AF 2,3, 13 Public Spaces 23,280
25 AF 8, 1,7 Ar_ea between 11,249
buildings
26 AF 2,3, 13_Area between 3.412
buildings
27 AF 8, 1, 7 Green Areas 1,544
28 Park AF 8, 1, 7 Public Spaces 2,618
29 AF 2,3, 13 Public spaces 454
30 AF 8,1,7 Ar_ea between 11,249
Garden buildings
AF 2,3, 13 Area between 2
31 o 3,412
buildings
AF 8, 1, 7 Public Spaces, A.
32 Green urban between buildings 11,903
furniture AF 2,3, 13 Public Spaces,
. A. between buildings S
34 Retention AF 8, 1, 7 Green Areas 1,029
Pond
AF 5, 6, 9, 11, 14, 15, 16,
17, 18, 23 Road Network,
35 U= Public Spaces, A. between 690,891
buildings, Green Areas
AF 5,6, 9, 11, 14, 15, 16,
36 Parks 17, 18, 23 Public Spaces 8,242
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Adaptation
measure

Implementation

Scenario

area (m?)

Garden & AF 5,6, 9, 11, 14, 15, 16,
37 Green urban 17, 18, 23 Public Spaces, 23,568
furniture A. between buildings
Retention AF 5,6,9, 11, 14, 15, 16,
38 Pond 17, 18, 23 Green areas 2,985
AF 4,10, 12, 19, 20, 21, 22
39 Trees Road Network, Public 92,343
Spaces, A. between
buildings, Green Areas
40 Parks AF 4, 10, 12, 19, 20, 21, 22 8,242
Public Spaces
Garden & AF 4,10, 12, 19, 20, 21, 22
41 Greenurban Public Spaces, A. between 23,568
furniture buildings
42 Retention AF 4,10, 12, 19, 20, 21, 22 2.985
Pond Green areas
43 Trees La Huerta 668970
44  Green roofs All AF Buildings 111,937
AF 5,6, 9, 11, 14, 15, 16,
17, 18, 23 Road Network,
L liEEs Public Spaces, A. between HELEEA
buildings, Green Areas
AF 5,6, 9, 11, 14, 15, 16,
46 Parks 17,18, 23 Public Spaces 28,572
Garden & AF 5, 6, 9, 11, 14, 15, 16,
47 Green urban 17, 18, 23 Public Spaces, 118,531
furniture A. between buildings
Retention AF 5,6, 9, 11, 14, 15, 16,
48 Pond 17, 18, 23 Green areas 13,914
AF 4,10, 12, 19, 20, 21, 22 3
Road Network, Public
& Vs Spaces, A. between AU
buildings, Green Areas
50 Parks AF 4, 10, 1_2, 19, 20, 21, 22 41.210
Public Spaces
Garden & AF 4,10, 12, 19, 20, 21, 22
51 Greenurban Public Spaces, A. between 117,839
furniture buildings
52 Retention AF 4,10, 12, 19, 20, 21, 22 14.927
Pond Green areas
53 Trees La Huerta 1,248,744
54  Green roofs All AF Buildings 335,811
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Step 4. Selection of best pathway alternative

Step 4.

« Decide for the best pathway or rank them &
Recommend communicate the outputs of the resilience

apa t hway pathway develoment

Pathway alternative 1 showed the best thermal effectiveness, however other criteria were
considered relevant to assess the overall performance of each pathway alternative. The
pathway alternative most suitable to Valencia should promote recreational spaces, help or be
aligned with mitigation to climate change objectives, promote biodiversity and natural
connection, and have as little impact as possible on local water stress. Furthermore, ideally it
should be as economic as possible in terms of implementation cost, and have low maintenance
cost. Table 16 presents the performance of each of the pathways for each of the criteria. With
this information a multi-criteria analysis was carried out, and the outputs of this multi-criteria
analysis (Figure 60) showed that overall pathway alternative 3 was the most suitable one
considering all the mentioned factors. At this point pathway alternative 3 was selected and
proceeded to its sequencing.

Table 16. Selected criteria to rank the pathway alternatives (PA) and their values

Effectiveness index

Recreational index

Mitigation index

Biodiversity index

Cost (M€)

Maintenance index

Hydric stress index
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Final scores and contribution of criteria

0% 20% 40% 60% 80% 100%

Pathway alternative 4 :
Cheapest adaptation
measures considered
Pathway alternative 3:

Nature based solutions

considered

Pathway alternative 2:

Adaptation measures that
do not promote hidric
stress (no or low water

consumption)
Pathway alternative 1: All
adaptation measures are
considered
m Effectiveness index m Recreational index Mitigation index
m Biodiversity index m Cost (M€) ® Maintenance index

m Hydric stress index

Figure 60. Contribution of each criterion to the final score of the multicriteria analysis for the pathway
alternative
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Lessons learned through the co-creation activities with Valencia,
Bratislava, Camerino and Hamburg

Adaptive policymaking, in particular climate Adaptation Pathways, is creating great interest as
tools develop to anticipate and plan for the impacts of climate change and associated disasters.
However, there is a gap in knowledge around the concepts and methodologies as they relate
to Adaptation Pathways, especially in the heritage field. And since Resilience Pathways have
been developed within the ARCH project to respond to the ARCH Resilience Management
Framework (Figure 4), the knowledge of Resilience Pathways is even at an “embryonic” stage.

A few conclusions and lessons learned can be concluded from the testing and co-creation
activities with ARCH City partners and Valencia’s local stakeholders which have been
structured in five main topics:

1. Acquired knowledge through the training, co-creation and testing activities

The concept and data-driven methodology, often unknown for the ARCH City partners and
local stakeholders, was initially perceived as complex. The training sessions proved to be a
good starting point to bridge the knowledge gap and raise interest, as mentioned at the
beginning of the chapter.

As expected, the deeper the co-creation and testing work that was done between Tecnalia and
the ARCH City partners, the better the understanding of the whole process progressed. This
better understanding translated to higher understanding of the full potential of the adaptation
approach as a decision-making strategy to help with planning for adaptation and resilience.

More precisely the ARCH City partners expressed their learning uptake as:
“A logical step by step approach for creating a roadmap for increasing resilience”

“A framework with which we can assess the potential resilience of different actions for
pre-during or after natural disasters”

Figure 61 shows various features of the Resilience Pathway approach that were of interest by
the ARCH City partners.

A method based on
Long-term vision knowledge and
sensible data

Allows assessments
based on costs and
benefits

The use of multicriteria
analysis

Figure 61. Elements of the methodology that the ARCH City partners valued most
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2. Use of the pathway approach to your local context

All ARCH City partners perceived the potential applicability of the pathway approach. While in
some cases, the link and support to current policies and initiatives such as the Covenant of
Mayors for Energy and Climate and its Sustainable Energy and Climate Action Plan (SECAP)
was clear, in other cases the applicability of the pathway approach was linked to different
performance indicators than the ones considered within this handbook.

3. Adaptation vs. resilience approaches

Both approaches were of interest. In some cases, a the broader or more holistic approach
(resilience) was preferred, but for practical reasons the pre-disaster or Adaptation Pathway
would be selected as a starting point. Resilience pathways were seen as a bit more complex,
but at the same time with more opportunities as “it provides more options also for “bouncing
back” and building certain capacity’”.

4. General barriers of development and implementation of the pathway approach

During the training, testing and co-creation activities several barriers were identified in the
development and implementation of Resilience Pathways. Since in the ARCH project the focus
was on data-driven pathways, the main barrier identified by multiple ARCH partners or local
stakeholders was the lack of data or the level of the detail required in the data for the successful
deployment of a Resilience Pathway, especially when considering historic areas. The second
most frequently mentioned barrier was the monetary and resource limitation that municipalities,
regions or organisations managing heritage may have. A summary of other identified barriers
is shown in Figure 62.

Lack of efficient
coordination among
many different
stakeholders

Complexity of existing
layers of decision
making

Different understanding
and priorities among
stakeholders. Cultural
heritege needs a central
role

Difficulty in setting

specific thresholds

Difficulties to find
appropriate measures to
historic buildings

Figure 62. Other relevant obstacles in the development and implementation of Resilience Pathways
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5. Heritage perspective in the pathway approach

The testing activities carried out in ARCH Cites were cases where historic areas were
understood as social-ecological systems. However, this approach may not always be
transferrable to other historic areas where the pathway approach is sought just for the physical
demarcation of the historic zone. This shows the importance again of the local context in
resilience and adaptation building, especially when considering heritage.

Another relevant consideration for historic areas is the importance of maintaining the
authenticity of the historic areas which may conflict with several structural resilience measures.
This brings another requirement for historic areas and shows the need for new performance
indicators that may focus on heritage or account for criteria relevant to historic areas. This is
especially relevant for World Heritage Sites.

“The performance indicator for this cultural heritage cannot be environmental and
economic but has to be the sustainably protected heritage with the least possible loss
of substance and traditional use.”

