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Executive Summary
It is more and more recognized that cities need dynamic adaptive plans instead of static robust plans
due to climate change uncertainty. This requires a new framing of adaptation. In this regard, the scientific
community found the adaptation pathway as one of the most dynamic approaches around that can
support policy-makers in the formulation and implementation of adaptation measures in a city.
The focus of the report is describing the context on the Adaptation Pathway design: i) propose an
operational method to decide on the most suitable adaptation pathway at different scales (the city level
and site level) starting from the step-by step methodology defined in a previous project funded by the
European Commission (RAMSES); ii) explore how the step-by-step methodology can be simplified
(balancing semi- quantitative versus quantitative data, literature review versus modelling) through cocreation activities with Bilbao and Greater Manchester cities.
Following the RAMSES 2 levels adaptation pathway proposal, RESIN designed the adaptation pathway
methodology at 2 levels too: a semi-quantitative methodology which consists in involving a small group
of stakeholders and it uses the existing available information together with extracted information from
literature; and a quantitative methodology which is linked to the use of models and tools. Both levels
followed the 4 steps defined in RAMSES and adjusted with the cities: step 1 aims to analyse the context,
define objectives and set an acceptable risk threshold; step 2 identify adaptation options and
characterise them (e.g. effectiveness); step 3 develop potential adaptation pathways, by aggregating
different options and sequence them over time (according to the relevant turning points, objectives and
scenarios); and step 4 recommend an adaptation pathway using Multicriteria Decision Analysis.
The step-by step methodology is supported by existing tools at different steps. For example, the IVAVIA
tool supports step1, the Adaptation Option Library (developed in Task 3.1) supports the step 2 and the
Climact -Prio tool (presented in the D3.2) supports the step 3 and 4.
The city of Bilbao identified floods on transport as a relevant impact change due to high exposure of the
transport infrastructure to pluvial flooding and the city desires to assess and prioritise the adaptation
options. The cities worked on the 2 adaptation pathway levels with the aim to compare and validate the
results. The final aim is to see if the semi-quantitative approach can be the simplified way to design a
pathway. The co-creation activities highlighted that the step-by step methodology can be flexible in its
implementation (e.g. defining the threshold after creating the adaptation canvas and having a better idea
of the problem and solutions). The cities participation is crucial for the steps 1 (objective and threshold
definition), step 2 (select the adaptation options and map them from one hand, but also proposing and
selecting the criteria for the characterization), step 3 (selecting and scoring the criteria for developing
pathways and for sequencing de options) and in step 4 (selecting and scoring the criteria for prioritising
pathways).
3 of the 5 proposed adaptation pathways resulted effective in Bilbao. The city considered several criteria
for prioritising the implementation of the adaptation options and for designing the pathway (e.g. cost,
maintenance, co-benefits, acceptability by other departments). As a result, several pathways are
designed, supported by different figures and graphs showing the implementation effort.
The Greater Manchester´s (GM) adaptation pathways work builds on the climate change risk
assessments that have been undertaken as part of the GM RESIN case study. The adaptation pathways
work aims to identifying adaptation options to reduce flood risk to selected TfGM transport infrastructure
assets, and prioritising these options based on different adaptation pathways. The Greater Manchester
followed the semi-quantitative methodology and applied the site-scale. The final aim is to compare the
site scale application with city scale and detect the differences in between applying the methodology at
both scales.
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RESIN demonstrated that the semi-quantitative is a good approach to obtain an adaptation pathway
with less effort and resources. The ranking of pathways obtained by this approach are the same as
obtained with the quantitative approach in Bilbao. This proofs the validity of the semi-quantitative
approach. Nevertheless, it is important to highlight the benefits that gives the quantitative approach
which can be summarised in: a spatial effectiveness of the adaptation options. This allows to zoom in in
highest risk areas and see if the proposed adaptation options are enough effective or not (it gives the
possibility to benchmark adaptation designs). It also provides the water flow velocity which is directly
linked to the impacts of water.
Last, but not least, the step-by step methodology for adaptation pathway design can be applied at
different scales (city, site) but it requires the implication of different stakeholders.
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1. INTRODUCTION
1.1. Aim of the deliverable
The aim is to develop the Pathway Design approach as a tool to support policy formulation and
implementation of measures in a city, as well as to validate the approach by applying it in the context of
Bilbao and Greater Manchester. The deliverable intends proposing an operational method to decide on
the most suitable implementation strategy for adaptation at different scales (the city level and site level),
according to the effectiveness of the adaptation measures, the technical, financial and governance
implications of the selected adaptation measures and the main objectives and acceptable thresholds
defined. The present deliverable will define the step-by-step methodology to follow and its application in
2 different cases studies: one at city level in Bilbao and the other at site level in Greater Manchester.
The results and conclusions extracted from the case studies are also included in the deliverable.
The deliverable focus on the RESIN conceptual framework established for steps in an Adaptation
Planning System (Figure 1.1): 1) Assess climate risk, 2) develop adaptation objectives, 3) prioritise
adaptation options and 4) develop the implementation plan. The degree of progress in adaptation
measures and policies varies between municipalities and this is reflected in the deliverable as well.

Figure 1. 1 Summary of relevant issues, related knowledge gaps and research needs in the phase ‘Prioritise
adaptation options’ and ‘Develop implementation plan’. Source: RCF (Carter et al., 2016) and table (own
elaboration).

1.2. Introduction
Wise and co-workers (R. M. Wise et al., 2014) discussed about an orientation change in climate
adaptation works from a problem oriented focus to a decision oriented. This change forces to the
scientific community to create methods and tools that supports decision makers in the policy formulation
and implementation of adaptation. These policies need to be more challenging and with a long-term
vision to be effective due to the nature of the problem they are facing (climate change adaptation) and
the complexity of the system (socio-ecological system).
The adaptation of a city should combine incremental actions with transformative actions. The adaptation
community should provide to decision-makers with methods and tools to map the “when”, “where” and
“which” adaptation they should implement in their cities (Mendizabal, M. et al., 2016a).
Cities need dynamic adaptive plans instead of static robust plans due to the climate change uncertainty.
This requires a new framing of adaptation. Walker et al.(2013) mapped the different existing tools or
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methods that support adaptation and realise that the adaptation pathways are the most dynamic ones,
while robust decision making produces more static plans (Figure 1. 2).

Figure 1. 2. A map of the approaches for developing adaptive policies according to their dynamics and level of
uncertainty (Walker et al., 2013)

RESIN decided to further analyse the adaptation pathway approach as a tool for support the policymakers in the formulation and implementation of adaptation measures in a city.
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2. ADAPTATION PATHWAY APPROACH
2.1. Background
The Adaptive Policymaking, Adaptation Pathways, and Dynamic Adaptive Policy Pathways approaches
produce dynamic robust plans (covering anticipatory, concurrent, and reactive adaptation), while Robust
Decision Making produces a static robust plan (focusing on anticipatory adaptation)(Walker et al., 2013).
Urban systems are in need of dynamic robust planning for adaptation to climate change due to its
uncertainty
Adaptation pathways approaches have been developed to deal with situations of deep uncertainty, such
as climate change (Haasnoot et al., 2013; R.M. Wise et al., 2014). The work recognises that climate
change adaptation is place and context specific – no one solution will address a problem for all people,
in certain geographical contexts, and over time (IPCC, 2014a). There is also a recognition that nearterm responses to climate change adaptation and mitigation may also impact upon the future choices
available. Ultimately, the pathways approach is a flexible way to deal with a complex and uncertain
problem rather than providing a definitive answer to that problem at the outset(Mendizabal, M. et al.,
2016b).
Rather than focusing on one specific adaptation solution, the pathways approach is iterative and
incorporates elements of flexibility and adaptability into the process of adapting to climate change. A
technical support may guide cities stakeholders through the pathway approach. Nevertheless, as a cocreative process, stakeholders may e.g. re-define the used criteria for appraisal of adaptation options or
sequence them, that is, stakeholders will define whether or not an iterative process is needed. The
pathway approach allows for a number of visions to be developed into multiple ‘pathways’ that represent
the different choices that may be made at various points in the future as circumstances change or new
information becomes available. This should help policymakers to identify routes that increase resilience
and decrease risk, and, possibly develop one or more pathways to support an adaptation plan and to
avoid ‘lock-in’ and ‘maladaptation’.
Adaptation pathways are based in 5 features:
•

Threshold analysis as impact assessment

•
Adaptation tipping point (or turning point). Determines how much climate change a sector can
handle and when a threshold value is reached.
•
Appraisal. Different performance criteria. For the pathway design the most crucial criteria are,
in most cases, the environmental and economic factors which helps sequencing the adaptation options
over time.
•
Timing. The adaptation option implementation timing (combining distinct periods: mid-term and
other long).
•

Flexibility (that is why this approach is good under high uncertainty)

The classical top-down approach tackles “What if climate changes according to scenario x?”. On the
contrary, the adaptation pathway approach focuses in “How much climate change can we cope with?”
which makes the method independent to the climate scenarios and focuses more in adaptation.
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The pathways approach has been applied in real-life adaptation planning contexts in New York
(Rosenzweig and Solecki, 2014), in the Thames Barrier 2100 project in London(Reeder and Ranger,
2010), and in Antwerp (Mendizabal and Peña, 2017), amongst others. The following points further clarify
the nature of the pathways approach, which:
•
•
•
•
•

focusses more on the process rather than the outcome given uncertainty and complexity (R.M.
Wise et al., 2014);
allows decision-makers to think around the interaction of climate change with other risks and
policy areas (Reeder and Ranger, 2010);
focusses on acceptable/tolerable levels of risk (Ranger et al., 2013); and
places decision-making first by framing the issue in terms of the stakeholder objectives and
constraints.
It supports different levels of concretion: high level with less resolution and detailed level with
more concretion, depending on the urban context analysed, the baseline and starting point
(Mendizabal and Peña, 2017).

A key element of the adaptation pathways approach is the identification of adaptation ‘tipping points’,
which are also called ‘turning’ points (Kwadijk et al., 2010; Mendizabal, M. et al., 2016b). Turning points
allow analysts and decision makers to work from the present context by asking: ‘what conditions will
make any plan/objective fail?’ rather than ‘what if scenario X occurs’ (Kwakkel et al., 2015). Decisions
may need to be made if identified turning points actually occur and, hence, their identification can provide
insights into monitoring indicators related to the turning points. Moreover, even when new data arises
or influential events occur, it is unlikely that an entire plan would become redundant as flexibility is built
in.
The idea behind adaptation pathways is to support planning approaches that are flexible enough to cope
with, and adjust to, any changing conditions to avoid ‘maladaptation’ where an inappropriate adaptation
response is followed that may fail to lessen or may even intensify climate risks. Such an approach is
endorsed in UK government guidance on accounting for climate change (DEFRA, 2010). Also, the UK
government’s Adaptation Sub-Committee recommends, ‘…flexible options and strategies which allow
for possible mid-lifetime adjustments as more information about the climate becomes
available.’(Adaptation Sub-committee (ASC), 2011). Additionally, the UK government’s National Policy
Statements for the design of new nationally significant infrastructure projects encourages future flexibility
to be built in even where a developer decides that climate change impacts are not a present risk (e.g.
DECC, 2011(Department of Energy and Climate Change, 2011)).
The adaptation pathway approach has been addressed in the RAMSES project previously (i) identifying
the key components of the pathway; and (ii) defining a step-by-step methodology for its design
(Mendizabal, M. et al., 2016b; Mendizabal and Peña, 2017). RAMSES works on Adaptation Pathway
design concludes that the approach complements as an input existing planning approaches and gives
the needed flexibility to cope with uncertainty. It supports different levels of concretion: high level, with
low data and resolution; and a detailed level with more concretion. The RAMSES step-by-step
methodology has been validated through two main activities: one resulted in a workshop with
stakeholders from London and other cities (in collaboration with the LCCP); and other in an application
of the methodology in Antwerp to study the heat effect in health and work productivity. RAMSES
concluded that the step-by-step methodology defined into the project is a good approach to be applied
at city level and for analyzing different impact chain. RAMSES also detected the needs for further
research, which can be summarised in: i) decision need to be made for the acceptable threshold
detection, which is linked with the defined adaptation objectives (how can the scientist help in that?); ii)
flexibility in including additional measures, or deleting them (following the idea that an adaptation
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pathway should not be a fixed adaptation canvas); iii) linked with the previous point, the approach need
to be iterative in order to introduce changes during the design process.
RESIN will investigate the step-by-step methodology defined into the RAMSES project with 4 main
objectives: i) explore how the step-by-step methodology can be simplified (balancing qualitative versus
quantitative data, modelling versus literature review); ii) explore other scale of implementation and
compare (e.g. site scale versus city scale); iii) explore the way of sequencing the adaptation measures
into the pathway (can RESIN add additional criteria for this? e.g. life-time, implementation time, costs,
etc.); iv) explore the visualization of the Adaptation Pathway (RAMSES received the feedback from the
case studies and it seems that the actual pathway design need 2 different visualizations: a simpler one
for the politicians and a more complex one for technician).
To go through the identified objectives RESIN will analyse the adaptation pathway for the flood effect
on transport system in 2 case studies: i) one will be Bilbao, with a city scale and; ii) the other will be
Greater Manchester, with a site scale. The two case studies will be applied in parallel and therefore one
experience will enrich the other and vice versa.
The expected output is an Adaptation Pathway methodology (as an evolution of RAMSES methodology,
with the above-mentioned improvements).

