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Summary

“‘Uflwg) gagmGasm’ L g S uflentd wimenes
Qeuene b LjeSH1s Gmlar.”
- Verse 599, Tirukural (Thiruvalluar 31 BC)

“Huge bulk of elephant with pointed tusk all armed,
when tiger threatens shrinks away alarmed!”

- Translation based on Pope et al. (1886)

Flooding has impacts on human activity. The positive impacts contribute to increased water
availability and alluvium which increases agricultural productivity in flood plains. The negative
impacts are associated with damage to life, property and productivity. The recent increased
damage of flooding compared with the past is due to population growth and accumulation of
assets in flood prone areas; more flooding incidents; and, changes in climate. For example,
two-thirds of the population of The Netherlands lives in areas that are flood prone from rivers
and the sea. According to the Organization for Economic Co-operation and Development,
worldwide flooding caused USD 40 billion in losses and affected about 250 million people
globally in the year 2015. Many mega-cities such as Bangkok, Jakarta, Paris, Mumbai, New
Delhi and New York have been affected by floods in the last decade. Climate change has led
to altered precipitation patterns and increase in sea levels, contributing to an increase in
flooding. For example, the Australian Government's Bureau of Meteorology has stated that
the sea levels have risen between 2.6 and 2.9 mm every year since 1993 around Australia,
and the rise in mean sea level amplifies the effects of high tides and storm surges. The
increase in urbanisation, together with the effects of climate change complicate the ways for
managing flooding in urban areas. However, there is a range of flood risk management
strategies or adaptation measures across countries to mitigate the consequences (e.g., the

year 2007 European Union Directive on assessment and management of floods).

Combinations of flood risk management strategies or adaptation measures are seen as the
way forward to tackle uncertainties faced by flood risk managers that arise out of climate
change and urbanisation, amongst others. Uncertainties cannot be fully resolved.
Postponing the decisions under the premise that new insights may emerge and hence reduce

uncertainty. The opportunity to increase the resilience of the urban systems in order to
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minimise negative impacts of uncertainty and maximise positive impacts can be considered

as the positive outcome of uncertainty.

Resilience is the ability to: (i) withstand or recover from disturbances; and (ii) anticipate and
adapt to change. Resilience towards climate and urban change can be increased by means
of flexible adaptation measures. Flexibility in this context can be defined as the presence of
opportunities arising from the number of alternative ways to provide services and respond to
changing circumstances. As an example, in 2010 the Australian Government released a
position paper on adapting to climate change, which considers uncertainty as an opportunity
to introduce flexibility and creativity through adaptive measures. Cities such as Melbourne
and the State of Victoria have already started including flexibility in their adaptation planning.
In contemporary adaptation planning, climate resilience measures are considered together
with objectives such as sustainability, productivity and transformations (e.g., transformative
adaptation, water sensitive cities). A transformative approach aims to change urban design
and supporting structures; the way of living, working and commuting; and the way services
are provided in urban areas. Transformation often refers to a system change as opposed to
incremental changes, which is the norm in most of the adaptation approaches. Though radical
in nature, the transformative approach recommends the use of flexibility and resilience to
achieve and sustain the transformation. The concept of ‘Water Sensitive City’ — i.e. a city
being liveable, resilient, sustainable and productive whilst managing all aspects of the water
cycle — is gaining popularity among policy makers and planners especially in developed
economies. This concept also promotes flexibility as an essential attribute to convert

uncertainty into opportunity.

The nature of uncertainties and opportunities prevailing in the financial markets are similar to
the uncertainties and risks in urban flood risk management systems. Considering uncertainty
as an opportunity to maximise the return on investments is a well-established practice in
finance domains. For example, “Options” is an instrument that is used to adjust to fluctuating
market prices by engaging in a contract in the present. The contract provides the user the
right to buy or sell a product in the future at a price decided in the present. As the option
provides a right but not an obligation, the user can decide whether or not to exercise the
option based on how the situation unfolds during the course of time. The two pre-requisites
for profiting when trading with options are: (i) possessing options - i.e., creating a chance to

work with uncertainty; (ii) exercising the option, i.e., converting the option into an opportunity
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at the time of convenience. Hence, there is scope for converting the (flood) risk into
opportunities or favourable outcomes in managing the risk by a priori creating two pre-
requisites. Firstly, opportunities can be created by pre-planning in the form of pre-defined
optional adaptation measures for propitious implementation in future. Secondly, the
performance of these measures can be assessed under plausible future scenarios to know
when best to implement the measures. This is called managerial flexibility. Adaptation
pathways and real options are among the methods that enable managerial flexibility in urban

flood risk management.

Adaptation pathways and real options are sequential decision making approaches. They
foresee the outcomes of the current and future decisions that might affect the flexibility of a
measure or set of measures. An adaptation pathways approach builds flexibility by
sequencing the implementation of adaptation measures, so that the urban flood risk
management system can adapt to changing climatic, social, economic and environmental
conditions. A real options approach values the sequenced adaptation measures in financial
terms and helps in determining the sequence of adaptation measures that has the best value
for money, which is based on the probability of scenarios. A modified form of the real options
approach known as “real in Options” focusses on providing value for the flexibility inherent in
having the options in engineered systems such as dikes or drainage systems. This is
accomplished by identifying a design configuration that would incur minimum construction,
operation, modification and maintenance cost but with the maximum avoided flood damages
across a range of scenarios in the future. Real in options is an approach that has been used
in the planning and design of large scale infrastructure systems such as high rise buildings,

roads and telecommunication network.

The scientific community has tested adaptation pathways and real in options approaches in
order to make flood risk and other management strategies flexible in case studies across
many countries. Further, these approaches are now finding their way into the planning
documents that are addressing flood risk and asset management in the UK and The
Netherlands. However, these applications consider only the relationship between the
adaption measure and the driver of adaptation such as sea level rise, rainfall or urbanisation.
The inter-relationship between the adaptation measures such as measures taken at city level
and measures taken at household level are not typically taken into account. Further, the inter-

relationships between the adaptation drivers are also not typically considered in the current
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adaptation planning context. It can be concluded therefore that there is a lack of
comprehensive framing of the adaptation responses to take into account the relationships
between the adaptation measures and the drivers of adaptation. This lack of
comprehensiveness in framing the adaptation responses during planning can also lead to
implementation issues. Appropriate structuring of an adaptation response or opportunity in a
local context is critical, as this influences the nature and effectiveness of the adaptation. This
research focuses on: (i) increasing the knowledge on incorporating flexibility into urban flood
risk management systems; (ii) understanding the various aspects of climate and urban

adaptation responses; and (iii) development of flexible implementation practices.

The research presented here has developed a generic framework for structuring a multiple
perspective approach as a way to increase flexibility in selecting and timing the
implementation of adaptation measures. This framework is different from the traditional
‘portfolio of measures’ approach as it helps to establish the relationship between measures
in an adaptation context. The framework has been used to structure the adaptation responses
to flood risk in Can Tho city, Vietnam, in order to ascertain the applicability in a practical
adaptation context. A context specific adaptation grammar based on ‘Systems Engineering’
concepts has been used to analyse the structured adaptation responses in Can Tho. The
application of context specific adaptation grammar has revealed that a generic framework,
such as that presented here, can be used to structure context specific adaptation responses,
and it is possible to generate adaptation pathways based on the relationships between the

measures.

By demonstrating that flexibility can be enhanced by mapping the relationships between the
measures, the scope of the research has been further broadened to create a flexible
adaptation planning process. This flexible adaptation planning process identifies where
flexibility can be embedded in urban flood risk management systems. The process for this
has been developed by drawing on knowledge and procedures used by the automobile and
aerospace industries, where flexible adaptation planning is everyday practice. The
identification of a flexible water sensitive design component is based on change propagation;
i.e. the adaptation measure’s ability to minimise or maximise negative and positive impacts
in the urban system. This process has been applied here to identify flexible adaptation
measures for managing and adapting to flood risk in Elster creek, an urban catchment in

Melbourne, Australia. From the application of the process it was found, during the course of
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this research, that rainwater harvesting systems and flood proofing measures at the
household scale are the best measures for incorporating flexibility to tackle the challenges
due to flooding; and ensure effective and efficient flood risk management in the future. It was
found that the identification of flexible components for urban flood risk management systems

based on change propagation can enhance adaptation of cities.

Hence, through this research it has been established that context specific adaptation
responses can be structured using a generic framework. However, operational challenges
persist in implementing the adaptation measures in managing flood risks, even after
identifying flexible components based on change propagation concepts. Addressing the
operational and implementation challenges whilst adapting is especially significant in rapidly
developing cities where there is a competition for funds between improving the current
infrastructure (adaptation) deficits and future adaptation needs. Hence, there is a need to
align adaptation actions that lead to improved liveability, sustainability and resilience. The
nature of the adaptation responses is similar, at an abstract level, to any other ‘complex
problem’ identified in various domains like software development, manufacturing and supply-
chain management. The widely accepted ‘agile principles’ as identified in these domains are
used here for developing equivalent practices in urban adaptation for flood risk management
and a set of twelve principles is proposed for operationalising responses in order to adapt to
urban flooding. These agile principles have been used to set out four objectives of urban
adaptation — flexible incremental measures; common understanding of an adaptation
problem; equal importance to adaptation gaps and deficits, i.e., the competition for funds
between improving the current infrastructure needs and adaptation to future changes; and
stakeholders working together — that can help to translate these principles into tangible

outcomes.

This research presented here has focused on increasing the knowledge on incorporating
flexibility into urban flood risk management systems by developing and testing: (i) a
framework for structuring adaptation responses in a local adaptation context; (ii) a flexible
adaptation planning process to identify the flexible adaptation components; and (iii) an agile
urban adaptation process to address the operational challenges while implementing flexible
adaptation measures. A framework for structuring an adaptation problem in a local adaptation
context has been defined, and using this the adaptation problem in Can Tho, Vietham, have

been structured and the adaptation measures that are suitable for the changing context there
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identified. A process for identifying flexible adaptation components in urban flood risk
management systems has been developed and tested in Elster creek in Melbourne, Australia.
Incorporating flexibility into adaptation planning and operationalising it through an urban agile

process can pave the way for efficient and effective management of urban floods.



Samenvatting

Overstromingen hebben zowel positieve als negatieve gevolgen voor de mens. Positieve
gevolgen zijn 0.a. een grotere beschikbaarheid van water en sediment, dat de productiviteit
van de landbouw in uiterwaarden verhoogt. Negatieve gevolgen zijn verdrinking en
schadelijke effecten op gezondheid, eigendom en productiviteit. De recente, toegenomen
schade door overstromingen wordt veroorzaakt door bevolkingsgroei en meer economische
activiteit in kwetsbare gebieden, frequentere overstromingen en klimaatverandering. Zo leeft
twee derde van de Nederlandse bevolking in gebieden die overstromingsgevoelig zijn.
Volgens cijffers van de Organisatie van Economische Samenwerking en Ontwikkeling
(OESO) veroorzaakten overstromingen in 2015 wereldwijd USD 40 miljard aan schade,
waarbij 250 miljioen mensen betrokken waren. Klimaatverandering die door menselijke
activiteit is veroorzaakt, heeft voorts geleid tot veranderde neerslagpatronen en versnelde
zeespiegelstijging. Gegevens van het Bureau van Meteorologie van de Australische regering
geven bijvoorbeeld aan dat de zeespiegel rond Australié sinds 1993 ieder jaar tussen de 2,6
en 2,9 mm is gestegen. De toenemende verstedelijking in combinatie met de effecten van
klimaatverandering maakt het moeilijker om overstromingen in stedelijke gebieden te
beheersen. Toch hebben verschillende landen en regio’s de beschikking over een reeks van
strategieén voor de bescherming tegen overstromingen of adaptatiemaatregelen om de

gevolgen ervan te beperken.

Dit onderzoek richt zich op hoe om te gaan met de talloze onzekerheden die verbonden zijn
aan het ontwikkelen van adaptatiestrategieén en maatregelen voor overstromingen in
stedelijke gebieden. Hoofddoel is om de weerbaarheid tegen overstromingen in stedelijke
gebieden te vergroten. Dit kan worden bereikt door flexibele adaptatiemaatregelen toe te
passen zoals die in dit proefschrift worden besproken. Weerbaarheid (of: veerkracht) wordt
gedefinieerd als het vermogen om: (i) verstoringen te weerstaan of zich ervan te herstellen
en (ii) op veranderingen te anticiperen en zich eraan aan te passen. Het tweede punt vergt
flexibele aanpassingen. Flexibele adaptatiemaatregelen kunnen worden gezien als talrijke
pijlen in een pijlkoker, die keuzes mogelijk maken uit een aantal opties, zodat bij een gegeven
werkelijkheid uit de meest reactieve optie kan worden gekozen. De hoogwaterkering in de
rivier de Thames in het Verenigd Koninkrijk, die grote delen van het achterland beschermt,
is zo ontworpen dat de hoogte van de waterkering gemakkelijk in de toekomst kan worden

aangepast. Huishoudens in Can Tho, Vietnam, nemen hun toevlucht tot flexibele
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adaptatiemaatregelen, zoals tijdelijke dijken en het ophogen van woningen. Een belangrijke
uitdaging waar dit onderzoek zich op richt is om niet alleen maatregelen te beschouwen die
de weerbaarheid vergroten, maar die bovendien de maatschappelijke baten vergroten.
Fundamenteel voor de notie van flexibiliteit is het opstellen van adaptatiepaden in de vorm
van mogelijke keuzes waaruit op basis van voortschrijdend inzicht in de omstandigheden kan
worden gekozen. Bijvoorbeeld, als het waterpeil van een rivier 30 cm stijgt, dan kan het
vloerniveau van woningen langs deze rivier worden verhoogd. Als het waterpeil met 50 cm
is gestegen, is het beter om een dijk te bouwen. En als het waterpeil met 70 cm is gestegen,
wordt de optie gelicht om zowel het vioerniveau van woningen te verhogen als een dijk te
bouwen. Op deze manier vormen adaptatiepaden een reeks van mogelijkheden waaruit op
basis van voortschrijdend inzicht met de tijd kan worden gekozen.