Therefore, there is a need to continue working and exploring other heritage case studies to
further refine the Resilience Pathway methodology if it is to be applicable to historic areas and
draw broader conclusions.
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Annex A. Glossary

A

Adaptation (to climate change): The process of adjustment to actual or expected
climate and its effects. In human systems, adaptation seeks to moderate or avoid harm
or exploit beneficial opportunities. In some natural systems, human intervention may
facilitate adjustment to expected climate and its effects.

Climate change refers to a change in the state of the climate that can be identified
(e.g., by using statistical tests) by changes in the mean and/or the variability of its
properties, and that persists for an extended period, typically decades or longer.
Climate model: A numerical representation of the climate system based on the
physical, chemical and biological properties of its components, their interactions and
feedback processes, and accounting for some of its known properties.

Climate projection: A climate projection is the simulated response of the climate
system to a scenario of future emission or concentration of greenhouse gases and
aerosols, generally derived using climate models.

Disaster is a serious disruption of the functioning of a community or a society involving
widespread human, material, economic or environmental losses and impacts, which
exceeds the ability of the affected community or society to cope using its own resources
Disaster risk management. The systematic process of using administrative directives,
organizations, and operational skills and capacities to implement strategies, policies
and improved coping capacities in order to lessen the adverse impacts of hazards and
the possibility of disaster.

Historic area: Any groups of buildings, structures and open spaces including
archaeological and palaeontological sites, constituting human settlements in an urban
or rural environment, the cohesion and value of which, from the archaeological,
architectural, prehistoric, historic, aesthetic or sociocultural point of view are
recognized. Among these “areas', which are very varied in nature, it is possible to
distinguish the following 'in particular: prehistoric sites, historic towns, old urban
quarters, villages and hamlets as well as homogeneous monumental groups, it being
understood that the latter should as a rule be carefully preserved unchanged

Impact: Effects on natural and human systems (...) the term impact is used primarily
to refer to the effects on natural and human systems of extreme weather and events
and of climate change. Impacts generally refer to effects on lives, livelihoods, health,
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ecosystems, economies, societies, cultures, services and infrastructure due to the
interaction of climate changes of hazardous climate events occurring within a specific
time period and the vulnerability of an exposed society or system. Note: Impacts are
also referred to as consequences and outcomes

Resilience: The capacity of a social ecological system to cope with a hazardous event
or disturbance, responding or reorganizing in ways that maintain its essential function,
identity, and structure, while also maintaining the capacity for adaptation, learning, and
transformation. Building resilience needs to account for: the degree to which the
community comes into contact with a hazard capable of causing harm; the amount of
inherent susceptibility to harm in that community; and the extent to which people in the
community are able to make adjustments in order to avoid negative consequences,
taking into account existing imbalances in power distribution in that community and
ensuring that neither the impact of the hazard, nor the policies and actions themselves
exacerbate existing or create new inequalities across different groups

Risk: The potential for consequences where something of value is at stake and where
the outcome is uncertain, recognizing the diversity of values. Risk is often represented
as probability of occurrence of hazardous events or trends multiplied by the impacts if
these events or trends occur. Risk results from the interaction of vulnerability,
exposure, and hazard.

Scenario: A plausible description of how the future may develop based on a coherent
and internally consistent set of assumptions about key driving forces (e.g. rate of
technological change, prices) and relationships.

Uncertainty: A state of incomplete knowledge that can result from a lack of information
or from disagreement about what is known or even knowable

Urban (Urban area): Urban ‘is a function of (1) sheer population size, (2) space (land
area), (3) the ratio of population to space (density or concentration), and (4) economic
and social organization.’

Vulnerability: The propensity or predisposition to be adversely affected. Vulnerability
encompasses a variety of concepts including sensitivity or susceptibility to harm and
lack of capacity to cope and adapt.
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1. Introduction

The ARCH project (Advancing Resilience of historic areas against Climate-related and other
Hazards) aims to enhance the resilience of areas of historic and cultural value to climate
change-related and other hazards. One of its objectives is to offer an integrated framework
(ARCH Resilience Management Framework®®) for planning both for the climate change
adaptation®® and disaster risk management cycles®'. ARCH Work package 6 aims at
supporting resilience building through, among other things, the development of an inventory of
resilience measures targeting heritage and Resilience Pathways for historic areas. In line with
this objective, the Resilience Pathway Visualization Tool (RPVT) has been developed.

A Resilience Pathway is a decision-making strategy, closely related to planning, that
addresses both slow-onset climate change and natural disasters management. It is a

roadmap - sequences of potential actions/choices that can be implemented progressively
as conditions evolve (on how the future unfolds and the development of knowledge)

2. What is the RPVT?

The ARCH Resilience Pathway Visualization Tool (RPVT) is an easy-to-use web-based tool
to create and visualize Resilience Pathways. It provides a user-friendly graphical interface
through which users interact to select, prioritize and sequence potential resilience
measures over time that can be deployed as circumstances evolve. Measures can be selected
and prioritized according to various performance metrics (ARCH D6.232).

The RPVT is a data-driven tool supported by a relational database that stores and provides
access to the different type of measures characterization (RMI) as well as to effectiveness and
economic performance.

3. What is the RPVT for?

The aim of the RPVT is to support the Resilience Pathway development to city administrators,
heritage managers and/or decision makers in the context of historic areas. The RPVT should
be used in conjunction with the Resilience Pathway Handbook, which will guide on the steps
and give examples to enable building ad-hoc Resilience Pathways to each historic area
typology covered within the RPVT.

29 Milde, K.; Luckerath, D. and Ullrich, O. ARCH Deliverable D7.3: ARCH Disaster Risk Management Framework.
ARCH Project, GA 820999, 2020

30 RAMSES, “Transition Handbook” 2018, H2020 GA No. 30849.

MR Jigyasu, J. King and G. Wijesuriya, Managing disaster risk for world heritage, United Nations Educational,
Scientific and Cultural Organisation, 2010

32 Matesanz Parellada, A.; Nicolas Buxen, O.; Pefia Cerezo, N.; Sopelana Gato, A.; Turienzo Lépez, E.; Zorita
Castresana, S.; Pedone, L.; Rosca, C.; Giovinazzi, S.; Morici, M.; Dall’Asta, A.; Barchetta, L. ARCH Deliverable
D6.2: Assessment of long-term implementation options. ARCH Project, GA 820999, 2020
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The RPVT is conceived for both climate change adaptation and disaster risk management with
focus on (1) heritage building & structures as well as (2) cultural heritage landscapes with focus
on agricultural heritage.

It is conceptualised to support and guide practitioners:

- to gather evidence-based information about resilience measures identified in the
RMI;

- to select and compare measures based on environmental effectiveness and/or
economic analysis;

- to create and benchmark different alternatives (cluster of measures) based on
different performance metrics;

- to build Resilience Pathways (roadmaps) by sequencing the potential measures
over time considering different scenarios or changing circumstances;

- to communicate and assist decision-makers to visualize a dynamic response to
changing conditions.

These outcomes may be used:

- to understand which pathway may be more efficient to target our goals of resilience;

- to support awareness raising and capacity-building;

- to communicate and assist decision-makers to visualize a progressive and dynamic
response to changing conditions;

- to support SECAP development in the framework of the EU Covenant of Mayors.

4. How to navigate and use the RPVT

This section contains a short manual of the ARCH RPVT tool. It describes the structure of the
tool, its functionalities and the logical steps for using the tool with the intention of helping end-
users understand the usage of this product and achieve its objectives.

4.1. Description of the tool format and technical requirements of use

The RPVT tool is a web application built with the Django framework v3.2.10
(www.djangoproject.com/) and Python language v3.10 (www.python.org). For the web view,
JQuery v3.5.1 (jquery.com), Bootstrap v4 (getbootstrap.com), Highchart v10.1.0
(www.highcharts.com) and Chart.js v3.8.0 (www.chartjs.org) have been used. In turn, for the
storage and management of information, a MySQL relational database (www.mysql.com) is
used. Therefore, once deployed, there are few technical requirements for optimal performance
by the user.
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This tool works on all modern browsers and mobile devices. Legacy browsers - primarily IE 6-
8 - are supported using polyfills and the old IE module.

Browser compatibility. We test our software on many browsers using the latest versions.

Brand Versions supported

Firefox 20+

Chrome 1.0+

Safari 4.0+

Opera 9.0 +

Edge 12.0 +

Internet Explorer 6.0-8.0 partial support using
polyfills

Internet Explorer 9.0 +

4.2. The RPVT structure & sequence

The landing page to the RPVT presents the essence of the tool in two sentences. It also makes
reference to the ARCH Resilience Measure Inventory (RMI) and to the Resilience Pathways
Handbook that provides detail information about the Resilience Pathways concept and
methodological process. It also provides direct access to this guide by clicking on “User’s
Guide” link (See Figure 63).