2.2. Methodology: step by step approach
Climate resilient/adaptation pathways processes covered in the literature sometimes utilise computersimulations and/or modelling techniques to identify the ‘best’ adaptation pathways. However, this is not
a suitable approach for the RESIN case study due to the lack of maturity of the techniques and the high
resources needed (computer knowledge and capacity), which aims to ensure that the methodology is
replicable beyond the end of the project by users with limited experience of climate change adaptation
and, potentially, with little resources. These circumstances are likely to be present not just in RESIN
cities but also in other locations, increasing the transferability of this output of the RESIN project.
The Thames Estuary 2100 project, crucially, undertook detailed modelling but noted that their method
is suitable for high level analysis should extensive data or time and personnel resources not be
available, e.g. where a smaller-scale decision needs to be made (Ranger et al. 2013). A pathways map
and set of decision points can emerge from higher level assessments that use a mix of expert and
stakeholder judgment. Such a higher-level assessment could be refined in the future to incorporate new
data in line with the iterative nature of the pathways approach.
Therefore, the methodology is designed at 2 levels: a high or detailed level of concretion, depending on
the existing information and the capacity and involvement of the stakeholders. They follow 2
methodologies: quantitative and semi-quantitative:
•

•

The detailed level adaptation pathway consists in involving more stakeholders and experts and
it has a link to the use of models and tools (e.g. impact modelling, cost-benefit analysis etc.)
which helps developing more specific pathways. This level follows a quantitative
methodology.
The high-level adaptation pathway consists in involving a small group of stakeholders and it
uses the existing available information as basis. It considers local information but also additional
information (which can be from other locations) extracted from literature (published papers and
grey literature). Therefore, the methodology is designed not to require detailed modelling work.
This level follows a semi-quantitative methodology.
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The proposed method will be based on the RAMSES adaptation pathway approach and draws on a
number of sources across the growing adaptation pathways literature. Conceptually, the approach
draws on the ‘dynamic adaptation policy pathways’ model (Haasnoot et al., 2013) and pathway models
developed in the field of sustainable development by Wise (2014). Importantly, this approach has been
tested in practice and applied in real life contexts which, methodologically, provides detailed background
on the steps to be taken to advance the research (Haasnoot et al., 2013; Mendizabal and Peña, 2017;
Reeder and Ranger, 2010; Rosenzweig and Solecki, 2014). Figure 2. 1, Figure 2. 2 and Figure 2. 3 give
examples of adaptation pathways outcomes that may stem from such an analysis.

There are different methodologies for undertaking the adaptation pathways approach, although they
tend to share a similar foundation. Typically, they follow a stepwise process. All assume that an
implementation plan will result at the end of the process. The present report, did not aim to identify an
adaptation pathways implementation plan as this is not within the remit of the current project. However,
the work could be used to feed into an implementation plan developed by the cities via future work. On
the other hand, RESIN project developed the e-guide which intend to support users in developing an
implementation plan.
Fundamentally, the work is intended to develop a usable method that can be replicated in other contexts
rather than a standalone implementation plan for a particular organisation (although this task will provide
tangible benefits to the cities case studies), and also to understand the information that stakeholders
would need in order to progress their own adaptation pathways study. In a review of a range of
adaptation decision making tools, the OECD notes that progress has been made on more ‘light touch’
applications of quantitative studies (e.g. the use of decision trees from real options analysis) but these
are not mainstream (OECD, 2015). The RESIN case studies will seek to evaluate which aspects of the
pathways process can be completed using minimum data inputs (the high-level which follows semiquantitative approach), and will analyse the differences with the detailed level (quantitative approach
with modelling) and document the inevitable trade-offs.
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Figure 2. 1. Example of an adaptation route map. Source: Reeder &Ranger, 2010(Reeder and Ranger, 2010).

Figure 2. 2 Example of an adaptation route map. Source: Buurman & Babovic, 2016(Buurman and Babovic, 2016).
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Figure 2. 3. Example of an adaptation route map. Source: Mendizabal & Peña, 2017(Mendizabal and Peña,

2017).

Many existing applications of the pathway approaches only employ the use of climate scenarios and
focus on a well-bounded area in order to simplify the analysis. There are a few examples where socioeconomic scenarios have been used in order to identify particular tipping/trigger points in, for example,
the reintroduction of salmon into the Rhine, climate change impacts on Tuscan wine growing, and flood
safety and ecological conservation in the Netherlands (Werners et al., 2015). Here, social and economic
policy objectives help to shape the identification of adaptation turning points; it is particularly useful for
on-going communication if such objectives can be quantified (i.e. number of people at harm).
The approach proposed for the RESIN adaptation pathways study is visualised in Figure 2. 4. This
approach is based on the EU H2020 funded RAMSES project in which a method was identified and
validated in case studies including tidal wave planning in London and heat planning in the city of Antwerp
(Mendizabal et al. 2016). Step 1 aims to define objectives, analyse the context and set acceptable risk
threshold. Step 2 identifies adaptation options and characterises them (e.g. effectiveness). Step 3
develops potential adaptation pathways, by aggregating different options and sequence them over time
(according to the relevant turning points, objectives and scenarios). Step 4 recommends an adaptation
pathway using MCDA.

14

Figure 2. 4. The steps to be followed in an adaptation pathway approach, applied within the RESIN Case Studies.

Various tools exist that can be used to complete the steps. For example, the CLIMACT Prio tool uses a
multi-criteria analysis approach to identify and prioritise adaptation options and also to select the
preferred pathway (Grafakos and Olivotto, 2018). The tool will be tested in the following cases to see
the extent to which they are useful for practitioners.
Below, a brief description of each step is presented (for more details see the D8.2 and D8.3 of RAMSES
(Mendizabal, M. et al., 2016b; Mendizabal and Peña, 2017):
Step 1 Define objectives
This step can be divided in 3 sub-steps: define objectives, analyse the context and set threshold.
During this first step, it is necessary to define the strategic objectives which determines the scope of the
pathway. Then, the context should be analysed. The city´s risk, which includes a review of the hazard,
exposure and vulnerability concepts, allows identifying key problems and hot spot detection.
Once the hotspots of the city are detected and the objectives for the adaptation are identified, the
threshold levels need to be defined. There exist different approaches to define the threshold level which
varies according to the type of risk (for more information see the RAMSES D8.2 (Mendizabal, M., 2017))
and should be determined together with stakeholders (as they need to accept the threshold).
It is important to consider different threshold levels as it increases flexibility in the planning process. This
will allow developing a pathway which it is robust enough to handle different scenarios.
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Step 2 Select adaptation options
This step is divided in 3 sub-steps: identification, characterisation and mapping of adaptation options
The risk analysis done in the previous step is the input for identifying adaptation options (the hazard,
exposed asset or element and its vulnerability can be used as filters in adaptation databases like AOL1).
This is also combined with the review of existing plans and stakeholders’ meetings to align city´s view.
The identified options are then characterised. This characterisation is important for the development of
adaptation pathway alternatives. Several criteria can be considered for the characterisation
(Mendizabal, M., 2017) (preferably selected between researchers and stakeholders). These criteria can
be related to the performance (effectiveness, cost-efficiency, etc.), implementation (barriers,
requirements, acceptability, etc.) or its nature (type, mechanism of actions, etc.). For each criterion the
evaluation variables or indicators should be defined. When choosing a criterion and defining the indicator
it is important to have an informed understanding of each so that well founded valuation can be done
(for further information see RESIN D3.2 (Mendizabal et al., 2018)).
Last, the identified adaptation options are mapped (spatially located) according the feasible
implementation locations. These locations are identified by the hazard map (the hot-spots) and the
potential intervention area (which are defined by the city´s stakeholders, e.g. according to the possibility
of intervention or a window of opportunity).

Step 3 Develop pathway alternatives
This step is divided in 3 sub-steps: aggregating different options, assessment of cumulative
effectiveness and sequence them over time (according to the relevant turning points, objectives and
scenarios).
The objective of this step is to group the previous identified adaptation options and develop possible
pathway alternatives. This step requires a stakeholder dialogue to set the criteria to re-organise the
adaptation options in groups. The proposed criteria may come from previous characterisation of options
or new ones can be identified. It is recommended that as many groups as possible are defined to
represents all the range of possibilities. This will enable flexibility of action to stakeholders when
evaluating the impacts due to future climate and the fulfilment of thresholds.
Once the range of pathway alternatives is defined the cumulative effectiveness need to be assessed.
Two ways forward are identified for this sub-step: quantitative and semi-quantitative:
•

•

1

Semi-quantitative methodology. It considers local information but also additional information
(which can be from other locations) extracted from literature (published papers and grey
literature). The effectiveness of each option and the implementation area are considered
for assessing the cumulative effectiveness for each pathway alternative. Therefore, the
methodology is designed not to require detailed modelling work. This methodology despite
being a rougher approach it will aid presenting the most plausible pathway alternative and
help rank the different pathways.
Quantitative methodology. It uses models and tools (e.g. impact modelling, cost-benefit
analysis etc.) which helps developing more specific and context based pathways. In this
case, all the options of a pathway are modelized and compared with the current situation to
assess the effectiveness of the pathway. It has to be highlighted that it can also be assessed

http://www.resin-cities.eu/resources/library/
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the individual effectiveness of each option or the cumulative effectiveness of the pathway
alternative. Furthermore, in the case of impact modelling, it accounts for cartography thus
hot spots can be identified and the effectiveness of the adaptation in specific critical points
can be assessed.
Last, the options of each pathway alternative are sequenced over the time, creating a route map. To do
so, the previous information is considered (the current situation, defined threshold and individual
effectiveness of each option). The individual effectiveness is used to place the adaptation options into
the pathway and is sequenced over time. The sequence of implementation is decided by direct
stakeholder preferences or as a part of a co-creation process (the MCA can be used to gather all
preferences and prioritise the implementation urgency).

Step 4 recommends an adaptation pathway
This step consists of the selection of the most “appropriate” adaptation pathway alternative or
alternatives. This selection implies the definition of criteria that will allow the prioritisation of the
alternatives and the selection of the prioritisation method (e.g. MCDA).
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3. TESTING THE APPROACH IN BILBAO
3.1. Aims
The city of Bilbao is in the process of preparing a Climate Change Adaptation Plan that covers four main
climatic hazards: Flooding, heat weaves, drought and wind storms. The underlying information of the
Plan was obtained from the RAMSES project, own studies and regional data and provides an overview
of the future impacts within the city. The Adaptation Plan will mainly be focused on the impacts of
flooding and heat weaves on the city. Drought is a second level priority while wind storms is considered
just as an exploration action. In particular, the city of Bilbao identified floods on transport as a relevant
impact due to high exposure of the transport infrastructure to pluvial flooding.
The city now desires to assess and prioritise the adaptation options for this specific impact chain and
develop a timeline of their implementation considering the uncertainty of the climatic projections. The
adaptation pathway is, thus, a good approach to evaluate more in detail which adaptation option
packages would be necessary to tackle the impacts of pluvial flooding on transportation within the near
and long future.

3.2. Step-by step methodology
Within the Bilbao case study the 4 steps defined in the methodology (Section 2.2) have been applied. A
detailed description of each steps is presented below.

Step 1. Setting the objectives
To success design a pathway it is important to start setting the bases and framework of the work.
Therefore, the pathway starts from the i) definition of the objectives; following with ii) the detection of the
key problems (depending on the hazards, exposures and vulnerabilities); and iii) the thresholds or
acceptable risk level definition. This help identifying the adaptation measures (step 2).
The objective for Bilbao is to reduce flood risk to transport infrastructure at city level (meso-scale).
In order to detect the key problems related to flood impacts on transport a problem tree was built
(Figure 3. 1). To reduce the risk of flooding, the main climatic and non-climatic drivers need to be
identified. Maximum rainfall and sea-level rise were taken into account as climatic drivers, while e.g. the
length of transport infrastructures within the flooding area or the paved surface of the land were identified
as non-climatic drivers. The transport systems considered for the city of Bilbao included roads and local
bus/railway/tram/bicycle infrastructures. However, the damages towards the underground system were
not accounted (only the metro/railway stations entrance) as the responsibility of the infrastructure
corresponds to a private company.
The flooding of the city can impact the population by transport disruption and delays, emergency
services delays and material damages. Thus, the main impacts of floods on transport result in the
aggravation of common problems such as transport accidents, road wear and extreme event specific
impacts such as isolation of population and economic losses for transport companies. There are various
non-climatic drivers –capacity of the drainage system, paved surface of the land, green areas in flooding
areas etc.— that will determine the threshold by which a rainfall event may pose a risk to the
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transportation system. The adaptation, by improving these drivers, can contribute to maximise the
threshold.

Figure 3. 1. Problem tree representing the conceptual model of the impact chain: floods in transport

Once the main impacts are identified, the next step is to examine the pluvial flood hazard which was
performed by modelling.
In order to determine the exposure of infrastructure two type of cartographical layers were
superimposed: pluvial flooding maps (return period of T25) (Figure 3. 2) with maps of the transport
infrastructure. In this case, exposure refers to the presence of transport infrastructure within the sites
that could be affected by floods.
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Figure 3. 2 Flooding prone areas under pluvial events with a return period of T25. The Baseline refers to the water
depth (in meters).

Then the vulnerability is analysed (Figure 3.3) which detect the areas with higher sensitivity and lower
coping capacity.

Figure 3. 3. Vulnerability map regarding extreme pluvial precipitation on road transport with a neighbourhood level
resolution (left) and a 25x25 meter grid resolution (right).

Last, a key information to analyse, linked with the defined objectives, is the threshold value, which will
set acceptable level of impact or damage for the chosen impact chain. After few discussions with the
Bilbao´s stakeholders it was accepted that for pluvial flooding the aim is to increase the infiltration
capacity of the city which will reduce the impacts under heavy short rain events. The objective agreed
with Bilbao´s City Council was to increase 2 L/m2.h the infiltration capacity by mid-century (having an
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intermediate objective in 2030: increase 0.7 L/m2.h the infiltration capacity). Among the reasons to
increase the infiltration capacity of the city is because the impervious area within the urbanised perimeter
of the city is very high (ca. 83%).
Table 3.1. The existing urbanised area with impervious surface, the existing urban green area and the river are.

Area (km2)
URBANISED AREA

14.34

EXISTING URBAN GREEN AREA

1.7

RIVER

0.77

It was also agreed that despite the impact chain was floods on transport the preferred adaptation options
would also contribute to reduce the impacts on buildings and other infrastructure. This will be further
discussed in Step 3.