Beleidsmakers en planners maken steeds vaker gebruik van adaptatiepaden om strategieén
en maatregelen tegen overstromingen flexibel te maken. De kernvraag van dit onderzoek is
hoe strategieén en maatregelen meer flexibel gemaakt kunnen worden en waar de flexibiliteit
in het stedelijk watersysteem ingebouwd kan worden.

In dit proefschrift is gebruik gemaakt van kennis uit verschillende disciplines, waaronder
methodes uit de informatietechnologie en de auto- en ruimtevaartindustrie en modellering uit
de financiéle sector. Het onderzoek heeft geleid tot de ontwikkeling van (i) een kader
waarbinnen adaptatiemaatregelen vanuit meerdere lagen worden geintegreerd, (ii) een
planningsproces om flexibele adaptatiemaatregelen te identificeren en (iii) een
implementatie- en monitoringsproces om strategieén en maatregelen bij te kunnen sturen.
Een conclusie van dit onderzoek is dat het vergroten van de veerkracht voor overstromingen
mogelijk is door een begrip van klimaatadaptatie in de lokale context (wat) en de samenhang
tussen adaptatiemaatregelen (hoe), het vaststellen van flexibele adaptatiemaatregelen
(waar) en het operationaliseren van flexibiliteit op een slagvaardige manier (wanneer). Als
adaptatiemaatregelen worden bekeken vanuit meerdere perspectieven en flexibiliteit wordt
meegenomen als een belangrijke eigenschap, dan kunnen de gewenste uitkomsten van

klimaatadaptatie worden behaald.
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1 Introduction

QUTGTHIGTDI 2 WSHLD ULPEISH @ (ST
SAGTLONPSLD GTTIGNTILI LIH M
- Verse 11, Tirukural (Thiruvalluar 31 BC)

“The world its course maintains through life that rain unfailing gives;
Thus rain is known as the true ambrosial food of all that lives”

- Translation based on Pope et al. (1886)

Water is essential for sustenance. When there is either an insufficiency or excess of water,
all life and functions based on water is affected. Flooding is the undesirable consequences
of there being too much water in the wrong place. Flooding has positive and negative impacts
on human activity. The flourishing civilisations in flood plains attests to the positive effects of
flooding. For example, many ancient Egyptian civilisations which thrived on the banks of River
Nile were dependent on the annual floods for fertility of agricultural land among other benefits
(Hassan 1997). However, floods have the potential to cause fatalities, displacement of people
and damage to the environment and property. This can severely compromise the liveability
and economic development of a community and damage ecosystems. Climate change has
led to altered precipitation patterns and increased sea levels, contributing to an increase in
flooding (IPCC 2014a). The increase in urbanisation, together with the effects of climate

change complicate flood management in urban areas (Revi et al. 2014).

The magnitude and urgency of the need to adapt to climate change are such that addressing
it has been taken up as one of the sustainable development goals - Goal 13 (SDG13) by the
United Nations (UN 2015). SDG13 emphasises the need for strengthening resilience and
adaptive capacity to climate related hazards and natural disasters and also calls for the
integration of climate change measures into policies, strategies and planning. Adapting to
urban floods is one of the major needs of climate adaptation, where integration of climate
change responses into flood risk management policies, strategies and planning at
international, national, regional and local levels is now the norm. However, much of this
integration lacks effectiveness or real commitment (Anguelovski et al. 2014; Ashley et al.
2007; Deltacommissaris 2014; EU 2007; MDP 2013; Revi et al. 2014).



2 Flexibility in Adaptation Planning

Since time immemorial, people have been tackling flooding either by protecting themselves
from floods or by living with floods. The Netherlands is seen by many as providing an
example of pioneering flood protection using dikes and an efficient overland drainage system
comprising a network of canals and pumps (Deltacommissaris 2014). In the Vietnamese
Mekong Delta, people have adapted to floods and are living with floods. Flooding is a
common seasonal phenomenon in the Mekong Delta and as well as being threatening, also
brings benefits as the flood water makes the agricultural areas more fertile by bringing nutrient
rich alluvium (Wesselink et al. 2016). Most of the houses in the Mekong delta have been
adapted to flooding, with houses being either built elevated on stilts to avoid inundation, or
protected with seasonal measures such as temporary dikes, put in place in rural areas
(Birkmann et al. 2012). In the urban areas such as Can Tho, the houses are made wet proof,
such as waterproof flooring and walls, easily movable furniture, electrical sockets at
windowsill level, etc., to minimise the damage due to standing water (DWF 2011). It is also
possible to combine the strategies which rely on flood protection, i.e., avoiding flooding, and

strategies that adapt flooding, i.e., living with floods.

Haasnoot et al. (2013), Sayers et al. (2013), Gersonius et al. (2016) recommend combining
strategies to manage urban flood risk management such as: (i) retaining flood waters in upper
catchments; (ii) relieving flood impacts using diversionary arrangements; (iii) resisting floods
using dams and embankments; (iv) retreating from flood prone areas; (v) adapting to floods
such as wet proofing or making water an integral part of the urban landscape; and (vi)
preparing for the consequences of flooding in case of such an eventuality. Cities such
Rotterdam, Copenhagen, London and Melbourne have already started combining strategies
in planning and implementing adaptation measures (City of Melbourne 2016; EEA 2016; HM
Government 2016).

Planning of water management in general has, for much of the twentieth century, been based
on the presumed stationarity of climatic variables. However, the obsolescence of stationarity
in hydrological systems is increasingly being recognised in the scientific community (Milly et
al. 2008). Further there are uncertainties regarding adaptation that are associated with socio-
economic scenarios, climate models, biophysical impact models, vulnerability assessments
and appraisal of adaptation measures (Street and Nilsson 2014). It has been assumed by

engineers and planners that adding a simple margin of safety to the historic record (which is
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assumed to be stationary without much error) is enough to take into account any and all future
uncertainties (e.g. additional freeboard to dikes and critical infrastructure to take care of
uncertainties due to the anticipated rise in sea levels in areas like the Mekong Delta (SCE
2013), and as set out the UK’s Flood resilience strategy (HM Government 2016)). However,
current developments on uncertainties related to climate (e.g., Milly et al. (2008)) and other
societal factors (e.g., O'Neill et al. (2015)) have to be taken into account more rigorously in
planning and implementing practical water management measures. In addition to advances
in knowledge, a strategic shift in planning and implementation can be noticed in the way the
various levels of Government tackle the uncertainties that are associated with climate
change. For example, the Australian Commonwealth Government considers uncertainty as
an opportunity to introduce flexibility and creativity while adapting to changing climate
(Commonwealth of Australia 2010). Flexibility is seen as a desirable attribute that enhances

system capabilities and functionality in the face of uncertainty (Schulz et al. 2000).

Flexibility, according to The New Oxford dictionary of English (First edition) is defined as the
ability to be easily modified to respond to altered circumstances or ready and able to change
so as to adapt to different circumstances (Pearsall 1998). The ability to keep some options
open so as to provide opportunities for the decision maker to take action after uncertainties
are revealed, is defined as flexibility in the context of uncertainty (De Neufville and Scholtes
2011). Flexibility entails changes in structure, scale, functionality and operational objectives
as the result of external intervention by a change agent (Fricke and Schulz 2005; Ross et al.
2008). All forms of flexibilities- flexibility to defer, flexibility for expansion or contraction,
flexibility to switch - should be explored for adapting under favourable / unfavourable
conditions. The search for appropriate forms of flexibility could be extended to the whole
range of measures available across the adaptation strategies to explore the possibilities of
keeping some of the measures open, allowing change to their scale and functionality.
Radhakrishnan et al. (2016) classify the various forms of flexibility, which are prevalent in
urban flood risk management as follows: (i) structural flexibility (e.g., TE2100 (2012)); (ii)
managerial flexibility (e.g., Haasnoot et al. (2012b); Gersonius et al. (2013); Woodward et al.
(2014)); (iii) functional flexibility (e.g., Balmforth et al. (2006); EEA (2016)) ; (iv) operational
flexibility (e.g., Rickard (2009)); and (v) strategic flexibility (e.g., Zevenbergen et al. (2015a)).

These are considered further in the following.



4 Flexibility in Adaptation Planning

Structural flexibility is the possibility to incorporate flexibility into structures that facilitates the
deferral of expansion, such as the heightening of dikes and upgrading of drainage systems
(Gersonius et al. 2013; Woodward et al. 2014). The Thames Estuary action plan (TE2100)
for example recommends incorporating structural flexibility in the form of strong foundations
constructed during the replacement of existing gates of the Thames Barrier so that they can
take the additional load if future raising of crest levels is needed (TE2100 2012). Enhancing
flood protection by means of employing movable, demountable or temporary flood protection
systems can be a means of bringing operational flexibility. An example of movable flood
protection is the Maeslantkering storm surge barrier in The Netherlands' that enables
navigation as well as protection against sea surges. The demountable flood defences in
Shrewsbury and Bewdley along the River Severn in the UK? ensures flood protection during

flooding and access to river banks when there is no flooding (Rickard 2009).

Functional flexibility of a component or a system may be defined as an attribute that enables
it to perform a task which is not usually expected of it during normal operating conditions or
at a particular point in time. For example a road could be designed to convey excess surface
flow and a park could also be used as a detention basin (Balmforth et al. 2006), whilst
providing their main functions as a transport route and a recreational area respectively.
Strategic flexibility or objective flexibility may be defined as planning and executing a set of
measures that are based upon a particular strategy that does not prevent or creates only
minimal hindrance when switching to a completely different strategy (e.g. Delta plan van
Haegen and Wieriks (2015)). Managerial flexibility is the ability to keep the adaptation
measures open for future adaptation or postponing adaptation measures until the time when
the cost of further delay would be more than the benefits of doing so (Radhakrishnan et al.
2016). An example for managerial flexibility is the design of water supply systems to produce

drinking water through various treatment processes in Singapore (Zhang and Babovic 2012).

Managerial flexibility may be incorporated into urban flood risk management using sequential

decision making approaches such as adaptation pathways and real options (Simpson et al.

1 http://www.keringhuis.nl/index.php?id=13 [accessed May 2017]
2 http://evidence.environment-agency.gov.uk/FCERM/en/FluvialDesignGuide/Chapter9.aspx?pagenum=10

[accessed August 2016]
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2016). An adaptation pathway approach builds flexibility into decision making processes by
sequencing a set of adaptation measures based on a ‘tipping point' to changing
circumstances in a range of plausible future conditions (Haasnoot et al. 2012b). Tipping
points are the points in time in future or predetermined values of variables such as sea level
rise, rainfall, at which the objective of an adaptation strategy is no longer met or the
functionality of an adaptation measure is not valid (Kwadijk et al. 2010). A real options
approach (Dixit and Pindyck 1994; Myers 1984) values the sequenced adaptation measures
in financial terms and helps in determining the sequence of adaptation measures that has the
best value for money, based on the probability of scenarios. A real option approach comprises
the multiple representations of decisions that are taken as a response to changes in
circumstances and the probabilities associated with the various changes in circumstances.
Changes in circumstances — such as demand, rainfall intensity and sea level rise — trigger a
series of decisive actions. These changes create independent decision pathways and the
cost and benefits along these pathways can be determined (Zhang and Babovic 2012). There
are also approaches that combine real options and adaptation pathways in selecting the

preferred pathways over a range of pathways (Manocha and Babovic 2016).

The adaptation pathways, real options and real in option approaches are now being used in
climate adaptation planning such as in the UK (e.g., defra (2009)) and in The Netherlands
(e.g., Delta commissaris (2014)). These flexibility incorporation and evaluation approaches
are effective in sequencing adaptation measures when the adaptation context is clear and
the relationships between the adaptation measures and drivers are direct and simple.
However, more typically when addressing flood risks there may be multiple uncertainties
arising from many sources and multiple contexts or hazards (Simpson et al. 2016). For
example, adaptation in a particular context might face uncertainties due to simultaneous
increases in sea level and rainfall. The adaptation becomes more complicated when the
adaptation is also facing multiple uncertainties in multiple contexts such as climate change
(e.g., IPCC (2014a)), socio-economic change (e.g., O’Neill et al. (2015)) and political change
(e.g., O'Brien (2015)). In such circumstances, understanding the adaptation context and
framing the adaptation ‘problem’ becomes a crucial step in the planning and implementation

of the adaptation measures.



