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Verse 110 Tirukural (Thiruvalluar 31 BC)

A helpful act howsoever slight
When timely, acquires true height
Translation by Gandhi (2015)






Summary

“Uflwgy FnigmGCarL’L g o ulleid wimenest
Oevuepe b LjeSIB TS &mI6Hr.”
- 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



Xiii

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, Vietham, 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 miljoen 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



XVvill

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 vloerniveau 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 (i) 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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Wige sefler g 6QeumIh yeau(BDd < eroHCredlm &Mjbhs UGSHSaMsn sL60 LOLL LD
26mm (PO 2.9mm U] H&HHHSCQSTEIHETNS. QHS JAHSHEHGWL SO LOLL LD
SL6D SlemeLsaesT 2 WAL |, Luled UmSLLSemenud QUhSGSHME. HSIOUILDTEHSEILD,
&revhleney LIHMUPLD Carbhg Ceueter LGN QBHEH HEHTRIGEMET STLILITHMIEUS6L
QmHs Coeld HEsTEGHIDe.  eTefgnId, ugeueomest  GuFLl  GLDELTEEIENLD
2 $5&@EpD WOMHMID  QFWEOUTLE  (PODMSEHD  (LPEITEDIS TS EFHL 60T  6T6LEVIT
BIHSeML (W CFweLUM 160 @) (hSSH6aTM 6.
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Ahg SYIMUFS, BSOWL &TIHS QeueTen UTHUILSE@HSST6TT  HEFFWIDMM  &6TMLOGHHT,
HTOASTETEHD  FeumeL&HeT WOHMID  HLLOIGL  PpmMEsT  GSMNHH AV&EHDGI.
BOBHLCU 2 6Tem SiMONUID &FMHHS SHEHULEET, GH6T LFlHe0&6T OMHMID  &E6)6D
uflrHmb GGG THFUTTULSET W&l CLEID Qbhs QTTUIFSISSTE FeUTELSH6Mm6I
SHGHEKTMET. BHLOG WIMUFHUNET (WDHL CHTSHHD BHSHJRIGaTNL gOUBL QeusTen
urSULUSemen SEUUSTGL. Qeng CBSHLDeuTsnr HLLLOIL 6L (PmMEH6TTeL 4 MIh S|
Qwed uBHS Wb, Qurgeurs WL QL (PL  H6TemD  616TUG  6THG NGLOMewT
QLW NeOBHID HTESG Higés Falgll S6LELG UTHLUNMHEG N6TmID LiemLO! HlemeveniL
Sy QuOm  THISTELSHSHL  sTeveLT  NGOMET  UTHUNMHGD  FeUTELSHMEN
TATUTTSHBLUUSTGLD. QB&HLDeuTs HLLLOL 60 HUHOGLOMe ULl (LPEMMEET Cl&TeTorL
QFWeL (WeDWNGLD. QH epeuQeun@® eulfl (WPemOW|D LLGCoum WIDHM CULHIGET /
wemsefed Q@hEH Csfley QFUILLLL  FTHEHOMET  LIEVTHDET  H6M&H&HE5F0lq LI
aflIpmPWINGLD. Qhifleonhsler CHev BhEH&HMIUND SMSGSIULL SEHUL iy6wr
GHTEMVEHD  HHSHESEEFalql  CeueTen  UTHILUSERSES gmU  SHUY  AFen6s0r
2 WTSHHSGCHTETEN FalqliHTH HEMLDHGICTENG|. H6OML NUILBTD BT Ig6L 2 6iem G&HedT
QaT BEIGHL SLLUULL SligLM&T $MH&Te0s HHUY Siesnr OMIWD  LOTmILD
SOJOLLLD / SlGSHFHNHHIL 60T HMWSSLILULL FTGLD. QhS euend S L LHIL e0&efled OIS
WéHwwmer  (WPReUGSGL  FHEHWTS, Wemmwms  FHILLLOLEL (PN EHL 65T
SMIDHGSILULL.  BS  CHELGEOTUPD  FH6HT  cLpevld  H@bU S &SLCUMID B
SBMIUALD eNaThIGEDSI.

@Qemssioner / Qp&ADaITET CHIHOSHHHL (MM  6T6ITLHI, 6T6LELT  QUMSSHaTIeV6uT
SHLLLOIL6D pmmeemeT  YIMUBS,  FHLHme&CHHL griluimest LIT6 & 6L
SDITENIUSTGSLD. THSHSHSSTLL TS, Hmmlest HBILLLLD 30cm 2 ul@hLCUTE 6T6L6OIT
SLLLMseM6T &enIwlL (L HGurglemer gmmlen BILOLL &H60 @bHE 30cm 2 Wj&E)
SLL Geustoi(hd. Goeyild 20 eu(BLMGeMed ymmiest BILL LD 50cm 2 wWGLOGCUTE SGHLIY
ST MG HIHCSTeTeug Fflwmsnr CHFeUTGLD, CHCUTL Gymmler  HIFOL LD 70cm
2 W(HLGCUTE SLL L MR&eM6T HmILLL 2 UITGHmG 2 WFHSCHTeTeUGHIL 65T SHLIL iF6sor

SismLLge|d Fflwimer A fleun@d. Q&IGLITED, sTeL6OT QUL (PEMMSEMETILILD SH65oTLMbHE),
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QeustGaim eum&uwimer WMHMIWLMWSGSILULL QFWe (PemmaHemear BTHEDIIHET. Qb

alfleumesT  SIENIGWPMMES Iyl CeFULCH @hs WIMiIFHuler CHTSHSOMGLD,
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WM (sTeueumm) QFwwl Ceusor(Rd), iv) &mi&Lumer / ellemyeumen Q&FWweOUT  (H&G
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QEWeLNEESHMES / LWNSEFHE &L (HeUSTGLD.

AQns eNifleursr SEDIGUPMDUNGT allameatalrsd, Qs WIMUFHAUND H&Heued QFHMTLIL,
S CLICQmemU6eD, aflsleuail SumiFs wHMID 2 musdH QsTLjumer Q&FweLUTL (H
(LPEMMB(EHLD LOMHMILD 13 &M &MjhH& Q&uweL LOT &I & (61 LD
o LCGWMsLURSSULL (Hemerssl. Qb WIMLFS (WPIg6US6T i) SLL 6L CGTL[JLIT6s
(PeoTGeTmUTLIT6RT QFUIL (LPEMMSET i) QeuSH&LOMmesT SILLLOIL 60 cpeuld SHevorMiuliil(hd
SmhH CFWEL (PMMSBET WMMID i) 6OTHEUDTEN QFWICLUPMMEBET cLpeVLDTS:  HiG)
HMone wrMe@HD QBT SEuSTETLL (LPemmSeesT cLpeulnrs GLoLI(h & SLILILEl6Tme6T.
Cuogilb @eésnmest HLLLOIL 6L wHmID ULCaIm QFWeLUTL(H (LPMMEET CGTL FLIT6DT
SLIMUEFHSET NULBID BT Ig60 2 6fem CHeoT QFHMT OMHMID e VHCHEONT BHITL Lg.6D
2_efern QeLCGUMFer CUTeTM H&HIMIGTNED QFWELLI(HSHSLILIL (HECSM6uuI (hHMF).
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1 Introduction

QUTRTHIRTN 2 VFHLD QULPEIH) 61(hS 6V TeD
STTLONPSLD GTRTMIGSTTLI LIMH D]
- 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



8 Flexibility in Adaptation Planning

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; (ii) 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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Adaptation

Responses

Understand and integrate adaptation responses
— Purpose, approach, medium and needs

Ascertain the effectiveness of response
— Purpose, Time and Scale

Implement adaptation responses
— Time, scale, actors, medium and needs

Figure 1-2 Need or puropse based grouping or reclassification of adaptation measures

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

“erLiGUIT(HaT wrgwrieuTuid CxL e/ 9yLIGLIT(HeT
OouLiG\LT(HeT HressTL $M)ey”
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
forimplementation 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; Kilijn 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).



Structuring climate adaptation .... 19

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 (Rozer 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.qg., 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; Klijn 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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6. Finalise and
implement

adaptation
measures .

3. Determine the
drivers of
change

2. Bring
together the
multiple
perspectives in
the adaptation
context

5. Establish the
links and
compatibility
between
measures

1. Ascertain the
adaptation context and
needs

4, Collate the
characteristic
features of
adaptation
measures

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.
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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; Smaijgl 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.



Structuring climate adaptation .... 31

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;
(i) 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; Smajgl 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. Itis 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 Ilarger 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

e  Adapting to urbanisation

e 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 (Fussel 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 Vietnamese 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.
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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 No0.1581/QD-TTg dated 9" 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 SWMMS model (Rossman 2010) based on digital elevation models, land use and existing



48 Flexibility in Adaptation Planning

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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Figure 3-2 Adaptation tipping point for flood protection measures.
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3.3.7 Determination of Time of occurrence of ATPs (Step 5)

The time of occurrence of ATP (validity period) of the measures can be determined by
matching/ comparing the tipping point of the measure with various scenarios, i.e. the vertical
bands in the light and dark shades shown in Figure 3-2. which indicate the likely range of sea
level rise, from 66 % to 100% probability with medium confidence, i.e. based on limited
evidence, but with a high level of agreement among researchers — to be expected in the years
2046 and 2081(IPCC 2013).The time of occurrence of the ATP of the small dike measure
has an ATP for a 0.03 m increase in sea level, which is likely to occur around the year 2017
under all of the four climate scenarios. When the 0.50 m coping capacity is included for the
small dike, the ATP shifts until there is a 0.33 m rise in sea level. The time of occurrence of

ATP is likely between the years 2042 and 2048 depending on the climate scenario.

3.3.8 Creating, evaluating and sequencing Adaptation Pathways (Step 6)

A shift in the time of occurrence of an ATP could also be achieved by switching to a new
measure that enhances the level of flood protection. For example in Figure 3-2, for a small
dike with an ATP at 0.03 m, a higher level of protection could be achieved by switching to a
0.20 m floor elevation for all households or by implementing 0.50 m dike heightening. A later
ATP could be attained by elevating the floor levels by 0.20 m and then building a medium
dike or vice versa. Thus a number of Adaptation pathways may be established by combining
the options and their order of implementation. Based on this concept, 91 possible pathways
have been identified for the Ninh Kieu district, Can Tho, using the various flood protection
measures listed in Figure 3-2. Some of these adaptation pathways for the proposed and

potential flood protection measures are shown in

Figure 3-3, which was generated using the adaptation pathways generator developed by
(Haasnoot and Van Deursen 2015). The coloured vertical and horizontal lines (red, blue,
brown and green lines) indicate the adaptation pathways that originate from small, medium,
large and very large dike measures. The transfer stations (white dots enclosed in black
circles) indicate the shift from one measure to the next measure. The end of an adaptation
pathway, i.e., the tipping point of a measure or a combination of measures is illustrated using
a small vertical black line.
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Figure 3-3 Adaptation pathways for flood protection measures comprising coping potential
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From Figure 3-3, all of the individual adaptation measures and pathways have fixed tipping
points with respect to sea level rise. A medium dike is effective up to a 0.46 m increase in
sea level, whereas in combination with a 0.50 m floor elevation the pathway is effective up to
0.69 mincrease in sea levels. The uncertainty in sea level increases are represented through
four IPCC (2013) scenarios that indicate the year at which the corresponding sea level is
anticipated in the future (Figure 3-3 x- axis below the sea level rise). It can be seen that the
tipping points of various adaptation measures vary depending on the climate scenarios. For
example, the medium dike will reach its tipping point in the Year 2070 under RCP 2.6,
whereas the tipping point of the medium dike will occur in the Year 2050 under RCP 8.5. If
the tipping point of the medium dike has to be extended up to Year 2070 in RCP 8.5, then a
0.50 m household floor elevation measure has to be implemented.