“ARCH i
Welcome to the

RESILIENCE PATHWAY VISUALIZATION TOOL

The ARCH Resilience Pathway Visuzlization Tool [RPYT) is a web-based toal to create graphical displays of
rezilience pathways. It also assists on the prioritization and planning of resilience maasures. The tool is
kazed on the ARCH Reslllence Measures Inventary (RMI) and the Resliience Pathway Handbook can support

the user in this process.

Wy v
LETS START
Wwantta lean seeh more skt the reslicnee pothwavs? Clizk hese to anccas the Resllcnce Pathascy Handbaok
Wl Lo lasen wann rrees skl ke SRCH BPYTT Click e Losceees e Lese s guide

This gt hnk reccived fanding from rhi: Funsgea Thcaag:oesacadd |
A Pt has T = Punding foorn Thi: Fangsan r iy I"Il:‘ll'
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Crogramms under Grant Agreement no. H2UHYY Heas ey

Figure 63. Landing page to the RPVT

Click on the “Let’s start” button to arrive to the user login/registration page (Figure 64). You
require an account to get access into the tool. First, create an account by clicking on the
“Register” button to create a new personal account. Then the new user registration page will
open (See Figure 65).
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Figure 64. User login/registration page
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Figure 65. RPVT new user registration page

To create an account to get access into
the RPVT tool is very simple, you just
need a few minutes of your time to type a
new user name and a password,
afterwards click on the “Register” button.
Please, follow the recommendations and
specification provided in this page to set
the username and the password correctly.
This information will be requested next
time you enter into the RPVT and all your
RPVT projects will be linked to your user
account That is, to access and revise all
pathways you create, you will need to
remember your username and password
in the future.

Once you've finished the registration process, click on “Back to login” and you will be redirected
to the login page (Figure 64). Enter your user/password and click on the “Log in” button to
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enter the introduction page (Figure 66) where each step of the Resilience Pathway

visualization process is summarized.
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Figure 66. RPVT short introduction page, where the Resilience Pathway visualization process is described.

The Resilience Pathway process introduction page summarizes the aim of each of the steps
needed to design a Resilience Pathway, ideal to be reviewed by first-time users. See
subsections 4.2.1 to 4.2.5 for further information about the steps and the RPVT’s
functionalities.

Click on the “Next” button to start the creation of a new Resilience Pathway or click “select
previous pathways” button to search for previously designed Resilience Pathways.

4.2.1. Step 1: Setting pathway characteristics

This step requests you to set the main characteristics of the pathway project that you are about
to design in the next minutes. Setting the characteristics of the pathway is a very simple
process, as the RPVT offers an integrated approach where drop-down menus are pre-
configured according to the previous settings.

First, type the pathway name, (Figure 67.a), note that the information linked to this project will
be stored based on that name.

Next, type the description and/or aim of your pathway in the pathway_description input_text or
any other relevant information (Figure 67.b), such as involved stakeholders. Note this input
text is not mandatory so you can skip it at this moment.
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Fiease, select the basic
characteristics of the pathway you
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Figure 67. Step 1 page - initial setting

Third, select the type_of inventory, you are willing to base your pathway on (Figure 67.c). As
you can see this input is requested through a drop-down menu where you can select from two

types of heritage:

(i) urban heritage building & structures

(i) agricultural heritage

Depending on your selection, the RPVT automatically pre-configures the next input drop-down
menus, where different hazards affecting that type of heritage will be available for your next
selection (Figure 69). Note that at this stage the RPVT can design pathways considering three
individual hazards (flood, heat extremes, and earthquake) for the urban heritage. Instead, for
agricultural heritage, only the flood hazard is selectable, however a multi hazard approach is
also available to consider multiple hazards that may impact agriculture at the same time: heat,
flood, biological activity, soil erosion, salinization of soil, water scarcity etc.
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Figure 68. Hazards available per type of heritage
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ARCH provides a resilience integrated framework to deal with both adaptation to climate
change and disaster risk management (for more detail, see Section 1.2.1 from the Resilience
Pathway Handbook). Based on this integrated framework , the RPVT offers the user to design
a pathway considering two options, (1) an adaptation strategy approach (Figure 70) to address
adaptation to climate change or (2) a resilience approach (Figure 69) to address both climate
change adaptation and risk management of potential natural disaster events.

Therefore, once the hazard is selected, you have to define the type of pathway strategy you
are willing to design by choosing from the available options: adaptation or resilience:

e Adaptation Pathways approach (Figure 70) is a decision-making strategy to address
slow-onset processes resulting from climate change and preparedness to sudden
weather extremes (pre-disaster)

e Resilience Pathways approach (Figure 69) is a decision-making strategy to address
both slow-onset processes resulting from climate change adaptation (pre-disaster) and
natural disasters (pre-, during and post disaster)
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Figure 69. Resilience pathway approach where Figure 70. Adaptation pathways approach
resilience measures available in the RPVT are where adaptation measures available in the
considered (pre-, during and post disaster) RPVT are considered (pre-disaster)

Once you select a pathway strategy (adaptation or resilience), the RPVT automatically
requests you to choose the indicator over which the performance can be assessed. Figure 9
provides you an example of settings for an urban Adaptation Pathway.

Note that there are multiple options available depending on the previous type of pathway,
hazard and/or strategy. For example, selecting the resilience strategy, the benefit-cost ratio
indicator (for now on, BCR) is always considered to measure the economic performance,
although additional physical indicators can be considered. On the other hand, selecting the
adaptation strategy, a physical indicator has to be mandatorily selected, and the BCR is an
optional indicator to include additional social or institutional measures considering their benefit
cost ratio analysis. Note that there is also a qualitative approach where no metric is needed.
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You can play with the different options available until you choose the most suitable selection
for your case. Figure 72 provides you the decision tree behind the RPVT available options.

Type ot riventory®

Uran o
B Ofeaee, wulsst {he kerilage bipe o oe protecied: dgricultore o Urbsed Building 57 strocturss herilage
Hezard®

Aeat w

Twpe of Strateqy’ Phese™

Pre-dizazter|adaptatianl «
@ Adasiaton pxhwass soprcach is a decision-making sirategy Lo sdoress adaplat on Lo sirate shange
B Fesilisrce ethwrys sopruachic s dessis-meking sirstegy o address bols clirate drange adaolztion nafurs deEstens

Indlzator i Metrizl

Air T raduct on|"ch w

Loz yau veant ta complament the environmental performance-gasad pathvay w'th s beneflt cost

analysist

fes -
O The bt mast snakmie i deilad caing (e e i- ot calin IRCR indistee el cansidecs (s benel e of a measara
relative 1 its costs, mapraessd ineanatanyg brme This indeaton slkms to congdern rel ol stctasalieaesres b sl acis
ancior Inskutional measures

LAl Fislde mrarhed ve ch 2eler ke sre regquired

Figure 71. Step 1 page —settings for an urban heritage adaptation approach
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Figure 72. Decision- tree behind the RPVT
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4.2.2. Step 2: Vision construction and setting up objectives

At this page (Figure 73) you have to describe the objectives regarding adaptation or resilience
for your historic area. An objective can be quantitative or qualitative and describes a desired
result that wants or needs to be achieved in the future (See Step 1 and more in particular Step
1.4 from the Resilience Pathway Handbook). The degree of detail depends on how much
previous work has been done at historic or urban area. At first stage the settings of these
objectives can be ambiguous, but the design of a new pathway can also help to better define
more context-oriented objectives.
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Figure 73. Step 2 page to describe the objectives to be reached

4.2.3. Step 3: Select resilience/adaptation options

At this step the RPVT automatically provides you the list of resilience measures available and
applicable for the specific characteristics of your pathway (step 1).

As it is showed in Figure 74, the central part of this page provides the environmental
effectiveness and economic efficiency of each of the measures (if available). The economic
performance is assessed using the BCR indicator that considers the benefits of a measure
relative to its costs, expressed in monetary terms. Various environmental indicators, which can
be selected in Step 1, can be chosen to characterise the measures’ effectiveness.

You can re-organize the measures in this central window by ordering them considering their
environmental or economic performance. Or look for a specific one by typing the text you are
looking for. Close to each measure you can also click on the factsheet link to see in detail the
characteristics of the measure.
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Step 3: Select adaptation options
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Figure 74. Functions and information provided in Step 2 page

Note that measures have been classified depending on the average performance per metric
achieved in the analysed case studies following assigned threshold ranges. As environmental
and economic performance can depend on the local context it is more desirable to present the
performance using qualitative scales. Next tables show the metrics (Table 17 and Table 18)
and qualitative scales (Tables 19-25) for each indicator available at the RPVT.