6 Flexibility in Adaptation Planning

The incremental and sequential adaptation approaches such as adaptation pathways, real
options and real-in-options are useful in understanding and evaluating the overall flexibility in
implementing adaptation measures. Real options and real-in-options approaches are useful
in evaluating the performance of adaptation measures under uncertainty in monetary terms,
whereas adaptation pathways are used to assess a set of pathways based on the tipping
points (e.g., Gersonius et al. (2013); Haasnoot et al. (2012b); Woodward et al. (2014)). There
is a change in the way the adaptation measures are assessed, which have been mostly based
on singular objectives, such as economic efficiency or resilience, towards assessments
based on multiple objectives. Also, urban adaptation is increasingly seen as an essential
component for improving the quality of life and wellbeing in urban areas (City of Melbourne
2016; EEA 2016; Kleinert and Horton 2016; Sallis et al. In press). Hence, the incremental
and sequential adaptation approaches have to support the transformative urban adaptation
approaches, (EEA 2016; Revi et al. 2014).

A transformative approach aims to change the urban design and structures; the way of living,
working and commuting; and the way services are provided in urban areas (EEA 2016; Revi
et al. 2014). Transformational adaptation is the way of using behaviour and technology to
change biophysical, social or economic components of a system fundamentally (EEA 2016).
Transformation often refers to a system change as opposed to incremental changes, which
is the norm in most of the adaptation approaches. Though radical in nature, the transformative
approach recommends the use of flexibility and resilience to achieve and sustain the
transformation. For example, the concept of Water Sensitive City, i.e. a city being liveable,
resilient, sustainable and productive, whilst managing all aspects of the water cycle, is gaining
popularity around the world in developed economies (Ferguson et al. 2013b; Howe and
Mitchell 2011; Wong and Brown 2009; Wong 2006). Australian cities such as Melbourne and
the State of Victoria have already started to include flexibility in their adaptation planning (City
of Melbourne 2016; Victoria 2016a; Victoria 2016b). Further, flexibility is also seen as an
essential character of urban planning and infrastructure to deal with transformation — in
enabling a smooth transition — in objectives such as becoming a water sensitive city from the
current transition state of water supply city, waterways city, etc., (Ashley et al. 2013b; Brown
et al. 2009; Howe and Mitchell 2011).
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A prerequisite for realizing the potential of flexibility is to understand the adaptation context.
Framing an adaptation ‘problem’ or ‘responses’ in a given context is critical, as this influences
the nature and effectiveness of adaptation. There are many ways to analytically frame
adaptation (e.g., UNEP (2014)). Particular contextual assumptions, methods, interpretation,
and values that different stakeholders bring is central to planning adaptation pathways in an
urban context. According to Wise et al. (2014) a broad conceptualisation of adaptation based
on adaptation pathways is essential. Conceptualisation of adaptation should comprise the
consideration of: (i) the implications of path dependency; (ii) any interactions between
adaptation plans; (iii) global changes, such as climate change and socio-economic changes;
and (iv) situations where values, interests and institutions constrain societal responses to
change. Such a conceptualisation can also reduce the barriers during the implementation of
adaptation measures.

Implementation of adaptation measures is complicated and needs a thorough understanding
of the context, characteristics of adaptation measures, the roles and responsibility of various
stakeholders in the local adaptation context (Ellen et al. 2014; Kleinert and Horton 2016; Phi
et al. 2015). Framing of adaptation responses and proactive analysis of implementation
barriers will ease the implementation and operationalisation of adaptation measures.
However, operationalising flexibility - i.e., implementing short and long term flexible
adaptation measures with a long term perspective - is a challenge, as short term measures
are usually preferred by influential decision makers such as politicians (Buuren et al. 2013;
Edelenbos 2005). Planning and implementing flexible short team measures, though done
with in the ambit of long term change, in some context can be misunderstood as

indecisiveness and can lead to loss of credibility and legitimacy (Buuren et al. 2013).

Framing of adaptation responses and predicting the outcomes of adaptation measures is
difficult in cities as they comprise a myriad of physical, social, environmental, economic and
political systems that interact, self-organize and produce emergent change (Dunn et al.
2016). In this context cities may be considered as “complex adaptive systems” based on the
definition of the term by Holland (1992), i.e., “systems that reorganise and change their
components to adapt themselves to the problems posed by their surroundings”. Alternatively,
cities could also be considered as “complex adaptable systems” by combining the “adaptable
system” definition of Oppermann (1994) and the “complex system” definition of Cilliers

(2001). Adaptable systems, are systems whose components can be changed by the decision
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maker or society in order to adapt to the changing circumstances (Oppermann 1994).
Complex systems are defined as systems that cannot be explained, described or predicted

with any degree of accuracy (Cilliers 2001).

The interactions between the various systems in a city, by considering the city as a complex
adaptable system, may be studied using “system approaches” such as outlined by Fratini et
al. (2012), who focus on the inter-relationships between the natural and technical systems in
urban areas. Risk-centered, systems approaches can facilitate understanding of the complex
interactions and dependencies across environmental, social, and human systems (Ebi et al.
2016). This understanding based on a systems approach will reduce the risk of
maladaptation, i.e., the possibility that adaptation might increase the vulnerability of other
stakeholders or sectors in the future (Barnett and O’Neill 2010). Hence, ascertaining and
understanding the characteristic features of adaptation measures based on a ‘complex
adaptable systems approach’ is essential in a multiple adaptation context in order to

incorporate flexibility.

The aim of the research is to enhance the effectiveness of flexible adaptation practices
towards achieving the desired adaptation outcomes in an urban environment. Hence this
research focuses on: (i) increasing knowledge on incorporating flexibility into urban flood risk
management systems; (ii) understanding the various aspects of climate and urban adaptation
responses that are related to urban flooding; and (iii) development of flexible implementation

practices towards adapting to urban flooding.

Based on the narrative explained in this chapter and the gaps identified in the urban climate
adaptation context — especially in the context of flooding — within which the research is set,
the following research questions have been formulated:
1. How to structure a climate adaptation problem in a local context?
2. Upon structuring a climate adaptation problem, how to prioritise a set of adaptation
measures in a specific local context?
3. How to embed flexibility into a local adaptation context?

4. How to operationalise flexibility in an adaptation context?
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This thesis is structured as follows:

With a focus on flooding: Chapter 1 (this chapter) sets the context for the research and how
and why the various classifications of adaptation responses can be grouped for the specific
needs such as integrating responses, assess the effectiveness of responses and
implementation of responses. Chapter 2 considers and aims to understand the climate
adaptation problem in a local context using a multiple perspective framework for structuring
the climate adaptation problem. Chapter 3 establishes the relationships between adaptation
measures for enhancing flexibility. Chapter 4 demonstrates how in a local adaptation context
— using as an example Can Tho, Vietnam — adaptation pathways can be generated and
preferred adaptation pathways selected using a context specific adaptation grammar
approach. Chapter 5 presents a flexible adaptation planning process (WSCapp) which has
been developed in this research by utilising an approach to incorporating flexible processes
that is prevalent in the automobile and aerospace industry. Chapter 6 demonstrates the
application of the flexible adaptation planning process in an urban flood adaptation context in
Melbourne, Australia. Chapter 7 elucidates the “Agile urban adaptation planning process”,
which is based on the practices from the software industry for operationalising flexibility in an
ever changing urban context. Finally, Chapter 8, provides recommendations and sets out the

limitations of this thesis, with scope for future research.

The answers to the research questions are sought through (i) understanding of relationships
between the adaptation responses in a local context; (i) assessment of the effectiveness of
adaptation responses in achieving the multiple objectives; and (iii) establishing the
processes which facilitate the implementation of these responses. Understanding the basic
features and characteristics of adaptation measures are essential to arrive at the answer to
the research questions. One of the ways to understand the characteristics is to study how
adaptation responses are classified. There are various classification of adaptation responses
(Haque et al. 2014; Jabeen et al. 2010; Milman and Warner 2016; Mycoo 2014; Neess et al.
2005; Pathirana et al. 2017; Schaer 2015; Thorn et al. 2015; Walker et al. 2013; Wamsler
and Brink 2014b) such as (i) actors (public, private); (ii) scale (household, institutional); (iii)
approach (autonomous, planned); (iv) medium (physical social, economic); (v) type ( current
deficits, future requirements); (vi) purpose (prevention, response, recovery); and (iv) time
span (short term, long term). The various classifications of adaptation responses are

illustrated in Figure 1-1.
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From Figure 1-1 it can be seen that the seven classification of measures have been
categorised based on who is adapting, when they are adapting, how are they adapting and
what they are adapting to. Also this classification enables the decision maker or researcher
to contextualise a particular adaptation measure. For example, elevation of floor levels in
houses is usually an autonomous measure implemented with the resource of household or
individual can also be a planned public measure if it is supported by the government through

vulnerability reduction programmes.
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Also this thesis is based on the premise that a grouping or reclassification of adaptation
responses is essential to satisfy the specific need (purpose) at every phase of adaptation
(Figure 1-2).

1. The purpose, nature, form and type of adaptation responses determine the extent to
which adaptation responses can be structured and integrated at the adaptation
planning stage (Chapter 2, 3 and 4).

2. The purpose, time and scale of the adaptation measures determine the effectiveness
of adaptation responses towards achieving the adaptation objectives (Chapters 5 and
6).

3. The time, scale, actors, form and type of the adaptation measures determine the ease
of implementation, continuous stakeholder participation and joint learning as and when
the adaptation measures evolve (Chapter 7).

In Chapter 1, the theory behind the following adaptation planning processes such as
Adaptation tipping points (Kwadijk et al. 2010), Adaptation pathways (Haasnoot et al. 2012b)
and Real-in-options (Gersonius et al. 2013; Woodward et al. 2014), and their application are

also explored in detailed. Further this chapter set the research context through various
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perspectives for adaptation such as engineering, planning, social, political classification of
adaptation measures such as short term vs long term, autonomous vs planned; reactive or
anticipatory (e.g. Walker et al. (2013)). The anticipated outcome of this chapter is the
understanding of the development of these the adaptation planning process; their strength

and weakness; context in which they are applied.

The identification of gaps in the adaptation planning process in understanding the adaptation
context and implementation of adaptation measures is important, as contemporary
adaptation contexts are multiple adaptation contexts. The adaptation is driven by multiple
drivers such as climate, urbanisation and political drivers. Understanding the adaptation
context and framing the adaptation ‘problem’ becomes a crucial step in the planning and
implementation of the adaptation measures. Chapter 2 and 3 sets out to review the various
adaptation planning perspectives, drivers and objectives. The identification of gaps in
knowledge and practice which are found out upon the review of adaptation planning process
and is expected to contribute towards the creation and application of an adaptation framework

to structure and integrate adaptation responses.

Chapter 4 is about resolving the structured adaptation planning problem and the integrated
adaptation responses. In a multiple adaptation context there are number of adaptation
measures and drivers. There are inter-relationships among the measures, drives and
between the drivers and the measures. Establishing these relationships and assessing the
effectiveness of adaptation measures in a complex adaptation system across a range of
scenarios is a challenging task. Chapter 4 elaborates on a context specific adaptation
grammar which can accommodate the context specific adaptation relationships in a local
adaptation context can be used to resolve the structured adaptation responses (Islam 2016;
Radhakrishnan et al. Submitted-a).

The adaptation planning process such as adaptation pathways approach deals with the
question of how adaptation can be made flexibility, whereas real option and real-in-options
ascertain the value of flexibility in monetary terms. These measures do not ascertain the
place, where flexibility can be incorporated. Chapter 5 elaborates on a flexible adaptation
planning process (WSCapp) which identifies the adaptation response or the urban system
where flexibility can be embedded. WSCass is created based on the flexible design practices

that are prevalent in automobile and aerospace sector such as Suh et al. (2007) and Eckert
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et al. (2004). Chapter 6 is about the application of WSCapp in an urban flood adaptation

context in Melbourne, Australia.

Operational challenges persist in implementing the adaptation measures in managing flood
risks, even after identifying flexible adaptation responses based on change propagation
concepts. Addressing the operational and implementation challenges whilst adapting is
especially significant in rapidly developing cities where there is a competition for funds
between improving the current infrastructure (adaptation) deficits and future adaptation
needs. Hence, there is a need to align adaptation actions that lead to improved liveability,
sustainability and resilience. Chapter 7 elaborates on the development and application of
agile urban adaptation process which aims are identifying the agile urban agile components
that would facilitate implementation and monitoring of continuously evolving responses,
enable stakeholder involvement and joint learning. Agile adaptation practices, i.e., quickly
adapting to changes is a common practice in automobile manufacturing sector, fast moving
consumer goods and software development (Beck et al. 2001; Fowler and Highsmith 2001;
Meredith and Francis 2000; Zhang and Sharifi 2000).

The anticipated outcome of this thesis is the inclusion or enhancement of flexible adaptation
planning processes in the practices of city managers and researchers in deciding when,

where and how to include flexibility for increasing urban flood resilience.



2 Structuring climate adaptation through multiple
perspectives: Framework and case study on flood risk
management

“cTLIQUITHeT wrjwrieuTwis G&L  19etd LG LIT@HeT
QuuLIGLITHeT STeTL SBH6y”
Verse 423, (Thiruvalluar 31 BC)

“Though things diverse from diverse sages’ lips we learn,
‘Tis wisdom’s part in each the true thing to discern”

Transation based on Pope et al. (1886)

Adaptation to climate change is being addressed in many domains. This means that there
are multiple perspectives on adaptation; often with differing visions resulting in disconnected
responses and outcomes. Combining singular perspectives into coherent, combined
perspectives that include multiple needs and visions can help to deepen the understanding
of various aspects of adaptation and provide more effective responses. Such combinations
of perspectives can help to increase the range and variety of adaptation measures available
for implementation or avoid maladaptation compared with adaptations derived from a singular
perspective. The objective of this chapter is to present and demonstrate a framework for
structuring the local adaptation responses using the inputs from multiple perspectives. This
framework was demonstrated with reference to the management of flood risks in a case study
Can Tho, Vietnam. The results from the case study show that framing of adaptation
responses from multiple perspectives can enhance the understanding of adaptation

measures, thereby helping to bring about more flexible implementation practices.