3.4 Discussion

People in Can Tho have been living with floods. The current master plan (SCE 2013)
acknowledges the adaptation & coping measures taken by the citizens of the City.
Acceptance of flooding within households and their responding by elevation of floor levels as
a coping measure has been identified as a result of social surveys (Birkmann et al. 2010;
DWF 2011). The inclusion of these household responses as a flood protection measure
postpones the tipping point at which elevated dyke measures need to be implemented (Figure
3-3). These household measures also play a role in increasing the resilience of the system
as a whole by: (i) increasing the system capacity; and (ii) reducing the impact of flooding. For
example, the functional failure of the medium dike with its crest level at +2.74 m above mean
sea level does not occur when the river water level reaches +2.74 m, but occurs when 1% of
the area studied has a flood inundation depth above 0.20 m. Also, if elevation of household
floor levels is taken up in a coordinated manner instead of the prevalent ad-hoc uptake, this
would lessen the impacts of flooding in Can Tho. This highlights the importance of considering
the societal aspects and social limits of the systems for enhancing adaptation (Adger et al.
2009).

Further, when short term coping interventions such as by citizens protecting themselves, are
coordinated with long term adaptation interventions, like dyke heightening, this improves the
overall flexibility of the system (Zeff et al. 2016). This would also be an effective no regret
adaptation strategy to tackle the uncertainty due to climate change. Such no regret strategies
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are also in line with the recommendations of the Mekong Delta plan (MDP 2013) that

advocates the need for low regret measures in order to tackle uncertainties.

Evaluation of flexible adaptation strategies are usually based on the monetary benefits (e.g.,
De Neufville and Scholtes (2011), Wang and De Neufville (2005)).The decisions based on a
single criterion such as monetary benefits, while assessing adaptation measures or valuing
flexibility could inadvertently lead to narrow outcomes. This necessitates the need for
comprehensive assessment of adaptation responses. For example, including cost as one of
the objective and enabling trade-offs with multiple objectives using multi-objective problem
formulation (e.g. Kasprzyk et al. (2016)) is a better way of supporting decision making.
Assessment of a preferred pathway or selection of a viable pathway among Can Tho’s
adaptation pathways (Figure 3-3) should be based on social, economic and financial costs
and benefits under various plausible scenarios in the future. Also, the decision making should

be based upon a multiple criteria analysis with the involvement of all the stakeholders.

It can be concluded that, in a socio-technical flood risk management system consideration of
the coping capacity improves the adaptation responses and leads to better adaptation
outcomes. Consideration of such coping capacities leads to a shift in time of occurrence of
the ATP of adaptation measures. However, the coping capacity of a community evolves with
time as a response to the adaptation measures, which is evident from the increasing heights
by which floors are being raised in houses in Can Tho (Birkmann et al. 2010). Lack of proper
understanding of the dynamics of the coping capacity — i.e., the increase or decrease in
coping capacity with time — under the present and future circumstances may lead to a false
sense of security and subsequent erosion of the coping capacity. Accounting for the evolution
of the coping capacity and adaptation measures, while determining the targets for ATPs can
help in realising this capacity provided by adaptation measures in the future (Garschagen
2015).
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3.5 Conclusions

A methodology based on adaptation pathways has been developed and demonstrated using
the flood protection measures in Can Tho. Application of the methodology in Can Tho shows
that the current planning process does not consider the household coping capacity and does
not take future uncertainties adequately into account. Surveys and studies conducted in Can
Tho reveal that people can cope with floods as long as they are within manageable limits.
Hence, formal institutional led infrastructural flood protection measures should not be seen
as stand-alone measures as they consist of physical components of a flood risk management

system that is inherently a socio-technical system.

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.



4 Context specific adaptation grammar for climate
adaptation in urban areas

“@meTlpg ClFTONIF CIFTR®6V 9DeyLD
QuTpEpLd 9Seshare si1@ )6
Verse 644 (Thiruvalluar 31 BC)

“Speak words adapted to various hearers” state,
No higher virtue lives, no gain more surely great”
Translation based on (Pope et al. 1886)

In the context of climate adaptation planning there are relationships between
adaptation drivers and adaptation measures, and also the interrelationships between
the many potential adaptation measures. These relationships makes the selection and
implementation of the adaptation measures a challenging task. This challenge may be
addressed by: structuring the adaptation problem using a multiple perspective
adaptation framework; and applying a context specific precedence grammar logic for
selecting and evaluating adaptation measures. Precedence grammar logic is a set of
rule based algorithms (grammar) that are based on the relationships in a local
adaptation context, i.e., among the drivers; among the adaptation measures; and
between the drivers and adaptation measures. This paper demonstrates the
application of a context specific precedence grammar logic in an adaptation context —
Can Tho, Vietnam — where there are multiple drivers, complex interactions between
the drivers, adaptation measures and multiple futures. Adaptation pathways
comprising flood adaptation measures (i.e. dike heightening) for this case were
generated using rule based algorithms based on the relationships between the drivers
and the adaptation measures. The results show that complex adaptation issues that

are structured, can be resolved using a context specific adaptation grammar approach.

This chapter is based on the journal article “Radhakrishnan M, Islam T, Pathirana A,
Ashley MR, Nguyen HQ, Gersonious B, Zevenbergen C (Under review) Context
specific adaptation grammar (algorithms) for climate adaptation in urban areas

Environmental Science and Modelling”
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4.1 Introduction

Urban areas which are home to more than half the world’s population and composed
of complex interdependent systems are a major challenge for climate change
adaptation planning (Revi et al. 2014). The challenge and complexity is due to the
interactions between social, economic and environmental stressors; where all or any
can exacerbate risk to individual and to the households wellbeing (Radhakrishnan et
al. 2017a). - The economic capacity and ability to make comprehensive decisions in
deploying adaptation measures are seen as the key factors in determining the
sustainability of Deltas, where the urbanisation and economic activities are
concentrated (Tessler et al. 2015). The current frameworks on risk assessment and
adaptation call for accounting of all significant natural and anthropogenic drivers in
adaptation related decision making (IPCC 2014; UN 2015). This can improve the long
term resilience of cities against climate change. Decision making at a programme or
project level is beset with uncertainties associated with the multiple drivers (Buurman
and Babovic 2016). Also there are uncertainties related to system performance in the
range of scenarios anticipated in the future, and uncertainty regarding the ability of
any strategy to adapt to future scenarios (Maier et al. 2016). Hence it can be concluded
that adaptation related decision making in urban areas should take into account: (i)
the complexity of adapting urban systems to climate change; (ii) the need for the
consideration of multiple drivers, especially socio-economic (e.g. population,
urbanisation, gross domestic product — GDP etc.); (iii) uncertainties associated with
the drivers and; (iv) approaches set out in extant enabling frameworks for carrying out
risk assessment and development of adaptation plans (Dittrich et al. 2016; Maier et al.
2016; Matteo et al. 2016; Young and Hall 2015).

Expertise on climate change, socio economic drivers that increase vulnerability and
impacts, integrated assessment modelling for assessing impacts and vulnerability, is
becoming increasingly sophisticated (Hallegatte et al. 2011; IPCC 2013; O’Neill et al.
2015). However, at the municipality level — the level which matters most for urban
adaptation —there is a lack of enabling conditions and frameworks to support the timely
evaluation of emerging urban adaptation measures that operate across a range of
scales, timelines and how these are rooted in local contexts (Revi et al. 2014). There
are recent decision supporting frameworks such as dynamic adaptation policy
pathways (Haasnoot et al. 2013), real options (De Neufville and Scholtes 2011;
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Woodward et al. 2014) and robust decision making under uncertainty, which was used
in the planning of Thames estuary 2100 project (Sayers et al. 2012). There are also
frameworks that approach adaptation from an investment perspective (Young and Hall
2015), which consider the performance of measures across multiple scenarios, scales
and timelines. In addition to dealing with uncertainty, the strength of real options
approaches applied in infrastructure domains is the consideration of path dependency
(Gersonius et al. 2013). Path dependency is the dependability of the decisions made
in the present on the decisions made in the past and/or the decisions that would be
made in the future, that are always likely to affect the current decision. However,
inclusion of path dependency in a multiple driver or multiple adaptation context and
the inclusion of inter-relationships is lacking in adaptation pathways and real options
approaches. Also, these frameworks do not address the complexity arising out of the
relationships between multiple drivers and the interaction between adaptation
measures at a finer scale such as at household level. Hence in order to help decision
makers to choose and implement adaptation measures at the municipal scale, it is
essential to develop an evaluation framework that is: (i) broad enough to
accommodate the complexities arising out of multiple drivers; (ii) sufficiently detailed
to model the interactions at finer scale; (iii) easy to understand and modifiable with a
simple logical structure and ; (iv) context specific, i.e., represents the inter-
relationships between the drivers and adaptation measures for the local adaptation

context.

Recently devised adaptation frameworks can be used to address the concerns
regarding the difficulties of including multiple drivers and adaptation across scales
(e.g. Radhakrishnan et al. (2017a)). However, the detailed analysis required is always
likely to be complex. The aim of this paper is to address this by showing how to
overcome the challenge in modelling and evaluating a complex adaptation problem
that has been structured by using a multiple perspective adaptation framework. The
paper demonstrates the application of a context specific modelling and evaluation
approach (Islam 2016) in an urban climate adaptation context, where there are
multiple drivers; complex interactions between the drivers; relationships between the

adaptation measures; and multiple possible futures.

The paper is structured as follows: (a) a review of relevant literature on flexible

adaptation approaches and making the case for a context specific modelling
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framework; (b) methodology describing the context specific modelling and evaluation
framework; (c) application of the framework in Can Tho city, Vietham, which is
currently adapting to floods due to multiple drivers; (d) discussion and evaluation of
the results; and (e) conclusions of the findings specific to Can Tho and how the

approach can be applied in other contexts.

4.2 The Need for context specific adaptation grammar

Modelling of path dependencies in a multiple driver context requires the understanding
of various drivers and adaptation measures in a system that is undergoing adaptation.
A majority of such systems are complex systems, where there are components such
as variables, concepts, relationships and evaluation metrics (Hinkel et al. 2014;
Ostrom 2009). The essential features of complex systems are non-linear feedback,
strategic interactions, heterogeneity and varying time scales (Levin et al. 2012).
Hence complex systems cannot be explained, described, predicted or modelled
accurately (Cilliers 2001). For example, urban water systems can be considered as
complex adaptive systems (Kanta and Zechman 2014). Urban water systems such as
urban flood risk management are comprised of variables (such quantity of rainfall, river
discharge) and are based on concepts such as satisfying basic services, water
sensitive cities, sustainable development goals (e.g. UN (2015)). They also include
relationships between variables based on deterministic relationships such as rainfall-
runoff equations or non- deterministic relationships such as how the residents of the
city react to flooding (e.g. Garschagen (2015)), as well as evaluation metrics such as
service level bench marks (e.g. Min. of Urban Development (2017)). In the context of
cities adaptation being anthropogenic; i.e. initiated by stakeholders where a rigid
system can be made adaptive through adaptation measures initiated by stakeholders.
Hence adaptive systems in an urban contexts are adaptable systems. Systems whose
components can be modified, by decision makers, for adapting to changing
circumstances are termed as adaptable systems (Oppermann 1994). Therefore
complex adaptable systems can be defined as systems comprising variables,
concepts and components that can be changed; the relationships among the variables
and among the concepts can be established but cannot be fully explained, described

or predicted accurately.
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Understanding the relationships between the adaptation measures enables the
decision makers to tailor any adaptation according to the needs and emergence of
variables, especially the drivers. A common appraisal framework based on a system
of systems approach, capable of comparing, combining and appraising adaptation
measures across sectors is essential to achieve effective or efficient adaptation
outcomes (Young and Hall 2015). In addition to the system of system approach, other
approaches and perspectives can enhance the understanding of interaction between
the adaptation measures and the drivers. For example, multiple perspectives for
structuring climate adaptation (Radhakrishnan et al. 2017a) and integrating pathways
(Zeff et al. 2016) are some of the recent approaches that can be used to ascertain the
relationship between adaptation measures and drivers for enhancing the effectiveness

of adaptation measures.