Table 17. Metrics used for heat related environmental indicators at the RPVT

Air Temperature Reduction °C
PET (Physiological Equivalent Temperature) reduction °C
Indoor air Temperature Reduction °C

Table 18. Metrics used for flood related environmental indicators at the RPVT

Flooding area reduction

%
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Runoff Reduction % or cm

Infiltration rate mm/h

Table 19. Qualitative performance scale for air temperature reduction

Air Temperature Reduction > 2 °C High

1 °C < Air Temperature Reduction <2 °C Medium

0 °C < Air Temperature Reduction <1 °C Low

Air Temperature Reduction =0 Not effective

Table 20. Qualitative performance scale for PET reduction

PET Reduction > 3.5 °C High

0.75 °C < PET Reduction 3.5 °C Medium

0 °C < PET Reduction £0.75 °C Low

PET Reduction =0 Not effective

Table 21. Qualitative performance scale for indoor temperature reduction

Indoor Temperature reduction > 4 °C High

2 °C < Indoor Temperature reduction < 4°C Medium

0 °C < Indoor Temperature reduction < 2 °C Low

Indoor Temperature reduction =0 Not effective

Table 22. Qualitative performance scale for flooding area reduction

Flooding area reduction > 50% High
20% < Flooding area reduction < 50% Medium
0% < Flooding area reduction < 20% Low
Flooding area reduction = 0% Not effective

Table 23. Qualitative performance scale for runoff reduction

Runoff Reduction > 30% High
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10% < Runoff Reduction < 30% Medium
0% < Runoff Reduction £10% Low
Runoff Reduction = 0% Not effective

Table 24. Qualitative performance scale for infiltration rate

Infiltration rate > 35 mm/h High

10 mm/h < Infiltration rate < 35 mm/h Medium
0.5 mm/h < Infiltration rate < 10 mm/h Low

0 mm/h < Infiltration rate < 0.5 mm/h Not effective

Table 25. Qualitative performance scale for BCR economic indicator

BCR > 10 Best
5<BCR<10 Very good
1<BCR<5 Good
0<BCR<1 Bad
BCR <0 Very bad

The left-hand side of this window provides you different types of filters to help narrowing
down the search for suitable resilience measures, if necessary. If measures have been already
identified using the RMI, you can just directly select by clicking the “add” button on the right
side of the effectiveness or BCR column. Please, note that in Step 3, only resilience measures
with associated effectiveness or efficiency will be shown, unless a qualitative pathway
approach has been selected in Step 1.

Filters
Groups.- E
District d
Ouring dizaster o
DEM...
Dwring disastar
Pasl-disaslar
Pro-disaster

Figure 75. Filters categories

To select the appropriate choice for each filter, click on the filter you are interested on and
select one of the listed categories. For example, as seen in Figure 75, the category District has
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been selected under “Scale” filter. In the same manner, if “DRM3®” category is selected a list
of available options (pre-disaster, during-disaster, post-disaster) are listed and the user can
select from them. It has to be highlighted that the more filters are used the more restrictive the
search will be. Note that an iterative search can be made until the final selection of desired
and suitable measures is achieved. In case there is a need to amend the selection of the filters,
there is a way to erase the filter selection by going back to the filter and removing that option.

You can select the desired options within one or more filters, afterwards the list of available
measures will appear in the central part of this window (See Figure 76). Click on the “Add”
button to add a specific measure into the portfolios of measures or click on “Select all
measures” to add all your filtered measures into the portfolio.

Please note that all your selected measures appear in the “Selected measures” panel (at the
bottom of the screen). You can go back at any moment by removing any of the previously
selected measures or by removing all of them and start again.

*  Measures Effectiveness BCR Add
B Apply pavement-watering method during heat wave aa
event
B Commu nity recovery programme Add
B Outdoor Water spraying Add
B Preventative maintenance Add

Select all measures

Selected Measures

~
Apply pavement-watering method during twave event I
Community recovery programme
Outdoor Water spraying ﬁ\
The measures can also be removed from this
W

Remove all measures

Figure 76. Central part of the window to visualize the factsheet of the measure, select the measure by
clicking the “Add” button or remove it by clicking on the “remove” icon.

33 Disaster Risk Management
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The last functionality of this window is to provide a graphical information of the representativity
of the selected measures (Figure 77) with regard to the group to which they belong (groups
are explained in the RMI, for further information, please visit the RMI tool or its user guide), so,
you can easily visualize the balance of the different type of measures selected. This
representation is especially important when a qualitative approach pathway is performed and
there is no information available regarding the environmental or economic performance. You
can always perform a selection of measures based on stakeholder knowledge and ad-hoc
prioritisation exercises, which can be an input on the pathway development process using the
RPVT.

Raprasrntativity

N Cuil Culnl B EG e oo Dcs

Figure 77. Example of graphical representativity of the selected measures. See also Figure 74, where this
part of information appears at the bottom left-hand corner.

For more information on these, go to the RMI or directly click on this link to get access to the
list of ARCH groups and subgroups for the urban/ building & structures heritage.

4.2.4. Step 4: Pathway alternatives

This step will support you to build various pathway alternatives® in order to benchmark them
and help you to identify which group of measures are best to achieve the resilience goals (For
further information see step 3.1 from the Resilience Pathway Handbook).

Once you have selected a list of suitable resilience measures there are two different options
on how to proceed:

1. You can manually create a pathway alternative by individual selection of
measures (the approach by which measures are selected are either not included in
the RPVT or it is based on stakeholder knowledge). To work on this option, you don’t
need to set a criterion, you just need to manually select or deselect the measures based
on expert criteria and/or the predefined portfolio from the RMI (information provided by
the RMI factsheet). This option allows the user to graphically visualize the performance
of each individual measure as well as the total pathway alternative performance by

34 A pathway alternative is a cluster of resilience measures, similar to a resilience or adaptation strategy
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using the bar-chart (shown in Figure 78 in the green box) graphical interfaces that
appear on the right-hand side of this window.

You can create and compare different pathway alternatives based on specific
criterion/ia. To work on this option the user will need to select the criteria settings
available on the left-hand side of this window (shown in Figure 16 in the blue box).
Depending on the criteria applied, the central part of the window will be filled with the
measures that fulfil the criteria previously identified. The user can easily remove or
modify the criteria but cannot manually select the measures as they are filtered
according to the specified criteria. Similar to previous option, the right-hand side
window automatically shows the performance of each pathway alternative that is

created.

Figure 78 presents the overall Step 4 page with the different parts of the window. The unique
mandatory input requested is the name of the pathway alternative. If you create more than one
alternative, then you need to add a different name for each pathway alternative.

Step 4: Pathway alternatives
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Figure 78. Step 4- page, left-hand side contains the criteria filter window, the central side provides the list
of available measures window and right-hand side provides the performance window.

Based on the list of available measures (manually selected or based on a specific criteria) the
right-hand side window shows either or both, (i) the physical environmental effectiveness of
the pathway alternative (cluster of measures) and (ii) the cumulative economic efficiency of the
pathway alternative based on a benefit-cost ratio analysis. See as an example the Figure 78(a)
and (b) which allows you to compare different pathways alternatives at glance.
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If you want to specify a criterion, click on the “Criteria” drop-down input menu and select one
of the available categories. Once a category is selected the list of available options for that
category are presented. Next, Figure 79-Figure 85 present each category and the description
of the options available for each. A criterion is defined by several categories constraints and
based on the established criteria the list of available measures fulfilling that criterion is
presented in the central window. Note that each new category settings into the criteria imply
more restrictions and therefore less measures will be available.

You can modify the criteria applied by removing any of the restrictions to any of the categories
previously established. This information is available at the bottom of left-hand side window
(green boxes) so that the user can easily visualize the established criteria.

There is a total of 7 different types of categories to define a criterion:
Group category. You can select any of the groups defined in the RMI. Note that if more than

one option is selected the criteria is established by selecting the measures that fulfil any of the
selected options.

Critara
Greus

B sdminlstrativr nETLmEntE &
ared manayement shraleygies
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B Guiléngs codes and
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Figure 79. “Group” category

IPCC Type: This category refers to the categories of resilient options defined by the
Intergovernmental Panel on Climate Change (IPCC). You can choose from structural, social
or institutional. Note that if more than one option is selected the criteria is established by
selecting the measures that fulfil any of the options.

Criteria

IPCLC Type s

B Institutional -
[0 Soclal
B Structural

IPCC Type: Inst... =

IPCC Type: Strua... =

Figure 80. “IPCC Type” category

Spatial Impact: Spatial impact refers to the changes occurred in the distribution or occupation
of an area or space due to arrangements made by the application or implementation of the
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described solution. You can select from major, minor, N/A, None or outstanding options to set
a criterion.

Criteria

Spatial-lmpact w
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Figure 81. “Spatial Impact” category

Visual Impact: Visual impact refers to the aesthetic or appearance change resulted when
applying the described solution. You can select the degree of visual impact, ranging from:
major change: remarkable negative visual effect in the heritage resulted from applying the
described solution to no change (N/A) where no visible changes can be appreciated in the
heritage element to which the solution has been applied or implemented.