This chapter is based on the journal article “Radhakrishnan M, Pathirana A, Ashley R,
Zevenbergen C (2017) Structuring climate adaptation through multiple perspectives:

Framework and case study on flood risk management Water 9: 129”
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2.1 Introduction

The magnitude and urgency of the need to adapt to climate change is such that combating it
has been taken up as one of the sustainable development goals - Goal 13 (SDG13) by the
United Nations (UN 2015). In addition to this urgency, the uncertainties related to climate and
other societal factors have to be taken into account more rigorously while planning and
implementing practical water management measures (Street and Nilsson 2014). The most
common approach to adaptation planning is based on ‘singular perspectives’ such as looking
at the issues from either technical, political or other perspectives, or in often separated
sectors such as urban development, drainage, transport or public health (Vink et al. 2014).
There are concerns that the individual adaptation strategies arising from these differing
perspectives might lead to maladaptation; i.e., increase the vulnerability of other sectors,
systems or groups, or lead to inefficiencies in implementation (Barnett and O’Neill 2010). In
each case there is a need to assess the risk of maladaptation ideally from the beginning and

throughout the adaptation planning process (Magnan et al. 2016).

The outcomes of adaptation planning generally reflect the perspective (lens) through which
the adaptation challenges have been analysed. This is because there are defined
frameworks, i.e. the basic structures or underlying concepts, which guide response
assessment in particular domains and hence the nature of the outcomes. Frameworks tend
to ‘narrow down’ an issue using a particular perspective to structure the adaptation challenge
- i.e. arranging it according to the concept, identifying patterns to account for, or sequencing
accordingly - in order to get the outcome desirous by the perspective. From a social
perspective for example, this involves enhancing or maintaining the liveability of part of an

urban area.

There are recent integrated adaptive policy planning mechanisms such as dynamic adaptive
policy pathways (Haasnoot et al. 2013) that bring flexibility into the perspective,
accommodate multiple perspectives and are also geared for unexpected feedback
mechanisms. However, these planning mechanisms are difficult to implement as prevailing
practices are not sufficiently flexible (Ellen et al. 2014). Dupuis and Knoepfel (2013) in
reviewing the climate change adaptation plans and their subsequent implementation in
Switzerland and India, state that, in-spite of the decision makers’ desire for framing
adaptation policies, they encounter difficulties in implementing adaptation practices. In The

Netherlands, adaptation based on flexibility and learning - although appreciated from a
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planning perspective — is seen to be less credible and without clarity by the general public
and many stakeholders, resulting in resistance to implementation (Buuren et al. 2013).
Regardless of the adaptive capacity of the country, climate change adaptation has serious
implementation issues (Buuren et al. 2013; Dupuis and Knoepfel 2013). Lack of managerial
flexibility in implementation is also often attributed to the “command and control” nature of the
policies that govern the implementation of adaptation measures (Ellen et al. 2014) and can
also be the result of protectionism, or failures to cooperate, between constituent parts of the

same organization (Cettner et al. 2014b).

The objective of this chapter is to present a framework for structuring the local adaptation
responses using the inputs from multiple perspectives. The resulting comprehensive
approach will help to better understand and bridge the gap between climate adaptation
planning and adaptation implementation in an urban environment that is currently adapting

to climate change, focusing on flood risks

The approach taken in this chapter is to provide a means to enhance the managerial flexibility
to adapt and to reduce the risk of maladaptation, by structuring the adaptation challenges
through multiple perspectives, and by looking at the link between the adaptation measures
and parameters across perspectives. We understand and define parameters as external
drivers such as sea level rise, rainfall acting on the system and endogenous factors such as
poverty or household incomes within the system. Enhancement of managerial flexibility is
achieved by implementing measures in the immediate term or longer into the future, or the
implementation of other measures that can lower the risk of over or under investment. While
the quantification and identification of flexibility in contributing to adapting to future events is
still the subject of much ongoing research (Maurer 2013), the approach set out here
contributes by explicitly addressing the means of identification and of increasing flexibility to

respond among the various optional adaptation measures.

The chapter is organised as follows: (i) an introduction section — this section - where the
challenges faced due to current planning and implementation approaches to climate
adaptation are introduced; (ii) a background section where the theory of single, dual and
multiple perspectives are explained in addition to the implementation practices and related
implementation issues; (iii) the methodology explaining how the climate adaptation

challenges from a context of flood risk management can be better analysed, together with
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the procedure for creating the framework ; (iv) the framework section, where the findings from
the analysis of the literature reviewed and examples are presented in the form of a framework
that can be used to help structure adaptation challenges from a multiple perspective; (v) a
demonstration of the framework of flood management using a case study in Can Tho and
finally; (vi) discussions and conclusions where the findings are synthesised and considered

for application in other contexts and situations.

2.2 Background

2.2.1 Contemporary adaptation planning perspectives

Climate adaptation is frequently being examined through various singular perspectives — i.e
based on domain specific points of view or a particular attitude or way of looking at something
- such as societal, engineering, planning, economics or vulnerability reduction perspectives
(Bowen et al. 2012; Kind 2014; Klijn et al. 2015; Kreibich et al. 2015; Stern 2007). Such
singularity of perspective may be an example of Kant’'s ‘Anschauung’ (Carus 1892) where
the means of human acquisition or receptivity of knowledge is via what is presumed to be
intuition, ‘normal’ thinking. However, climate change does not conform with typical decision
makers ‘normal’ problem, i.e. a problem that is recognised as fitting with a decision makers’

usual intuitive view of the world.

Notwithstanding, there are also examples of studies taking a dual perspective such as those
considering socio with other domains such as technical, economic, cultural or equity-
inclusiveness (Birkmann et al. 2012; Kreibich et al. 2015; Newman et al. 2011; van der
Brugge and Roosjen 2015). Eriksen et al. (2015) argue that there are multiple perspectives
to climate adaptation and present the “Fifth Assessment Report of the Intergovernmental
Panel on Climate Change” IPCC (2014d) as evidence. As illustrated in Chapters 8, 14 and
15, the report clearly recognises the need for social and political perspectives, as well as
technical perspectives for effective adaptation to climate change. Such consideration of
multiple perspectives requires careful attention to the: (i) progression of drivers — e.g. sea
level rise, rainfall, GDP, urbanisation - that constitute the context in which adaptation
happens; (ii) uncertainties attached to the projection of the drivers in the future scenarios; (iii)

robustness of adaptation measures in the future across scenarios (Maier et al. 2016).
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2.2.2 Challenges in structuring adaptation responses

Adaptation is complicated in ways that are not easily explored in quantitative and macro-
scale studies, where the complexity of adaptation is often trivialised in the pursuit of
quantification (Toole et al. 2015). The simplification of adaptation problems and responses
can be attributed to: (i) the practice of analysing adaptation through singular perspectives in
silos where there is a trade-off between the desire to make correct decisions and to minimize
the effort (Jonas et al. 2008); (ii) Einstellung or heuristic effects - cognitive mechanisms that
prevent decision makers from spending time and effort looking for alternative solutions to a
problem when they believe they already have ‘an adequate’ one based on what has ‘always
been done’. This effect inhibits even experts in expending effort in examining the crucial
features of the problem even when detailed information is available (Bilali¢ et al. 2008). Over
a period of time, simplification of a type of problem in order to readily understand or grasp it,
often leads to heuristic based decision-making that can embed systemic errors as well as
trivialise the issues. Adaptation planning needs to be considered as a complex problem, as
complexity or a wicked problem and approached using a framework such as that for a
complex adaptive system (Dewulf 2013; Dunn et al. 2016; Geldof 1995; Holland 1992). This
requires a systems approach, seeing “systems as a whole”; where problem structuring and
solving requires an understanding not just of the components of the system, but also of their
interrelationships and their relation to the whole (e.g. Young and Hall (2015), Von Bertalanffy
(1972)). Approaching systems as a whole and an understanding of whole system behaviour,
for example of flood risk management systems, are recognised as important steps in strategic

flood risk management system understanding (Sayers et al. 2015).

2.2.3 Gap between adaptation planning and implementation

Climate adaptation in domains such as flood risk management is a conundrum, as: (i) the
main adaptation interventions are long-lived, capital intensive and largely irreversible
(Gersonius et al. 2012b); (ii) the decision making for adaptation is beset with uncertainties,
which necessitates an approach that is flexible and in itself adaptive to the system changes
and also to other changes (Anvarifara et al. 2016). Flexibility is seen as a desirable feature
that enhances system capabilities and functionality (Schulz et al. 2000) and lessens the
effects of maladaptation throughout the entire life cycle (Gersonius et al. 2013). In one of the
largest scale attempts at flexibility in adaptation, the Delta program in the Netherlands is
based on adaptive delta management. This recommends a flexible approach as a means for

implementing measures in the immediate term or somewhere in the future —i.e., to speed up
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or defer implementation of adaptation measures, or implement other measures that can
prevent the risk of over or under investment (Deltacommissaris 2014; Zevenbergen et al.
2015a). The ability to modify investment decisions is referred to as ‘managerial flexibility’
(Triantis 2003). Incorporation of flexibility with respect to implementation of climate adaptation
measures is provided in various ways: such as allowing midterm adjustments and
modifications of structure (van Buuren et al. 2013; Woodward et al. 2014); keeping
investment or implementation measures open for future adaptation (Haasnoot et al. 2012b;
Zhang and Babovic 2012); postponing adaptation until the time when the cost of further delay

would be more than the benefits (Felgenhauer and Webster 2013).

The following barriers to flexible arrangements have been identified (Ellen et al. 2014): (i)
policy makers’ preference for robust arrangements; (ii) detailed contracts as modus operandi;
(iii) existence of one powerful actor; (iv) divisions between policy making and policy
implementation; and (v) underestimation of required implementation space. It follows from
the above that interim adjustments in the implementation process may affect adaptation
strategies being implemented simultaneously in other domains or spatial levels and that an
ex ante analysis of the (potential) interdependencies between these strategies is not yet
common (EEA 2016). The implementation issues continue to remain capricious, which
requires understanding of the capabilities of actors; and the influence of factors such as a
natural disaster or shift in markets on the actors involved (Phi et al. 2015). The lack of clear
roles and responsibilities for actors in an integrated flood risk management approach is also

often a barrier for the implementation of flexible arrangements (Sayers et al. 2015).

Hence it is clear that there is a gap between the adaptation planning and implementation of
adaptation measures, which is a problem that impedes effective climate adaptation. These
gaps are due to: (i) singular perspectives on adaptation (Vink et al. 2014); (ii) a lack of flexible
implementation arrangements (Ellen et al. 2014); (iii) the trivialisation of complexities (Toole
et al. 2015); and (iv) an absence of proactive analysis of implementation issues (Phi et al.
2015). The gap between policy making and implementation as well as the underestimation
of implementation space can be overcome by properly structuring the adaptation planning
problem, where also the measures that are selected for implementation are understood in
relation to each other and to the system as a whole. Problem framing - by conceptualising
the problem based on multiple perspectives - enables better understanding of the adaptation

policies, gives them meaning, renders them manageable and helps in the choice of polices
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that are implementable (Peters 2005; Ward et al. 2004). There are a number of adaptation
problem framings such as adaptation to climate change, adaptation to climate variability and
vulnerability centred adaptation (Dupuis and Knoepfel 2013; IPCC 2014d). Although there
could be a common understanding at a national level about the suitability of a particular
climate adaptation framing, differences frequently persist at regional and local levels among
the various actors in implementing consequent adaptation policies (Buuren et al. 2013;
Dupuis and Knoepfel 2013; Ellen et al. 2014).

2.2.4 Understanding adaptation in a local context

Although adaptation is mainly driven by global, regional and federal initiatives (e.g. IPCC
(IPCC 2014d), EEA (EEA 2016), Infrastructure Victoria (Victoria 2016a)), adaptation is mainly
about the quality of local knowledge, local capacity and willingness to act at household level
and local government level (Satterthwaite 2007). In adapting to floods, many households
resort to autonomous adaptation practices in the short term such as moving valuables to
higher levels during flooding and in the longer term, in refurbishing houses and subscribing
to insurance policies to minimise losses (e.g Rozer et. al (Rézer et al. 2016)). Whereas local
governments along with federal agencies resort to policy driven initiatives such as emergency
responses in the short term and may invest in major infrastructure such as drainage systems
and sea walls for the longer term (Stern 2007). Urban planners, sociologists and economists
describe cities as self-organising systems where there is an emergent bottom-up process
creating distinct neighbourhoods and unplanned demographic, socio-economic and physical
clustering (Alberti et al. 2003). The presence of a local adaptation capacity and its evolution

may be attributed in part to this emergent nature of neighbourhoods (Satterthwaite 2007).