There are challenges in developing an overall modelling and evaluation framework for
modelling path dependencies and inter-relationships in a multiple driver context.
Firstly, integrating a system of systems approach into a modelling framework is a
challenge, where a small system change can have a large overall systems effect
(Maier et al. 2016). Secondly, developing a generic evaluation framework which
considers change at a local scale is also a challenge as the number, nature and
relationships between the drivers vary in every local context (Sayers et al. 2015;
Tessler et al. 2015). Therefore, fitting together the uncertainties and system
performance in all possible scenarios is essential for evaluating adaptation measures
in a multiple perspective (Maier et al. 2016). Scenarios relate entirely to changed
environmental drivers (stressors) such as sea level, rainfall intensity, temperature (e.g.
IPCC (2013) scenarios); and, changed socio economic stressors such as GDP,
population growth rate, rate of urbanisation (e.g. Shared socio economic pathways
O’Neill et al. (2015)).

Evaluating the collective robustness of various adaptation measures together, rather
than of the individual robustness of a particular adaptation measure has been
proposed as a way to better include uncertainty and to ensure robust system
performance (Maier et al. 2016). Decision making methods to define and select robust
measures are being recommended for determining the lowest level of trade-off
between optimising returns (efficiency) and robustness (sustainability), although the

generic toolkits for detailed analysis are still in development (Dittrich et al. 2016).
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Young and Hall (2015) for example, have proposed such a generic method based on
temporal and operational interdependence in a local context. However, this method
needs to better include precise path dependencies, inter-relationships between drivers
and the performance of adaptation measures in all plausible scenarios that are
considered. Zeff et al. (2016) have proposed a risk-based framework based on
dynamic adaption policy pathways (Haasnoot et al. 2013), to evaluate the performance
of adaptation measures in all possible scenarios. This framework uses the concept of
path dependencies and risk-of-failure as a trigger, which is the condition to switch to,
an adaptation measure that will prevent the failure or the occurrence of tipping point
(Zeff et al. 2016). However, in this approach the inter-relationships between the drivers
and the relationship between the adaptation measures are not sufficiently detailed.
The level of detailing in the inter-relationships between the drivers and adaptation, i.e.,
granularity, can be enhanced by means of using a context specific adaptation pathway
generation and evaluation approach as developed by Islam (2016). This is further

discussed in the next paragraph.

Islam (2016) has used a set of context specific rules — similar to the language
grammar rules in English, French or any language that guide the formation of a
sentence — for generating adaptation pathways. Precedent grammar — a term which
is generally used in computer programming - is a set of production rules for generating
a combination of words or symbols based upon the relationship between the words in
a given set of words or symbols (Floyd 1963). Similarly, a set of rule based algorithms
(grammar) that are based on the relationship among the drivers, adaptation measures
and between the drivers and adaptation measures in a local adaptation context can
be generated. Islam (2016) approach, termed: “context specific precedence /
adaptation grammar approach” comprises: (i) context specific rules for generating
adaptation pathways that are based on the relationship between the adaptation
measures; (ii) scenario generators for creating scenario combinations based on the
range of drivers under consideration; and (iii) trigger functions that are based on the
adaptation objectives for switching between adaptation measures or generating
adaptation pathways in a local context with multiple drivers. This paper demonstrates
the application of this context specific precedent grammar approach for the generation

and evaluation of adaptation pathways in an urban flood risk management system.
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4.3 Methodology

Modelling context specific adaptation grammar approach (Islam 2016) was chosen to
generate and evaluate pathways as it has the following advantages: (i) builds upon
the dynamic adaptation policy pathway approach of Haasnoot et al. (2013); (ii)
includes path dependencies and inter-relationships, unlike the generic method used
by Young and Hall (2015); and (iii) is able to enhance granularity in considering the
inter-relationships between the drivers and adaptation measures, unlike the risk based
framework developed by Zeff et al. (2016). The context specific grammar
methodology for modelling of modular systems under uncertainty developed by Islam
(2016) comprises the following four components: (i) the exogenous scenario space
SP influencing the system along with the number of possible scenario combinations
S; (ii) the possible modules, i.e., the adaptation measures and their interrelations R;
(iii) the trigger G, i.e., the control logic connecting SP and R and; (iv) the evaluation
functions E based on R and triggers which are used for evaluating the adaptation
pathways. Along with the components, the system time window T, time step 6t and
number of scenarios N should also be specified. By understanding the components in
a complex adaptable urban flood risk management system, adaptation grammars,
scenarios, trigger and evaluation functions for assessing adaptation measures can be
generated. The terminologies and abbreviations used in the context specific algorithm

are presented in Table 4-1.

Table 4-1 Abbreviations and terminologies used in the context specific adaptation grammar

a Attribute associated with an adaptation measure, such as cost of the
measure

c Name or identification number of an adaptation measure or module

E Value of an adaptation pathway based on the M value of the pathway

across all scenarios S and time steps 6t in time window T

G Trigger function, i.e., a condition or a set of conditions used to assess
the performance of the pathways or trigger an implementation measure

based on the tipping point

H Cartesian product of paths in W, scenarios S and their result for system

state M at every time step §t

M Value based on the system state of an adaptation pathway at every time
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step &t in planning range T for a pathway ‘wi’ at scenario combination

at all scenario combinations Seva; Or Stig

N Number of scenario combinations generated
p Pre-exclusion, i.e., conditions or an adaptation measure that should not
be present along the pathway for implementing an adaptation measure ¢
q Pre-requisite, i.e., conditions or an adaptation measure that need to be
in place for implementing an adaptation measure ¢
R Set of rules set describing the inter relationships between adaptation
measures
I'n n®" rule in the rule set R describing the inter relationship of an
adaptation measure with other measures
S Set of N number of Scenario combinations comprising all drivers in the
context
Sevar | Scenario combinations comprising evaluation drivers
Strig Scenario combinations comprising trigger divers
Si ith scenario combination in the scenario combination set S
SP Exogenous scenario space comprising the adaptation drivers and
uncertainties associated with them in the local adaptation context
T Time window, i.e., Planning range
Un Climate or economic or demographic drivers such as rainfall, gross
domestic product or population growth rate and the uncertainties
associated with these
w All possible adaptation pathways generated using rule set R
Wi ith adaptation pathway in the adaptation pathway set ‘W’ comprising one
or more adaptation measure
X Post-exclusion, i.e., conditions or an adaptation measure that cannot be
implemented along the pathway when adaptation measure c is
implemented
ot Time interval at which an adaptation pathway assessed is using the

trigger G

[]

Represents a set containing values such as characters or number

f()

Represents a function
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4.3.1 Exogenous scenario space

The total scenario space is defined as,

SP = [uq,uy ... Uy

where the space is described as a collection of drivers u such as rainfall increase, sea
level increase and GDP growth along with their associated uncertainties. The scenario
space SP together with the planning horizon T, time step 6t and number of scenarios
N are used to generate a number of possible scenario combinations S =

[S1,52, e e sy], where s; = [uy,,u,,, .. up,]. In local contexts where necessary, separate

exogenous scenario combinations Siig comprising trigger drivers and evaluation
scenario combinations Seva) comprising evaluation drivers can be generated. Siig are
the scenario combinations that are used to trigger or implement the adaptation
measures, whereas Seva are the scenario combinations used in the final evaluation of

pathways that are based on a user defined criteria

4.3.2 Adaptation modules

The system modules —i.e., adaptation measures — and their interactions are defined
using the rule set R = [ry, 1y, ... ... 1], where each rule r1 to ra comprises 5
determinants,

r=f(c, q, p, X, a)

composed of a module id ¢, pre-requisites q, pre-exclusions p, post-exclusions x and
attributes a. Let us consider for example, an adaptation measure such as constructing
the superstructure for a 50 cm high dike as a module with module id ¢=4.0. The names
of adaptation measures are deliberately assigned to decimal number, such as “4.0”
and not as an integer or as character, such as “60_Dike” or “D50”, because the
context specific algorithm uses the name for generating temporary names based on
the position of the measure in the pathway. The prerequisite g for this module is a
condition where the foundation for the 50 cm dike is already in place or a smaller dike,
say a 20 cm high dike is in place. The pre-exclusion p is the module / modules that
should not be in place for constructing a 50 cm dike, i.e. if a 70 cm high dike is in place
then a 50 cm dike need not be constructed. The post- exclusion x is the module /
modules that cannot be implemented once the module cis in place. For example once
the 50 cm high dike is in place, a 20 cm dike cannot be implemented. The attributes a

comprise the characteristics which are specific to the 50 cm high structure such as
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cost of the dike, time for construction, lifetime of the dike, etc. These determinants in
the rule set ensure that the irreversibility and path dependency of adaptation pathways
that are encountered in reality are taken into account. Using rule set R a set of
adaptation pathways W containing paths (wo, w1,.... wi) can be generated. For example
the path wo is pathway comprising a sequence of adaptation measures such as 20
cm high dike followed by a 50 cm high dike; w1 is a pathway starting with a 50 cm
high dike followed by a 70 cm high dike; and w2 is a pathway starting with a 20 cm
high dike followed by a 70 cm dike.

4.3.3 Adaptation trigger

The trigger G is the condition which determines the switch from one pathway to
another. In other words trigger G is a condition leading to the tipping-point and hence
the switch to a pathway where there is a likelihood for delay in tipping in the future.
For example the trigger for implementing a dike could be a certain percentage of an
area submerged for once in a 100 year river level. The objective of flood risk
management can be to limit the area of submergence to less than 2% percent of the
entire city area. For instance, a 50 cm high dike might be sufficient under current
circumstances to fulfil the objectives, but increasing river levels might enlarge the area
submerged to 4% in another 5 years and hence triggers the construction of 70 cm high
dike in order to keep the area submerged to less than 2% of the total. The trigger can
also be based on a risk based trade-off, i.e., based on cost and benefits.

The Cartesian product (W, Stig) of all the scenarios S comprising generated scenarios
S1,82....Syand pathways comprising w1, wa....ws, is evaluated using the trigger function
G.

G = f(w;,5) V [wy, 5i]i 0[S, x W]

The trigger function G, determines the system state of adaptation modules, which is
either 1 or O, in pathways in all scenario combinations. System state of an adaptation
measure is an attribute of the adaptation measures in the pathway, which indicates if
these measures were already in place at the start of the planning period or if these
were implemented during the planning range in order to postpone the tipping point.
For example, the system state is ‘0’ for any adaptation pathway at the beginning of the
analysis. Let us consider a pathway w; comprising a 50 cm dike which is later upgraded
to a 70 cm dike. When the increasing water levels do not necessitate the switch from

the 50 cm dike to a 70 cm dike under a scenario s; the system state ‘0’ is taken as the
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system state for scenario si. The system state of pathway w; becomes ‘1’ for scenario
si where the increasing water levels trigger the switch to a 70 cm dike. This
comparison is done at every time step for every pathway and the result are aggregated
as a value M. M value is obtained for all pathways and scenarios. H is a list containing
the results for the pathways evaluated using the trigger function in all possible
exogenous scenario combinations S;,; ;jand the result of the evaluation M at every

time step t in the planning range T, where Ts is the starting year and Tk is the ending
year .
M= f(Gy,s,) ¥ [tr,corp Sicon | i [TXSerig
H=[M]V [w]in [W]

For example, a pathway containing a 50 cm high dike and a 70 cm high dike could be
tested in time steps of 5 years for the next 100 years for four different sea level rise
scenarios and evaluated as to when the switch occurs to the next path containing a
120 cm dike using a trigger (keeping the submerged area less than 2%). In this case

there will be four results for the same pathway as there are four different scenarios.

4.3.4 Pathway evaluation function

Lastly, the evaluation function,

E=fH)=ffm)V [wys]in [Seva X W])

can be any summation and/or product function. As every pathway has a value M for
every evaluation scenario combination S.,,;, the pathway can be evaluated based on
the value of M. For example if the pathway containing two incremental dike increases
in elevation (such as 50 cm first, then 70 cm next) are capable of maintaining the
flooded extent to less than 2% across all scenarios, then this pathway can be
evaluated based on the timing of these two increments and the flood damages avoided
by these measures. User defined comparison criteria like present value of total cost
along the pathway (comprising implementation cost and flood damages), can be used
to assess the appropriate timing of modules for all possible trigger timings in a
pathway. In order to interpret or present the results of evaluation for the ease of
understanding, a ranking criteria E, based on the present value of total cost can be
calculated for each pathway so that the performance of the pathways can be
compared across all possible scenarios.