Zritarle

Wigual- Impect +
O Mzjor change ~
L] Minar change
B Moderata change
B Megigikie change
LI M changr (M)

Visuaklmpaat: ... -

Visuaklmpaat: .. =

Figure 82. Visual Impact category

Physical Impact: This category refers to the aspects that the solution may influence on the
mechanical performance and moisture performance. You can select from positive impact :
when the physical properties are improved to negative impact where a harmful physical
damage may occur in the heritage resource or none impact.
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Criteriz

Prglcal-Impact w
LI K "~
I Hegative
O Hone
B Positiee

Prayslcal-Impect-.. =

Figure 83.Physical Impact

Contribution to climate change (CC): This category refers to how the solution or
implementation of the solution contributes to mitigate climate change, by for example reducing
CO; emissions. The options available are yes, not or not applicable.

Figure 84. Contribution to CC category

Avoid negative effects: This category refers to possible negative effects of the solution. The
options available are the whole list of negative effects that different measures may have. In
this case, by selecting in any of the listed negative effects the measures having those negative
impacts will be removed from the list.

Crileria
Hegativa e fact -

[ fgainas hartage A
consereation theory

O Constructicn disiuptions

LI Coast mairtenance

B Ennrgy saving

LI High capital cost

. w
' Inrrnaeed dsmane fre nneens

Hegatlva pitant... =

Figure 85. Negative Effects category

Apart of the above criteria categories to gather clusters of measures sharing the same criteria,
the user can check the detailed information of each of the listed measures by clicking on the

“factsheet” button Bavailable at the left-hand side of each measure. Next Figure 24 shows an
example of the information available for each available measure. In this case, “Passive cooling
strategies: shading” adaptation measure has been selected. The factsheets explains how this
measure minimizes the solar radiation that strikes over a building and cools it effectively, but
additionally it provides more information regarding the measure, such as group and subgroup
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to which belongs, as well as the type of hazard it tackles, in this case “Extreme heat &
heatwaves”, or scale of implementation, type of heritage to be protected, reversibility, visual
impact, physical impact, spatial impact and the rest of information. Note, this information is
stored in the RMI.
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Figure 86. Example of a downloaded PDF factsheet

In this step, the user can work only with a unique pathway alternative or create several
pathways. To do so, click on the button “Add another Pathway alternative”

&dd another Pathway alternative

and a new window will appear to specify new criteria based on
which a different cluster of measures will be listed. This option allows you to visualize and
compare the effectiveness of each pathway alternative and to select the most appropriate one
to continue.

4.2.5. Step 5: Sequencing of resilience measures

Once a pathway alternative has been chosen, this step provides a canvas to support the
sequence of resilience measures over time. There are three types of visual representations
available depending on the type of pathway and specific objectives:

1. Qualitative representation
2. Quantitative representation based on the environmental effectiveness

3. Quantitative representation based on the economic efficiency: Benefit Cost Ratio
(BCR) analysis
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Qualitative representation

This type of representation is provided when no metric is chosen by the user (in step 1). The
aim of this graphical representation is to offer a visual way to plan different type of measures
over time.

To start this pathway representation, you just need to set the timeline (start and end year) of
the different possible scenarios: “small change scenario”, “significant change scenario” and
“worst case scenario” that will be part of your pathway representation. Next figure (Figure 87)
shows you the “by default” values for each scenario. To change these values, click on the input
text and set any other year. These values can also be modified later on by the user as
conditions evolve or new knowledge is available. These dates should therefore be indicative
as it is important to have the necessary flexibility to act and deploy new measures when

needed.

Fathway =
Small charge o0 ~ 2040

SCenaria:

Significan! change 2041 S0

SCEMErio:

‘Waorst case 07 2100

SCEMErio:

Zawe changes m

Figure 87. Definition of the timeline of the reference period per each scenario

Next, you only need to click on any of the available measures to sequence/plan it into the
scheduled timeline. The RPVT will request through a pop-up window (Figure 88) the start/end
year based on which the measure will be scheduled in the canvas. Being the first measure,
there is no previous measure to select from.

Qualitative pathway, add measure =

Slart year

i =
End year

ma =

Previous messure:

Sava changes

Figure 88. First measure of a Qualitative pathway

From now on, once you select a new measure to be scheduled in the canvas, you repeat the
same action as before, apart from that to set the start/end year. In addition, you need to specify
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the previous measure to which this new measure follow. Figure 89 shows an example of how
measures can be scheduled over different years.

Create pathway® Tierse (2010 - 2060)
O Adagtive re-use =
O Senart electricity/power |a
netwark that uses digital ¥ Moaures
communscatians technology

,
U
o
Pesformance medel-based thieat
ta detect and react ta local genidogy T _-‘

orod

changes in usage)]
- EComomic impadt assessment, Humidity
L Senart planning of visitor mainkEnance lechnigus

flows

Humidity masnienarce fechmques

L] District heating

O Outdoar Wakes spray ng
O3 Trattic calming/reduction
interventions Passrve cooling strategies shading

w
Select one or several measures and Lo
click on “Add to pat heary”™

L rools to reduce near-suiface ‘ _*_

Creem 1ools to fediste mear—Surlsce ‘:_

Samian elecIricy ) poawer (4 netaodk That L . . 1-_
Small change sconaria: 200 ::il.il)g m
Significant change scenario: 2001 - 2040 3

Worst cate scanario: 2041 - 2100

Figure 89. Example of qualitative pathway

The user can modify or remove any of the planned measures by directly clicking on the canvas
and selecting it. Also, the timelines of each of the reference periods can be modified at any
moment.

Please note, that more than one measure can be deployed simultaneously (e.g. economic
impact assessment and humidity maintenance techniques). These measures will be shown as
striped lines. When names are very long, these will not be completely shown. In order to see
the full name, the user needs to leave the mouse over the name for few seconds and a new
box with the full name will appear as shown in Figure 90.

mzbemetation of building code requl rements for buikdings st ok fom focding |

Figure 90. Long name measures in the canvas

Quantitative representation based on the physical performance.

This representation allows to graphically represent and plan different types of options taking
into account the environmental physical performance of the measures considering a physical
metric (previously chosen, in step 1).

To start this pathway representation, click on one of the listed measures. Just afterwards, the
RPVT requests your three inputs parameters (see Figure 91) that allow you to characterize the
measure in your specific context. You will need to enter the location where this measure will
be implemented, the exact number of square meters to be implemented, as well as the
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scenario in which the measure is planned to be implemented. These “small change scenario”,
“significant change scenario” and “worst case scenario” options aim to represent the intensity
or frequency of the hazard. They are linked to different temporal periods (that can be pre-
configured), the farther in time, the more intense or frequent the hazard would be.

Quantitativa pathway, add measure #

Luszstiun:

Cxlensionim=k
-
Seenario:
Smalchange scenario
Aived| dhange aosania
Signilcanl chisrgs scans o

Worst canw soerinio

Figure 91. Requested parameters for a new measure in a quantitative pathway

Once you click on “Save changes”, the measure is placed into the canvas, and you can select
a new measure and repeat the previous process to configure the rest of the measures. Each
measure is configured accordingly with the specific needs and objectives to be reached. Next
figure (Figure 92) shows the graphical representation of several planned measures over the
canvas. As it can be observed, this window offers two important parameters to the user: the
cumulative square meters where resilience measures have been deployed and the
performance assigned to the difference areas.

The user can modify or remove any of the planned measures by clicking on directly on the
canvas and selecting the measure to be modified or removed.

To save the changes on this pathway, click on “Save” button. If later on, you continue adding
new measures over this pathway, remember to press again the “Save” button to save last
changes. Note that different pathways can be stored in the database, so that you can visualize
different possibilities.
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Step b: Sequencing of resilience measures
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Figure 92. Example of quantitative pathway

Quantitative representation based on the BCR analysis

This type of representation is provided by the RPVT when the metric chosen is the BCR
indicator. Similar to the previous representations, to start this pathway, you just need to set the
timeline (start and end year) of the different scenarios: “small changes scenario”, “Significant
changes scenario” and “Worst case scenario”. Next figure (Figure 93) shows an example of
dates per scenario, but these dates are only tentative to plan as it is important to have the
necessary flexibility to act and deploy new measures when needed. But these dates can be

changed very easily, by clicking on the input text and setting any other year.

Patriway =

-
Emall change FHINE = 240

suenario:

Signilican! change 31 6D H
BERNEMD:

Wt eage 161 2180
BlEnerio:

Figure 93. Example of start and end dates per scenario
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First, click on “Save changes”, to start the sequencing of measures into the canvas. Next click
on one of the listed measures (on the left-hand side part of the window) and click on “Add to
pathway” to enter that measure into the roadmap, after that you will only need to select in which
of the possible scenarios you are willing to implement the measure “small changes scenario”,
“Significant changes scenario” and “Worst case scenario”, by selecting on one of them and
clicking on “Save changes”. The measure will be automatically placed into the canvas, and
you will easily visualize its economic performance based on the BCR indicator.

You can repeat exactly the same for the rest of the measures. Next figure (Figure 94) shows
the graphical representation of several planned measures over the canvas.