Emergent neighbourhoods are the outcome of myriad interactions and emerge bottom-up
due to the interaction of individual choices and actions of many human agents (e.g.,
households, business, governments) and bio-physical agents (e.g., climate, natural
disturbances)(Alberti et al. 2003). Resilience to flooding is therefore recognised as an
emergent property of individual, community or organisations in strategic flood management
(Sayers et al. 2015). The individual's or household’s vulnerability and capacity to adapt are
influenced by social, economic, political and environmental factors. The complex relationship
between these factors at a local level needs to be understood while analysing the particular

situation in any urban area before taking up adaptation (De Sherbinin et al. 2007).
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The type of adaptation measures selected depend upon how the adaptation problem is
framed using framings such as adapting to climate change or adapting to climate variability
or vulnerability centred adaptation (Dupuis and Knoepfel 2013). For example, adapting to the
changing climate might lead to future risk reduction measures such as an increase in dike
heights (SCE 2013; Woodward et al. 2014), whereas, adaptation to climate variation might
lead to risk recovery measures such as insurance and post disaster relief assistance (Bek et
al. 2013) or a vulnerability centred adaptation might encourage enabling low income groups
to cope with floods (Revi et al. 2014), (e.g., resettlement of vulnerable populations (Quan et
al. 2014)). Although these measures originate from different perspectives, there is the
possibility of synergies between the adaptation measures originating from the various multi-
sectoral perspectives adopted in an urban environment (Serrao-Neumann et al. 2015).
Adaptive capacity and flexibility are likely to increase due to the synergy between the
adaptation measures (Radhakrishnan et al. 2017b). For example, many cities in developed
countries across the globe such as Bangkok and Rotterdam are now exploring the
opportunity to gradually adapt the urban fabric to flooding using on-going urban renewal
activity (Nilubon et al. 2016). In order to understand these synergies, the relationships
between adaptation measures and drivers that act upon them have to be understood. In this,
localised investments and efforts made by households and communities towards adaptation
are rarely considered at a city or national level while planning for major adaptation measures
(Satterthwaite 2007). There also needs to be an understanding of the interrelationships
between the adaptation measures. Analysed together, the autonomous adaptation measures
at household level and policy driven adaptation at city level, can reveal the (often hidden)
mechanisms available for scaling up or ramping down of adaptation measures, delaying or
speeding up the time of implementation of adaptation measures (i.e. flexibility). Also the
consideration of the widest set of actions that reduce the probability and consequences of
flooding is an important principle of strategic flood risk management (Sayers et al. 2015).
This should be better explored for inherent flexibility — to implement — in an emergent urban
context through pooling and analysing the adaptation measures from various perspectives
and levels.

2.3 Methodology

An analysis of the current published adaptation plans through review of the literature (e.g.,
(Bowen et al. 2012; Gersonius et al. 2013; Kind 2014; Kilijn et al. 2015; Kreibich et al. 2015;
Revi et al. 2014; Stern 2007; Vink et al. 2014; Woodward et al. 2014)) provided the insights
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and requirements to define the individual steps in structuring an adaptation problem. Based
on these findings a framework has been developed to enable the structuring of climate
adaptation challenges though taking a multiple perspective. The adaptation problem
structuring framework (Figure 2-1) is based on: (i) a systems approach — the systems
approach has been partially used where the urban area is considered as a system, i.e.,
“system as a whole” in order to understand the interactions and relationships (Von Bertalanffy
1972; Young and Hall 2015); (ii) existing climate adaptation framings that look at impacts,
adaptation and vulnerabilities (IPCC 2014d; UNEP 2014); (iii) contemporary approaches that
are prevalent in identifying and incorporating flexibility to adapt (Gersonius et al. 2013;
Haasnoot et al. 2012b; Radhakrishnan et al. 2017b; Woodward et al. 2014); (iv) proactive
analysis of implementation issues during adaptation (Phi et al. 2015); and (v) inclusion of
local context and integration with other planning processes (Sayers et al. 2015). To
demonstrate the applicability of the framework a case study has been used: Can Tho,
Vietnam. The multifarious ongoing climate adaptation plans for Can Tho in Vietnam provide
an example to demonstrate the applicability of the framework. It is important to note that the
focus here is on the compatibilities and synergies; and, not all the aspects of the framework

are illustrated in this case study, such as those dealing with maladaptation and trade-offs.

2.4 Framework for structuring climate adaptation responses
using multiple perspectives

In order to structure the climate adaptation ‘response’, it is essential to understand the context
in which adaptation is happening - i.e. the stressors in the context, perspectives, drivers in
the context, adaptation measures in these contexts and the relationship between them. The
sensitivity of the system to the stressors and the link between adaptation measures can be
identified from existing literature. However, exhaustive literature may not be available in all
contexts. In such instances stakeholder consultations should be conducted to determine the
multiple perspectives, stressors, and sensitivity modelling could be used to give a sense of
what the key drivers are in the context.

A six step generic framework has been defined for context specific structuring of a climate
adaptation problem (Figure 2-1) using multiple perspectives. This is further explained in the
following section. The framework is set out to as a representation of a strategy where
adaptation context, drivers of change and multiple perspectives help in determining the
features of adaptation measures and the links between them. Although the objective of
solving the adaptation problem tends to shift the focus and importance to the implementation

of measures, the framework emphasises the background elements that are required for
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successful problem solving. The three interlocked gears - ‘ascertain the adaptation context
and needs, ‘bring together the multiple perspectives in the adaptation context’and ‘determine
the drivers of change’, form the core of the framework; which then guides the decision maker
to ‘collate the characteristic features of adaptation measures’, and ‘establish the links and
compatibility between the adaptation measures across perspectives’; and finally culminates
to’ finalise and implement adaptation measures. The steps are numbered for sake of
understanding and do not necessarily indicate the sequence. The framework can begin with
step 1 and end in step 6 but alternative entry points can be selected (general flow direction
is indicated by dark arrows). The framework also comprise a feedback or learning process
(indicated by the white dashed arrow) from the implementation stage to the subsequent
adaptation responses that could helping in reducing the gap between planning and

implementation of adaptation measures.

2.4.1 Ascertain the adaptation context and needs (Step -1)

What is the context in which adaptation is taking place? Adaptation towards a single
predominant stressor? Or adaptation for multiple stressors? Stressors are the set of drivers
that expose the vulnerability of a community (IPCC 2013). Some of the stressors leading to
adaptation are climate change, climate variability, land-use change, degradation of
ecosystems, poverty and inequality (Burkett et al. 2014). As adaptation is context specific it
is pertinent to find out the changes to which adaptation occurs, i.e. if the adaptation is to cope
with climate change or is there adaptation to cope with other aspects as well, such as
adapting to socio-economic changes and adaptation to political changes? For example, it is
common to see adaptation in countries such as the UK and Netherlands to single stressors
such as climate change, due to drivers such as sea level rise and rainfall increases
(Gersonius et al. 2013; Woodward et al. 2014). Although definitive evidence is lacking and it
is not possible to generalise too much, it may be that in typical developed countries, the socio-
economic regimes are more well-developed and stable than for many developing countries.
However, the relative stationarity of socio-economic stressors or the magnitude of impact
from these stressors is likely to be less than that of stressors like climate change which is all
pervasive. This may explain why there is a narrower focus on a single stressor, like climate
change in many developed countries. In contrast, in developing countries, they are trying to
cope not just with climate change but with all other aspects of a growing economy, which

implicitly requires a more multi-perspective approach (Pathirana et al. 2017; UNEP 2014).
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Figure 2-1 Framework for context specific structuring of climate adaptation responses. The illustration
comprises a framework based on multiple perspectives as well singular perspectives. The individual
steps (1-6) connected by the dark arrows constitute the comprehensive multiple perspective
framework. The white arrow enclosed in black dotted lines represent the feedback and learning from
the implementation stage to the subsequent adaptation responses that would reduce the gap between
planning and adaptation.

2.4.2 Bring together the multiple perspectives in adaptation context
(Step 2)

There may be a requirement to address multiple perspectives for adaptation even due to a
single stressor. Climate risks, impacts and adaptation are location and context specific
(UNEP 2014; Wolf 2011) and all of the prevailing perspectives on adaptation available in the
set context — single and multiple — should be ascertained. For example if the adaptation need
is driven by climate change there could be an infrastructure oriented perspective, planning
perspective, socio-economic perspective, ecological perspective, political perspective, etc.
Each and all of these perspectives have to be considered. The review of publications,
including adaptation plans and literature would be sufficient to ascertain what the multiple
perspectives were. However, this may not be adequate for all cities, especially where there

may not be existing plans. For these, the identification of single and multiple perspectives
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could be undertaken through an exhaustive stakeholder consultation to identify as many
perspectives as possible.

2.4.3 Determine the drivers of change (Step 3)

There could be a single driver (such as rainfall increase) driving adaptation or multiple drivers
(such as rainfall, sea level rise, increase in population) driving the need to adapt. It is
necessary to determine all the drivers that drive the change in the set context and check if
the drivers are independent of each other or linked. How are these drivers affecting the urban
area? How are these drivers changing over time? Is there a certainty or uncertainty about the
progression of drivers over time? For example, if the adaptation in a city is towards coping
with climate change impacts, the perspective could be driven by drivers such as rainfall and
sea level rise that may determine the magnitude of flood depth. The same city could also
adapt in parallel to economic change due to a driver such as GDP growth. The change in
GDP might affect the income levels, which in turn might have a bearing on vulnerability to
floods. Hence the convergence of rainfall, sea level rise and GDP growth as driver — climate
and socio-economic change — need to be considered in terms of the effect on vulnerability to
flooding. The effect of drivers such as river water level and urbanisation on vulnerability of
households to flooding could be seen during the analysis of adaptation in Ho Chi Minh City,
Vietnam (Storch and Downes 2011).

Similarly in developing countries where there is urban upgrading or socio-economic progress,
there is typically a gradual improvement in housing conditions and access to social services
such as healthcare or education (Garschagen and Romero-Lankao 2013) and the effect of
this on vulnerability to flooding should be taken into account by considering the consequent
reduction in vulnerability. The unaccounted for vulnerability reduction or enhancement can
be attributed to the silo or compartmentalised thinking arising out of single perspectives. This
is also true for other institutions or departments even in the same organisation, such as roads
vs drainage; sanitary vs storm water; ecology vs infrastructure, etc. For example in the UK,
early improvements, such as the Clean Air Acts in the 1950-1960s controlled the worst of the
air pollution arising from industrial emissions — known as ‘smog’, whereas the less obvious
but as potentially damaging to residents health that has grown in impact since then, is
pollution from vehicle emissions that has not been tackled (Samoli et al. 2016) as a result of

silo thinking.



Structuring climate adaptation .... 27

2.4.4 Collate the characteristic features of adaptation measures (Step 4)

It is necessary to collate each of the adaptation measures recommended or implemented
from all of the various perspectives. Determine the characteristic features of adaptation
measures such as: (i) nature of measure — hazard reduction or vulnerability reduction; (ii)
explicit external factors that trigger or determine the implementation and magnitude of
measures; (iii) level at which a measure is being applied such as city level, neighbourhood
level or property level; (iv) emergent or autonomous measures, that are not planned and
supported by city or government agencies but are bottom up responses that emerge from a
local adaptation context For example the dikes built to prevent the flooding of urban areas
typically fall under the category of being a hazard reduction measure (one funders’
responsibility). This is also a measure which is planned at a city scale and is directly
influenced by the external drivers such as rainfall and sea level rise. Examples of autonomous
measures emerging from a local context are temporary flood barriers around properties,
elevation of floor levels of buildings in response to flooding. The conducive or constraining
environment for emergence or autonomous measures depends upon the prevailing building,
planning and land use regulations. At the least there are issues with the autonomy of the
population and the regulatory system with regard to emergence or autonomous measures in
developing countries. In developed countries this autonomy is severely constrained. For
example, in Brisbane prior to the 2011 floods, a resident who was an engineer with a PhD
wished to raise the level of her traditional ‘Queenslander’ property. She raised it the
maximum allowed by the City ordinances, although she wanted to raise it further. She was
flooded in 2011. After the event the City changed the ordinance to allow higher floor levels,
but she had already invested heavily and could not afford to raise the property any higher
(Ashley 2012).

2.4.5 Establish the links and compatibility between the adaptation
measures across perspectives (Step 5)

Measures for risk reduction and adaptation require consideration of the dynamics of
vulnerability, exposure and their linkages with socio-economic processes (UNEP 2014).
Upon identifying the nature of each measure, the linkages between the adaptation measures
across perspectives should be established in line with system approaches, such as Von
Bertalanffy (1972), which recommends ascertaining the nature of the links between the
various components of the systems and to the system as a whole. These linkages would also

help in establishing or re-establishing the functionality of a measure through a combined
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perspective. Also, upon determining the nature of the measure it is possible to establish if the
adaptation measure is being driven by a single driver or if there are additional or secondary
drivers that might have a strong or weak influence over the measure. For example as
discussed in Step 3 above, the economic driver such as an increase in GDP might lead to
urban upgrading and poverty reduction, which in turn can result in the autonomous reduction
of vulnerability. Further, green urban drainage infrastructure measures comprising rainwater
tanks, green roofs, rain gardens, wetlands — known as Low Impact Development systems
(LID), Water Sensitive Urban Design (WSUD), Sustainable Drainage Systems (SuDS) and
Best Management Practices (BMPs) (Fletcher et al. 2015)- are increasingly gaining
acceptance across multiple perspectives such as engineering, liveability, sustainability and
resilience (Ashley et al. 2013b) and could be expected to be utilised as responses that provide

multiple types of outcome and are at the same time flexible.