Islam (2016) gives further details regarding definitions, descriptions about the sub
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components of the four main components — exogenous scenario space, adaptation
modules, adaptation triggers and pathway evaluation function — comprising the

context specific grammar architecture and for the logical structure behind the rules.

Here the context specific grammar outlined above has been applied for the evaluation
of climate adaptation responses for Can Tho city in Vietham where there is current
formulation and implementation of adaptation planning for addressing changing urban
flood risks and socio economic changes (MDP 2013; World Bank 2012).

4.4 Case Study

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 some 80 km from the sea. The
rapid urban development of Can Tho has led to unplanned growth, increase in real
estate prices, widespread water pollution and flooding issues. It also suffers prevailing
social disparities in terms of the availability of housing stocks and access to services
among the residents (Garschagen 2014). The city is likely to be affected by an
increase in river water levels due to sea level rise, an increase in river discharge, urban
runoff from rainfall, and effects of land-use change (Apel et al. 2016; Huong and
Pathirana 2013; Smajgl et al. 2015; Van et al. 2012; Wassmann et al. 2004).
Comprehensive analysis and structuring of the adaptation context in Can Tho using a
multiple perspective adaptation framework is discussed in detail by Radhakrishnan et
al. (2017a), which provides the overall guidance for the application of context specific

grammar in Can Tho.

4.4.1 Structuring the climate adaptation context in Can Tho

Flooding is a recurrent phenomenon in the Mekong Delta and the people living there
have long experiences of living with floods (Wesselink et al. 2016). The social and
socio-economic aspects of flood risk and its management in Can Tho are evident from
the community experiences of living with water: tolerance to flooding; coping measures
being undertaken at household level; direct and indirect damage to the households
that can be reduced because of the coping measures and preparedness due to ‘ living
with water’ ; and 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). There are multiple flood risk management plans being prepared

and considered for implementation in Can Tho by various governmental and donor
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agencies who focus on avoiding floods by means of: (i) dike rings;(ii) improvements to
drainage systems; (iii) increasing the freeboard (i.e., the vertical allowance added to
the standard flood design levels to allow for uncertainty in flood levels caused by
infilling or debris accumulation) of flood defence systems, roads and critical
infrastructure above the maximum anticipated flood level (SCE 2013; SIWRP 2011,
VIAP-SUIP 2013). Although Can Tho is making efforts at a city level and household
level to adapt in the context of changing climate and changing socio-economic
conditions, the true effectiveness of these measures is uncertain due to the

uncertainties associated with the climate and socio-economic forcings.

The uncertainties in the climate related drivers such as sea level rise and changes in
rainfall are evident from global and regional level studies such as (IPCC 2013); and
delta level studies (Apel et al. 2016; MDP 2013; Smajgl et al. 2015). The uncertainties
in socio-economic forcings such as GDP growth and urbanisation are evident from
national level studies such as O’Neill et al. (2015) and delta level plans such as the
Mekong delta plan (MDP 2013). Being as sure as possible about system performance
across a range of scenarios, where there is an interplay between various drivers, is

essential to tackle uncertainty (Maier et al. 2016).

The dike elevation measures (20 cm, 50cm and 70cm increase in dike heights) and
household retrofitting such as raising the floor levels by up to 50 cm and beyond 50
cm are the adaptation measures that are most relevant to the local context in Can Tho
(Birkmann et al. 2012; SCE 2013; SIWRP 2011; VIAP-SUIP 2013). The dike elevation
measures and the corresponding construction cost of the adaptation measures have
been obtained from the existing planning documents (SCE 2013; SIWRP 2011; VIAP-
SUIP 2013); through consultations with the Can Tho city engineering department; and,
from literature (e.g. Jonkman et al. (2013)). The dike elevation measures that are
planned to be delivered by the city council are in response to rising river levels based
on what is expected once in a hundred years (SCE 2013). The increase in water level
of the Hau River has a strong correlation with the increasing sea levels under the
various climate scenarios (Apel et al. 2016). Hence, the dike elevation measures can
be considered as adaptation modules in the context specific adaptation grammar

approach.



68 Flexibility in Adaptation Planning

The household adaptation measures in Can Tho such as increasing the floor levels
and the construction of temporary dikes are autonomous measures (Birkmann et al.
2012). According to Garschagen (2014) the correlation of adaptation actions at
household level with flood depths as the driver is strong, whereas the correlation with
household incomes is weak (Table 6.5, Garschagen (2014)). Also a spike in the
number of houses adapting is noticed after a major flood event. These inferences are
based on the responses from the households during a survey conducted in 2011.
However, a trend could not be established between the recorded river levels reported
by SCE (2013) and the increase in the number of households elevating the floor levels
reported by Garschagen (2014). Hence, household measures are excluded here as

an adaptation module in the pathways.

The increase in floor levels of houses are considered for evaluating the adaptation
pathways. The avoided flood damages due to increase in floor levels and the cost
incurred for increasing the floor levels are substantial and has to be considered while
evaluating the adaptation pathways. Although there is a weak correlation in the
relationship of household level measures to household incomes, the increase of
household income and wealth is suggested as a means to increase adaptive capacity
(Garschagen 2014). However the construction cost and flood damage costs at the
households can vary depending upon the socio-economic scenarios. This is a context
specific relationship. Hence to accommodate this context specific relationship the
elevation of floor levels at households can be considered at the stage of evaluation of

the adaptation pathways.

It is in this context of multiple futures of adaptation measures and interrelationships
between the drivers, that the flood risk management systems of Can Tho are
considered here as a complex adaptable system under uncertainty (Hinkel et al. 2014;
Oppermann 1994; Ostrom 2009).

4.4.2 Application of context specific grammar in Can Tho
The Ninh Kieu district, situated along the Hau River, is the primary administrative and
business area of Can Tho and this has been chosen as an important study area due

to its economic importance.
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4.4.2.1 Exogenous scenario space

Four climate scenarios have been considered for sea level rise (SLR) from IPCC
(2013) based on representative concentration pathways RCP 2.6 — 8.5 (Table 4-2).
The Shared socio economic pathways (SSP), which comprise five scenarios for GDP
(Leimbach et al. 2015) — scenarios SSP1 through SSP5 — and nine scenarios for
urbanisation (Jiang and O’Neill 2015) — scenarios fast fast (FF) to slow slow (SS) — for
Vietnam are considered here as socio-economic scenarios. From (Table 4-2) it can
be seen that the sea level increase is likely to vary between 0.44 m to 0.74 m by 2100.

Table 4-2 : Anticipated global Sea level Increase (m) under representative concentration pathways
(Source: -IPCC (2013))

Year | RCP 2.6 | RCP 4.5 | RCP 6.0 | RCP 8.5
2010 | 0.0426| 0.0425| 0.0421| 0.0426
2020 | 0.0827| 0.0817 | 0.0805| 0.0838
2030 | 0.1267| 0.1258 | 0.1218 | 0.1317
2040 | 0.1719| 0.1743 | 0.1669 0.188
2050 | 0.2178 0.228 | 0.2171| 0.2537
2060 | 0.2634| 0.2848 | 0.2713 | 0.3294
2070 | 0.3089| 0.3451| 0.3327 | 0.4166
2080 | 0.3534| 0.4067 | 0.4006 | 0.5132
2090 | 0.3977| 0.4669| 0.4731| 0.6197
2100 | 0.4416| 0.5284 | 0.5475| 0.7362

The annual GDP growth rate which was 6.4 % in 2010 is expected to decrease and is
likely to be between 0.21 % - 0.96 % in the year 2090 based on the SSP’s (Leimbach
et al. 2015). The urbanised population which was 30.4% of the total population of

Vietnam in 2010 is expected to increase and is likely to be between 48.43 % and
91.37 % in the year 2100 based on the combination of fast, central and slow rates of
urbanisation (Jiang and O’Neill 2015). Hence the scenario space SP for Can Tho
considered here comprises the three uncertain drivers: sea level rise, GDP and

urbanisation:

SP = [[SLRrcp 2.6) SLRrcp 4.5, SLRrcpg .0, SLRreps 5],

[GDPssp; , GDPsgp, , GDPssps , GDPsspy , GDPsgps ],

[URBgg, URBgc, URBgs, URB g, URB ¢ URB(s, URBgy, URBsc, URBgs]]
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In urbanised population, i.e., URB, F pertains to fast growth, C pertains to central
growth and S pertains to slow growth. The first suffix pertain to urbanisation up to year
2045 and the second suffix pertains to urbanisation after 2045, URBFF is a scenario
where the urbanisation is fast throughout, whereas URBFS is a scenario where the

growth is fast till year 2045 and slow after 2045.

A large number of multiple driver combinations based on the progression of drivers
within the lower and upper bounds of the uncertainty range can be generated up to
the year 2100 by analysis using monthly interval time steps. However, in order to
reduce the computation effort the number of combinations N were limited to 100 at
every time step. Small time steps such as hourly or daily time steps would increase
the computational load whereas longer time steps such as yearly will exclude the
monthly and seasonal variations. Hence the assessment time step §t considered was
fixed as one month, so that the water levels in combinations reflect the monthly
variations in water levels. The time window, i.e., the planning duration — is from year
2016 up to year 2100 since projections on sea level, GDP and urbanisation are
available up to the year 2100. For the reasons explained in section 4.4.1: (i) sea-level
rise has been considered as the only trigger driver due to the strong correlation
between sea level rise and increase in river levels that triggers any need to increase
dike height; and (ii) GDP and urbanisation have been considered as evaluation drivers
in addition to sea level rise. Hence the trigger scenario space Stig will comprise 100
scenario combinations comprising only sea levels, whereas the evaluation scenario
space Seva Will comprise 100 scenario combinations comprising sea levels, GDP and

urbanisation:

StTig: [SLRl, SLRz, e 'SLRl()O] A4 [SLRL, 5tl] in [SP, T]

Seval =

[[SLRy, GDP,, URB,], ... [SLR100, GDP100, URB100]]1 V [SLR;, GDP;, URB;6t;] in [SP, T]

4.4.2.2 Adaptation modules

The adaptation measures (i.e. modules) for flood risk management for Can Tho and
their interrelationships such as pre-requisites, pre-exclusions and post exclusions are

presented in Table 4-3. It shows the rule set R comprising seven individual rules which
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represent the range of adaptation measures from a no adaptation measure state r,, to

a state where a 70 cm high dike is constructed r:
R=[ry,11,72,73,74,75,76]
i.e.R = [ry(0.0,, ,, ) nr (1.0,0.0,[2.0, 3.0,4.0,5.0,6.0],[3.0, 5.0],19600)
................... 16(6.0,5.0, , [2.0,4.0],204000)]

For example r; the rule set for foundation of a 20 cm dike comprises: (i) name or
identification number c of the adaptation measure such as 1.0 ; (ii) pre-requisite q —
0.0 i.e., the no adaptation measure condition which is a necessary condition for
implementing 1.0; (iii) pre-exclusions p — 2.0,3.0,4.0, 5.0, 6.0i.e., the adaptation
measures that when implemented do not necessitate the implementation of 7.0 in the
future; (iv) post exclusions x — 3.0, 5.0 i.e., adaptation measures such as complete
foundation for 50 cm and 70 cm dikes that cannot be implemented when 1.0 is already
in place; and (v) attribute a — 19600 million VND, which is the construction cost for a

20 cm dike for a kilometre.