Step 2. Identification of adaptation options
This step has three main actions in the identification of feasible or preferred adaptation options:
2.1 Identify the adaptation options
2.2 Characterise adaptation options
- Definition of variables for the adaptation measures characterisation, identifying metrics to assess
performance of the different adaptation options
- Effectiveness evaluation
2.3 Map adaptation options
- Identification of feasible implementation locations
2.1. Identify the adaptation options
The focus here as in the Adaptation Plan was to identify all available adaptation options from e.g.
Adaptation Option Library (AOL, WP 3.1 (Mendizabal, M. et al., 2015b)). In order to focus the most
appropriate or feasible adaptation options for the city of Bilbao, the adaptation options identified from
AOL were grouped and classified based on the aspect of the risk it tackles (Figure 3.4).
For the purpose of aligning the city´s views and needs with the adaptation pathway a co-creation process
was established. Continuous bi-lateral meetings were performed to include their vision in the process
and strengthen the pathway creation. From these meetings it was decided that structural/physical
adaption options would be given a priority as they have a direct outcome on risk reduction.

21

Figure 3. 4. Type of adaptation measure based on the aspect of the risk it tackles

The resulting options were then classified according to three action levels can be (Figure 3. 5): individual,
infrastructure and city level. Each level will be elaborated below. For the given impact chain, the levels
to work on, in terms of effectiveness (reduction of main impacts), would be the infrastructure and/or city
level as it will be shown below. The social and institutional measures are not considered for the pathway
design due to the difficulties in having their effectiveness. These adaptation actions may reduce the risk
associated to flooding, but they do not have a direct effect on the pluvial hazard (there is no literature
and it is not possible to include them in the pluvial flood model).
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Figure 3. 5. Adaptation canvas at individual, infrastructure and city level. The adaptation canvas illustrates in a
visual manner the potential solution space for the three focus categories (individuals, buildings and city).

Infrastructure level
At first glance, at infrastructure level measures that are already implemented such as green
infrastructures should be reinforced and additional measures would be necessary especially for
protection (Figure 3. 6 ). Some of the measures avoid entering water in the first place in infrastructures
and buildings (e.g. temporary flood walls, dry proofing, elevation of infrastructure), others help increasing
the infiltration rate (e.g. NBS, permeable pavement) or redirect the water flow (e.g. drainage).
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Figure 3. 6. Zoom into the Adaptation Canvas to visualise the available adaptation options at the infrastructure level
of floods in transport

City level
At city level considerable preventive and protective amount of actions can be considered to boost
adaptation. Many plans need to be adapted to take into account climate change and new policies can
be designed to increase adaptive capacity of the transport system. However, protective new actions
need to be executed to face future climatic conditions (Figure 3. 7). At present three planned (or in
progress) actions in the LA21 are aligned with two adaptive actions related to NBS and DRR plan. The
city of Bilbao has the compromise to increase green zones within the urbanised area plus the completion
of the green belt. It will also develop and implement a prediction system to evaluate the performance of
the sewage system and the sloping ground stability against heavy rains. These two actions under the
sustainability plan will contribute to a certain extent to minimise the risks associated with extreme pluvial
flooding.
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Figure 3. 7. Zoom into the Adaptation Canvas to visualise the available adaptation options at the city level of floods
in transport

2.2. Characterise adaptation options
Characterisation of the adaptation options is the next action in the pathway methodology, which consists
of a general description of the adaptation options, indicating objective(s), type, effectiveness, barriers
etc. In this manner adaptation options can be compared among each other to address a problem, and
thus, select the most appropriate ones (Moser and Ekstrom, 2010;,Carter, 2011)
There are different criteria(Mendizabal, M. et al., 2016a) that can be used for this characterisation. In
the present study, the characterisation is based on some key elements considered important for the
assessment of each individual option and for the development of adaptation pathway alternatives:
-

Effectiveness: it refers to how well an option can decrease the impact of the addressed climate
hazard and the vulnerability reduction (i.e. magnitude reduction) due to the adaptation options.
This study includes the effectiveness data mainly present in the AOL (RESIN project,
WP3.1(Mendizabal et al., 2017)) plus other scientific data.

-

Type: it refers to the adaptation measures classifications made by the IPCC (IPCC, 2014b). It
takes into account the diversity of adaptation options for different sectors and stakeholders (e.g.
blue/green and blue; or structural, social and institutional).

-

Aspect of the risk it tackles: rise of flood protection, reduction or delay of the run-off, reduction
of vulnerability and reduction of exposure by relocation measures
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-

Cost-efficiency: the following components are considered for the cot-efficiency: investment cost
and benefit. This study includes the benefit cost ratio gathered in the RESIN Adaptation Option
Library2.

-

Barriers: it refers to the barriers in the implementation of the adaptation option (e.g. technical,
political, spatial, and financial among others).

-

Co-benefits. describes if a measure has other kind of benefits that are not related to the risk
reduction (e.g. biodiversity increase etc.)

-

Mechanism of action: The structural/physical adaptation options to minimise flooding depend
on how they reduce the impact of the climatic hazard, that is the mode of action (Figure 3. 8).
The adaptation action can harvest the rain water, store pluvial or excess of fluvial water, aid
infiltrate water, convey water, tolerate water excess from flood events or avoid the water excess
to reach the infrastructures.

2

Mendizabal, M., et al., Library Structure Online. Adaptation Options Database Model (This project has
received funding from the European Union’s Horizon 2020 research and innovation programme under
grant agreement no. 653522, RESIN Project, 2015).
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Figure 3. 8. Range of adaptation options based on their mechanism of action. Source: Adapted from Matos Silva

(Matos Silva and Costa, 2016)
To evaluate the effectiveness of the adaptation options and the time when a turning point should be
triggered it should be decided the variable, or adaptation performance metrics, by which the flooding
impact should be compared. Three variables to appraise the options were identified and which
mechanism of action best respond to:
• Saved damage cost (€): Avoid, tolerate
• Storage capacity (m3): Convey, store, harvest
• Infiltration speed capacity (L/m 2.h): Infiltrate, harvest

“Saved damage cost” suits best fluvial floods as adaptation options in this category are meant to avoid
and tolerate water. For example, temporary flood barriers can avoid personal and material damages as
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fluvial floods are the result of water overflow from the river. Meanwhile resistant materials that tolerate
periodic flood events will increase roads and infrastructures due time.
“Store capacity” can collect both pluvial and fluvial water alleviating the presence of water in the city and
infrastructure. This will lower the magnitude of the impact and thus the risk. The volume of allocated
water is directly related to the degree of impact and damages, thus being a good variable.
“Infiltration speed capacity” measures how fast the water permeates into the subsoil. This is the best
variable to evaluate extreme rainfalls occurred in short periods of time where rapid drainage is required.
Rainfall, contrary to the fluvial flood is commonly present across the city leading to flooding problems in
specific sites. However, it can also be responsible for important watercourses.
Among these three variables it was considered best to use “Infiltration speed capacity” for pluvial floods
reduction. The main reason of selecting infiltration speed capacity is because most measures´
effectiveness can be expressed with this variable and therefore we can get a better harmonisation and
comparability. The effectiveness of the infiltration capacity could be obtained by:
-

Effectiveness extracted from literature (this will be further explained into the step 3). By the use
of scientific data regarding the infiltration rate of each adaptation option the overall pathway
effectiveness can be calculated. However, it cannot quantify and evaluate the runoff depth
reduction. Semi-quantitative approach attains effectiveness via this method.

-

Measured effectiveness from modelling (this will be further explained into the step 3). Modelling
has the advantage of spatialising the adaptation options and the it is based on the local
characteristics (e.g. orography). It can be done at different scales: at city level and at critical
flooding prone sites. As it will further explain in Step 3, the modelling used in the quantitative
approach correlates multiple parameters e.g. soil permeability and flooding.

In the following lines the adaptation options characterisation for the floods on transportation in the city
of Bilbao is presented for the different levels (infrastructure/city).

Infrastructure level:
Table 1: Adaptation options to be applied at infrastructure level. Characterisation of adaptation measures
based on selected criteria. CBR: cost-benefit ratio

Adaptation
Measure

3P’s
Layer

Type

Effectiveness

CBA

(RESIN)

(RESIN)

Aspect of
the risk it

Co-benefits
Barriers

tackles

(other
effects)
Biodiversity,

NBS- Trees

Preventi

Green-

on

Blue

-

2.1

Reduction of
run-off

lowers heat,
Spatial

attractiveness
, improves
health quality

NBS- Grass

Preventi

Green-

on

Blue

10(Song
-

et al.,
2017),(Li
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Reduction of

Biodiversity,

run-off

attractiveness

, improves

and Pan,
2018a)

health quality

L/m2.h

Biodiversity,
NBSGreen
roofs

Preventi

Green-

on

Blue

L/m2.h

8.2

1

Reduction of
run-off

lowers heat,
Technical

attractiveness
, improves
health quality
Biodiversity,

NBS- Parks

Preventi

Green-

on

Blue

21.5

L/m2.h

0.8

Reduction of

Spatial,

run-off

Financial

lowers heat,
attractiveness
, improves
health quality

InfiltrationPermeable
pavement

Preventi
on

Infiltration

Preventi

system

on

Road

Preventi

drainage

on

Temporary

Protecti

flood walls

on

42.6 L/m2.h;
Structural

-

17% flooded
area reduction

GreenBlue /
Structural

Structural

36.4 L/m2.h

1.1

bioretention

-

-

100%
Structural

damage

-

reduction

Reduction of

Technical

Recyclability

Reduction of

Technical

Biodiversity,

run-off

, spatial

attractiveness

Reduction of

Spatial,

Improves

run-off

technical

traffic safety

Rise of flood

Financial,

protection

spatial

Rise of flood

Technical

protection

, financial

run-off

-

22%
Dry

Protecti

proofing

on

damage cost
Structural
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reduction
(risk

-

reduction)

20%
Wet

Preventi

proofing

on

damage cost
Structural

686

reduction
(risk
reduction)
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Rise of flood
protection

Financial

-

Elevation of
infrastructu
re

Protecti
on

100%
Structural

damage cost

-

reduction

Reduction of

Financial,

Vulnerability

Technical

Insurance
cost
reduction

City level:
Table 2: Adaptation options to be applied at city level. Characterisation of adaptation measures based on
selected criteria. CBR: cost-benefit ratio

Adaptation
Measure

3P’s
Layer

Type

Effectiveness

CBA

(RESIN)

(RESIN)

Aspect of
the risk it

Co-benefits
Barriers

tackles

(other
effects)
Biodiversity,

NBS- Trees

Preventi

Green-

on

Blue

-

2.1

Reduction of
run-off

lowers heat,
Spatial

attractiveness
, improves
health quality
Biodiversity,

NBS- Grass

Preventi

Green-

on

Blue

10 L/m2.h

-

Reduction of

attractiveness

run-off

, improves
health quality
Biodiversity,

NBSGreen
roofs

Preventi

Green-

on

Blue

8.2 L/m2.h

1

Reduction of
run-off

lowers heat,
Technical

attractiveness
, improves
health quality
Biodiversity,

NBS- Parks

Preventi

Green-

on

Blue

21.5

L/m2.h

0.8

Reduction of

Spatial,

run-off

Financial

lowers heat,
attractiveness
, improves
health quality

SUDsSewer
separation

Financial,
Preventi
on

Structural

-

1.5

Reduction of

technical,

run-off

political,
Spatial

30

Water
quality,
economical

SUDs-

Financial,

Sewer pipe

Preventi

size

on

Structural

-

2.2

Reduction of

technical,

run-off

political,

increase

InfiltrationPermeable
pavement

Spatial
42.6 L/m2.h;
Preventi
on

Preventi

system

on

storage
systems

Structural

17% flooded

-

area

Reduction of

Technical

Recyclability

Reduction of

Technical

Biodiversity,

run-off

, spatial

attractiveness

Technical

Decreases

, spatial,

water scarcity

financial

in drought

run-off

reduction

Infiltration

Water

-

Preventi
on

Temporary

Protecti

flood walls

on

GreenBlue /
Structural

Structural

36.4 L/m2.h

1.1

bioretention

3-27.5

1.4

L/m2.h

100%
Structural

damage

-

reduction

Rise of flood
protection

Rise of flood

Financial,

protection

spatial

-

Improves
Land use

Preventi

Institutio

1.6 % run

panning

on

nal

off reduction

-

Reduction of

Political,

vulnerability

spatial

living
comfortabilit
y, for all
hazards

Flood

Prepare

Institutio

dness

nal

standard

Preventi

Institutio

evaluation

on

nal

Prepare

Institutio

dness

nal

planning
policy*

-

-

Reduction of
vulnerability

Political

Transport
-

-

Reduction of
vulnerability

Improves
Political

adaptation
strategy*

-

-
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security for
all hazards

program
Road

-

Reduction of

Political,

vulnerability

financial

Improves
security for
all hazards

Public

Prepare

Institutio

dness

nal

Preventi

Institutio

on

nal

for

Preventi

Institutio

behavioural

on

nal

Prepare

Institutio

dness

nal

transport
policies

-

-

-

-

-

-

-

-

Reduction of
vulnerability

Political

Contribution
to mitigation

Financial
tools for
risk
manageme

Reduction of

Political,

vulnerability

Financial

Reduction of

Political,

vulnerability

financial

-

nt*
Incentives
-

change
DRR
manageme
nt plan*

Reduction of
vulnerability

Political

-

*Adaptation assets: indirectly affecting adaptation

2.3. Mapping adaptation options
Finally, the city of Bilbao wanted to identify of feasible implementation locations of the structural/physical
adaptation options. In order to obtain the appropriate cartography, first the potential implementation sites
were identified (Table 3) together with the Urban Panning Department of the city of Bilbao considering
existing urban development planning instruments and the currently under revision planned development
areas.
After some discussions with the city, priority intervention areas and the adaptation options to be
implemented were defined. The urban planner and the environmental technicians selected these areas
and options according to window of opportunity and alignment with actual policies. Below the areas and
options:
-

New developments (Elorrieta, Peñascal, Abando train station): All (NBS, Infiltration techniques,
water storage solutions, urban configuration, temporary flood barrier)

-

Squares and open spaces: NBS, infiltration techniques, water storage solution

-

Streets: NBS, infiltration techniques

-

Footpaths and wide streets (includes river): NBS, infiltration techniques, temporary flood barriers

-

Public urban roofs: NBS
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Table 3: Implementation sites identify for the city of Bilbao and selected adaptation structural options for
each site (selected from the initial options list).
Implementation
sites

Group
adaptation
options

Squares

Water
storage;
infiltration
techniques;
Nature
based
solutions

Parks

Pedestrian
area

of

Water
storage;
infiltration
techniques;
Nature
based
solutions

street/

Infiltration
techniques;
Nature
based
solutions

Streets with road

Road drainage;
infiltration
techniques;
Nature
based
solutions

Pedestrian
promenades

Water
storage;
infiltration
techniques;