Compatibility between adaptation measures: Does the synergy due to combinations of
measures facilitate the achievement of the adaptation objective in an effective or efficient
manner? Does the combination of adaptation measures hinder achievement of the
adaptation objective? The various adaptation measures collated across perspectives may be
compatible. For example, from an analysis of the adaptation measures in some of the Deltas
around the world (e.g. Ganges, Mekong, Chao Phraya, Rhine, Mississippi) at city and
household scales (Nilubon et al. 2016; Radhakrishnan et al. 2017b; Wesselink et al. 2016) it
may be concluded that: (i) the estimated functional life span of the city scale flood protection
measures could be enhanced by including the coping measures that are practiced at the
household level; (ii) consideration of coping capacities could be more effective in planning
adaptive flood prevention measures such as spatial planning, where more extensive

inundation could be accommodated in certain parts of the city.

2.4.6 Finalise and implement adaptation measures (Step 6)

When it comes to successful adaptation planning, structuring the adaptation problem is only
a part of the goal. In order to have an effective outcome the measures identified have to be
sequenced and evaluated in a way that is easily understood by decision makers. Adaptation
pathways and Real-in options are some of the methods that allow for flexible implementation
of adaptation measures in urban flood risk management as uncertainties are revealed over
time (Gersonius et al. 2013; Woodward et al. 2014). Adaptation pathways may be generated

using a precedence-based data specification template - description of measures and their
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relations in a logical and compact manner. Evaluation framework such as XLRM (Lempert
2003) provides scope for ascertaining the performance of adaptation measures or adaptation
pathways over a combination of drivers. Selection of an adaptation pathway for
implementation from among these pathways can then be made using set thresholds or Net
present value or likelihood of occurrence among all plausible scenarios. The following section

provides a demonstration of application of the framework.

2.5 Analysing climate adaptation planning and implementation
in an urban context: Can Tho, Vietham

Can Tho is one of the fastest growing cities in the Vietnamese Mekong Delta (SCE 2013).
Can Tho is located on the banks of the Bassac river (Figure 2-2) and the average elevation

of the city is 1.5 m above mean sea level (SCE 2013).
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Figure 2-2 Map showing location of Can Tho (Source: Google Maps - https.//goo.gl/maps/6D73uloJYj82)
There are various singular and dual perspectives being taken and a broad body of research
and other literature on climate adaptation for Can Tho. Also, there is unanimous agreement
among the various studies (eg. MDP (2013), World Bank flood resilience report SCE (2013),

Pathirana et al. (2017)) that there is an adaptation gap in Can Tho in responding to climate
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change, as the city is located in the Mekong Delta, which is especially vulnerable to climate
change (IPCC 2014b).

One of the prime reasons for choosing Can Tho as the example presented here is the authors’
direct experience of various issues in Can Tho such as urban flooding, drinking water supply
improvements, water quality impacts and climatology issues and the formulation of the
potential responses to address these. In the example, for clarity the adaptation responses
considered are restricted to two groups only: the traditional institutionally led large-scale
inundation risk reduction measures; and the local, typically bottom-up and emergent
responses of local dwellers, raising the floor levels in their properties. These are examples of
a singular ‘protect’ perspective and a local ‘social’ perspective respectively. The example
demonstrates how, by taking a dual perspective from the outset and integrating both of these

singular perspectives, considerably greater benefits can be obtained.

2.5.1 Ascertain the adaptation context and needs (Step -1)

Can Tho is being threatened by the consequences of climate change, as for example, a 1m
rise in sea level rise would expose about 50% of the entire delta area to floods (MDP 2013).
The city is also likely to be affected by an increase in river water levels due to sea level rise;
an increase in river discharge due to increase in rainfall, deforestation and river training works
upstream; and an increase in urban runoff due to rainfall and increased imperviousness
(Huong and Pathirana 2013; Smajgl et al. 2015; Van et al. 2012; Wassmann et al. 2004). The
rapid urban development in Can Tho has led to unplanned growth, increase in real estate
prices, widespread water pollution and flooding issues and prevailing social disparities in
terms of availability of housing stocks and access to services among the residents
(Garschagen 2014). Can Tho is adapting to climate change as well as socio-economic
change and to a certain extent is still adapting to the political changes after the Indo-China
war (Garschagen 2014; Pathirana et al. 2017; World Bank 2014). Hence there are multiple
stressors and multiple adaptation contexts in Can Tho to changing climate, urbanisation and
economic situation. In countries such as Vietnam, adaptation can be seen as being driven
by multiple stressors such as climate change, land use change and poverty (Garschagen
2015), as is evident from the analysis of the urban adaptation that is currently underway in
Can Tho.
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2.5.2 Bring together the multiple perspectives in adaptation context
(Step 2)

There has been considerable climate related research for Can Tho, but there is a significant
gap between knowledge and practice (Radhakrishnan 2015). Considerable research has
also been conducted in the City that considers multiple perspectives — vulnerability reduction,
institutional, planning, water quality, infrastructure improvements - concerning climate
change and adaptation at multiple levels (Birkmann et al. 2010; Birkmann et al. 2012;
Clemens et al. 2015; DWF 2011; Garschagen 2014; Huong and Pathirana 2013; Quan et al.
2014; SCE 2013; VIAP-SUIP 2013). The traditional engineering perspective is reflected in
the recent flood risk management plans that are being prepared and considered for
implementation, where the emphasis is more on avoiding floods by means of: (i) dike rings;
(ii) improvements to drainage systems; (iii) and increasing the freeboard of flood defence
systems, roads and houses by 50cm (SCE 2013; SIWRP 2011; VIAP-SUIP 2013).

In contrast with the traditional engineering perspective, the social and socio-economic
aspects of flood risk management in Can Tho illustrate the experiences of living with water
by the residents: tolerance to flooding; coping measures being taken at household level;
direct and indirect damage to households. These are all the factors that trigger the
households to implement household measures (Chinh et al. 2016a; Chinh et al. 2016b; DWF
2011; Garschagen 2014; Garschagen 2015; SCE 2013).

In spite of having a high level of preparedness: (i) the damages due to flooding in households
is high in Can Tho, sometimes becoming intolerable by exceeding several months of income;
and (ii) the losses due to disruption of business are higher than the loss due to the physical
damage in small business establishments (Chinh et al. 2016b). This is a critical finding, as
the people who are vulnerable to flooding are in the lowest income groups who cannot afford
adaptation measures themselves. In this case income levels have a direct correlation with
the implementation of household adaptation measures, such as elevating property floor levels
(Garschagen 2014). Here we focus on the singular perspectives above, the ‘traditional
engineering’ and the household coping measures to illustrate the need to take a multi-

disciplinary perspective.

The Mekong Delta plan (MDP) (MDP 2013) looks at the climate adaptation from a Delta —

regional- perspective. MDP (2013) looks at adaptation as a strategic issue where there is an
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interplay between climate change related water management and economic development.
The plan advocates the traditional system for the delta of living with the floods that is based
on controlled flooding, which is best suited for rural areas (Wesselink et al. 2016). The socio-
economic aspect is not very well reflected in the adaptation measures, where the measures
are mostly infrastructure and spatial planning oriented and less on the vulnerability reduction
aspects.

Thus it is apparent that there are multiple adaptation perspectives — such as engineering,
socio-economic, regional perspectives - in Can Tho and therefore there is the possibility to
exploit the synergies between these various individual perspectives.

2.5.3 Determine the drivers of change (Step 3)

A number of external factors contribute to the flooding and hence the flood risk management
of Can Tho. External factors such as sea level rise and rainfall increases lead to increases in
flood depth and frequency (Huong and Pathirana 2013; Smaijgl et al. 2015; Van et al. 2012).
Externalities such as economic growth rates influence: (i) urbanisation which in turn has a
direct bearing on increasing imperviousness and enhanced runoff in Can Tho (Huong and
Pathirana 2013); (ii) economic status such as household income and number of poorer
households (Jiang and O’Neill 2015; Leimbach et al. 2015). The repercussions of macro-
economic growth in Can Tho may be observed in the recent trends in the population
increasing due to migration, urbanisation, social disparity in terms of income and real estate
prices (Garschagen 2014). Instruments, including developmental plans at a regional level,
city level and community level influence the micro and macro urban attributes such as rate of
urbanisation, liveability, aspirations of the people, poverty levels and capacity to adapt at
multiple levels (MDP 2013; Phi et al. 2015; PM 2013; World Bank 2014). Also the
aforementioned external factors are beset with uncertainty, which complicates how best to
plan for overall adaptation (IPCC 2013; O'Neill et al. 2015). The list of drivers in Can Tho
includes sea level rise, rainfall increase, urbanisation, household income, social disparity and
developmental plans.

2.5.4 Collate the characteristic features of adaptation measures (Step 4)

A set of adaptation measures being planned and implemented in Can Tho at various levels
can be elicited from the existing adaptation plans. Measures are at a city level and
implemented by the State or central agencies under the umbrella of flood protection, such as
increasing dike heights, improvements to drainage systems and increasing the freeboard of
roads and important buildings (MDP 2013; SCE 2013; SIWRP 2011; VIAP-SUIP 2013).

These measures are based on a predetermined maximum river water level in Can Tho
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(design value) which is based on the observed water level in the River Hau. The adaptation
tipping point - i.e, the time in the future at or after which; or the value of driver at which or
above, where the adaptation measures are no longer effective (Haasnoot et al. 2012b) — for
these measures occur once the water level reaches the design value. A return frequency (1
in 100 Years) is built into this design value. Measures such as spatial planning and urban
waterscapes are also proposed (MDP 2013). Urban development plans such as
beautification of canals and lakes, resettlement of people from vulnerable areas, have been
implemented in Can Tho (Garschagen 2014; Quan et al. 2014). Furthermore, a set of
household adaptation measures such as elevating the floor levels, street level measures such
as construction of temporary dikes during the flooding season have also been implemented
(Birkmann et al. 2012). An increase in the number of households adapting to floods since
1960 has been apparent (Birkmann et al. 2012), establishing that there has been emergent
behaviour resulting in autonomous household level adaptation - influenced by flood depth,
income level and property ownership.

2.5.5 Establish the links and compatibility between the adaptation

measures across perspectives (Step 5)

Consideration of autonomous adaptation in households of Can Tho at the planning
perspective may presume this to be entirely emergent and driven by a mix of exogenous and
endogenous factors. However, there are nuances in increasing the floor level of houses that
are linked to physical and economic constraints. The physical constraint is the major
structural modifications to doors, windows and roofs if the floors are to be raised above 50
cm, whereas the economic constraint occurs in the form of a rapid increase in costs — almost
five times — between elevating up to 50 cm and above 50 cm (Garschagen 2015). There are
a number of households where it is deemed essential to elevate the floor levels but they
cannot do so due to their low income levels (Chinh et al. 2016b). The failure of decision
makers and key agencies to understand these intricacies of physical and economic limits on
adapting can lead to tensions while implementing these measures or lead to the failure to
attain flood risk management objectives. Further, positive correlations have been established
between the household income and elevation of floor levels of households, i.e. high income
households have higher floor levels (Garschagen 2014). This insight helps in linking the
socio-economic development plans such as poverty reduction (PM 2013), which aims at
increasing household incomes, and this in turn could help to trigger household adaptation
measures, which is a positive feedback. It is possible therefore to be more effective to directly

fund poverty reduction rather than invest in major flood management infrastructure. This
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could be interpreted as increasing flexibility; as the decision makers have more subsequent
choice by doing this to achieve the desired objectives in managing urban flooding and the
measures are more widely dispersed in a number of small, local adaptations, rather than in
large, irreversible and locked-in to use dikes. This dual perspective analysis reveals the
inherent flexibilities that can be more effectively utilized. This is an example of how some of
the adaptation measures understood by taking a multiple adaptation perspective in Can Tho
can be better linked, and thus should not be considered in isolation.

In order to exploit the synergies between the adaptation measures across the perspectives,
it is vital to identify the links between these measures and the external factors that act upon
the links, i.e. the factors that enable, strengthen, weaken or hinder such links. The effect of
an external factor such as from sea level rise on river water levels and hence the flood levels
that necessitate heightening of dikes is direct, as is the effect of poverty reduction measures
that reduce the vulnerability of poorer households to flooding.

Based on a traditional engineering perspective, the usefulness of a dike in Can Tho ceases
when the water overtops the dike; whereas the societies’ perception of flooding reveals that
dwellers tolerate and cope with flood waters up to 20cm in depth within their houses (DWF
2011). This tolerance may be used to extend the usefulness of the traditional engineering
measures. By for example, designing dikes to be structurally safe during overtopping. These
perspectives — engineering and social- put together, can therefore increase the range of
drivers against which the acceptable performance is provided (Chapter 3). The functional life
span of the dikes can be increased as the concept of ‘living with water’ is embedded into the
setting of performance thresholds for the larger scale infrastructure measures
(Radhakrishnan et al. 2017b). This, when considered together with the recorded household
floor elevation measures (Birkmann et al. 2012), postpones the tipping point of dike elevation
measures (Radhakrishnan et al. 2017b). The city level dike heightening measures and the
household level measures are compatible and complementary.