By using the determinants for adaptation measures (Table 4-3) an adaptation pathway
set W comprising pathways have been generated using the rule set R which complies
with the context specific adaptation grammar (algorithm). Although there are only six
adaptation modules, excluding the base case where there is no adaptation measures,
it is possible to generate multiple combinations that satisfy the rules in rule set R. For
example, to implement a 70 cm dike module (id 6.0), the pre-requisite is the foundation
module (id 5.0). When a foundation module (id 5.0) is in place, it is possible to
implement a 20 cm dike (id 2.0) or a 50 cm dike (id 4.0) or a 70 cm dike (id 6.0). Hence
the pathway to 70 cm dike module (id 6.0) can be a pathway with no smaller dikes or

one smaller dike or two of the smaller dikes.

Thus the adaptation pathway set W comprising 78 possible pathways has been
generated. A number of the adaptation pathways generated are shown in Figure 4-1

as examples. The next step after generating the pathways set W comprising all the
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pathways is to determine the timing of the switch from a lower dike to a higher dike for

all possible scenario combinations Strg.

Table 4-3: Determinants of various adaptation measures for Can Tho

Attribute
Pre (a)
. . Pre — g Post- Constructio
Adaptation id . . exclusions lusi
Measure (c) requisites () exclusions n cost per
Q) (x) km length
of dike in
Million VND
Current condition
without any 00 0.0
adaptation
measure
Foundation for 2.0,3.0,4.0,
20 cm dike 1.0 0.0 5.0 6.0 3.0,5.0 19,600
Foundation for 1.0, 2.0,
50 cm dike 3.0 0.0 4.05.0.6.0 1.0,5.0 49,000
Foundation for 1.0, 2.0, 3.0,
70 cm dike 5.0 0.0 4.0 6.0 1.0, 3.0 68,000
Superstructure
for 2.0 1.0, 3.0, 40,6.0 16,800
) 50
20 cm elevation
Superstructure
for 4.0 3.0,5.0 6.0 2.0 18,800
50 cm elevation
Superstructure
for 6.0 50 2.0,4.0 20,400
70 cm elevation

4.4.2.3 Adaptation trigger

The dikes can be implemented for the prevention of flooding at any point in time in the
planning window for adapting to the sea level increase. In Can Tho, sea level rise,
which leads to increased river levels, necessitates the heightening of dikes to prevent
flooding (SCE 2013). Hence sea level rise is a ‘trigger driver’. An anticipated increase
of 40 cm of sea level by year 2090 — under RCP 2.6 - will trigger implementation of a
50 cm high dike, whereas a 62 cm sea level rise by year 2090 — under RCP 8.5 - will
trigger the implementation of a further increase to a 70 cm high dike. Hence, the trigger
‘G’ for switching to other measures is a condition when the river level is above the
crest level of a dike that is currently in place. The river level estimated is the 1 in a 100
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year level based on the projected river level in the scenario combination, which is
influenced by the sea level rise.

C= { 0 River level < crestof dike
~ |1 River level = crestof dike

The trigger condition G is checked at time step, i.e., every month. However, it is not
practical to revise the decision to build a dike every month. In this case, the trigger
condition G is checked for every month in a year, and the decision to switch to a
suitable adaptation measure has been based on the highest water level anticipated
within that year. All the 78 adaptation pathways in W were evaluated across 100
scenario combinations Stig between the year 2016 and year 2100 at monthly intervals.
The system state is 0 if G is True, i.e., if river level is less than crest level of the dike;
or 1if G is False i.e., if river level is not less than crest level of the dike at end the of

the adaptation pathway.

M which is the value based on the system state G for a pathway at every monthly time

step between 2016 and 2100 for all scenario combinations has been determined.

M = f(Gwi si) V [t2016 t02100:S1t0100 1 i [T XStri g

The M for 78 pathways across 100 scenario combinations at yearly intervals between
years 2016 -2100 were stored in a matrix H:

H=[M]V [wi¢o7din [W]

The pathways which satisfy the performance requirement, i.e. no overtopping of the
dike at any point in time during the planned for sea level increase, were then selected
for further assessment. The set of pathways that satisfy the ‘no overtopping’
performance requirement for Can Tho are presented in Figure 4-1. It can be seen that,
out of the 78 pathways, there are ten possible pathways (numbered 0, 1-9) for
implementing the various dike heightening options in Can Tho. There are pathways
with a single measure such as a 70 cm high dike (pathway 2 ) and also pathways

which contain multiple measures such as 20, 50, 70 cm dikes (pathways 1,5,6,7).

4.4.2.4 Evaluation of adaptation pathways

Once the pathways which satisfy the performance requirement are selected, the

pathways can be ranked by user defined criteria. Such a relative ranking of pathways
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will help the decision makers to select a pathway for implementation. Relative ranking
can be done with any criterion or a combination of criteria such as economic cost-
benefits, eco-system benefits, travel time lost etc. In Can Tho, the present value of
total cost along the adaptation pathway was considered in evaluating the pathways.
Total cost comprised flood damages and cost of implementing the adaptation
measures. The pathways were ranked based on the expected present value of total
costs along a pathway (Figure 4-2). The flood damages along the ten adaptation
pathways (Figure 4-1) which satisfy the performance requirement, were estimated
using the modelling results from the PC-SWMM 1D-2D coupled hydraulic model (CHI
2017) of Ninh Kieu district developed by Quan et al. (2014) and Radhakrishnan et al.
(2017b). The hydraulic simulations were run multiple times for all the pathways, for all
the river water levels corresponding to the scenario combinations in Stig and at all time
steps dt. Using these model runs the flood depth in the case study area ‘Ninh Kieu

District’ was determined.

The flood damages were estimated using the depth-damage relationships (SCE
2013). The flood damages were estimated at monthly time steps throughout the
planning horizon for all 100 scenario combinations in Sevas as the flood damages
depend up on the flood depth, number of houses / properties and the floor levels of
households. The construction cost of the adaptation measures consists of cost of dikes
and household floor elevations, whereas the damages cost comprises the road

damages and household damages.

Despite the weak correlation of the household measures with GDP and river levels,
the construction and damage cost for households were assumed to vary depending
upon the socio-economic scenario which comprises the GDP growth rate and
urbanisation; in order to consider the local adaptation context (discussed in detail in
section 4.4.1). The rate of urbanisation determines the number of households at any
given time; whereas the GDP growth rate determines the households that undertake
adaptation measures, as household adaptation measures are directly linked to
household income (Garschagen 2014). Depending upon the household incomes and
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Figure 4-1- Adaptation pathways satisfying the performance criteria for all four Sea level rise
scenarios in Can Tho. The adaptation pathways represented by the dashed lines comprise the
adaptation measures that are implemented in sequence. The number at the end of the pathway (bold
and in bigger font) indicates the name or id of the pathway. The number or numbers that are
presented below each adaptation measure is the name ‘c’ of the adaptation measure which is also
shown in Table 4-3. The implementation adaptation measure along the pathway — from left to right
in the figure — is denoted by pictorially adding the measure as well as depicting the id ‘c’ of the
measures.
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exposure to flooding, many households elevate their floor levels by 0.2 m to 1.5 m
(Garschagen 2014). Hence GDP growth and urbanisation were considered as

‘evaluation drivers’ (as opposed to ‘triggering drivers’).

The estimated numbers of households at any given time that: do not raise the floor
levels; that raise the levels by 0.5 m; and those that raise the floor levels above 0.5 m
have been used in order to compute the total construction cost and flood damages at
household level. The classification of the flood adapting households into two
categories —i.e. up to 0.5 m and above 0.5 m - is essential to capture the dynamics of
adaptation at a household level, as any increase in floor levels above 0.5 m is five
times more expensive than increasing floor levels by 0.5 m (Garschagen 2014). The
pathways were evaluated based on the total flood damage and implementation cost

for all the 100 evaluation scenario combinations Sevai.

E=f(H)=f(f(M)V [W1it010 S1t0100] N [Sevar X W])

The pathways are ranked in ascending order so that those with low total cost across
the majority of the scenarios are the preferred path, whereas the pathways with
highest total costs are the least preferred path (Figure 4-2). The pathways 0-9 are
depicted along the x-axis from left to right, whereas the relative ranking of the
pathways are presented on the y-axis. The least preferred pathway with lower rank —
denoted by a bigger number - is at the bottom, whereas the most preferred pathway
with the highest relative rank is at the top of the y-axis. The coloured circles represent
the evaluation scenario combination Sevar and the probability of occurrence of the
scenario combination. The colour of the circle represents a particular scenario
combination s;, whereas the size of the circle represents the probability of occurrence
of a particular scenario. The bigger the circle, the more likely the scenario is to occur.
For example from Table 4-2 it can be seen that in the year 2080 the probability for
sea level rise being less than or equal to 0.4 m is 0.75 (i.e., sea level rise is less than
0.4 m in three of the four RCP’s), whereas the probability of sea level being greater
than 0.4 is 0.25. Based on the values of the three drivers in SP the probabilities for
occurrence for the 100 scenario combinations in Sevas are calculated. From Figure
4-2 it can be seen that the pathways 0-5 have higher ranking across most of the
scenarios, whereas pathways 6-9 have lower ranking across most of the scenarios.
Hence the decision makers in Can Tho can focus on pathways 0-5 to select the desired



pathway. The other decision criteria could be the performance based on the likelihood
of scenarios. Among pathways 0-5, the pathways 0, 1 and 4 have higher ranking for
scenarios that are more likely to occur. Pathways 5-9 also rank low in the scenario
that is most likely to occur; as the size of the dark green circles in the pathways are
bigger and also ranks lower. Hence the focus can be narrowed down to the pathways
0, 1 and 4. Pathway 1 has the highest relative rank ‘1’ in a scenario that is most likely

to occur.
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Figure 4-2- Evaluation of Adaptation pathways across scenarios based on a relative ranking
comprising total construction cost and damage costs. The x axis represents the pathways 0-9, whereas
the y axis represents the relative ranking with the highest rank on the top of the y axis and the lowest
rank at the bottom. The position of the coloured circles along the y axis represent the rank of the
pathways in a particular scenario combination s; and the size of the circle represents the probability
of occurrence of that particular scenario combination s;. The biggest circle represents the most likely
scenario combination and the smallest circle represents the least likely scenario combination.

4.5 Discussion

A performance analysis of adaptation pathways has been carried out for multiple
scenario combinations using triggers such as sea level rise in order to arrive at a set
of pathways that satisfy the performance criteria (Figure 4-1). The drivers such as sea

level rise Syig which has a strong correlation with river level increase, can be used as
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a trigger to implement adaptation measures and generate pathways. The other drivers
which influence the local context, albeit with a weak correlation with adaptation
measures, can be used to evaluate the pathways based on user defined criteria. In
Can Tho, there are weak correlations between GDP growth rate and urbanisation and
with household adaptation measures. Hence these drivers have been used to
generate scenario combinations Seva for the evaluation of pathways, which are based
on the total cost incurred along the pathways. This reflects the flexibility in applying
the context specific grammar as: (i) the algorithm may be modified to consider drivers
with strong correlations as triggers to generate pathways and drivers with weak
correlations as evaluation criteria; (ii) there is no compromise in level of detail for the
relationships between drivers and adaptation measures in spite of the weak

correlation.

As a strong correlation could not be established between household incomes and
socio-economic drivers such as GDP growth rate and urbanisation, these were not
considered as trigger drivers that determine the presence of adaptation measures
along the pathways. A context specific shared socio-economic pathway (SSP)
analysis of Can Tho based on specific socio-economic outcomes can be undertaken
by: (i) changing the rate of poverty reduction and / or economic development in Can
Tho; (ii) considering the effects of the socio economic development plan (PM 2013);
(iii) changing the rate of urbanization, rate and type of industrialization recommended
in Mekong Delta plan (MDP 2013); (iv) consideration of vulnerability (Birkmann et al.
2012) and climate change impacts (IPCC 2013).