Step 5: Sequencing of resilience measures

Quantitative and Resilience Pathway with BCR

Create patimway® BCR
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- . . & g 2
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[ Retention Fand o
Ternitoaial wkan plans -
[ Thermal mogelling
Insuranze allocation for Aelapt the design of the bailt emviron 1
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O Econamic insiruments thal lemperature |
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wuinerability “ Capacily buikding programmes Tor stal -.
Zelect one ar several measures and
Incemtivr and supportiee actmities +_—-

click on "&dd to pathway”

Akt psthway Insurance alincation (oF Mermend Ies L_II

Small change scenario: 2072 - 20301
me
Sigmificant change soenario: 2031 - 2080

‘Worst case scenario: 206! - 2030

Figure 94. Example of quantitative pathway based on BCR

Similar to the previous canvas representation, you can modify or remove any of the planned
measures by clicking on directly on the canvas and selecting the measure to be modified or
removed, and to save the changes, click on “Save” button. If later on, you continue adding new
measures over this pathway, remember to press again the “Save” button to save last changes.
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5. Use cases of the RPVT

5.1. Use case 1: Improve social and institutional resilience for seismic

risk

You would like to improve both social and institutional resilience for better management

of seismic risk

You firstly need to set the main characteristics of this pathway by providing the requested input
parameters. As showed in Figure 95, you just need to select an urban type of pathway and
earthquake as hazard. As you can see in Figure 96, the RPVT automatically provides you the
unique approach available for this type of pathway (“resilience”), and the “BCR” (benefit-cost-

ratio) indicator is selected by default.

Step 1: Setting pathway characteristics

Pathway name”

Use case 1: Seismic risk management

O Flzase, Lype the paliay's name
Cescription

Improve social and institutional resilience for seismic risk in urban area.

A
O Flzaze, include & description of the aim of the pathway. challenges to be addressed an any other relevant information such &s
Involved stakeholders
Type of inventory™
Urban w
B Flease, select the heritage type to be protected: Agriculture or Urband Building and structunes heritage
Hazard*
Earthquake v
Figure 95. Setting the characteristics for the seismic risk case based on BCR analysis (1)
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Hazard*

Earthguake w

Type of Strategy/Phase”

Pre-during-post [resilience] v

0 Adepration pathways approach is B declslon-making strateqy to address adaptation to climate change,
0 Rzsilience pathways approech is & decisicn-making strategy to sddress both climare change adaptation and natural disasters.

Indicator (Metric)

Resilience indicator: Benefit Cost Ratio (BCR)

The benefit cost analysls Is described using the benetlt-cost ratlo (BCH | Indicator that considers the benefits of 8 measure

relative to its costs, expressed in monetary terme, This indicator allows to consider not onby structural messures but also social

and/or institutional measures

[*]1 All fields marked with asterisks are required

Figure 96. Setting the characteristics for the seismic risk case based on BCR analysis (ll)

Click on “Next” button to enter into Step 2 (Figure 97) where the objectives and aim of the
pathway have to be described.

Step 2. Vision construction and setting up
objectives

What are the objectives regarding to your adaptation pathway?

Earthquake events are inevitable, but the consequences of earthquake disasters are

partially controllzble using an effective risk managemeant system.
The aim of this pathway is two fold: Firstly to establish the appropriate measures to be better

prepared in case of seismic activity and secondly to reduce the potential losses and damages v
during and post) after a disaster happens. y

@ Please try to describe your abjectives in a gqualitative way

[*) &ll fie'de marked with asterisks are reguired

Figure 97. Description of the aim and objectives for this pathway

Click on “Next” button to enter into Step 3. The Step 3 window (Figure 98) provides the list of
measures available together with the economic efficiency of each measure (as you can see,
only measures for which BCR has been gathered) based on a 5-ranged scale.
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Step 3: Select resilience to address Earthquake
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Figure 98. List of available measures of seismic risk management

At this step, you can set different filters to search for different types of measures. Since in this
case you are only interested in the social and institutional measures, these two filters are
applied by selecting these two options in the IPCC category, See Figure 99 and Figure 100,
where those filters are set, and the available measures for each filter are showed.

Fifters *  Heasures OCR Add
drops o B Creeentstios maintsnaces Lid
B Zoningand satoicry planning requlsicns o hisioric aress g
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B Teritcialiuchan plang Ailid
IRH... & B Insurance alecation “or emergenzes ¢ Lo
B Ccuncmic insbraments ket erekle imetitczions reducing wulnsrakilicg Add
mabrutinna L4
B esrtive and supportion sotiviies Ardd

Figure 99. Filter-l. Institutional

measures
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Figure 100. Filter-ll. Social measures
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Once the different available measures are listed on the left-hand side, you can click on the
“Select all measures” button to add all filtered measures into the portfolio of measures for the
next step.

As the user is interested in pre-, during and post-disaster, the DRM filter is not used in this
case, but could also be used to restrict the portfolio of measures to any of these phases in any
other case. Meanwhile, the left-hand side of the window displays the representativity of each
measure, by showing the subgroup of measure to which they belong. This also allows the user
to react by removing or adding additional measures not well represented or balanced. See
next Figure 101, with different representativity charts considering different measures.

\ 4
v

I FuiiCutterzl Beringe modos
Capachy ulking for Insihetions

Roprosentativity Rearasentativty Reprasantativity

Communcalion and fwvseness wizing

Capachy bulding for nsihdons N CullCulurl Hefage cooes I Hisore 2reas requildons
Communitalon and A areness raisng I kot e Eyguk s izl UV rEnee mindels
Inrcsgriive goreemance made s Puzdic 2nd o vake sconomic nslruments foreian Fublc ared prisats econeric Insmuments kr uban
Relscation BN =il gy Selucabun I Teviloosl plasning

Figure 101. Representativity of the social measures (a) and representativity of the institutional measures
(b) and social + institutional measures representativity

Click on “Next” button to enter into Step 4, where the central part of this window provides the
selected measures in previous step. In this step 4 you are allowed to benchmark different
pathways alternatives by considering different combinations of measures based on a specified
criterion. In this case (Figure 102, Figure 104) the user creates two pathway alternatives by
naming them as Alternative 1 and Alternative 2 to compare the bundle BCR effectiveness.

Create pathway alternative Benefit Cost Ratio (BCR)in arbitrary

Alternative 1 units(a.u.)

Figure 102. Pathway alternative 1 — where only administrative instruments are considered, —
(left) total BCR of measures considered
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Create pathway alternative* Benefit Cost Ratio ‘BER} in Erbitrﬂr}r
units (a.u.)
Alternative 2
1] 5 12,7

Figure 103. Pathway alternative 2. Where all except administrative instruments are considered
— (left) total BCR of measures considered

At this step, you can see at glance that administrative instruments are best option. So, you can
click on the “Next” button of any of the created alternatives to design the pathway of that
alternative.

In the next window — Step 5 (Figure 104), you are able to see all selected measures on the
left-hand side of the window, that you can select to drop it into the canvas.

Step 5: Sequencing of resilience measures

Quantitative and Resilience Pathway with BCR Pathwayalternative_3: AdministrativeMeasures

¥
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¥
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Mwareness-raising campaign Camenunily reCowery programme —| -
10 the commumily on hazards f— E
g a

=]
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Capacity building programme
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TECOvEry e nstistEons reducing vulmerabiliny

nsurAnce AlkoCatan e Smegencies

Select one of several measures and
elick e idd 1o pathway' Small change scenario: 2027 - 2050 E

Significant change scenario: 2001 - 2060 @

Add to pathway
Warst case scenario: 20561 - 2030 @

Figure 104. Pathway created to prepare the city to seismic risk events considering administrative
instruments only

By adding the measures into the canvas, you can easily create a quantitative roadmap
representation and easily visualize the economic efficiency of each based on the BCR
analysis.
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You can adapt or modify this pathway in this step, but you can also go back to the previous
step and select additional measures to be included in this roadmap in case you are interested
in doing so, for example by adding other type of measures.

In the previous canvas the timeline of the “small changes scenario”, “Significant Changes
scenario” and “Worst case scenario”, are linked to 2022-2030, 2031-2060 and 2061-2090, but
you can configure and change at any moment these timelines (start and end year) of the

different scenarios by clicking on the icon m"close to each scenario. Then a new window will
appear to change these values (Figure 105).

Pathiway =

Bmall changs 2057 : N3N
BoEnErin

Kignificant charge 20181
SConario-
Worst case 96T Gran

srEnavie:

Saa changas

Figure 105. Pop-up window to modify the time periods linked to each scenario

5.2. Use Case 2: Improve resilience in agricultural management

I would like to increase both social and institutional resilience by developing
agricultural resilient communities and improving the water management techniques.
Which subgroup of measures would be appropriate for this purpose? How to create a
roadmap to best organize these measures considering a qualitative approach?