2.5.6 Finalise and implement adaptation measures (Step 6)

The various adaptation measures proposed for Can Tho could be considered together and
assessed using adaptation pathway approaches (Haasnoot et al. 2012b). Model driven
pathway approaches (e.g Haasnoot et al. (2014), Kwakkel et al. (2015)) use physically based
models such as hydraulic models and scenario generation techniques to find out the most
promising pathways in terms of performance robustness towards multiple objectives.
Selection of an adaptation pathway for implementation from among these pathways can be

made based on: (i) set thresholds such as estimated annual damages (e.g. CRIDA (In press)
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); (i) the net present value of pathways (eg. Gersonius et al. (2013)) or benefit cost analysis
(eg. Aerts et al. (2014)); (iii) likelihood of occurrence among all plausible scenarios (eg.
Buurman and Babovic (2016)); (iv) assessing all the aforementioned ‘objectives’ using multi-
objective evolutionary algorithms which could avoid the narrowing down to a pathway based
on aggregated objectives (eg. Kasprzyk et al. (2016)). Hence it is theoretically possible to
identify an adaptation pathway that results in lower estimated annual damages and has the
highest net present value for the combination of drivers that are most likely to reoccur at low
intervals. This step has not been fully evaluated in this chapter and thus should be considered
as a recommendation, which has to be further tried and tested in future work. The specific
learning or findings in Can Tho thorough the application of the framework in the adaptation

context of Can Tho is summarised in Table 2-1.

2.6 Discussion

In Can Tho, the so-far taken technical and socio-economic perspectives that are relevant to
adaptation planning and problem analysis have not automatically led to multiple perspective
problem structuring or identification. In response to this, the framework developed here has
guided the structuring of climate adaptation problems using multiple perspectives. The
multiple problem structuring framework has elucidated clear steps with which the inferences
or findings from multiple perspectives could be assembled to understand the relationship
between various drivers and adaptation measures. The adaptation capacities of households
in Can Tho towards coping with floods would have gone unnoticed if the adaptation planning
were to be done from the predominant infrastructure oriented perspective. Consideration of
coping household adaptation measures from a social perspective, when combined with an
engineering perspective such as heightening the dikes is likely to increase the functional life
span of these. The coping capacities of households depend on their income levels and
therefore cannot be presumed; however, this does give a choice to decision makers in Can
Tho to invest in flood proofing of houses through subsidies or to elevate the dikes (See

section 5.5).

In Can Tho adaptation is complicated when explored at a household scale due to the interplay
of a number of drivers. The assumed adaptation capacities and vulnerabilities are ultimately
different in ways that are not explored in many quantitative and macro-scale studies (Toole
et al. 2015). It is possible that a problem structured with many perspectives would be
challenging in application when using calculation-intensive methodologies like Real -in-

options (Wang 2005) without major simplifications. In-spite of the increase in complexity,
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consideration of multiple-perspectives for adaptation is worthwhile as it contributes to clarity
of understanding of the adaptation opportunities as well as acknowledging the many and

various feedbacks in the system.

Table 2-1 - Multiple (dual) perspective adaptation problem strcturing in Can Tho

Problem structuring framework | Structuring adaptation problem in Can Tho

Ascertain the adaptation context |e  Adapting to climate change

Adapting to urbanisation

Adapting to economic change

Bring together the multiple | e Engineering perspectives for flood prevention,

e Social perspectives such as living with water

e Overall delta management perspectives such as

and needs

perspectives in the adaptation

context Mekong Delta Plan
Determine the drivers of change e Climate drivers - rainfall increase, sea level rise
e Urbanisation — change in housing conditions
e Economic change — household levels, income
disparities

Collate the characteristic features of | e Protection against floods — dike elevation and
drainage improvements

e Reducing vulnerability — resettlement of vulnerable
population in higher areas

e Coping with floods — elevating floor levels at
households (autonomous and emergent)

Establish the links and | e Household coping capacities enhance the tipping

point of flood protection measures

adaptation measures

compatibility between the .

e Household autonomous measures are driven by
adaptation measures across flood levels and income levels
perspectives

Finalise and implement adaptation | e Adaptation pathways approach to identify problems

based on single or multiple objectives
measures

The consideration of multiple perspectives can have the further benefit of revealing the ‘loss
of flexibility’ due to negative feedbacks. Changes in socio-economic status might lead to a
change in values which could affect the individual and social perception of risk, resilience and
adaptive capacity (Adger et al. 2014). There are indications in Can Tho that the aspirations
of people might become higher — “We want to become like Rotterdam” - and tolerance to
floods in the future might reduce (Garschagen 2014). Mapping this to the appropriate socio-
economic scenarios may show that as people become more affluent, their willingness to live
with water in the streets may reduce (Pathirana et al. 2017). Considering this will help prevent

assumptions that reliance on household level adaptation will be valid under all future
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scenarios. Also, this understanding will help understand any risks of maladaptation, which

are less apparent when seen from singular perspectives.

The case study shows that structuring climate adaptation through multiple perspectives is
possible. This frame work would be used at policy level, i.e., there is a likelihood of using the
framework at a national or regional level, which considers the local adaptation context such
as autonomous adaptation or emergence happening at a city or household level. However,
the biggest challenge lies in operationalising the framework. The usage of the framework is
likely to be effective in a common stakeholder consultation forum. When adaptation planning
is driven by a planning agency or any other stakeholder who has one predominant
perspective or a dominant authority there are chances for biased decisions. In such
circumstances there is the possibility of normative thinking, i.e., Kant’'s ‘Anschauung’ (Carus
1892) or heuristic effects i.e., Einstellung (Bilali¢ et al. 2008) that would hamper the
implementation of the multiple perspective framework. This is most likely in countries such
as Vietnam, where the cultural practices often hinder the effective dialogue between the
stakeholders belonging to various hierarchies (Mathijs van et al. 2014). This necessitates a
different form of stakeholder engagement rather than a round table format, which is prevalent
in western countries. Applying the framework either top-down or bottom - up might be a
challenge for taking a multiple perspective approach. Although the application of the
framework is very much context specific, simultaneous application of the framework at all
levels could yield better results. Inspiration for operationalising the framework could be
obtained from continuous stakeholder engagement processes such as learning and action
alliances (LAA)(Ashley et al. 2012).

The problem structuring framework has been developed based on insights from the dual
perspective analysis of adaptation in a flood risk management system and considering socio
economic development and urban development as externalities. However, there are
adaptation measures from other domains such as drought management and public health
risk management which comprise climate adaptation that have not been considered. These
domains would come under the ambit of the framework, provided the system boundary had
been extended to cover the entire urban functions in the climate adaptation domain. Such an
analysis would be expected to have revealed further potential adaptation measures, inter-

relationships between measures, emergent behaviours and inherent flexibilities.
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2.7 Conclusions

This chapter focussed on developing and demonstrating a framework for structuring the local
adaptation responses using the inputs from multiple perspectives in an urban environment
that is currently adapting to climate change. A framework has been created to enhance the
understanding of any local adaptation context by structuring the adaptation problem through
multiple perspectives. The framework differs from the normal portfolio of measures or
portfolio of approaches (e.g. UK foresight(Thorne et al. 2007)) as it aims to establish the
relationships between the measures across the various perspectives within the given
adaptation context. The pooling together of adaptation measures derived from multiple
perspectives can lead to increased flexibility by way of having a greater number of adaptation
measures and increased pathways to consider. However, merely adding more adaptation
measures may not automatically translate into enhanced flexibility. Enhanced flexibility is
considered by means of: (i) identifying the link between adaptation measures; (ii) ascertaining
the compatibility of the measures with one another; and (iii) then creating a knowledge base
comprising all plausible sequences and time epochs at which the measure could be deployed
based upon the unfolding of external factors. The multiple perspective adaptation problem
framework can also be used to assess the risk of maladaptation and trade-offs, which is the
scope for future research. The results from the case study show that multiple perspective
framing of adaptation responses enhance the understanding of various aspects of adaptation

measures, thereby leading to flexible implementation practices.



3 Coping capacities for improving adaptation pathways
for flood protection in Can Tho, Vietham
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Verse 878 (Thiruvalluar 31 BC)

“Know though the way, then do thy part, thyself defend;
Thus shall the pride of those that hate thee have an end”

Translation based on Pope et al. (1886)

The planning and phasing of adaptation responses is essential to tackle uncertainties and
ensure positive outcomes while adapting to changing circumstances. Understanding the
evolution of coping and adaptation responses and their capacities is a prerequisite for
preparing an effective flood management plan for the future. The aim of this paper is to
determine the effect of coping capacity on longer term adaptation responses in a flood risk
management system. The objectives, requirements, targets, design and performance of flood
protection measures will have to be determined after taking into account, or in conjunction
with, the coping capacities. A methodology has been developed and demonstrated based on
an adaptation pathways approach to account for coping capacities and to assess the effect
of these on flood protection measures. Application of this methodology for flood protection
measures in Can Tho city in the Mekong delta shows the effect of considering coping capacity
for flood protection measures and the value in delaying the occurrence of tipping points.
Coping measures such as elevating property floor levels can postpone the tipping points
when dikes are no longer effective. Consideration of coping capacity in the system improves

adaptation responses and leads to better adaptation outcomes.

This chapter is based on the journal article “Radhakrishnan M, Quan NH, Gersonius B,
Pathirana A, Vinh KQ, Ashley MR, Zevenbergen C (2017) Coping capacities for improving
adaptation pathways for flood protection in Can Tho, Vietnam Climatic Change”
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3.1 Assessment of coping capacity along adaptation pathways

The use of information about present and future changes to assess and evaluate the
suitability of current and planned practices, policies and infrastructure to cope with future
changes is known as Adaptation Planning (Fissel 2007). Adaptation encompasses
responses to change, including climate, urbanization, demographics, and socio-economics,
that are all uncertain. In order to respond and adapt appropriately to uncertainties, flood risk
management systems may be considered as socio-technical systems which includes people,
organisations, technical artefacts, policies, practices and procedures, protocols and framings
that are deemed acceptable together with the broader contexts into which people and
technical process are enmeshed (Newman et al. 2011). Coping capacities focus on the ability
to maintain the system’s functioning in the event of a short term, mild hazard event, in contrast
to adaptation capacities that often require adjustment of system components, structures and
processes in response to experienced or anticipated long term changes in for instance,

frequency of occurrence of a hazard (Birkmann et al. 2010).

The widened scope of adaptation planning which is capable of encompassing the
uncertainties in the period up to which the current or planned strategy is effective - i.e. when
a critical point will be reached - is known as the adaptation tipping point approach (Kwadijk
et al. 2010). Adaptation tipping points (ATPs) are the critical magnitude of physical drivers
where acceptable physical, technical, ecological, political, societal or economic standards
may be compromised (Haasnoot et al. 2012b). An ATP approach aims to assess the
effectiveness of measures while planning under uncertainty, as it helps to quantify the
duration for which the measures perform sufficiently well, in turn informing decision makers.
As the ATP approach can consider physical, technical, ecological, economic drivers etc., the

effect of these drivers and the shift in timing of ATP due to these drivers can be determined.

Adaptation pathways provide an analytical approach for exploring and sequencing a set of
possible actions based on alternative drivers such as climate, land use, demographic and
socio economic changes over time (Haasnoot et al. 2013; Haasnoot et al. 2011; Offermans
et al. 2011). Ensuring the robustness of adaptation plans or pathways helps to overcome
unforeseen circumstances in the future and to make the process of adaptation as sustainable
as possible (Walker et al. 2013). Robustness as the decision criterion transforms the

selection of pathways under ‘deep uncertainties’ i.e., where there is no knowledge or
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agreement about the interactions among key parameters, probability distributions of
parameters (Lempert 2003). Frameworks such as dynamic adaptation pathways / policy
pathways are used for robust decision making (e.g. Haasnoot et al. (2013), Kwakkel et al.
(2010)). Approaches such as ‘Scenario discovery’ aid in planning under deep uncertainty by
testing the robustness of adaptation measures which satisfy multiple objectives under various
scenarios (Bryant and Lempert 2010; Groves and Lempert 2007). Vulnerability of the system
or the performance of the adaptation measure (pathways) in reducing the vulnerability under
various scenarios can then be assessed using statistical analysis of results obtained using

simulation models (Groves and Lempert 2007; Haasnoot et al. 2014; Kwakkel et al. 2015).

The change in values and standards of a society resulting in different system performance
objectives can cause a shift in timing of the occurrence of an ATP (Kwadijk et al. 2010). The
ability to adapt and the boundary conditions of adaptation are not only determined by
exogenous factors and availability of technology but also by societal factors such as ethics,
knowledge, risk and culture (Adger et al. 2009). Within this context, flood resilience can be
defined as the ability of the system to absorb or adapt to change and continue to function as
expected in the face of change; where the system comprises a technical system and its
interaction with human-social systems (Ashley et al. 2013a). As a consequence, human-
social systems have an important role to play in adapting flood risk management systems.
Hence, the ability of these systems to cope with or adapt to flooding contributes to their
resilience. For example, the people of Can Tho city in the Viethamese Mekong Delta have
been living with water and accept flooding of their houses to a certain degree (up to
approximately 0.20 m for about an hour) and also tolerate the restriction of movement during
floods (DWF 2011; SCE 2013). This shows that the human-social system in Can Tho can

cope with floods below a certain magnitude.