The results for pathways illustrated in Figure 4-2 are based on the relative ranking
derived using the expected present value of construction cost and flood damages that
are likely to occur along a pathway for all possible trigger timings. The ranking of
pathways when presented together with the likelihood of the scenario combinations
will help the decision maker to understand the results more easily. Although not
presented here, a combination of criteria such as minimal construction cost, avoided
flood damages and eco-system benefits would convert the climate adaptation problem
into a multiple objective problem and help in choosing pathways that satisfy all these
objectives. Approaches followed in benefit evaluation tools such BeST (Horton et al.
2016) which does not rely only on economic inputs, could be used for creating the

composite relative ranking criteria. This will also resolve the Arrow’s paradox of
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narrowing down on solutions based on a single objective where there are also other

objectives to be achieved (Kasprzyk et al. 2016).

The major limitation of this methodology is that the large number of adaptation
measures in a major adaptation planning process have to be neatly quantified into
smaller discrete actions that can be selected at different times. Hence a careful pre-

planning is necessary for applying this methodology.

Also this methodology can be extended to improve flood warning times and determine
the setback distances in flood plains. However this needs further research as the inter-
relationships and stakeholders involved in flood warning and in improving setback
distances are different. The key towards operationalising the modelling and evaluation
approaches is to account for stakeholders different beliefs regarding the levels of
uncertainty, as this leads to better understanding of causal relationships and
preference of management solutions (Dewulf et al. 2005). The challenge of integrating
multiple perspectives, system approaches and involvement of stakeholders can be
overcome by applying context specific precedence grammar logic for developing an
overall modelling and evaluation approach, thereby enhancing the effectiveness of

adaptation across the sectors.

4.6 Conclusions

A context specific adaptation grammar has been used to generate and analyse climate
adaptation pathways to manage flooding in Can Tho. Using the methodology,
adaptation pathways have been generated based on relationships between the
measures that were shortlisted based on the performance of measures across
scenarios, and further narrowed down based upon the criteria preferred by the
decision makers or stakeholders (Table 4-3). These relationships have been used for
creating a set of rules ‘R’ based on the precedence grammar logic to generate
adaptation pathways, and to assess the collective performance of the adaptation
measures (pathways) over a range of scenarios as set out by Islam (2016). Decision
makers at various levels — households, city council, provincial, national and
international levels — may use changes such as rising river water levels, damage to
households and increasing household incomes to trigger adaptation measures (e.g.,
dike heightening, drainage improvements, spatial development plans and retrofitting

of houses).
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It has also been demonstrated that the relationship and interdependencies between
the adaptation measures can be captured using determinants such as pre-requisites,
pre-exclusions and post- exclusions (Table 4-3). These determinants have been used
to generate pathways using rule-based algorithms, which is the core of the context
specific adaptation grammar approach. An example of how the inter-dependencies
can be used for generating pathways has been presented in section 4.4.2.2, for a case
of building a 20 cm dike followed by a 70 cm dike.

The aim of this paper was to overcome the challenge in modelling and evaluating a
complex adaptation problem that has been structured by using a multiple perspective
adaptation framework. Thus this paper demonstrates the application of a context
specific modelling and evaluation framework (Islam 2016) in the urban climate
adaptation context, where there are multiple drivers, complex interactions between the
drivers, adaptation measures and multiple futures. Application of the context specific
adaptation grammar (Islam 2016) in Can Tho reveals that it is possible to generate
adaptation pathways using rule based algorithms based upon the relationship
between the drivers and the adaptation measures. It also shows that a context specific
categorisation of drivers is possible, i.e., the various drivers used for generating
scenarios can also be segregated into trigger drivers (e.g., sea level in Can Tho) and
evaluation drivers (e.g., GDP growth rate and urbanisation in Can Tho). Finally, there
is scope for assessing adaptation pathways based on user defined criteria, such as
economic objectives or total costs along the pathways or non-economic objectives in
combination with other assessment tools (e.g. BeST Horton et al. (2016)). The results
from the case study show that the complex adaptation problems structured using a
generic framework can be addressed using a context specific adaptation grammar
approach.



5 Flexible adaptation planning for Water Sensitive
Cities

“Crmuipmy Crruipsed BTy 9)%%ewnls @ L
QUTWIBILY UTWILILIF QOFWwe)”

Verse 948 (Thiruvalluar 31 BC)

“‘Disease, its cause, what may abate the ill:
Let physician examine these, then use his skill”

Translation based on Pope et al. (1886)

Cities have started adapting to uncertain climate drivers such as temperature and sea
level rise, and some cities are also transitioning towards concepts such as Water
Sensitivity. In adaptation planning, flexibility is considered as an important
characteristic to respond to changing circumstances. This chapter presents a novel
approach to identify where flexibility can best be embedded in urban flood risk
management systems. The identification of a flexible water sensitive adaptation
response is based on change propagation; i.e. the response’s ability to minimise
negative or maximise positive impacts in urban systems. The Flexible adaptation
planning process (WSCapp), comprising change propagation — especially how
positive and negative impacts propagate in an urban environment, can be used by
those concerned with urban planning and urban adaptation to identify ‘where’ the
flexible adaptation responses can be implemented. WSCapp can be used to decide
the type of adaptation response such as changes to streetscape, place making or
architectural forms that can best contribute towards the objectives of a water sensitive

city.

This chapter is based on the journal article “Radhakrishnan M, Ashley R, Gersonius
B, Pathirana A, Zevenbergen C (Submitted) Flexible adaptation planning process for

water sensitive cities Cities”
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5.1 Introduction

Adapting Adaptive approaches in planning, design and implementation can help to
minimise the hazardous effects of climate change and explicitly allow for the
uncertainties associated with these in urban areas (Revi et al. 2014). Policy makers,
planners and others managing urban areas have recognised the likely effects of
climate change and have initiated strategic adaptation actions that are aligned usually
according to a particular vision used by a particular sectoral or service provision (Chu
et al. 2017; Jabareen 2013). There are also signs of a breakaway from a sectoral
vision, in which urban adaptation planning is compartmentalised, with moves towards
multi-sector and multidisciplinary planning approaches to better bring about
sustainable development (Malekpour et al. 2015). However, decision making related
to adaptation faces uncertainties, which necessitate a flexible approach that can adapt
to the changes. Flexibility is important for this and is here defined as the attribute of a
system which enables the system to respond in an efficient way in terms of
performance, cost and time, when the system is confronted with uncertainties, negative
consequences and opportunities (Anvarifara et al. 2016).
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Figure 5-1 4-RAP model of available strategies — where the 4R’s signify the retain, relieve, resist and
retreat strategies, ‘A’ signifies accommodate strategy, and ‘P’ signifies prepare strategy -
to enhance flood resilience (Adapted from Gersonius et al. (2016))
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Flexibility is increasingly seen as a desirable feature that enhances system capabilities
and functionality in the face of uncertainty (Schulz et al. (2000). Gersonius et al. (2016)
recommend flexibility in combining different types of strategies “retain, resist, relieve,
retreat, accommodate and prepare” (4RAP) to increase resilience towards flooding in
designing and planning systems for water sensitivity (Figure 5-1). For example, the
City of Melbourne's resilience strategy considers flexibility as an important
characteristic to respond to changing circumstances when using a mix of strategies
such as adapt, survive, thrive and embed (City of Melbourne 2016). Flexibility is also
a property which counters the effects of maladaptation throughout the entire life cycle

by allowing system change (Gersonius et al. 2013a).

A “Water Sensitive city” (WSC) vision (Brown et al. 2009) considers urban water
management from a perspective of intergenerational equity and resilience to climate
change and hence is more than just Water Sensitive Urban Design (Ashley et al.
2013b). The WSC approach recommends an urban design that reinforces ‘water
sensitive’ behaviours. This is evident in the adaptation plans and actions taken by
cities such as Rotterdam, Copenhagen, Dresden and Melbourne (City of Melbourne
2016; EEA 2016) and is an aspiration for London (HM Government 2016). The
adaptation measures in these cities are termed as ‘transformational adaptation
measures’ (EEA 2016). They use behaviour and technology to change the
performance of urban systems fundamentally. In addition, transition or strategic
planning for sustainable development requires a proactive planning culture in order to
create conditions for change to deal with future issues (Malekpour et al. 2015). For
example, in Melbourne, water, wastewater and storm water management was formerly
aimed at the protection of waterway health, tackling water shortages during drought,
ensuring water supply through alternative sources and protection against flooding
(Ferguson et al. 2013a). Now Melbourne has moved beyond this and is including the
objectives of being resilient to climate change and becoming a water sensitive city (City
of Melbourne 2016). An important characteristic of a resilient city is flexibility, e.g,
having a number of alternative ways to provide services and respond to changing
circumstances as these arise (City of Melbourne 2016). It allows the city to respond to
future needs from climate change as well as changes in objectives.

An effective WSC requires a process that incorporates flexibility into planning,

implementation and operation. The context-first approach adaptation planning process
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(e.g. Thames Estuary project TE2100) makes adaptation flexible using a high level
route map of adaptation measures (Reeder and Ranger 2011). Techniques such as
real in options (RIO) (e.g. Woodward et al. (2014)) value the flexibility built into a (flood
risk management) system in monetary terms. However, these approaches do not
identify the optimal places where flexibility can be embedded. Hence, in addition to
the value it is necessary to know where, how and when to incorporate flexibility to

achieve the objectives of a WSC.

This paper develops a novel approach to identify where flexibility can best be
embedded in urban flood risk management systems. This has been developed by
drawing on knowledge and procedures from the automobile and aerospace industries,
where flexible adaptation planning is everyday practice (Suh et al. 2007). The flexible
physical components are selected based on the components’ ability to propagate
change in the urban system (Eckert et al. 2004). An adaptation response is an ideal
flexibility ‘candidate’ when it minimises negative impacts or maximises positive impacts
throughout the area under consideration (i.e. change propagates throughout the
system) and not just in the vicinity of the adaptation response. For example, a
dewatering pump reduces flooding in a neighbourhood (reduces negative impact),
whereas green roofs in addition to reducing the peak flow during rain, also have
ecosystem service benefits in the neighbourhood (increases positive impact). Both
these urban water management adaptation responses are capable of propagating
change throughout the neighbourhood either by reducing negative impacts or by
increasing the positive impact and contribute towards increasing resilience in the urban
system. Further, prior identification of flexible adaptation responses makes the
response to change rapid, i.e. making the change process agile (Pathirana et al.
2017a). In this context, agility is defined as the ability of the adaptation system to

respond quickly to uncertainties, threats and opportunities.

The sections in the chapter explain: (a) the relevance of flexibility in flood risk
management; (b) methods that are used in embedding flexibility in the manufacturing
sector; (c) the need for a planning process that ensures that adaptation is flexible in a
WSC context; (d) development of a flexible adaptation planning process (WSCapp) for
identifying WSC elements or components where flexibility can be embedded; and (e)
theoretical and practical considerations for applying this flexible adaptation planning

process.
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5.2 Flexibility in contemporary flood risk management
practices

Flexibility is often considered as a valuable capacity to cope with uncertainty and
change, although there is no consensus about what constitutes flexibility in literature
or practice (Anvarifara et al. 2016). It is context and domain specific. Flexibility applies
to both the planning/design process itself as well as to the attributes of the key
components or artefacts being planned and designed. For example, the Delta
programme in the Netherlands is based on adaptive delta management and
recommends a flexible approach as a means for creating options in terms of
implementing measures in the immediate term or in the future — i.e., speeding up or
deferring the implementation of adaptation measures, or implementing other measures
that can prevent the risk of over or under investment (Deltacommissaris 2014;
Zevenbergen et al. 2015). The incorporation of flexibility with respect to implementation
of climate adaptation measures is provided in various ways as illustrated in the
following examples: allowing midterm adjustments and modifications of structure —
structural flexibility (van Buuren et al. 2013; Woodward et al. 2014); keeping investment
or implementation options open for future adaptation — managerial flexibility (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 — also managerial flexibility
(Felgenhauer and Webster 2013). There are also other approaches such as functional

flexibility, operational flexibility and strategic flexibility (Radhakrishnan et al. (2016).