Most
suitable
adaptation
actions
1. Green
infrastructure
(Grass, small
plants, trees,
urban green
furniture)
2. Permeable
pavement
3. Rain garden
4. Bioretention
5. Infiltration
trenches
6. Rain or floating
plazas
7. Underground
water storage
1. Bioretention
2. Infiltration basin
3. Infiltration trench
4. Rain garden
5. Permeable
pavement
6. Water storage
7. Trees
8. Fountains
1. Green
infrastructure
(grass, small
plants, trees,
urban green
furniture)
2. Bioretention
3. Porous
pavement
1. Green
infrastructure
(grass, small
plants, urban
green furniture)
2. Permeable
pavement
3. Conventional
continuous road
trench drainage
1. Green
infrastructure
(Grass, small
plants, trees,
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Aspect to take
into account

Cartography
source

If
underground
parking
is
present, it may
only be possible
to
implement
adaptation no 6
or 1 without trees
or small tress

Initial Report of
the
Urban
Development
Plan (2016)

Infiltration
techniques need
to address the
fact that water
has
to
be
conveyed to a
final destination
Little margin or
improvement

Initial Report of
the
Urban
Development
Plan (2016)

Nature
solutions

based

Other open public
spaces

Water
storage;
infiltration
techniques;
Nature
based
solutions

Public
Roofs

Nature
solution

buildings-

River

New developments

based-

Temporary food
protection
barriers;
Flood
protection
infrastructures
Structural
Institutional:
Planning policies
and
urban
configuration
regulation

urban green
furniture)
2. Permeable
pavement
3. Rain garden
4. Bioretention
5. Infiltration
trenches
6. Rain or floating
plazas
7. Underground
water storage
1. Bioretention
2. Permeable
pavement
3. Infiltration
trenches
4. Green
infrastructure
1. Green roofs

1. Temporary flood
protection barriers
2. Permanent flood
protection barriers
/ infrastructures
1. SUDs
2. Room for the
river
3. Permeable
pavement
4. Wet proofing
5. Re-allocation of
transport
infrastructure &
urban
configuration
6. Regulation
(inclusion of a
minimum number
of green roofs,
permeable
pavement, green
infrastructure etc.

School
and
administration
buildings
Financial
handicap: Many
kms to cover
Fluvial flooding
-Elorrieta
-Abando
-Peñascal

Initial Report of
the
Urban
Development
Plan (2016)

The cartography of the sites was generated (Figure 3. 9) where the most suitable adaptation options
were assigned to each selected implementation site (Table 3). The cartography was processed to avoid
double counting of space and verify that the selected areas are feasible to accommodate the different
adaptation option.
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Figure 3. 9. Example of the cartography of the city of Bilbao with all possible implementation sites except sidewalks
before pre-processing

Step 3. Building pathway alternatives
3.1 Develop potential adaptation pathways
Adaptation pathways allow stakeholders to create an array of options that permits to take into account
climate uncertainty to build flexible strategies that will consider various possible future scenarios (Moss,
A., 2012). Despite the AOL (Mendizabal, M. et al., 2015a) provides a wider range of adaptation options
the city of Bilbao selected those that envisioned to have better chances of implementation (window of
opportunity) or public reception. Furthermore, the pluvial hazard map shows several flooded locations
distributed among the city. Therefore, the adaptation intervention towards pluvial flooding is more suited
at city level. Thus, the adaptation options that aim saving exclusively individual infrastructures (e.g. dry
proofing, Figure 3.6) are not considered.
To create adaptation options groups or packages, some of the characterisation criteria are selected with
city´s stakeholders. In Bilbao case, the type of options and intervention area are considered for creating
the groups: technological versus nature based solutions and combinations.
The packages of previously identified adaptation options chosen by the city of Bilbao are the following
five (Figure 3.10).
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Pathway options:
-

Pathway alternative 1: all options. This pathway alternative would be implemented in the worstcase scenario where any of the following alternatives would be insufficient to tackle the goals of
the adaptation.

-

Pathway alternative 2: increase infiltration and water storage. This pathway alternative is intended
to serve for those extreme short precipitation events where rapid water infiltration is needed and
those flooding circumstances where high amount of water is triggered.

-

Pathway alternative 3: NBS and increase infiltration. This alternative, as number 1, has other cobenefits due to the incorporation of NBS such as increase biodiversity and helps to minimise the
effect of heat.

-

Pathway alternative 4: NBS. This alternative together with alternative 5 are the less flexible
alternatives as the adaptation options are limited.

-

Pathway alternative 5: increase infiltration.

Figure 3. 10. Adaptation Pathway alternatives considered in Bilbao at city level (Source: Authors´
elaboration)

3.2 Assessment of combined effectiveness
Semi-quantitative approach
The semi-quantitative approach bases its methodology in the theoretical effectiveness of the solutions
in addition to the degree of implementation of the solutions. This methodology despite being a rougher
approach it will aid presenting the most plausible pathway alternative and help rank the different
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pathways based on their effectiveness to reduce the impacts of a climatic hazard (heavy rains in this
case).
In this specific case the aim is to reduce the impacts of heavy rains, thus, the chosen global solution is
intended to increase the infiltration rate or store the water of the urbanised soil. The effectiveness of the
solutions will be evaluated in terms of the infiltration rate (L/m 2.h) or capacity of the solution to store
water. The cumulative effectiveness, as mentioned, will include the amount of area which permeability
or harvest capacity has been changed.
For the city of Bilbao few assumptions have been made:
• Average literature effectiveness has been considered for each adaptation option
• The semi-quantitative methodology does not take into account the orography of the terrain and
the exact location of the adaptation actions as the quantitative methodology
• The rural green areas can absorb the rain. Thus, only the urbanised area has been considered
• It is estimated that it is not feasible to implement adaptation options in more than 50% of the
available open spaces unless it is a new development
The threshold, or goal to achieve in order to reduce the impacts of pluvial flooding, was to be able to
infiltrate (or harvest) an extra volume of rain water equivalent to 2 L/m 2 in the urbanised perimeter (Table
4) in one hour. This means that the urbanised area should be capable of infiltrate (or harvest) a total
extra 28674 m3 of water in one hour so that the run-off amount is reduced.

CUMULATIVE EFFECTIVENESS=Infiltration rate (L/m 2.h) of the option * the intervention area
THRESHOLD= increased the infiltration rate 2 L/m 2.h * the urbanised area

Table 4. Available area where adaptation options can be implemented and the maximun proposed intervention area
per type of implementation site

Available area (km 2)

Intervention area (km 2)

0.11
1.58
0.67
0.11
2.47

0.08
0.83
0.20
0.04
1.12

New developments
Squares and open public spaces
Sidewalks
Public urban roofs
TOTAL

Quantitative approach
The overall effectiveness was assessed after mapping the adaptation option through the identified
intervention areas (step 2.3).
To do so, the CityCAT3 software developed by the Newcastle University was selected. It provides rapid
simulation of urban hydrodynamics, computes the flow of water across a given urban landscape and it
allows assessment of the effects of different flood alleviation measures.

3

https://www.ncl.ac.uk/ceser/research/software/citycat/
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Simulations done in CityCAT helps to visualise the development of pluvial flooding over the model
domain and assists in the identification of areas where problems with pluvial flooding may arise. It also
quantifies adaptation measures effectiveness for water infiltration and runoff retention which reduces
the flood risk.
Each of the pathway alternative created was included into the CityCAT and compared with the actual
city to see the effectiveness of the pathways in terms of runoff reduction.

3.3 Pathway design: sequencing over the time
Once the effectiveness of the various adaptation options has been assessed there is a need to organise
them in a sequence of implementation for each pathway alternative. To do so, the previous information
is considered (the current situation, defined threshold and individual effectiveness of each option). The
individual effectiveness is used to place the adaptation options into the pathway and is sequenced over
time. The sequence of the implementation of the adaptation measures over time can be decided by
direct stakeholder preferences or as a part of a co-creation process. This was the strategy employed for
the case study of Bilbao. Thus, after a MCA was used. Again, the criteria for the MCA should be selected
which can be or not the ones mentioned previously (in the characterisation). In this case, the criteria are
selected together with stakeholders taking as MCA objective the implementation of options. The
selected criteria for Bilbao case were the following: Cost of measure per m 2, maintenance cost, barriers,
co-benefits, durability of the adaptation measure and acceptability by other municipal departments.
Step 4. Selection of an adaptation pathway
After building and designing the adaptation pathways it was decided to evaluate together with the city
of Bilbao the outcome of the different choices via a workshop. The aim of the workshop is to recommend
a pathway after evaluating the implications and impacts of each pathway. In order to do so the
advantages & disadvantages of the different pathways together with the efficiency of each one of them
need to be assessed.

3.3. Results
This section will present the results obtained in the steps 2, 3 and 4 (the rest of steps are fully explained
in 3.2 step-by step methodology).
The adaptation pathway designed was developed as a co-creation process which enriches the whole
methodology. A strength of the co-creation process is the continuous feedback between the city council
and the team developing of the pathway which adapts and refines the methodology to better meet the
city´s needs. Minor adaptations of the methodology were observed:
• The threshold was not defined in Step 1 (setting the objectives), but at the initiation of Step 3
(building pathway alternatives) when the municipality had clearer the outcome of the adaptation
pathway.
• Iterative process, with these steps being adjusted few times to arrive to the best possible outcome.
Two methodologies are followed in Bilbao, the quantitative and semi-quantitative. There are few
differences between the them. In the results section only, those variations will be specified. Unless
stated here the semi-quantitative and quantitative approach share the same proceedings and
methodology.
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Step 2. Identification of adaptation options
Firstly, as described in the previous section all plausible adaptation options were identified (Table 1 and
2). However, after few bilateral meetings between Tecnalia and the Department of Environment and
Urban Planning of the city of Bilbao it was decided to focus in structural/physical (Grey and Green
options) adaptation options that could reduce the run-off. Thus, avoiding pluvial flooding, through water
infiltration. These measures, in comparison with institutional or social measures, have a direct and
quantifiable effectiveness —as wished by the municipality— towards heavy rains. Most of these
adaptation options are also summarised in Table 3. Further discussions led to exclude from the final
considered options the following ones:
• Infiltration basin: Bilbao is a rather dense city with little green areas within the urbanised zone.
Furthermore, acceptability of this infiltration solution versus rain gardens by the population is
expected to be much lower. Thus, other infiltration options were considered more appropriate.
• Underground water storage: At present there is an important project in the river basin where
Bilbao is located to build a 75.000 m3 rain water tank. This fact together with higher costs of
construction, floodable water plazas were prioritised.
• Fountains: This adaptation option, that could be used for heat weaves was estimated to be
equivalent to a small area. Water plazas have similar mode of action in terms of pluvial rain.
Therefore, if needed certain amount of area assigned to water plazas could be used for
fountain, but are not specified in the adaptation pathways as so.
• Conventional continuous road trench drainage: Despite having a good acceptability, this
adaptation option is an infrastructure that convey water rather than infiltrate-convey as
permeable pavement. Priority was given to permeable pavement.
The city will consider institutional and/or social measures outside the pathway (to be implemented in
parallel), to strength the adaptive pathway (increasing the adaptive capacity).

Step 2.1 Characterise adaptation options
In the second step, in order to select the adaptation options, a preliminary characterisation of the
adaptation options with 7 criteria (Table 1 & 2) were performed. However, as the co-creation process
evolved the employed criteria for each step were adapted. Effectiveness (infiltration rate, Table 5)
criterion was utilised, among other practical considerations, to propose the degree of intervention (i.e.
% of area of intervention) favouring when possible those adaptation options with higher efficiency.
However, when deciding the sequencing of adaptation options over time (Step 3.2), the selected criteria
were revised for this prioritisation (Figure 3.11). Besides barriers and co-benefits, durability of the
adaptation option, acceptability by other departments, maintenance cost and cost of the adaptation
option per m2 were included. Cost, which includes material and labour cost replaced Cost Benefit Ratio
(Table 1 & 2).

Step 2.2. Mapping adaptation options
After the identification of the plausible locations (Table 3) to implement adaptation measures, GIS maps
provided by the municipality of Bilbao were treated taking into considerations various constrains as for
example:
• Green roofs cannot be installed in historical buildings
• Infiltration cannot be implemented in areas were underground parking is present
• Public Open spaces dedicated to sport (e.g. outdoors basketball court) cannot be modified to
become green spaces

39

• Adjustments to the GIS maps (e.g. the provided GIS layer corresponding to public buildings and
schools corresponded to the roof area plus patios and sport areas. Thus, the polygons needed
to be adjusted to just the roof area)
Various GIS maps were created and assigned to each adaptation options. The area of each GIS maps
was calculated in order to calculate the total available area (Table 4). To each GIS map an intervention
% area was assigned giving the proposed intervention area. For example, Pathway alternative 1, 3 and
4 includes green roofs as an adaptation option. After removing historical buildings, it was considered
plausible to install green roofs to 35% of the buildings despite most of them have some pitch roofs. It
was also estimated that it is not feasible to implement adaptation options in more than 52% of open
public spaces, except in the new developments.
Thus, for the semi-quantitative approach, the implementation area was estimated as the 35% of the total
roof area of public and school buildings regardless their physical location. On the contrary, in the
quantitative approach, certain roofs equivalent to an area of 35% of the available area are selected and
spatialised in those zones prone to have pluvial flooding. The same proceeding was followed for each
approach for the rest of the adaptation options.