Although it is clear that the implementation of adaptation measures postpones the timing of
ATPs, the effect of coping capacities on the adaptation pathways is unclear and needs to be
understood when planning measures. Consideration of coping capacities of the system might
result in different tipping points or in a shift in timing of a tipping point as human-social
systems have coping capacity. There is also evidence that the capturing of feedback between
short-term and long-term adaptation measures leads to the overall improvement of
adaptation (e.g., Zeff et al. (2016)). Hence, the focus of this paper has been to ascertain the

effect of coping capacity on the adaptation tipping points of a flood risk management system.
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3.2 Methodology for assessment of coping capacity on
adaptation tipping points and adaptation pathways
In order to ascertain the effect of coping capacity of a system on adaptation tipping points the
following aspects must be considered: (i) the relationship between the coping capacity and
adaptation measures needs to be defined; (ii) any possible change of management objectives
and requirements due to the consideration of coping capacity needs to be understood; and
(iii) the adaptation pathways of the system with and without consideration of coping capacities
need to be determined. The effect of coping capacity on adaptation pathways can be
ascertained though the comparison of occurrence of ATPs with and without the consideration
of coping capacities. The methodology presented here in Figure 3-1 has been formulated
based on the methodology for generation of adaptation pathways (Haasnoot et al. 2011;
Offermans et al. 2011) and aims to take the effect of coping capacity into account. This
methodology has been demonstrated in the context of Can Tho city, located in the

Vietnamese Mekong Delta, which is adapting to climate change.

Resistive capacity Assessment

1.Describe Current & Future ib.Update objectives
situations and objectives
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Figure 3-1 Methodology for assessment of coping capacity on ATPs and adaptation pathways
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The methodology for ascertaining the effect of considering coping capacity on the adaptation

tipping points for a flood system is outlined in the Steps below, with reference to Figure 3-1.

Step 1- Step 5 (Step 3a is an innovation and is explained below): Steps 1 — 5 are identical to
the steps set out in the methodology for construction of adaptation pathways by (Haasnoot
et al. 2011). These steps involve: 1) Description of current, future situations and objective.
This includes the probable scenarios in the future that the system is expected to face, such
as climate scenarios, socio-economic scenarios, land use, etc. ; 2) Analysis of the problem
related to flooding such as depth of flooding, duration of flooding and effects of flooding; 3)
Inventory of existing, proposed and potential flood protection measures based on the problem
analysis ; 4) Determining the adaptation tipping point by modelling the effect of the external
pressure such as rise in sea level, change in rainfall or runoff that are forced upon the system
before and after incorporating the adaptation measure(s); 5) The validity period (time of
occurrence of ATP) of a measure for a particular scenario is found by means of comparing
the tipping point with the time of occurrence of the threshold when the tipping point is reached

under the scenario (Haasnoot et al. 2013).

Step 3a Identification of options enhancing coping capacity: The measures taken to cope with
inundation and flooding at multiple levels such as household level, street level, block level
and city level should be identified by means of: (i) review of planning documents; (ii) field
study; and (iii) surveys. The willingness to accept floods, the extent up to which flooding is
tolerated, i.e. depth and duration of inundation; adaptation measures such as elevating floor
levels of houses and embankments around districts; coping measures such as blocking of
entrances during floods and staying indoors during flooding are identified in this step. The
relationship between the acceptance of flooding, adaptation measures taken and the coping

capacity realised through the adaptation measures need to be determined.

After establishing the relationship between the coping capacity and the measures, the impact
of coping capacity on toleration of the effects such as flood depth or flood duration should be
quantified. This may lead to a revision of the original objectives (Step 3b). This may also be
seen as a policy revision, i.e., an adjustment due to inclusion of coping capacity and the
availability of new information (Kwakkel et al. 2010; Walker et al. 2001). For example, when
the floor levels of the houses are elevated by 0.20 m there is a coping capacity for a 0.20 m

depth of flooding. This coping potential can be used to revise the objectives of flood
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protection measures, where flooding can be redefined as a situation when the depth of water

is above 0.20 m on the streets, e.g. exceedance (Balmforth et al. 2006).

Step 6: The adaptation pathways and the time at which each pathway no longer provides the
required service (tips) for a variety of flood protection measures can be determined by
repeating the Steps 3-5. This would yield all the possible pathways and their tipping points
when coping capacity is not considered. Inclusion of step 3a would yield additional adaptation
pathways or enhance the effect of existing pathways where the effect of coping capacity is

considered.

The effect of coping capacity on adaptation pathways is ascertained through the comparison
of the ATP’s of flood protection measures and their time of occurrence under various
scenarios with and without consideration of coping capacities. Quantification of tipping points
and the time of occurrence of individual ATPs indicates the effect and usefulness of including
the coping capacity. This information can also be used to assess the usefulness of the flood

protection measure under a range of drivers.

3.3 Case Study — Can Tho, Vietham

Can Tho, the biggest and a fast growing city in the Mekong delta is located in South Western
Vietnam on the right bank of the Hau river about 80 km from the sea. The Mekong Delta is
one of the top five in the world that are most vulnerable to climate change, where a 1 m rise
in sea level would expose about 15,000- 20,000 km? , i.e., about 40% to 50% of the delta
region to flooding (IPCC 2007). Studies (Huong and Pathirana 2013; Van et al. 2012;
Wassmann et al. 2004) show that Can Tho city will also likely to be affected by: (i) an increase
in river levels due to increasing sea levels; (ii) an increase in river runoff due to climate
change; (iii) an increase in urban runoff driven by imperviousness; and (iv) an increase in
extreme rainfall intensity. The threats to the socio-economic development of Can Tho include
seasonal flooding, sea level rise, potential land subsidence and uncontrolled rapid
urbanization (World Bank 2014). Recurrence of seasonal flooding of rural areas from the Hau
River during monsoons and the inundation of urban areas with water depths between 0.20 to
0.50 m on the streets are common in Can Tho. Inundation in Can Tho is due to factors such
as high tide levels and the inadequate capacity of the urban drainage network during heavy

rains and high river water level during monsoons. (SCE 2013). The Ninh Kieu district, which
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is the primary administrative and business area of Can Tho, was chosen as the study area.
This area is surrounded by major waterways: the Bassac River in the East, the Can Tho River
in the South and a major canal to the North. All of these water bodies are strongly influenced

by tidal variations.

3.3.1 Current, future situations and objectives (Step 1)

Factors such as sea level rise, deepening of the river bed, stronger tidal action, land
subsidence due to ground water exploitation, are potential causes for the increasing river
levels despite there being no increase in river discharges (SCE 2013). Based on the current
and future situations, the objective of the flood protection measures for Can Tho City is to
ensure protection from flooding in the event of a 1% flow probability event in combination with
the tides. This corresponds to the maximum river water level at +2.24m above mean sea
level (Table x.9, Page 221-222 in SCE (2013)). The current master plan (SCE 2013)
acknowledges that it is very difficult to completely eliminate flooding in Can Tho even with
flood protection and drainage measures in place for a 1% flow probability event (page 216 in
(SCE 2013). Considering this, the performance of the flood protection measures has also
been defined by limiting the extent of floods within a range of 1% and 5% of total area in order

to determine the adaptation pathways.

3.3.2 Problem Assessment (Step 2)

There is a lack of uniformity with respect to the design levels for dikes and embankments in
the plans prepared by the various and diverse agencies responsible (SCE 2013; SIWRP
2011; VIAP-SUIP 2013), and different approaches have led to different design levels and
freeboards based on 1 % flood event; year 2000 flood event; and a 1 % flood event along
with high tides & 2011 rainfall in the delta. The design standards for the flood protection levels
for Can Tho are based on the reference event for the flooding levels. The Prime Minister's
decision No.1581/QD-TTg dated 9t October 2009, for the construction plan up to year 2015,
specifies that the reference levels are for year 2000 and year 1961 flood levels in Can Tho,
whereas for construction plans beyond year 2020, the reference level in Can Tho is 1 %
probability flood event(SCE 2013). Further, the factors affecting flooding in Can Tho are beset
with uncertainties. The rise of future sea levels and variation in rainfall and river flow will
depend upon the progression of climate variables that are likely to follow one of the four
plausible scenarios - RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5 (IPCC 2013). The maximum

water level during a 1% flow probability event in Hau River is likely to vary between +2.47 m
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to +2.83 m above mean sea level between the years 2046 and 2100 due to the sea level rise
estimated by the IPCC 5th Assessment report (IPCC 2013). The uncertainty in estimates of
the volume of annual precipitation for this region also varies between 8% and 29% (IPCC
2013).

3.3.3 Proposed and potential flood protection measures (Step 3)

The flood protection measures comprise alternative dikes with crests set at +2.24m
(recommended by SIWRP (2011)); at +2.74m (recommended by the flood resilience master
plan (SCE 2013); at +3.20m (approved by the Ministry of Agriculture and Rural Development
through decision number 1721/QD-BNN-TCTL dated 20th July 2012). These are construction
plans and the analyses behind these proposals do not consider the future uncertainties,
hence they do not allow for flexibilities to adjust the height of the dike crest in the future. In
order to account for future uncertainties an alternative, adaptive plan is considered in this
paper with an initial dike crest at +2.54m that can be raised to +2.74 m and subsequently to
+3.20m in the future. The following flood protection measures — dikes with flap gates at
drainage outfalls — have been considered for the ATP analysis: (i) small dike — the dike with
crest at +2.24m as a business as usual case; (ii) medium dike - the dike with crest at +2.54
m; (iii) larger dike - the dike with crest at +2.74 m; (iv) very large dike - the dike with crest at
+3.20 m.

3.3.4 Social acceptance and Coping with flooding (Step 3a)

Social surveys and other studies show that most people in Can Tho, including children,
perceive flooding as a naturally recurring phenomenon; are aware of the risk and accept it
(SCE 2013). Recent experiences have shown that there is a high level of acceptance of
inundation when the houses are inundated for less than an hour with depths below 0.20 m
(DWF 2011). During the 2011 floods, when inundation was between 0.20 to 0.50 m for about
2 hours twice a day, life continued normally; which illustrates that people are “living with
water” in Can Tho (SCE 2013).

Individual households resort to adaptation measures that enhance their coping capacity.
Measures such as the raising of floor levels are very common adaptation measures in Can
Tho (Birkmann et al. 2010; DWF 2011). Many households in Can Tho build small temporary
dikes in front of their houses during the floods and hence there is a higher level of acceptance

of water around these houses at such times. These adaptation measures provide the
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necessary adaptation capacity to managing long term flooding in the streets and coping

against short term flooding in the households.

There is a growing number of households elevating their floor levels. Also the upward trend
of an increase in the elevation heights of building floor levels over the years is apparent
(Garschagen 2014). This may be interpreted as a response to an increase of flood events
over time. People are willing to raise their house floor levels by between 0.20 m and 0.50 m,
but not beyond 0.50 m (Birkmann et al. 2010; Garschagen 2014). These ranges also coincide
with the acceptance of flood levels and flood duration established by other studies for Can
Tho (Birkmann et al. 2010; DWF 2011; Garschagen 2014). The willingness to elevate the
house by only up to 0.50 m and to tolerate flooding up to 0.20 m is related to the relative cost
of elevating beyond 0.50 m, which is on average some three times more expensive than the
cost of elevating houses by 0.20 m (Garschagen 2014). Therefore there are two acceptable
limits: a) a physical limit, that occurs when the water level in the street increases above 0.20
m and water enters into the household; b) a socio-economic limit where people are not willing
to adapt or cope with the floods through this strategy due to increasing costs, which occurs

when the water level in the street reaches above 0.50 m.

3.3.5 Revising objectives to reflect coping potential (Step 3b)

The planning of adaptation measures for the future and the effectiveness of current
adaptation measures needed to be defined after considering the coping capacities available
in Can Tho as outlined in the previous section. The original objective of flood protection,
emphasizing no flooding, should be amended so as to prevent or limit the inundation of
buildings by considering an acceptable limit of either 0.20 m or 0.50 m inundation in the
streets. Tipping points for all the proposed and potential flood protection measures can be
determined after considering the coping capacity obtained though elevating floor levels above
street level by 0.20 m or 0.50 m. The 1% flow probability and floor elevations are indicators
of standards and current practices that have been considered here to demonstrate the ATP
approach. These standards are likely to change, as is evident from the evolution of coping

capacities by households (Birkmann et al. 2010).

3.3.6 Determination of ATP (Step 4)

A hydraulic model of the study area (Quan et al. 2014) was established as the base using

the SWMM5 model (Rossman 2010) based on digital elevation models, land use and existing
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drainage network details. The proposed and potential measures have been added to analyse
the surface flooding (2D) using the PCSWMM model (James et al. 2002). The depth of
inundation in the 2D cells at different water levels and for various flood protection measures

were obtained from the model output which computed the areas inundated.

The adaptation measures (described in section 3.3) have been tested for flood control due
to: (i) current river levels and; (ii) probable river level increases due to sea level rise based
on the four future climate scenarios recommended by IPCC (2013). The effect of local
precipitation has not been considered as the effect of pluvial floods is less significant
compared with that of fluvial flooding in Can Tho (Apel et al. 2016). An ATP analysis showed

that the current system is not effective as flooding already occurs at current sea levels.

From the ATP analysis it follows that inundation occurs at a low sea level and shifts to a
higher level when coping capacities of 0.20m and 0.50m are considered. The ATP analysis
for measures with a target of no flooding, limiting inundation to 1% and 5% of the study area
have been carried out. The ATP for the smallest dike measure has already been reached for
all of the targets considered as the current river levels are greater than +2.24 m. However,
considering a 0.20 m water depth on the streets coping capacity postpones the tipping points
until there is a 0.04 cm, 0.13m, 0.24 m respective increase in sea level for the targets of zero

flooding, limiting flooding to 1% and 5% of the study area.

Similarly, a 0.50 m coping capacity postpones the ATPs to 0.07 m, 0.33 m, 0.42 m respective
increases in sea level for the target of zero flooding, limiting flooding to 1% and 5% of the
study area (Figure 3-2). The change in ATP of a measure is thus apparent when different

levels of coping or alternative target limits are considered.
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