The context-first approach adaptation planning process (e.g. Thames Estuary project
TE2100; Reeder and Ranger (2011)) identifies the need for flexibility and incorporates
it in the form of a high level road map of adaptation measures. Context-first adaptation
approaches (e.g. Ranger et al. (2010), Dessai and Sluijs (2007)): (i) encourage the
decision makers to begin at the level of the adaptation problem (or opportunity); (ii)
specify the objectives and constraints; (iii) identify appropriate adaptation strategies;
(iv) and only then appraise the desirability of adaptation measures against a set of
climate change projections. The adaptation pathways approaches (Haasnoot et al.
2012a), dynamic adaptation policy pathways (Haasnoot et al. 2013) and model based
adaptation pathway approach (Kwakkel et al. 2015) also fall into the category of
context-first adaptation planning processes (Veerbeek et al. 2016). However, these
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context-first approaches fall short in identifying the adaptation responses of the

system, especially where flexibility can be incorporated.

The real in options (RIO) techniques applied to urban flood risk management (UFRM)
help to specifically respond to exogenous uncertainties and to value flexibility. For
example, Gersonius et al. (2012); Gersonius et al. (2013a); Woodward et al. (2014);
Zhang and Babovic (2012), focus on creating flexible alternative designs and
determining the cost of alternative designs. These approaches do not identify where,
when and how to embed flexibility. This may be attributed to the reductionist way of
approaching complexity from a traditional engineering perspective and the consequent
managerial approach (Fratini et al. 2012; Malekpour et al. 2015). The RIO application
in the UFRM domain has to be customised to include the comprehensiveness of a
WSC approach. Liveability and resilience as part of sustainability are the essential
aspects of WSC (Ashley et al. 2013b). Although RIO methods address resilience and
sustainability to an extent (e.g., Zhang and Babovic (2012)), they do not fully address
the aspects of liveability. Where liveability — the most visible and appreciated quality
of any city — is the totality of features that add up to the citizens™ quality of life;
comprising their experience of the natural and built environment, together with services
(Salama and Wiedmann 2016).

5.3 Flexibility in Manufacturing

Addressing the combination of strategy transitions and uncertainty of drivers is a
challenge that is not specific only to the domain of urban water management. Similar
challenges have been faced by manufacturing industries and software developers
(Bernardes and Hanna 2009; Koste and Malhotra 1999; McGaughey 1999; Sanchez
and Pérez 2005). Businesses and organizations such as these face a volatile
environment that is highly uncertain with challenges such as increased competition,
globalized markets, technology obsolescence and dynamic customer requirements.
The strategy transitions in urban water management can be compared with the
evolution of new car models. For example, the change of focus from reducing pollution
and conserving water in urban water management to sustainable water management
can be compared with the change in preference for cars with more power towards the

preference for cars which pollute less or electric cars.
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The automobile manufacturing sector uses product platform strategies to save costs
by sharing core elements among different products in a product family (Simpson et al.
2006; Suh et al. 2007). Suh et al. (2007) have developed a seven step flexible platform
design process (Figure 5-2) to deal with uncertainty and product variants in order to
ensure continuity in production and maximise profit for the automotive industry. The
uniqueness of this approach is the identification of the most appropriate subset of
physical components, i.e., the parts of the vehicle or machine, where the necessary
flexibility can be embedded (step IV in Figure 5-2). The identification of flexible
adaptation responses is based on the magnitude of change that the components

propagate throughout the system when modified (Eckert et al. 2004).
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Figure 5-2: Flexible platform design process in the automobile manufacturing sector (Adapted from
Eckert et al. (2004))

According to Eckert et al. (2004) the physical components that are capable of
propagating greater change are to be assessed carefully before being selected as
candidates for embedding flexibility. For example, in the design of an automobile

chassis the width is kept constant for all the variants to limit change propagation. This
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is because change in width has a direct bearing on the stability of the vehicle. One of
the parameters that determines the chassis dimensions - the length and breadth - is
the dimensions of the engine, which in turn depends on the number of cylinders. Hence
the width of the chassis is generally increased and fixed for all future variants, by taking
into consideration the possible increase in width of the engine, thereby avoiding major
impacts on the stability of the vehicle. However, the length of the chassis is designed
to be flexible so that it can be changed in accordance to the dimensions of the new
engine as the impact on stability due to change in length is minimal. Enabling flexibility
in such design parameters requires initial investment in design, tooling and assembly
equipment and is similar to using real in options (RIO) analysis in chassis design (Suh
et al. 2007). Wherever possible, change propagation is limited by means of providing
sufficient margins or excess headroom (i.e. redundancy) in the design parameter to
limit the change propagation within these systems. Provision of redundancy is used
when the engineering cost of design changes, additional fabrication, assembly tooling
and equipment investment to make these changes are higher than the cost of
designing and manufacturing a product with a significant degree of redundancy.
Change propagation is similar to “Building information modelling” used by architects
and planners where the effect of changes made to the physical elements such as wall
or windows on lighting, ambience, spatial relationships, interaction between the
various architectural elements; as well as the effect of changes in the fabrication and

construction of physical elements (Lu and Korman 2010).

5.4 Flexible adaptation planning process in WSC context

In a WSC context, various urban water systems (and other urban systems) are
interconnected and change in the positive or negative impacts in one system will
propagate to other systems. A change rarely occurs in isolation and impacts other
systems. This change propagation is important as it may have unintended
consequences affecting the functionality of the systems, such as non-compliance with
design standards, including flooding or increased flood damages; or a reduction in
liveability aspects due to the presence of stagnant water. The components or sub

systems in the WSC have to be analysed from the aspect of change propagation.

The adaptation responses that are capable of propagating more change (i.e. positive

or negative impacts) when modified are the critical responses and thus potential
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candidates for incorporating flexibility. Change propagation can be used to assess the
crucial changes (positive and negative impacts) that might propagate in the urban
water system due to changes in components. For example, the use of Sustainable
Drainage Systems (SuDS) can be analysed using this concept of change propagation
in Australian urban catchments where there is risk of flooding and droughts. SuDS are
more flexible than buried piped systems (Ashley et al. 2015). The change in the type,
size or number of SuUDS components - such as green roofs and rain barrels - will have
positive as well as negative impacts on increasing use or size of SuDS measures: (i)
reduces runoff (i.e. reduction of negative impacts throughout the catchment); (ii) can
lead to downsizing or deferring the expansion of conventional downstream measures
such as large-scale detention systems or pumping arrangements (i.e. increase in
positive impacts in the catchment and in cities investment planning); (iii) can yield
desirable benefits such as enhanced aesthetics, improvement in water quality, etc.,
(i.e. increase in positive impacts in the catchment and in downstream catchments); (iv)
but can lead to undesirable effects such as odour nuisance or more mosquitoes (i.e.
increase of negative benefits throughout the catchment); and, (v) can increase the risk
of fire during droughts due to dry vegetation that necessitates additional watering and
strain on water resources (i.e., propagation of negative impact even beyond the

catchment).

Similarly change propagation analysis can be undertaken for conventional
infrastructure measures such as the pumps at the outfall, where the reduction in
negative impacts such as reduced flooding or high dependence on SuDS might
propagate upstream depending upon the capacity of pumps. Also there are no other
positive changes which propagate from pumps such as the additional benefits from
SuDS measures during normal operations. However, change propagation can also be
used from the perspective of controlling or minimising the change that propagates in
the system. The limitation of a pump can be turned into an advantage as it is a
standalone centralised component where the incorporation of flexibility into a pumping
station, by means of additional bays for pumps for the future, is easier to implement.
Also this might be economically cheaper than investments in distributed SuDS
measures upstream. Thus change propagation can help in identifying the main flexible
adaptation response locations (where) and measures for maintaining flexibility in future

adaptation response (which). This is a balancing act between the (unwanted) physical
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suppression of future change propagation, where it is not wanted and investment in

flexibility where this is wanted.

Consideration of change propagation due to the transition in vision — such as the
transition of a city from a ‘water supply city’ to a WSC (Brown et al. 2009) — is as equally
important as the consideration of change propagation due to any change in system
components. Exploring the design, implementation and maintenance of the water
sensitive or flood resilient systems such as water plazas (e.g. place making) or water
retaining pavements (e.g. streetscape design) that are implemented in cities such as
Copenhagen and Rotterdam (EEA 2016), can help in understanding how change — in
architectural features, aesthetics, amenities, built environments, open space,
streetscape — propagates in a complex urban environment. For example, such studies
can help cities to understand change propagation when the required functions of, for
example, the use of a wetland system changes in regard to societal needs as a
transition from water quality improvement or drought resistance to a broader WSC
perspective. Change propagation can be examined through mapping the relationship
between the systems or the adaptation measures. For example, in order to improve
the resilience of infrastructure, the State of Victoria in Australia is pooling together
various infrastructure options (Victoria 2016a). How each option works with others, in
terms of how they might enable, complement or inhibit one another in advancing one
or more of the needs is referred to as relationship mapping (Victoria 2016b). Such
relationship mapping between adaptation measures is a good starting point for

ascertaining change propagation in urban water or other systems.

5.5 Development of flexible adaptation planning process for
WSC

Inspiration is drawn here from the flexible platform design processes and complex
change management processes (Eckert et al. 2004; Suh et al. 2007) that are prevalent
in the automobile manufacturing sector in order to customise the context-first
approaches to the WSC context. The adaptation planning process for incorporating
flexibility in a WSC context using the principles from ‘context specific adaptation
approaches’ and the flexible platform design process is presented in Figure 5-3. The

adaptation planning process presented here resembles or is very similar to the urban
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adaptation planning process such as Dynamic adaptation planning process — DAAP -
(Haasnoot et al. 2013) and CRIDA steps in adaptive management cycle (CRIDA In
Press). In addition to the stress test and performance of the responses recommended
by these adaptation planning processes (e.g. Kwakkel et al. (2016)), the emphasis in
WSCapp is on changes in the resilience, liveability and sustainability aspects ina WSC
context that are propagated by the responses in the urban environment (Step 4 of
Figure 5-3). Hence in addition to how and when the flexible adaption responses can
be incorporated, WSCapp also identifies ‘where’ flexibility can be incorporated.
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and define range of
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Figure 5-3 Flexible adaptation planning process for Water Sensitive city (WSCapp). The black arrows
enclosed represent the sequence of steps in the WSCapp (clockwise). The dashed line from
step 8 & 9 to step 1 represents the feedback to the vision cycle when a change in vision or

objective happens over the time. The white arrow enclosed in black line from step 8 to step 5
represents the iteration with in the WSCapp, in case the final portfolio of measures obtained
after the first run are not satisfactory.

The explanation of the individual steps in the flexible adaptation planning processes
for a WSC, termed WSCapp, in an urban flooding context, developed from the
previous discussions, is presented in Table 5-1.



Table 5-1 - Flexible adaptation planning process for water sensitive city (WSCapp) for incorporating and assessing flexibility in an urban flooding context

Required steps

Description

Resources for additional Guidance on individual
steps in WSCapp

(Figure 3)
1. Identify vision, Ascertain what the visions for the city are, such as Flood resilience in a water sensitive city context
scenarios and WSC, resilient and climate proof city based on ideas (Gersonius et al. 2016)

uncertainty

such as liveability, resilience and sustainability.
Explore the possible scenarios in the future due to
stressors such as climate change, socio-economics
and the uncertainties associated with these.

Transitions in a water management context (Ferguson
et al. 2013a).

2. Determine
related to uncertainty
and the future changes

anticipated

drivers

Methods such as adaptation pathways based on
adaptation tipping points help in determining the
impact of uncertainty on meeting the required
objectives based on ‘ stress tests’ in an urban area
using physically based numerical models. Tipping
points are the physical boundary conditions or the
time at which the technical, economic, spatial or
societal acceptable limits are exceeded (Haasnoot et
al. 2011); i.e. when the system no longer provides
the required service levels.

Stress testing and
(Rodriguez et al. 2016)

adaptation tipping points

3. Understand attributes
of WSC components and

define
possibilities

range

of

Flexibility attributes of the measure pertains to time,
cost and effort required to change the scale, location
and function of a measure.

Estimating annual flood damage Olesen et al. (Under
Review).