40

Figure 3. 11. Processed cartography map of the city of Bilbao corresponding to 1) open public spaces
plus an example of sidewalks layer (top figure) and 2) new developments (bottom figure) used to
calculate total intervention areas

Table 5. Theoretical infiltration rate (effectiveness) based on literature for those adaptation options to be included
in the adaptation pathways
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Infiltration rate (L/m2.h)
Adaptation
measure type

Efficiency to
infiltrate
precipitations
in 1 hour

Water
plaza /
Storage
tank

Permeable
pavement

Infiltration
trenchs

Bioretention

27.5*

42.64

> 435

36.46

Park

Greening
- Grass

Green
roof

Av.
NBS

21.57

108

8.29

15.75

(Rain
garden)

* Calculated as harvest capacity (mm/h)
For the quantitative approach, the real spatial adaptation locations are considered. One main difference
between both approaches is that while semi-quantitative approach proceeds with calculations based on
total areas it does not spatialise them. An asset of the quantitative approach is that by considering the
real spatial adaptation locations it allows to evaluate in detail its capability to tackle the problems of
specific flooding site. In Figure 3.12 the adaptation options are plotted taking into account the effective
intervention areas e.g. 10 % of NBS to be implemented in open public areas. Figure 3.12 only shows
two pathway alternatives as example.

4

(EPA, 2012; Illgen et al., 2007; Valinski and Chandler, 2015)

5(https://www.townsville.qld.gov.au/__data/assets/pdf_file/0015/12228/GUIDELINES_7_Infiltration_FI

NAL.pdf; Locatelli et al., 2015)
6

(Asleson et al., 2009; Eichhorst Jessica et al., 2013; Gao et al., 2018; Kanso et al., 2018)

7

(Chandler et al., 2018)

8

(Li and Pan, 2018b; Song et al., 2017)

9

(Carson et al., 2013; Perelli, 2014)
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Figure 3. 12. Mapping of adaptation options considered in Pathway alternative 1 (Infiltration techniques,
NBS and water storage solutions) and 4 (only NBS solutions). A zoom into new developments, Elorrieta
and Peñascal, have been made in order to better visualise the differences.
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Step 3. Building pathway alternatives
Step 3.1 Assessment of cumulative effectiveness and efficiency
For the semi-quantitative approach, once the intervention areas and effectiveness of adaptation options
were identified the assessment of the collective effectiveness and efficiency of each pathway was
evaluated. As previously mentioned the threshold was calculated by generating the total volume of water
that the urbanised area (14.337 Km 2) should absorb in one hour. This volume of water corresponds to
the need to increase the infiltration by 2 L/m 2.h in the urbanised zone. The infiltration water per hour
corresponds to the intervention area times the efficiency of the adaptation option (Table 5) applied in
that area. The pathway efficiency is then calculated by dividing the cumulative water infiltrated by the
improvements by the threshold or set objective times.
Tables 6- 10. Collective effectiveness assessment and efficiency of: Pathways alternative 1 where all type of
adaptation options are included, Pathway alternative 2 where infiltration techniques and water storage are included,
Pathway alternative 3 where a mix of infiltration techniques and NBS are included, Pathway 4 where only NBS are
included and Pathway 5 where only infiltration techniques are included. WP=water plaza, NBS=nature based
solution, PP=permeable pavement, BR=bioretention, IT=infiltration techniques

Pathway 1: ALL
Intervention area
(m2)

Infiltrated water
volume per hour per
intervention area
(m3/h)

Open public areas- WP 2%
ABANDO-NBS 50%
ABANDO-WP
ELORRIETA-River-PP100%
ELORRIETA-Centre-NBS50%
Sidewalks- 40 cm of NBS
Peñascal- PP 37%
Peñascal- BR 5%
Peñascal- IT 10%
Peñascal- WP 6%
Peñascal- Park 41%
Open public areas- NBS 10%
Open public areas- IT 2%
Open public areas- PP 25%
Open public areas- BR 2%

78877
28900
3200
7365
6850
203276
11000
1500
3000
1500
12000
145774
31551
394386
31551

868
455
88
314
108
3202
469
55
252
52
258
2485
2650
16801
1148

Public schools & buildings- Green roof
35%

40339

331

Cumulative water infiltration (m3/h)
Threshold (m3/h)

29534
28674

Pathway effectiveness
(%)
103

Adaptation option & implementation site
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Pathway 2: Infiltration & water storage

Adaptation option & implementation site

Open public areas- PP 40%
Open public areas- WP 2%
Open public areas- IT 2%
Open public areas- BR 2%
ABANDO-WP
ELORRIETA-Ria-PP100%
ELORRIETA-Centro-PP50%
Peñascal- PP 37%
Peñascal- BR 5%
Peñascal- IT 10%
Peñascal- WP 6%
Cumulative water infiltration (m3/h)
Threshold (m3/h)

Intervention area
(m2)

Infiltrated water volume
per hour per intervention
area (m3/h)

631017
31551
31551
31551
3200
7365
6850
11000
1500
3000
1500

26881
868
2650
1148
88
314
292
469
55
252
52

33069
28674

Pathway effectiveness (%)
115

Intervention area
(m2)

Infiltrated water volume
per hour per intervention
area (m3/h)

40339

331

203276
31551
394386
157754
31551
28900
7365
6850
11000
1500
3000
12000

3202
2650
16801
2485
1148
455
314
108
469
55
252
258

28526
28674

Pathway effectiveness (%)
99,5

Pathway 3: NBS, Infiltration

Adaptation option & implementation site

Public schools & buildings- Green roof
35%
Sidewalks- 30 cm of NBS
Open public areas- IT 2%
Open public areas- PP 25%
Open public areas- NBS 10%
Open public areas- BR 2%
ABANDO-NBS 50%
ELORRIETA-River-PP100%
ELORRIETA-Centre-NBS50%
Peñascal- PP 37%
Peñascal- BR 5%
Peñascal- IT 10%
Peñascal- Park 41%
Cumulative water infiltration (m3/h)
Threshold (m3/h)
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Pathway 4: NBS

Adaptation option & implementation site

Public schools & buildings- Green roof
35%
Sidewalks- 30 cm of NBS
Open public areas- NBS 50%
Open public areas- BR 2%
ABANDO-NBS 50%
ELORRIETA-Centre-NBS50%
Peñascal- BR 5%
Peñascal- Park 41%
Cumulative water infiltration (m3/h)
Threshold (m3/h)

Intervention area
(m2)

Infiltrated water volume
per hour per intervention
area (m3/h)

40339

331

203276
749332
31551
28900
6850
1500
12000

3202
11802
1148
455
108
55
258

17358
28674

Pathway effectiveness (%)
61

Intervention area
(m2)

Infiltrated water volume
per hour per intervention
area (m3/h)

Pathway 5: Infiltration

Adaptation option & implementation site

Open public areas- PP 40%
Open public areas- IT 2%
Open public areas- BR 2%
ELORRIETA-River-PP100%
ELORRIETA-Centre-PP50%
Peñascal- PP 37%
Peñascal- BR 5%
Peñascal- IT 10%
Cumulative water infiltration (m3/h)
Threshold (m3/h)

631017
31551
31551
7365
6850
11000
1500
3000
32061
28674

26881
2650
1148
314
292
469
55
252
Pathway effectiveness (%)
111,8

Results indicated that all pathway alternatives reach the desired target (2 L/m2.h extra infiltration in the
urbanised area) except pathway alternative 4 which only includes NBS and 3 (but it is close to the
objective). These results are reasonable as NBS have significant lower infiltration capacity compared to
infiltration techniques (Table 5). The efficiency sequence is as follows:
Pathway alternative 2 > Pathway alternative 5 > Pathway alternative 1 > Pathway alternative 3 >
Pathway alternative 4.
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For the quantitative approach the cumulative effectiveness is assessed through modelling. The
differences between model considerations (e.g. permeability of the soil through NBS) in pathway
alternative 4 corresponds to a green area infiltration rate (similar to a sandy loam soil class), while in
pathway alternative 1 two infiltration rates have been used, one for the green area and other for the
permeable pavement (which has a higher infiltration capacity, similar to a sand soil class). The model
uses the Green-Ampt infiltration parameters (Glenis et al., 2018; Rawls et al., 1983). The model
considers water plazas inserted in the Digital Elevation Model (DEM) (0.4 meters wall insertions are
made in the DEM).
Each pathway effectiveness is then calculated with the model and the results are subtracted to the
baseline map. As result a map of water depth reduction is obtained. As an example, Pathway alternative
5 is presented in Figure 3.13. The aim of doing these calculation is to compare and validate the semiquantitative approach. Therefore, the total water volume infiltrated is calculated by multiplying the
reduction of the water depth with the meter square (the resolution of the DEM is 1x1 meter) (Tables 11).

Figure 3. 13. Reduction of the water depth map. Results corresponds to the baseline´s water depth (m)
minus the water depth related to pathway alternative 5
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Table 11. Comparison of the pathways 2, 4 and 5 with respect to mean depth improved and water depth decreased
in 4 points of the city.

Calculated
improved

Mean run-off

infiltration:

depth

run-off

improvement

volume

(cm)

3

(m )

Run-off
depth
decrease
(cm) Point 1
(Desuto)

Run-off

Run-off

Runn-off

depth

depth

depth

decrease

decrease

decrease

(cm)

(cm)

(cm) Point

Point

2

(Parque

(Parque

(Rekalde)

Doña

Doña

Casilda)

Casilda)

3

Point

Pathway 2

20672

0.759

1.3

28.2

13.6

26.7

Pathway 4

16978

0.673

0.5

1.3

0.1

1.2

Pathway 5

20230

0.732

1.3

2.2

13.6

8.3

4

Pending to the final results for pathway alternative 1 and 3 by the quantitative model, the results (see
Table 13) obtained for the other 3 pathway alternatives point into the same direction as the semiquantitative approach. Pathway alternative 2 is slightly more efficient than pathway alternative 5 and
these have a better performance than pathway alternative 4 to decrease pluvial flooding. Apart from
providing the same efficiency trend the calculated additional infiltrated water is somehow lower than in
the semi-quantitative approach, from 2- 37% inferior. This may be logical if we take into account two
factors: 1) the orography of the terrain which may decrease the ability to infiltrate water and 2) the
modelled rain event, which correspond to a return period of T25. It is very likely that under less intense
rain events the infiltration capacity per hour would increase.
Table 13 also shows the water depth decrease at four problematic points. Its spatial location can be
seen in Figure 3.14.
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Figure 3. 14. Location of selected points from Table 13. The map shows in purple adaptation options
sites (pathway 5) and in red improved water infiltration areas. Point 1 is located in Deusto. Point 2 is
located in Rekalde area, where naturally a watercourse is created under heavy rain events. Point 3 and
4 are located in a Park, Doña Casilda Iturrizar, where water tends to accumulate.

The pathway selection, for the quantitative approach, followed the same proceeding as previously
mentioned in the semi-quantitative section (to be validated when completing all simulations). Further
investigations need to proceed to evaluate the rain intensity influence on the modelling and water
infiltration.

Step 3.2 Pathway design: sequencing over the time
The next logical step is to elaborate the pathway considering the time-scale, that is, to prioritise the
adaptation options and sequence the adaptation options over time. This step could be done after
selecting the preferred adaptation alternative if only overall pathway efficiency should be considered
(semi-quantitative approach). However, it may be relevant as well to evaluate, for example, the effort of
implementation of the adaptation options within the different pathway alternatives in order to achieve
the different set thresholds. This is link within a time scale (Figure 3.18)
A simple MCA, through Climact-Prio Tool, was employed. MCA facilitates the active engagement of
relevant stakeholders through the process of criteria selection (step 2) and weighting (step 5) (Grafakos
et al., 2015). It is important to include participatory methods which will allow combining the top-down
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and the bottom-up approaches. MCA is able to deal with complex decision problems, to consider
multiple different type of objective and criteria, to process various types of information, both objectives
(adaptation option performance) and subjective (stakeholders´ preferences), and to integrate all into the
decision-making process in a systematic and constructive way.
First the criteria to appraise the options needed to be selected. Several criteria were proposed to the
city of Bilbao in a one to one meeting and though a co-creation process the most relevant criteria were
identified and selected (Figure 3.15). The valuation of criteria was based on a price generator 10 for cost
and maintenance, on RESIN AOL for barriers and co-benefits and literature (Perini and Rosasco, 2013;
Terhell et al., n.d11.) and web pages12 for component life.

Figure 3. 15. Selected criteria by the Environment Department of the city council of Bilbao though a
co-creation process to sequence adaptation options over time
Once the adaptation options were appraised, two stakeholders rated the importance of each criterion
so that a specific importance was assigned to each sequencing criterion (Figure 3.16). The weights
showed that the most relevant criterion was cost of implementation of the adaptation option (with a 23%
of importance). The criteria preference resulted as follows: Cost, acceptability by other departments,
barriers, maintenance, lifespan or durability of the components and co-benefits. A good agreement was
observed within both stakeholder’s valuation except for maintenance.

10

http://www.generadordeprecios.info/?from_old=1

11

http://watermanagement.ucdavis.edu/files/5414/3891/2393/A03_Terhell_Cai_Chiu_Murphy_ESM121_
FinalReport.pdf
12

http://www.greenrooftechnology.com/green-roofs-explained
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Figure 3. 16. Criteria weighting valuation step performed using Climact-Prio Tool (Grafakos and
Olivotto, n.d.) in order to sequence the adaptation options over time.

Finally, the scores and weights were combined and the following ranking (see Table 12) was obtained.
Water plaza, to the surprise of the city´s environment department, obtained the highest scored followed
by grass and park. After a meeting where the adaptation option ranking was discussed the city´s
stakeholder was satisfied with the adaptation preference order of implementation. Thus, these
adaptation options order would be followed when building the different adaptation pathway alternatives.
However, one last matter needed to be considered before the pathway design. As previously mentioned
in the implementation site table (Table 3) new developments areas are included as well. These new
developments are included in the Initial Report of the Urban Development Plan and are planned to be
executed in the near future. Thus, the adaptation options to be applied within these developments will
need to be included in the pathway design preferably before the end of 2025 no matter the type of
proposed adaptation option. Similarly, future window of opportunity may modify the proposed sequence.
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Tables 12. Adaptation option preference ranking using the criteria and valuation shown in Figure 3.12 and the
weights resulting from the criteria weighting step shown in Figure 3.13.