Firstly, the user needs to set the main characteristics of this pathway, such as the name of the
pathway “Use case 2: Multihazard Agricultural Management’, as well as the type of pathway.
In this case, as the user is interested in a multi-hazard and qualitative approach, these options
are selected in step1 (See Figure 106 below). As you can see below, in this case, the type of
strategy is automatically set to adaptation, as for agriculture type of heritage resilience
approach is not considered. Last selection is to set no metric, as in this case we are interested
in a qualitative analysis.
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Fathway name®
Jee case 2i Multihazard Agricultural Management
0 Flaaze. type the pathways name
Description
I would like to increase both social resilience by developing agricultural resilient communities
and improve the soil and water management techniques. Which subgroup of measures would be
appropriate for this purpose?, How can create a roadmap to best erganize these measures >
R i o
considering a qualitative approach? ﬁ
@ Please, incude a desoripticn of the alm o the pathway, challengss to he addressed an ary ather relevant information such as
irecived staksholders
woe of inventory®
Agriculture “
Flegse. gelec: the heritage type Lo De orolected: Agaculture or Lband Building ard 2irucures heritags
Hazard*
Multi hazard v
Type of Strategy/Phasze®
Pra-dizasterladaptation) =
i ] ddaptation pathweye spproach ia a decislan-making atrateqy to address adaptation 1o climata change
0} Bl ience pathways approach |5 @ decksion-masing strategy to address bath climate change adaptaticn and natural disast ors,
Indicator {Metric)
Mo metric selection (Qualitative analysis) v

Figure 106- Use case 2 - Setting the pathways characteristics of Use Case 2

Click on “Next” button to continue the process and specify the specific objectives to be
achieved as well as any other aim by other stakeholders.

Step 2. Vision construction and setting up
objectives

What are the objectives regarding to your adaptation pathway?

. . - . . L]
The aim of this pathway is to waorkt towards climate-smart sustainable management of
agricultural soils,
Farmers make cholces that Impact seils, soll funetions, agricultural ecosystem servl ces, and
larger gocistal goals. Policies can directly influznce the cheices farmers make within thess o
categories through mandatory regulation, economic instrumants, voluntary approaches, and -

O Fleasa try 1o describe your abjactives Ina qua itathee way

I*| &l Flelds mar«ed with asterlsks are required

Figure 107. Description of the aim and objectives for this pathway
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By clicking on “Next” button the RPVT process continues in Step 3 (Figure 108), this window
provides the list of all available options, a total of 30 possible options that can be taken for
multi-hazard adaptation.

To facilitate your final selection, you can search by filtering (Figure 108 (a)) considering the
type of group, the implementation scale or the reversibility.
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Figure 108. List of available groups for an agricultural type of pathway.

By selecting the “Developing Resilient Communities” group filter, the central window (Figure
108 (b)) provides the list of available measures. A similar response happens when selecting
the “Administrative instruments”, “Forecasting, monitoring and Early Warning System” and
“Sustainable and efficient water management” groups. For each filter category, the user can
select all or select specific adaptation measures based on previous expert knowledge as no
additional information is provided in this qualitative pathway design. The measures added are
listed in the window below (Figure 108 (c)). They can be removed by clicking the bin icon il .

If no additional changes are needed, click “Next” to enter into the Step 4 to generate different
alternatives. This step allows to create different pathways alternatives (clusters of measures)
In this specific case, the user creates two alternatives (See Figure 109 (a) and (b)) to visualize
on one side the social and structural measures, and the institutional and structural measures
on the other. The right-hand side window (c) provides information of the subgroups to which
the measures belong.
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Step 4: Pathway alternatives
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Figure 109. Pathway Alternative 1 (a) configured by this pathway considering Social or Structural measures
and Pathway Alternative 2 (b) configured by this pathway considering Institutional or Structural measures
contributing to CC mitigation or N/A

In this case, when the qualitative approach is chosen, the criteria to create the pathways
alternatives can be based on expert judgment, multicriteria analysis or stakeholders’
participatory workshops.

Once an alternative is valid for you, click on the “Next” button, behind the alternative selected.
Then the RPVT drives you to the last step where the pathway can be designed for the selected
pathway alternative. Figure 110 shows an example of pathway created for the next timelines
linked to different possible scenarios: small change scenario [2011-2040], significant change
scenario [2041-2070], worst case scenario [2071-2100]. The different options can be
sequentially added, modified or removed.
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Step 5: Seqguencing of resilience measures
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Figure 110. Example of pathway visualization

5.3. Use Case 3: Urban heat management

I would like to know which measures can be applied to better adapt my city to extreme
heat events. | would also like to explore how to develop a comprehensive long-term
plan to reduce the thermal discomfort and how to incorporate relevant sectoral
legislation, particularly for new and existing buildings, transport, and urban planning.

This use case focuses on the analysis on how to improve the thermal comfort in a urban
context, therefore you need to select (Figure 111) heat (b), as hazard and PET (c)
(Physiological Equivalent Temperature) as the indicator to measure the biometeorological
assessment of the thermal environment to assess how different possible measures can be
used to reduce the thermal discomfort in an urban context (a). Note that in this case, the
settings don’t include the option to complement the environmental performance-based
pathway with a benefit cost analysis (d). So, in the next windows only structural measures will
be considered. If additional social and/or institutional measures want to be considered, then
this option has to be modified.
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Step 1: Setting pathway characteristics

Fathway namea™

Use Case J: Urban heat management

O Flease, lype the palhways nams

Deszcription
]
['would like 1o know which measures can be applied to bettar adapt my city Lo extreme heat
events. |would also like to explore how to develop a comprehensive long-term plan to reduce
the thermal discomfort and how to incorporate relevant sectoral legislation, particularly for new .
and axisting buildings, transport, and urban planning. ]

0 Flease, Inciude & description of tha alm of the pathway, challenges ta ba addreased an any ather relavant Infarmation such as
Inwaivied stakanol dprs

Type of inventory®

O Please, selacl the herilage vpe 1o be protectad : Sgriculture or Urbsnd Building and structures herilage

Hazard™ E

Heat -

Type of Strategy/Phase™

Pra-disaster (adaptation} -

@ 2dzptation pathways appreach 12 a declzlon-making strategy to address adaptation to o imate changa
O Resilience pathways approach is a decision-making strategy to address koth climat e change adaptation and natwral disasters.

Indicator (Matrich

Physialagical Equivalent Temparature (PETHC} “'

Do you want to complement the environmental performance-based pathway with a banefit cost

analysis?* E

Mo R

Tne benefit cost analysis 1= described using the benefit-cost ratio |[BCR) indicator that considers the benefits of a measurs
relative to fts costs, exprassed In monetary terms. This Indicator allows to consldar nat only structural measures but 3lzo socle

andior Institutional measures
Meat

(*1 &1l tlelds markad with astarisss are reauined

Figure 111. Settings for the Use case 3. Urban heat management

By clicking on the “Next” button the RPVT leads you to the Step 2 (Figure 112), where the aim

and objectives of this pathway are described.
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Step 2. Vision construction and setting up
objectives

What are the objectives regarding to your adaptation pathway?

Most of the human population lives in urban areas, were the removal of vegetation, the -

increasing numbers of cars, the energy consumption or impervious surfaces have contributed to

the exarcebate the impact of heat effect. So the aim of this pathway is to prevent and adapt to

the rising temperature in the future to be able to maintain the high quality of the living

environment with more acceptable and comfortable temperature for urban citizens. .
Vi

ﬂ Flease try to describe your objectives In a gualitative way

Mext
[(*1ail fimlrs marked with astarisks are renuinad

Figure 112. Description of the aim and objectives for this pathway

Click on Next to enter into the next step, where the list of available measures will be showed
(Figure 115). This window allows you to use different filters to search and compare measures’
performance. As it can be observed in the Figure 115, the benefit cost ratio indicator is provided
per measure if the information is available in the knowledge database. If it is not, the
information doesn’t appear.

As it can be observed in the group filter (Figure 113), the available measures belong to two
different categories, the urban interventions and the building interventions. At this pathway
urban interventions are more relevant, but as there is also interested to know about other
building interventions both categories are chosen.

Groups...
Rehabilitation, restoration and conservation interventions in buildings
Urban interventions

Figure 113 Group filter categories available

There is also the possibility to filter the measures per type of scale (Figure 114), so in this case
both district and element are selected to filter and select the appropriate measures.

Scales._..
District
Element

Territory

Figure 114. Filter categories available for scales.
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Figure 115. (a) List of available measures with performance assessment available at the RPVT and (b) List
of selected measures and their sub-group representativity

Once the measures are selected, press “Next” button to go to the next step.

In Step 4 (Figure 116 and Figure 117) different pathways alternatives are created to compare

the effectiveness of each.

Create patheway alturmativa®

tthwsayphlte mative 1z All rroeasurnes

Crileniz

Hearch:
Erwirarmrartal affactvanass i
Heasures Elfectiveness artitrary unitgla.)
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Figure 116. Pathway Alternative 1. All measures manually selected.
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Figure 117. Pathway Alternative 2. Only measures that contribute to CC mitigation are selected.