Options

Score

Ranking

Water plaza

0,76

1

Grass

0,74

2

Park

0,74

3

Infiltration trenches

0,72

4

Permeable pavement

0,68

5

Green roofs

0,66

6

Bioretention (rain garden)

0,62

7

Based on the proposed pathway alternatives (Figure 3.10), the individual effectiveness information (how
much the risk threshold is reduced) and the option ranking the cumulative effectiveness is presented in
a visual way. Three different type of representation figures were created for each adaptation pathway
(only pathway alternative 1 is presented graphically. See the annex for the remaining pathways):
1. City level adaptation sequence pathway (Figure 3.17). Options are correlated to their
effectiveness to achieve the set thresholds. Cumulative efficiency is also presented. This figure
is based on the prioritisation of the adaptation option and focusses on their effectiveness. No
specific timeframe is considered.
2. City level adaptation pathway timeline (Figure 3.18). This figure combines the effectiveness and
timeline. It is less visual in terms of the sequence of adaptation options, but provides a temporal
dimension to the pathway and gives an idea of the effectiveness (& effort which is related to the
slope of the adaptation options) to be accomplished with time. Red line is the long-term
threshold and pink line is the short-term threshold.
3. Effectiveness of the intervention per period (3.19). This figure shows the contribution of the
planned measures to the overall goal or threshold per period (every 5 years). This
representation could be modified and deliver the cost of the intervention per period. This would
show the economical effort to be made per period. This figure can aid to quickly visualise if an
unrealistic implementation or economical effort is planned for a period and arrange them to
reach the set targets considering any other condition (e.g. economic, political). This is what
happened, indeed, in the case of Bilbao. It helped to visualised that too many actions were
proposed in first period (2020-2025), resulting in very high effectives to be achieved for that
period for pathway alternative 1. Thus, a re-design was carried out given the Figure 3.19.
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Pathway 1: ALL

Desired extra water infiltration (m3)
1000

2000

3000

4000

5000

6000

7000

8000

Existing
situation WP- 2%

CUMULATIVE EFFECTIVENESS %

3
5

Increase
water

15000

99

20000

21000 22000 23000 240000

25000

26000 27000 28000 29000

THRESHOLD 1

300000 m3

THRESHOLD 2
3
5
6

Sidewalks-40 cm NBS
Increase
infiltration
NBS

18

Peñascal
Open spaces- 10% NBS

21
30

Open spaces- 2% IT

39
98

16000 17000 18000 19000

Elorrieta

18

30

Far future
12000 13000 14000

Abando

6

21

Near future
10000 11000

9000

39

Open spaces- 25% PP

Increase infiltration
Permeable pavement
Infiltration trenches

GR-35%
More
NBS

103

More
infiltration
Bioretention

Open spaces
2% BR

98

99

CUMULATIVE EFFECTIVENESS %

Present

103

Figure 3. 17. City level adaptation sequence Pathway 1 for pluvial flooding. Adaptation option bar size is correlated to their effectiveness. Effectiveness
is presented in m 3 of infiltrated or store water as a specific area is associated to each adaptation option and the time scale is set to one hour of rain.
Cumulative effectiveness of the pathway is presented in the vertical axis.
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Figure 3. 18. City level adaptation pathway timeline for pathway alternative 1. Slope of each
adaptation option represents effectiveness improvement per period of implementation

Figure 3. 19. 1. Effectiveness of the intervention per period. This figure shows the contribution of the
planned measures to the overall goal or threshold per period (every 5 years). Cumulative effectiveness
is presented in the right vertical axis.
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Step 4. Selection of an adaptation pathway
This step consists on the selection of the most “appropriate” adaptation pathway alternative, among the
identified available options. This selection implies the definition of criteria that will allow the prioritisation
of the alternatives. Various Decision Support Tools (OECD, 2015) are suitable for the selection of the
adaptation pathway; for instance, Cost-Benefit Analysis, Cost-Effectiveness Analysis, Multi-Criteria
Analysis (MCA), Robust Decision Making, Real Option Analysis, Portfolio Analysis (PA), Iterative Risk
Management (IRM), Rule based decision support for uncertainty, etc. Each of these Decision Support
Tools have its strengths, but also their limitations. Multi-criteria analysis allows the assessment of
options against monetary and non-monetary criteria, which is one of its main advantages. Furthermore,
it allows to take into consideration stakeholders’ objectives and policy priorities and even get
incorporated into the decision-making process in a structured, systematic and transparent way
(Grafakos et al., 2015). Thus, despite all these strengths and that it has previously been used in e.g.
the preparation of National Adaptation Programmes of Actions (Noble, I.R. et al., 2014; UNFCCC,
2011), in this case it was considered unnecessary to perform a MCA.
Five new criteria were chosen:
1.
2.
3.
4.
5.

The intervention cost per year
The overrun, that is the extra cost, of a proposed intervention associated to adaptation options
Overall effectiveness of the adaptation pathway to achieve the set threshold
The area of intervention
if the pathway could help reduce the impacts of heat-waves

These new criteria were chosen as all adaptation pathway alternatives, except alternative 4,
accomplished the threshold of 2 L/m 2.h extra infiltration in the urbanised area (semi-quantitative
approach). Thus, a way to rank the pathway alternatives was necessary. Previously considered criteria
were more appropriate to adaptation options level than to pathway alternative level. Consequently, the
decision for the selection of the “appropriate” pathway alternative should be based on pathway specific
criteria. Bilbao Stakeholder´s identified that cost, in contrast to CBA was more relevant criteria and as
initially mentioned they would preferred an adaptation pathway that would also tackle heat weaves
impacts.
The preferred pathway alternative was instantly presented after evaluating Table 12. Thus, no MCA
was necessary as previously envisioned. The chosen pathway was alternative one where infiltration
techniques, water storage and nature based solutions are combined. Effectiveness and co-benefit were
the decisive criterion when selecting the pathway as no substantial differences were observed with the
other three criteria. Pathway 4 with only NBS has been excluded as greening seems insufficient to
accomplish the threshold. On the other hand, pathway alternatives without greening are not able to
contribute to improve outdoor comfort under heat-waves events, which is also a relevant hazard for the
city of Bilbao. Pathway alternative 1, primarily due to water storage solutions, is slightly more efficient
than Pathway alternative 3. Consequently, it is the preferred adaptation option.
Intervention cost has been identified as a possible implementation barrier except in the new
development where intervention is already planned and a budget has been assigned. However, to
overcome this potential barrier, in the urbanised areas the inclusion of adaptation options should be
linked to improvements or rehabilitation of the areas.
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Table 12. Pathway characterisation based on the five criteria used for the selection of the pathway to be
implemented. *Mostly grass, **Mostly park
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4. TESTING THE APPROACH IN GREATER
MANCHESTER
4.1. Aims
In order to progress the process of understanding and prioritising adaptation options, the Greater
Manchester (GM) RESIN case study tested a climate resilient (or adaptation) pathways approach, as
favoured by the IPCC, to explore how it could be tailored to GM needs. This task focuses on adaptation
options to reduce flood risk to assets and networks belonging to Transport for Greater Manchester
(TfGM), building on an associated flood risk assessment. In addressing this specific theme, the aim has
been to develop an adaptation pathways approach that can be applied in other situations, within GM
and other locations looking to develop approaches to adapt and increase resilience to climate change,
within the context of strained public resources.
The adaptation pathways work builds on the climate change risk assessments that have been
undertaken as part of the GM RESIN case study (Carter et al., 2018). The adaptation pathways work
has aimed to::
•

Identify adaptation options to reduce flood risk to selected TfGM transport infrastructure
assets, and prioritise these options based on different adaptation pathways.

This work followed a wider spatially oriented climate change flood risk assessment for TfGM. Specific
objectives linked to this RESIN/TfGM collaboration on adaptation pathways include:
1.
2.
3.
4.

5.

Defining the acceptable thresholds for flood risk and adaptation objectives
Appraising adaptation options and prioritising between them.
Identifying ‘adaptation turning points’ in order to set the context for decision making.
Identifying potential climate resilient pathways through developing a ‘route map’ which includes
different adaptation options and decision points.
Involving stakeholders in the development of the multi-criteria decision analysis (MCDA) to
understand the implications of different pathways.

4.2. Step-by step methodology
Greater Manchester followed a similar step-by-step method to create a high-level adaptation pathway
as described in Section 3.2. However, the key difference was an assumption that there would be very
little quantitative data. A methodology that does not require detailed modelling work was adopted
because a) modelling resources were not available), and b) technical modelling approaches do not suit
the objective of this task to develop a widely transferable adaptation pathways approach. Here, the
focus is on the process of decision making rather than the outcome (Ranger et al. 2013; Wise et al.
2014). In any case, it is reasoned that there is enough high-level information available in GM on themes
including climate change and socio-economic change to make an appraisal of the adaptation options
for a particular TfGM network/site. The application of the RAMSES adaptation pathway was taken as
starting point as mentioned in the Bilbao case study (Section 3.2). This was experimental and there
was the risk that the method and data would not enable the delivery of adaptation options. However,
this would help to further refine the method.
Further considerations included focussing the research on a decision-making body (TfGM) that can
effect change based on the results of the pathways study. In addition, the chosen system of analysis
(in this case an element of TfGM’s transport infrastructure network) should not be overly complex, and
appropriate potential options may include a single site, asset or specified element of the infrastructure
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network. Otherwise the range of adaptation options and the connections between them can become
too difficult to manage (See (Abel et al., 2016)).
We have chosen to focus on TfGM who are engaging in the RESIN project via an assessment of the
risk of current and potential future (accounting for climate change) flooding to their assets and networks
(Carter et al. 2018). This risk assessment assisted in the identification of potentially risky ‘hotspots’ and
enabled the identification of a site which had a number of transport functions. An existing site was
selected since it is more difficult to retrofit existing assets for adaptation compared with new
developments. The site chosen was identified in collaboration with TfGM, informed by the outcomes of
the flood risk assessment and based on an evaluation of TfGM’s existing organisational priorities e.g.
through their future strategy documents.
The process followed for the TfGM adaptation pathways study is described in Table 4. 1.
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Table 4. 1. Description of the process proposed for the TfGM adaptation pathways.
Steps

Description
In this stage, it is important to set out necessary objectives which are inclusive for all stakeholders. This should be based on an understanding of a GM wide climate
change flood risk assessment for TfGM. The following questions should be covered:

Define the objectives

2:
STEP
ADAPTATION
OPTIONS

STEP 1: DEFINE OBJECTIVES

and thresholds

-

Who are the stakeholders involved?
What policies can make people act/ constrain decision making?
What would success look like?
Which site(s) should be chosen?
What is the acceptable risk threshold for the site

A linked, but separate task within defining objectives is undertaking a detailed risk assessment on a specific site. The following questions may be addressed:
Analyse

risk

and

vulnerability

Review and identify
the

adaptation

options

-

Has flooding affected the site before?
What are the current drivers of risk affecting the site (climate, demographic and social change, land use)?
At what point may the system become particularly sensitive given chosen climate scenarios?
Are there any existing adaptation measures that reduce climate risk?
Which climate scenarios are under consideration?

This step should review current plans for adaptation options (if any) and then include complementary proposed options. The following questions should be
considered:
-

What adaptation options are available (given the future risks)?
What are the main characteristics of these options (costs, social benefits, environmental benefits, etc; lead time)?
Can a short-list of adaptation options be identified?

Perform a more detailed analysis on individual options on the short list
Characterise
adaptation options

-

How may they perform under different (climate) scenarios?
What information is there about the climate scenarios and adaptation performance?
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Detailed steps
Develop

potential

adaptation pathways

-

Order and group the shortlist of adaptation options (define the grouping criteria)
Sequence the adaptation options into a series of ‘pathways’ according to key decision points emerging from ‘turning’ points identified at Step 1, planned
objectives and scenarios.
Scope out the key considerations that stakeholders may test the pathways against.
Plan and develop the stakeholder workshop.

In this stage, the following questions are considered:
- Which pathways are the most feasible? What are the main concerns?
Recommend

STEP 4:

3:
STEP
PATHWAY
ALTERNATI
VES
4:
STEP
RECOMMEND
A PATHWAY

Desk-based research to identify the potential adaptation pathways and the criteria to enable potential adaptive actions to be sequenced (Abel et al., 2016).

an

adaptation pathway

-

To address these, a collective, qualitative analysis of the various options and pathways is needed, in terms of effectiveness and efficiency (in line with
stakeholder objectives and identified turning/trigger points), e.g. using MCDA
Identify possible performance indicators

Additional Step:
Reflect

on

the

Development of the final output/report, considering the following questions:

process/ Understand

- What went well? What could be improved?

how

- What do stakeholders want to see?

an

implementation plan
could be developed
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Step 1. Setting the objectives
1.1 Motivations
There are a number of strategic drivers for considering an adaptation pathways approach and why it
might be appropriate in GM. A selection is listed below.
- Specific Actions from GM’s Climate Change and Low Emissions Strategy (GMCA, 2017) for TfGM
address adaptation themes and include:
o

A12: Identify key risks to transport infrastructure posed by increased incidence of
flooding and heat as part of Transport Strategy and Planning.

o

A13: Integrate requirements for shelter from extreme weather and heat into building
design and transport systems as part of a sustainable design guide.

- TfGM Vision 2040 includes a policy (no. 12) in which TfGM commits to ‘work[ing] with partners to
maintain the transport system to a good standard, adapt it and improve its resilience to the
effects of climate change’ (TfGM, 2017)
- The North-West River Basin Management Plan (2016 – 2021) notes that:
- ‘Flood risk is increasing, perhaps substantially, so Planners, Emergency Planners, Asset
Managers and others will need to mitigate this through a mix of collaborative working, planning
policies, use of ‘worst case’ scenarios, development of contingency plans, and some detailed
analysis’ (UK Environmental Agency, 2016).

1.2 Site selection
The application of an adaptation pathway approach assumes that the adaptation planning process is
driven by stakeholder objectives rather than simply science. This principle informed the site selection,
also making it more difficult than expected – partly due to time issues, but also the range of concerns of
the different stakeholders.

The RESIN Spatial Risk Assessment of TfGM’s Transport Assets provided an overview of the current
risk to TfGM’s assets from pluvial and fluvial flooding as well as future fluvial flood risk under potential
climate change (Figure 4. 1). Risk was understood by assessing the flood hazard, the exposure of the
assets to flooding, and the vulnerability of the assets should flooding occur. The latter depended on the
extent of the use of the asset (e.g. no. of passengers per day) and whether the site was protected by
existing flood defences.
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Figure 4. 1. Flood Risk to Greater Manchester’s main assets. Source: Flood data provided by the Greater
Manchester Combined Authority; transport data provided by Transport for Greater Manchester.
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Figure 4. 2: Composite flood risk to Greater Manchester’s Metrolink and Rail network. Source: Flood data provided
by the Greater Manchester Combined Authority; transport data provided by Transport for Greater Manchester.

Through discussion with TfGM, it was identified that the adaptation pathways work should connect to
the Greater Manchester Spatial Framework (GMSF) notably through identifying a site where future
development was indicated. Therefore, we consulted the online Mapping GM portal that maps future
development areas (https://mappinggm.org.uk/) and an internal Environment Agency (EA) map that
overlays the development map with current fluvial flood risk.

A short-list of seven sites was drawn up that covered existing developments as well as proposed new
developments (with and without plans). The following criteria governed the site selection.
1. The site must be at high flood risk, whether this be fluvial, pluvial, or both (identified through
the two pieces of research described above).
2. Ideally the site should be in an area allocated for development (or providing key infrastructure
capacity to development) under the GMSF (as at 2016 data) or subject to other major
development/change proposals.
3. Ideally, the site should encompass more than one mode of transport (e.g. an interchange, a
rail crossing).
Subsequent discussions concluded that it would be preferable to look at sites where development plans
had already been produced, to avoid arriving only at high-level generalised strategies. The GM team
decided to focus on an existing site, specifically Bolton Interchange, with further development around it
planned, to permit a critique of existing plans/physical development in terms of how best to respond to
flood risk both now and in the future. The choice was not only based on the spatial analysis, but also
represents a political choice as to a site that was most interesting to our stakeholders.
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1.2 Define objectives
The key reasons for selecting the Bolton site are:
•
•

The site is at high risk of surface water flooding relative to other TfGM assets.
The interchange sits in the midst of a town centre that will be undergoing £1 billion of
redevelopment in the immediate future.
• Alignment with the Bolton Town Centre Masterplan, which aspires to: ‘create a walkable town
centre, with public transport links and town centre living [that] will create a sustainable and
resilient town centre.’ (Bolton Council/BDP, 2017 [added emphasis])
In terms of specific objectives for the site, there was a need to understand
-

Any resilience measures currently in place to deal with pluvial flood risk
The extent of site flexibility in order to incorporate further resilience measures if needed in the
future, including a mix of hard/soft strategies.
Who might be responsible for implementing such changes, and when.
Acceptable threshold of flood risk

1.3 Risk and vulnerability analysis
Overview of risk drivers affecting the site
Bolton Interchange is located in Bolton Town Centre and opened in late 2017. In the main, the site
covers the bus station which has a connecting bridge to the existing train station. The site is owned and
operated by Transport for Greater Manchester, while the train station is owned and operated by Network
Rail.
The wider area includes significant planned investment. The Bolton Town Centre Masterplan indicates
£1billion of investment in order to regenerate Bolton town centre in a series of phases up to 2030. This
includes proposals to create:
•
•
•

1,800 new homes,
7,400 new jobs
Generate economic activity worth an additional £412 million over five strategic sites.

In the initial phases, £100 million of public funding is allocated to various issues including preparatory
phases of taking sites to be ‘development ready’; public realm and infrastructure improvements.
The Interchange opened in September 2017 at a cost of £48 million in order to ease the movement
between various modes of transport (including car, bus, train, cycling and walking). Given the large
amount of development around the site, it is proposed that the site is looked at in fresh terms in order
to understand the potential impacts of climate change, increased usage, and further development.

Flood risk
The RESIN TfGM spatial risk assessment showed that Bolton Interchange is at high risk of surface
water flooding. Figure 1 breaks this down into different depths of surface water flooding. Depths of up
to 2m occur within a buffer zone with a 250m radius of the site although depths of between 0.75m and
1.25 m occur closer to the site.
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A detailed look at fluvial flood risk shows that this is highly unlikely to affect the interchange even when
considering a climate change allowance 13 and even when looking at buffers to provide an insight into
the impacts of a flood occurring near the Interchange.

Figure 4. 3: Detailed surface water flood risk to Bolton Interchange site. SWF = surface water flood; KRN = Key
Route Network. Source: Flood data provided by the Greater Manchester Combined Authority; transport data
provided by Transport for Greater Manchester.

Site Analysis
Bolton Interchange was opened in September 2017 and designed by AHR. The main purpose was to
build a 23-stand bus station that was connected to the existing train station via a skylink in order to ease
passenger transport between the train and bus station. The interchange is directly connected to the
wider regeneration proposals for Bolton Town Centre. The interchange was designed to achieve
BREEAM certification of ‘very good’ in terms of sustainability.
There are a range of stakeholders although TfGM are the main owners of the site. For example, any
change to external areas may be the responsibility of Bolton Council. There is the issue of the connection
to the railway station which is owned and operated by Network Rail. Less involved are operators who
rent spaces on the site, such as Arriva and First. This may have implications for feasibility of certain
flood resilience measures that can help to increase the resilience of the Interchange.

13

The UK Environment Agency Flood Data makes allowances for climate change for modelling
purposes. Recent guidance suggests following the highest scenarios. Thus, 35% increase in peak river
flood flow for the 2050s and 70% increase in peak river flood flow for the 2080s. Please see:
Environment Agency. 2016. Adapting to Climate Change: Advice for Flood and Coastal Erosion Risk
Management
Authorities.
Available
at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/571
572/LIT_5707.pdf
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There are two components to the site. There is the main bus station as well as a separate
accommodation annex that contains offices and training rooms for TfGM as well as rented spaces for
operators such as Arriva and First.
The understanding of the site came from a site visit on 12 June 2018 with the facilities manager and a
TfGM representative as well as an analysis of the planning documents submitted to Bolton Council by
the architects (2011 – 2016; c. 40 documents). This demonstrated that the site had a number of
measures that aimed to ease the potential problems of excess surface water runoff. For example, a
Sustainable Urban Drainage Strategy, undertaken in 2012 as part of the planning proposals for the Bus
Interchange (Jacobs 2012), proposed the following measures to address excess rainwater and surface
water runoff:
• The separation of foul, storm and oily water
• The use of attenuation tanks on storm and oily water drainage systems
• The use of rainwater harvesting tanks to capture rainfall from the roof of the main building to the
accommodation blocks to slow the flow of rainwater (740m 2).
• The use of green roofs on the accommodation block (x 2)
• Some soft landscaping (not public realm)
It is not known whether these measures were implemented as specified on the initial architectural plans
associated with the planning application (from 2012).
Visual inspection showed that there is very little permeability in the public areas adjacent to the site.
There is no permeable paving or any green spaces. The site is built on sloping land down towards the
train station which may also alter surface runoff pathways. The visual inspection showed that a rainwater
harvesting tank was included (Figure 4.5). However, there was only one green roof (Figure 4.6). It is not
known how these measures reduce the risk in a quantitative sense. There is a large area of flat roof on
the main bus station which has not been greened (Figure 4.7).

Figure 4. 4. Rainwater harvesting tank in the undercroft. Source: Angela Connelly.
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Figure 4. 5. Green roof on the accommodation block at Bolton Interchange. Source: Angela Connelly.

Figure 4. 6. Roof on the main bus station at Bolton Interchange. Source: Angela Connelly.

Internally, there is evidence of some measures that could enhance the time taken to recover from a
flood if this was to occur. For example, in the main bus station, the communications room is located on
the second flood (away from the ground floor). Electric sockets on the ground floor (e.g. TfGM offices),
are raised up around 1 m from the floor.

There has been previous flooding. Stand C had been flooded before (twice) after heavy rainfall. This
was partly a design issue as the carriage way slopes down to the bus stops on one side of the
interchange. The carriage ways were supposed to be designed so rain can drain away. However, there
were channels, but they had no drainage system. To combat this, there is now a retainer wall at stand
C and holes were drilled into the drainage to increase capacity (Figure 4.8).
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Retaining wall

Figure 4. 8. Added measures to prevent Stand C from flooding. Source: Angela Connelly.

During this period, the stand was closed and the interchange was able to source filled tubular bags from
the nearby Rochdale bus station which had also been previously flooded.
The main bus station is built atop an undercroft. The undercroft contains a rainwater harvesting tank as
well as limited spaces for car parking.
In summary, there are measures in place that can help to mitigate surface water runoff during periods
of heavy rainfall. The interchange benefits from good emergency planning and the possibility of
accessing temporary flood barriers from nearby sites.

1.4 Defining the threshold: main challenges
In the UK acceptable thresholds for pluvial flooding are:
0.3m – 0.6/0.9m may be combated with resistance measures (e.g. doorguards, tubular bags,
flood gates, etc).
Flood levels of over 0.9m may begin to cause structural damage to the site, and therefore
recoverability measures (also known as wet-proofing; water entry strategies) may be needed.
This suggests a need to mix both resistance and recoverability measures on the site along with
considering softer options around emergency planning and communication. Therefore, the pathways
approach may consider alternative combinations of various measures. - The
introduction
of
permeability and further green roofs (in addition to the existing provision). could potentially slow the rate
of water infiltration too.
-

The data on modelling future surface water runoff for GM is coarse (2006). It was felt that this would not
be useful for a detailed analysis. This presents a challenge in understanding when future thresholds
may present a problem and in turn establishing a timeline for action.
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4.3. Results
Step 2. Identification of adaptation options
2.1 Review and identify the adaptation options
Based on the analysis of existing resilience measures and an initial consultation of the RESIN
Adaptation Options Library, as well as knowledge of recent UK research on flood resilience, an
adaptation canvas has been drawn up to document existing measures and potential future measures
(¡Error! No se encuentra el origen de la referencia.). There were no planned adaptation strategies
for the site.

Figure 4. 9. Adaptation Canvas for Bolton Interchange. Options in green have already been
implemented/made available. Options in orange could represent future adaptation options to be built
into an overall strategy.

Using the Adaptation Options Library, the potential adaptation options were categorised into the type of
risk that the measure is addressing. It can be seen here that most of the options are structural/physical
in nature. Relocation of the site to a safer area to reduce exposure could not be considered with this site
in the short-medium term future.
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Table 4. 2.Type of adaptation measure based on the risk that it tackles

Measure
group

per

Nature
Based
Solutions
(e.g.
Green roofs, Tree
Planting, Other GI)
SuDS
(e.g.
Rainwater
harvesting)
Temporary Flood
Barriers
Resilient
transport system
(wet-proofing,
road
drainage,
permeable
surfaces)
Disaster
Risk
Reduction (early
warning system,
plans)

Risk tackled by type of adaptation measure
Increase
in Reduction
of Reduction of Relocation to
flood
peak
flows vulnerability
safer
area
protection
through water (SOCIAL/INST (EXPOSURE)
(STRUCTURA retention
ITUTIONAL)
L/PHYSICAL)
(STRUCTURAL/
PHYSICAL)
X

X

Ecosystem-based
Adaptation (GreenBlue)
Engineered and built
environment

X
X

Type (IPCC)

Engineered and built
environment
Engineered and built
environment

X

X

Government
policies
and
programmes/Inform
ation and education.

2.1 Characterise adaptation options
The next step is to characterise the adaptation options. This meant undertaking a more detailed analysis
of the adaptation options with respect to the set objectives, the type of adaptation option, effectiveness,
barriers, and so on. This is to ease comparability between each option.

As with the Bilbao case study, the characterisation was based on criteria initially considered to be
important for the assessment: effectiveness, type, cost-efficiency, barriers, co-benefits and the type of
action.
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Table 4. 3 Initial characterisation of the adaptation options
Flood
3 P’s Layer

Measure

Type

Effectiveness

Cost-

:

efficiency

Run

off

reduction

(RESIN AOL)

Aspect

of

risk

Barriers

Co-benefits

(RESIN AOL)

Biodiversity,
Creating
areas

pervious
(trees/grass

Prevention

Green/blue

19.5%

No data

planting)

Reduction in
run-off

lowers
Spatial

heat,

attractiveness,
improves

health

quality.

Biodiversity,
Green

roof

(expansion)

Prevention

Green/blue

7.6 – 76%

No data

Reduction in

Technical,

run-off

political

lowers

heat,

attractiveness,
improves

health

quality.

Permeable paving

Temporary

flood

barriers

Resilient

Prevention

Structural

17%

No data

Prevention

Structural

No data

No data

Reduction in
flooded area

Increased
flood
protection

materials

(wet-proofing)

Reducing
Preparedness

Structural

No data

No data

damage
costs

Technical

Financial,
Technical

Financial,
technical

Recyclability

Low maintenance

Low maintenance

Step 3. Building pathway alternatives
Difficulties were encountered in building the pathway alternatives because of the lack of data on flood
effectiveness, cost-efficiency or implementation at a micro-level. In addition, at site level, a range of
adaptation options may need to be implemented on one site and so separating out effectiveness based
on individual measures caused difficulties. This would require detailed modelling beyond the resources
currently available.
From the data available, increasing green roof capacity to the site would seem to result in increased
runoff reduction. However, significant gains could also be made by increasing permeability in the
surrounding site either through grass/tree planting and/or permeable paving. This will increase costs but
the run-off reductions may justify this. However, the implementation of such measures is more difficult
once a building has been completed and these measures should be identified at design stage.
Given the paucity of data, and the fact that the site has existing resilience measures given an initial
assessment (e.g. rainwater harvesting tank, a green roof, separation of drainage, access to temporary
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barriers), it was difficult to use the Climact-Prio tool to construct an MCDA analysis. The conclusion is
that the adaptation pathways approach is highly difficult to enact without modelled data and a thorough
quantitative understanding of future climate change, which was not available in this study. However, this
does not preclude determining which adaptation options may be more feasible than others.
To move toward doing so, a number of assumptions had to be made. With the aim being to reduce
surface runoff, then the best solution would be to increase the permeability of the site and surrounding
land. Therefore, effectiveness would be best measured in terms of the reduction in infiltration rate
(L/m2.hr). Temporary flood barriers aim to keep water away from the site and so effectiveness is best
measured by the leakage rate (L/m2.hr). Resilient materials assume that the site will flood and,
consequently the best measure here is the cost of materials in terms of easy replacement. Cost is,
indeed, a driving concern for all measured as well as the level of ongoing maintenance required going
forward.