Once an alternative is chosen, click on Next button to start the pathway design.

Figure 118 visualizes an example of pathway where different measures have been
parametrized according to the urban context to create a plan of urban appropriate
interventions. The bottom bar char allows to visualize how the different interventions allow to
improve the thermal comfort in the implemented square meters. In this case, the planned
interventions allow to improve at low performance 1500 square meters, at medium
performance on a slightly larger area, and high performance at over 2000 square meters.
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Figure 118. Example of pathway design done for Use case 3

As it can be observed in the figure below, the different scenarios are set considering the
timeline periods are established from 2021 to 2080, considering 20 years per period. These

settings can be change at any moment by clicking on the icon ['. Next pop-up window (Figure
119) will appear to enter new dates.
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Figure 119. Settings for the future periods established to design the pathway

5.4. Use case 4: Urban flood management

The torrential rainstorms and flash floods create flooding events, with serious impacts
for cities and their surroundings. These impacts may happen on cultural heritage sites
including historic buildings or infrastructures, town sites, important archaeological
sites or works of monumental sculpture or painting. Given the reality of climate change,
these flooding disasters will increase so it is important to be prepared to mitigate the
consequences of this type of events.

This use case focuses on a resilient approach on a urban context and therefore is important
to set in the Step1 (Figure 120), these settings (a) urban, (b) Flood hazard and (c) resilience
approach, which automatically imply that the BCR indicator is considered (e). Additionally, the
RPVT in this step allows you to select another physical metric to assess the performance, so
in this case the metric chosen is the infiltration rate (mm/h) (d).

There are different indicators and metrics available to address floods, depending on the
chosen indicator (metric) different measures will be available. Note that the tool assessment is
based on a literature review of more than 150 papers, 200 case studies and more than 1000
effectiveness assessments that have been revised and validated during the ARCH project.

Note also, that a Resilience Pathway can also be designed considering only the BCR indicator
and no physical metric.
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Step 1: Setting pathway characteristics

Pathway name”®

lIse Case 4. Urban flood management

O Flease. type the pathway's name
Description

The tarrential rainstorms and flash floods create flooding events, with serious impacts for cities

and their surroundings. These impacts may happen an cultural heritage sites including historic
buildings or infrastructures, town sites, important archagolegical sites or works of monumental
sculpture ar painting. Given the reality of climate change, thesea floading disasters will increase W

'n Fleasa, Include a description of the alm of the pathway. challenges to be addressed an any ather rel gvant Information such as

involved staksholders

Type of inventory™ E

Lrban ‘-‘

O Pleass. select the haritage type 1o be protacted: Agriculture or Urband Building and structures haritage

Hazard* E

Flood w
Type of Strategy/Fhase*
Pre-curing-post (resilience) w

@ Adzptation pathways spproach iz & decislon-making strategy to address adaptation to climate change.
@ Resiliznoe pathways approach is a decision-making strategy o address both climate change adaptation and natursl disasters.

Indicator (Metrie) E

Infiltration rate (mm/h) w

Resilience indicator: Benefit Cost Ratio (BCR] E

O The benetit cost anslysis is describsd using the Denatit-cost ratio (BCR] indicator that considers the benefits of & measure
ralgtlve to Its costs, expressed In monetary terma. This Indlcanor allows to conslder nat only structural measuras but also soclal

andfor institutional meassures,

(] &ll fislds marked with asteriz«s ars required

Figure 120. Settings for the Use case 4. Urban flood resilient management

Click “Next” button to enter into Step 2 (Figure 121) where the main objectives of this pathway
are described, as well as activities needed to design this pathway with other stakeholders.
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Step 2. Vision construction and setting up
objectives

What are the objectives regarding to your adaptation pathway?

)
There are many resilient measures that can be taken both before the disaster happensipre
disaster measures)but also once they occur (during and post disaster measures) to ensure that
cultural heritage as well as citizens remain safe.
The aim of this pahtway iz to learn about the best appropiate resiliente measures to be able to 2
support a urban flood management plan. A

O Please try Lo describe your objectives in a qualitative way

[*LAIl fields marked with asteriske are reauired

Figure 121. Description of the aim and objectives for this pathway

Next step provides the list of available measures in the RPVT knowledge base. See figure
below (Figure 122) where the physical effectiveness is provided for the measures that have
effectiveness on “infiltration rate” as well as other available measures for flood management
from which benefit cost ratio indicator is available in the RPVT knowledge base. In some cases,
both indicators are available, in others only the physical indicator or BCR is available.
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Figure 122. List of available resilience measures to address flood effectiveness, considering both physical
performance over infiltration rate and BCR indicator

This window allows to search for specific measures based on the filter categories available
(Figure 122 - b). In this case, as you have selected the resilience approach, apart from the
group filter there is also a DRM filter, where you can filter considering pre-disaster, during and
post disaster measures. Two additional filters are also available to select the scale of
implementation of the measure, and the type of measure based on the IPCC classification.

So, the user, firstly apply the IPCC type to filter (Figure 122(b)) the structural measures, once
they are showed in the central panel (Figure 122(a)) by pressing the “Select all measure”
button they are added into the selected measures panel (Figure 122(c)).

The next figure shows how the window looks like once the measures are selected.
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Figure 123. List of structural measures added into the Selected Measures panel, as well as the
representativity chart of the selected measures.

Following, the user manually selects from the rest of social and institutional measures available
the ones with good, very good or best BCR economic assessment. The ones with bad BCR

values are not selected and click on “Next” to continue.

In step 4, the user can create different alternatives, in this case the option with all measures is

taken.
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Figure 124. All measures are taken as pathway alternative
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Finally click on “Next” to continue and design the pathway. In this case as there is a Resilience
Pathway two panels appear, one to design the preparation phase, and another panel to

prepare de during and post-disaster phase.

Next figure shows an example of pathway designed considering the BCR assessment.

Step 5: Sequencing of resilience measures
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Figure 125. Example of pathway considering BCR assessment of social and institutional measures

ARCH D6.4



	Executive Summary
	Table of contents
	1. Introduction
	1.1. About this Handbook
	1.1.1. What are Resilience Pathways?
	1.1.2. The use of Resilience Pathways in the context of Heritage
	1.1.3. Who is this handbook for?

	1.2. Gender statement
	1.3. Relation to other deliverables
	1.4. Structure of this handbook

	Chapter 1. Resilience Pathways: How did they come about?
	1.1. Adaptation Pathways
	1.1.1. The context of Adaptation Pathways
	1.1.2. What is an Adaptation Pathway?
	1.1.3. What are Adaptation Pathways suitable for?
	1.1.4. Which advantages do Adaptation Pathways have in the context of Adaptation Planning?
	1.1.5. Gaps in Adaptation Pathways: Heritage
	1.1.6. Gaps in Adaptation Pathways: Disaster Risk Management

	1.2. Resilience Pathways
	What are the conceptual differences between an Adaptation and Resilience pathways?


	Chapter 2. Step-by-step methodology to develop a Resilience Pathway
	Step 1: Preparing the ground and setting objectives
	Step 1.1 Setting the purpose of the Resilience Pathway approach
	Step 1.2 Preparing the ground
	Step 1.3 Context analysis
	Step 1.4 Define resilience threshold or objectives
	Step 1.5 Alignment of the Resilience Pathway with long-term vision of the system
	Step 1.6 Financing the flexible Resilience Pathway

	Step 2: Selecting resilience measures
	Step 2.1 Identification of resilience measures
	Step 2.2 Selection and characterisation of resilience measures
	Step 2.3 Spatial planning

	Step 3: Developing pathway alternatives
	Step 3.1 Resilience pathway alternative development
	Step 3.2 Assessment of effectiveness
	Step 3.3 Sequencing over time

	Step 4: Selection of best pathway alternative

	Chapter 3: Resilience Pathway Visualisation Tool in the Context of the Handbook
	Chapter 4. Co-creating and testing activities
	Valencia case study: Adaptation pathway towards heatwaves
	Lessons learned through the co-creation activities with Valencia, Bratislava, Camerino and Hamburg

	Bibliography
	Annex A. Glossary
	Annex C. Further readings
	Annex C. RPVT User’s Guide
	Table of contents
	1. Introduction
	2. What is the RPVT?
	3. What is the RPVT for?
	4. How to navigate and use the RPVT
	4.1. Description of the tool format and technical requirements of use
	4.2. The RPVT structure & sequence
	4.2.1. Step 1: Setting pathway characteristics
	4.2.2. Step 2: Vision construction and setting up objectives
	4.2.3. Step 3: Select resilience/adaptation options
	4.2.4. Step 4: Pathway alternatives
	4.2.5. Step 5: Sequencing of resilience measures


	5. Use cases of the RPVT
	5.1. Use case 1: Improve social and institutional resilience for seismic risk
	5.2. Use Case 2: Improve resilience in agricultural management
	5.3. Use Case 3: Urban heat management
	5.4.  Use case 4: Urban flood management