The analyst identified packages of options based on different aims: decrease in infiltration rates, water
exclusion and water entry strategies. These are outlined below.
•
•
•
•
•

Pathway 1: All options
Pathway 2: Temporary flood barriers
Pathway 3: Temporary flood barriers + resilient materials
Pathway 4: Tree/grass planting + permeable paving
Pathway 5: Increase in green roof capacity

Once the pathways had been identified, the range of effectiveness had to be compiled from a range of
sources. Some further observations were also made:
• Average cost was considered for each adaptation option and assigned a qualitative measure (low
[£0 – 50,000], medium [£50, 000 - £99, 999), high cost (£100, 000 and above).
• Further work should go into defining more specific details about the type and nature of different
flood barriers and species of trees and grass, for example.
• Temporary flood barriers should be divided between automatic barriers and manual barriers.
Table 4. 4 Characterisation of the adaptation options based on effectiveness, cost and maintenance
Initial
(£)
Temporary

Flood

Gates

(Pre-installed/automatic)

14

Medium

Cost

Leakage rates
2

Infiltration
2

Maintenance /

(L/m .hr)

rates (L/m .hr)

operation

0 to 5 L/h15

N/A

Medium

14

Costs:
Flood
Barriers
http://evidence.environmentagency.gov.uk/FCERM/Libraries/FCERM_Project_Documents/SC080039_cost_temp_and_demount_
defences.sflb.ashx
15

https://www.icevirtuallibrary.com/doi/pdf/10.1680/wama.14.00063 This is based on an assumption of
the maximum rate allowed.
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Temporary flood barriers
(free standing)
Resilient materials

Increasing

permeability

(tree/grass)

Low

0 to 5 L/h16

N/A

High

N/A17

N/A

N/A

Low

10( Li and Pan,
High

N/A

2018b; Song et

Low

al., 2017)
8.2 (Carson et

Increasing green roofs

High

N/A

al.,

2013;

High

Perelli, 2014)
42.6

(EPA,

2012; Illgen et
Increasing
permeability(paving)

Medium

N/A

al.,

2007;

Valinski

and

Low

Chandler,
2015)
Table 4. 5 Characterisation of the adaptation options to prioritise the adaptation pathways with the final
criteria

Temporary Flood Gates
(Pre-installed/automatic)
Temporary flood barriers
(free standing)

16

Cost

Maintenance

(£)

/ Operation

High

Medium

Low

High

Barriers

Co-benefits

Financial,

Low

technical

maintenance

Financial,

Low

technical

maintenance

Component
Life (Years)

Unknown

Unknown

https://www.icevirtuallibrary.com/doi/pdf/10.1680/wama.14.00063

17

Little data is available on the costs of resilient materials. Recent literature considers domestic
properties
and
small
businesses.
E.g.
http://sciencesearch.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Complet
ed=0&ProjectID=19221
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Resilient materials

N/A18

Financial,

Low

technical

Recyclability

Unknown

Biodiversity,
Increasing

permeability

(tree/grass)

lowers
High

Low

Spatial

heat,

attractiveness
,

7 - 10

improves

health quality.
Biodiversity,

Increasing green roofs

High

Technical,

High

political

lowers

heat,

attractiveness
,

30 - 50

improves

health quality.
Increasing
permeability(paving)

Medium

Low

Technical

Recyclability

20 - 25

Bringing all of this together, it becomes possible to begin to compare across the adaptation options.
However, it was difficult to compare across the different measures as they have different functions.
Resilient materials, for example, aid the recovery process but there is an assumption that the flood will
occur, whereas the other options either slow down the rate of water or exclude water from entering a
site.
Therefore, it was concluded that the main rationale for whether or not to implement a measure may
depend on acceptable levels of water entry and associated planned maintenance for the site.
Not having quantitative neither qualitative effectiveness information for all adaptation options made
unattainable assessing collective effectiveness of the pathways. This also made impossible sequencing
the options over the time and drawing the route-maps.
Step 4. Selection of an adaptation pathway
To enable a more detailed comparison, though in the absence of quantitative data, a SWOT analysis
was undertaken of the various pathways in order to come to a conclusion on which would be the most
feasible.

Table 4. 6 SWOT analysis of the adaptation pathways

18

Little data is available on the costs of resilient materials. Recent literature considers domestic
properties
and
small
businesses.
E.g.
http://sciencesearch.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Complet
ed=0&ProjectID=19221

74

Pathway

Strengths

Weaknesses

Opportunities

Threats

Includes
preventative
actions to slow
the flow of water,
and also easy to
replace materials
if flooding were to
occur.

Expensive
and
time-consuming
to implement.

Opportunities for
installation
around planned
maintenance.

Financial
and
technical threats.
Lack of clarity
around
future
surface
water
flood risk

All options

Can be actioned
immediately.
Medium
costs
and
minimum
disruption.

Barriers need to
be
maintained
and, in the case of
manual barriers
(i.e.
not
preinstalled), there
are
operational
costs.

Could
share
barriers with other
nearby sites.

Possible
aesthetic issues.

Temporary Flood
Barriers
and
Resilient
Materials

Can be actioned
immediately.
Medium
costs
and
minimum
disruption.

Barriers need to
be
maintained
and, in the case of
manual barriers
(i.e.
not
preinstalled), there
are
operational
costs.

Investigation of
appropriate
resilience
measures
for
commercial sites
could
advance
technology.

Needs
to
be
combined
with
robust
emergency
management
plans.

Increase
permeability
(Trees/grass
planting
permeable
paving)

Good strengths
around slowing
the flow of water.
Extensive
cobenefits,
particularly
around
placemaking.

Potentially
expensive
disruptive

and

Need to work with
other landowners
around the site to
create a good
vision.

Depends
on
knowledge
of
species
and
paving
technologies.
Possible to action
when urban realm
requires
refurbishment.

Possibility of high
infiltration
capacity

Limited
opportunity
for
installation on the
main building.

Numerous
cobenefits to be
realised
by
increasing
biodiversity.

Mainly financial
relating to initial
costs
and
ongoing
maintenance

Temporary Flood
Barriers

+

Increase
green
roof capacity
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Reflections on the process
At site level, modelled data would be needed to take this process further, however, we assumed limited
data and therefore enable the approach to be replicated in other settings characterised by limited
availability of quantitative data. Indeed, a key aim was to understand the extent to which the pathways
approach could be applied where quantitative data on issues such as climate hazards and the
effectiveness of adaptation options was limited and we wanted to see whether this could be done
qualitatively since, in the UK, there is little data on pluvial flooding projections. Therefore, the type of
hazard is an important consideration in adaptation pathways work, which works well when there is
projected climate data, in order to think about the future climate and plan the pathway according to this.
There are also issues about the number of options it is possible to consider at site level. The Thames
2100 project, for example, only considered when the Thames Flood Barrier would need to be raised
(Reeder and Ranger, 2011). Once further options are added in, it becomes difficult to compare the
pathways because of different ways of measuring effectiveness and information. In addition, some
measures are only just becoming politically and technically feasible (e.g. resilient materials) and there
is little data on their costs and other necessary information. However, to overcome these problems a
SWOT analysis of the various pathways was undertaken to come to a conclusion on which would be
the most feasible.
In sum, applying this approach within the Greater Manchester RESIN case study has established that
adaptation pathways are a useful way to think about when to plan in adaptation options, but it is difficult
to come to any decisions on the selection and sequencing of adaptation options when the adaptation
pathways process is based on qualitative data.
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5. CONCLUSIONS
Both the studies carried out in Bilbao and Greater Manchester reinforced the importance of co-creation
between the research institute and the city, for the purpose of aligning the city´s views and needs with
the adaptation pathways.
Regarding to the step-by step methodology followed into the process, the co-creation forced the
adjustment of some steps. For example, after few discussions with the Bilbao´s stakeholders it was
recognised that the acceptable threshold definition will be done after knowing the problems they faced
and the solutions that is realistic to implement. This demonstrated that the step-by step methodology
can be applied with a certain flexibility. Even the pathway design is presented as step-by-step
methodology, after starting with own objectives and understanding vulnerability, the other steps can be
iterative and go in a different order.
Understanding the commitments that the cities have (which are present in different cities plans and
strategies) is crucial to understand the starting point and propose additional options that can be aligned.
In addition, the local knowledge that cities stakeholders provide are necessary to map the adaptation
options.
In most of the studies the scientist made the selection of the areas to implement the adaptation options
based on the hazard and risk data and their expert judgement. These causes problems in the
transference of the study to the cities due to the existing barriers of implementation that are unknown
for the scientist. Therefore, including the municipality in this process of identifying potential
implementation areas make this step more realist and increases the transferability of the work. RESIN:
co-creation allowed merging the optimal locations due to flood with potential opportunities that the
municipality can have to implement the options. In conclusion, the cities should identify feasible
implementation locations and scientist advice about the places that needs some adaptation to obtain
the appropriate cartography. The co-creation creates results that will be more easily integrated in the
city (increasing the mainstreaming possibility).
In addition, the co-creation activities allow to customise and adjust the methodology to the local context.
As the co-creation process evolve the employed criteria for each step need to be reviewed and adapted
if needed. Most of the adjustments are done in the criteria definition for i) characterising and selection
the adaptation options (each city has their own preferences and opinion regarding which characteristics
should have the adaptation options), ii) prioritisation of adaptation options and iii) pathway alternative
selection. As the co-creation process evolve the employed criteria for each step need to be reviewed
and adapted if needed. Again, the importance of having an iterative approach is highlighted.
In addition to the iterative process, the other key point of the adaptation approach is the flexibility. For
example, Bilbao and Greater Manchester cases showed that the sequence of the implementation of the
adaptation options over time can be decided by direct stakeholder preferences or as a part of a cocreation process. Therefore, even a step-by-step methodology is defined in this document; each
organization can also customise this approach to cope with their reality. That said, the adaptation
pathways approach works best when quantitative data is available.
To help cities in the adaptation pathway design process RESIN proposed several tools/techniques. For
example, the IVAVIA tool supports step 1 (defining adaptation objectives), the Adaptation Option Library
(developed in Task 3.1) supports the step 2 (pre-select and characterize the options) and the multicriteria analysis (presented in the D3.2) supports the step 3 (sequencing the options into the pathway)
and 4 (select preferred pathway). Comparing the RAMSES adaptation approach and the one RESIN
followed we can consider as a substantial improvement the inclusion of the mentioned tools to support
the process.
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As mentioned in the beginning of the report, RESIN aims applying the pathway approach at different
scales. With the work done in both cases, RESIN concluded that the adaptation pathway approach can
be implemented at both scales (city and site scales). The same approach is followed in both cases but
it requires the involvement of different stakeholders. These makes differences in the steps where the
decisions are made by stakeholders. Bilbao after applying all the steps successes in the pathways
design. GM, due to lack of data, could not assess collective effectiveness of the pathways. The lack of
quantitative neither qualitative information for all options made also impossible sequencing the options
over the time and drawing the route-maps. Nevertheless, to enable a comparison between pathways,
though in the absence of collective effectiveness, a SWOT analysis was undertaken of the various
pathways in order to come to a conclusion on which would be the most feasible. Again, RESIN realized
that the approach can be adjusted or personalized to cope with their aims and reality.
Having as second aim of the work exploring how the step-by-step methodology can be simplified or
used when modelling is not factible, RESIN concluded that this may be possible thanks to the semiquantitative approach. RESIN demonstrated that the semi-quantitative is a good approach to obtain an
adaptation pathway with less effort and resources. This methodology despite being a rougher approach
it will aid presenting the most plausible pathway alternative and help rank the different pathways based
on their effectiveness to reduce the impacts of a climatic hazard (heavy rains in this case). The ranking
of pathways obtained by this approach are the same as obtained with the quantitative approach in
Bilbao. This proof the validity of the semi-quantitative approach.
Nevertheless, it is worth to mention that the semi-quantitative methodology does not consider the
orography of the terrain and the exact location of the adaptation actions as the quantitative methodology.
Therefore, it is important to highlight the benefits that gives the quantitative approach. The modelling
helps to visualise the development of pluvial flooding over the domain and assists in the identification of
areas where problems with flooding may arise. It also quantifies adaptation measures effectiveness for
water infiltration and runoff retention which reduces the flood risk. It provides a spatial effectiveness of
the adaptation options. And comparing with the semi-quantitative approach, it gives more accurate
effectiveness results (which considers local context). It also offers the possibility to “zoom in” in highest
risk areas and see if the proposed adaptation options are enough effective or not. And last, it gives the
possibility to benchmark adaptation designs.
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6. ADAPTATION PATHWAY IN THE URBAN
PLANNING
FRAMEWORK.
FUTURE
WORKS
As presented in this work, the adaptation pathway is able to support cities into the decision-making. It
can provide, as in the case of Bilbao, a roadmap with adaptation options to be implement in a long-term
time horizon. It has the added value that it gives information about how the cities reach progressively
the objective. Furthermore, it may give the implementation or economical effort intensity in time slots.
Therefore, a city can plan an incremental adaptation thinking on small adaptation projects.
It is worth mentioning that urban planning is a key local policy for the development and application of
adaptation pathways in cities. In first instance, urban planning should inform and even determine
potential adaption options mapping, which will be the basis on one hand for developing alternative
adaptation pathways and on the other hand for calculating combined effectiveness of the different
adaptation pathways. Additionally, urban planning instruments could also be crucial for defining the
adaption options implementation sequencing criteria.
In second instance, the pathway design could inform and feed urban planning processes and urban
development decision making. For doing so, the pathway development and its operative application
should consider differences of urban planning instruments at several scales, e.g.: i/ City scale urban
planning (macro scale zoning, mayor infrastructures allocation and urban development guidelines); ii/
District planning (development regulations for micro scale design); iii/ Site, infrastructure or building
project design (engineering and architecture).
In summary, substantial advances were made in relation to combined adaptation options effectiveness
assessment, alternative pathways effectiveness benchmark and incremental adaptation planning
considering the implementation timeline. Future research and development of the pathway methodology
has an important opportunity window in the tipping point determination methodology which should allow
a better operationalisation of flexible adaptation planning and implementation, as well as another
relevant research priority is exploring a better integration of adaptation in urban panning instruments for
improving climate proofing of urban development and design, allowing the pathway approach integration
in planning frameworks and regulation.
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8. ANNEX: Pathway representation
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