Examples of attributes related to flexible design
(Eckert et al. 2004; Spiller et al. 2015; Suh et al. 2007)




Required steps Description Resources for additional Guidance on individual
(Figure 3) steps in WSCapp
4. Identify critical WSC Carry out relationship mapping between the Mapping of relationships between adaptation

systems or components
and interactions

adaptation measures.

Determine the potential for change propagation in
the urban system. Determine the potential for
change propagation in the urban system: A change
rarely occurs in isolation and impacts other systems.
The adaptation responses that are capable of
propagating more change (i.e. positive or negative
impacts) when modified are potential adaptation
responses for incorporating flexibility.

measures - Infrastructure Victoria (Radhakrishnan et
al. 2017a; Victoria 2016a; Victoria 2016b).

Change propagation in complex engineering systems
(Eckert et al. 2004)

Flood resilience in water sensitive cities (Gersonius et
al. 2016).

Adaptation mainstreaming - an opportunity ‘to adapt
wherever we can, instead of wherever we have to’
(Rijke et al. 2016).

5. Create flexible design
alternatives or pathways

Adaptation pathways should be generated using the
subset of adaptation measures based on relationship
mapping and functionalities.

Adaptation pathways (Veerbeek et al. 2016)

Pathway generator tool (Haasnoot and Van Deursen
2015)

6. Determine cost and
benefit of design
alternatives or pathways

The cost and benefits (also non-monetary) of
implementation of adaption measures also includes
the cost and benefits of switching from one measure
to another in all possible scenarios.

Discounted cash flow analysis methods (e.g. Appendix
B in De Neufville and Scholtes (2011)).

Benefits of flood resilient adaptation measures -
Gersonius et al. (2016) and BeST user manual (Horton
et al. 2016).




Required steps
(Figure 3)

Description

Resources for additional Guidance on individual
steps in WSCapp

7. Uncertainty analysis

The present value or cost and benefit of pathways
depends upon their performance in a scenario. As
there are multiple future scenarios, the performance
of pathways is likely to change leading to change in
the tipping points.

Scenario planning for robust flood risk management
(Brisley et al. 2016).

Standard sensitivity analysis techniques - Monte Carlo
Simulation (e.g. Appendix D in De Neufville and
Scholtes (2011))

Model based performance analysis (e.g. Lowe et al.
(2015))

8. Final portfolio of
components defined and
selected for WSC

Notwithstanding the benefits and costs outcomes,
decision makers may decide to select a preferred
strategy that is not cheaper in financial terms but
may be their favoured strategy for other reasons.

Selection of preferred options - Gersonius et al (2016)
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5.6 Practical considerations for applying WSCapp

WSCapp has been designed deliberately to resemble the steps in the contemporary
adaptation planning process such as dynamic adaptive policy pathways and CRIDA
steps in adaptive management cycle (CRIDA Under review; Haasnoot et al. 2013).
This might lead to easier understanding and acceptance of WSCapp as an
improvement of the existing adaptation planning processes, which is the overall aim
of the research presented here. Hence, the emphasis in WSCapp is on the selection
and assessment of flexible adaptation responses using the concept of change
propagation (Step 4 in Figure 5-3). This is an important theoretical contribution to the
adaptation planning process as WSCapp addresses the current gap on “where”
flexibility can be incorporated. WCSapp will enable urban planners to analyse the
impact of changes — such as change in architectural forms, open spaces and
streetscapes — on liveability, sustainability and resilience. Also it is possible to visualise
these changes due to urban design using outdoor augmented reality techniques (e.g.
Calabrese and Baresi (2017).

Although it is not possible to accurately predict and model the changes in an urban
environment, unlike in a factory setting, the results from the assessment can lead to
informed decision making. There are examples and precedents in adapting concepts
from other domains for planning and assessment of adaptation responses in urban
adaptation. The concept of real options for valuing flexibility of adaptation responses
(e.g. Zhang and Babovic (2012)) was adopted from valuing portfolios in stock markets.
The agile urban adaptation technique that can be used for quickly responding to
change and learning in an uncertain environment is based on software development
techniques (Pathirana et al. 2017a). The assessment based on change propagation
is both complex and computationally intensive as all the adaptation responses in
various combinations in various scenarios have to be tested. However, once
conceptualized, such computations are feasible with today’s powerful computing

techniques.

Some of the practical aspects that are be considered alongside the change
propagation are the mainstreaming and the 5DA approaches that are used in
adaptation planning (Gersonius et al. 2016; Rijke et al. 2016). Mainstreaming is

suggested as an opportunity ‘to adapt wherever we can, instead of wherever we have
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to’ based on experience from cities such as Hamburg, Rotterdam, Malmo and New
York (Rijke et al. 2016) (Table 5-1, Step 4 in Figure 5-3). Creatively embedding
flexibility through mainstreaming by making modifications at the same time as other
changes to the system may not increase upfront cost or the net cost, i.e., the cost of
base elements together with the urban water element that is being mainstreamed with
the base element. Also, mainstreaming is a collaborative effort where the requirements
of multiple stakeholders are to be considered without compromising the interests of
the asset owners. For example, a housing development project might give an
opportunity to mainstream flood resilience in the form of blue-green infrastructure in
courtyards. However, the risk is that the increase in natural ecological vitality provided
by blue-green infrastructure may lead to a drainage facility becoming designated as
protected against change to preserve the ecosystems, thus inhibiting the ability to
adapt. Inspiration for resolving such impasses can be found from the manufacturing
sector. For example, in the manufacturing of defence equipment such as helicopters
there is a practise called ‘offsetting’ to avoid conflicts of interest of stakeholders (Eckert
et al. 2004).

Offsetting is a practice where the components earmarked by clients are maintained
(ring-fenced) even though they have the potential for flexibility. Instead, the
manufacturer minimises the change propagated from earmarked (i.e., offset) systems
by embedding flexibility or redundancy in the rest of the system that is not earmarked.
For example, in a helicopter the radar and avionics systems are outdated quickly and
have to be upgraded frequently to improve the performance of the helicopter. The
manufacturer takes in to consideration the future upgrades — similar to car engine
development — while finalising the overall design of helicopter. However certain buyers
of helicopters such as military establishments many not prefer frequent changes
because (i) it involves training their personnel to changing radar and avionics systems;
(ii) there is a risk in not getting the upgrade done on time leading to reduction in
serviceability of the helicopter; and, (iii) sanctions in future might hinder the
procurement of the upgraded components in an ever changing political context. All
these aforementioned factors affect the operational readiness of the aircraft, i.e., the
capability to perform assigned flight missions (Verhoeff et al. 2015). Hence these
buyers insist for a fixed radar-avionics configuration and prefer a design where

flexibility can be incorporated in physical components which does not have the
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aforementioned drawbacks. A parallel can be drawn between offsetting in helicopters
and urban flood risk management. For example an open area in a city can be
converted into a wetland for detaining excess water during flooding and can eventually
converted into a nature reserve. This conversion can lead to jurisdictional issues in
the future between different city departments such as the estate department and parks
and natural reserves department. Hence instead of converting the open area into a
natural reserve the decision is offset, whereas an existing park is landscaped so that
it can serve as a detention facility to hold excess water during heavy rainfall events.
This arrangement prevents jurisdictional issues. This practice of offsetting is heavily
context dependent and time dependent. Ascertaining the characteristics and the
nature of flood resilience measures will help in identifying the measures that can be
mainstreamed or need to be offset. For further details on offsetting in an urban context
refer to Radhakrishnan et al. (2016)

Gersonius et al. (2016) recommend the 5 domains approach (5DA) to select flood
resilience measures according to the nature of rainfall or stream discharge (see also
Digman and Ashley (2014)). This includes the following related to environmental
loadings: (i) day- to day events — potentially beneficial events which cause no damage;
(ii) design events for which the system is designed according to set standards; (iii)
exceedance events — which cause no or very little damage if managed effectively; (iv)
extreme events — which cause substantial damages but within the recovery range; (v)
unmanageable extreme events from which recovery is not possible. The 5DA
classification is an improvement of the four domains approach — 4DA, Figure 5-4
(Digman and Ashley 2014). From Figure 5-4 it can it can be seen that the pressure
and impact can be classified in to four domains based on the magnitude of impact and
pressure the system is subjected to. The first three domains: (1) day to day domain;
(2) design event domain; and (3) extreme domain with manageable damages are the
domains where recovery is possible by means of resilience. Whereas, the
unmanageable extreme events domain is beyond the recovery threshold and recovery
is not possible. This classification can assist in ascertaining the effectiveness of the
adaptation measure through determining the domain which the measure can be
classified as the change propagated by the measure either within or across the
domains. This can subsequently lead to the identification of where and how flexibility

can be provided. For example, 5DA assessment in combination with change
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propagation assessment can be used to: (i) decide the locations where place making
(e.g. water plaza) and landscaping roof terraces (e.g. green roofs) can be deployed,
as they can efficiently cater to day to day and design events; and also to (ii) decide
where the streetscapes (e.g. multi-functional streets) and open spaces (e.g. parks)
can be modified and new architectural forms (e.g. amphibious dwellings) can be
created as these responses can effectively cater to exceedance and extreme events.
The aforementioned urban planning interventions / adaptation measures impact
sustainability, resilience and liveability at varying levels and have a direct or “knock-

on” effect depending on weather events such as heat waves, droughts or floods.
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Figure 5-4 The 4 domains approach - 4DA recommends that classification of adaptation measures
according to the type of loading, which the adaptation measure can address effectively
(Digman and Ashley 2014)

Creativity in embedding flexibility is important as the best flexible designs when aligned
with aspects such as mainstreaming or liveability, can increase the aesthetics and
amenity value of the urban environment both now and in the future (e.g. Ashley et al.
(In Press)).
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5.7 Conclusions

This chapter sets out an approach (WSCapp) to identify where flexibility can be
embedded in urban flood risk management systems as part of the essential
components of a WSC. Knowledge and practices have been drawn from the domain
of manufacturing industries, including automotive and aerospace, where tackling
uncertainty using flexible designs is common. Comparisons have been made between
the nature of issues and contexts of the automotive industry and the adaptation
planning process in the context of a WSC. Flexibility can be incorporated into a WSC
through identification of flexible adaptation responses based on change propagation,
a regular practice in automobile assembly planning and design. Change propagation,
which is the assessment of propagation of positive and negative impacts of adaptation
responses such as SuDS and dewatering pumps, can be applied in an urban water
management context. The Flexible adaptation planning process (WSCapp) based on
change propagation can enhance adaptation in cities, where it is possible to identify
and select adaptation responses such as rain water tanks and wet proofing of houses
which lead to flexible as well as economic adaptation pathways adaptation responses
(Radhakrishnan et al. Submitted c¢). Hence, WSCapp can be used by those who
concerned with urban planning and urban adaptation to determine where the flexible
adaptation responses can best implemented and to decide the nature of interventions
such as enhancements to streetscape, place making or architectural forms that can

contribute towards the objectives of a water sensitive city.
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6 Flexible adaptation planning in a water sensitive
Melbourne

“@EILDBTLY.& SDDUPLD [BTLY. 6D DIGIT
Wlews By 10Es 0% mere. ”
Verse 504 (Thiruvalluar 31 BC)

“Weigh well the good of each, his failings closely scan,
As these or those prevail, so estimate the man”

Translation based on (Pope et al. 1886)

Resilience towards climate and socio-economic change can be increased by means
of flexible adaptation. In contemporary adaptation planning, building resilience is
considered together with objectives such as sustainability, productivity and
transformations. An adaptation planning process (termed WSCapp) may be used to
incorporate flexibility or incremental flexible adaptation measures in a comprehensive
adaptation strategy, such as when planning water sensitive cities. This paper has
applied WSCapp in the context of adapting to urban flooding in Melbourne, which
aspires to become a water sensitive city. Application of WSCapp has helped to identify
appropriate adaptation measures; and economic adaptation pathways, which (in the
case of Melbourne) included retrofitted drainage systems, rain water tanks at
household level and the flood proofing of households. The application has shown that
WSCapp can facilitate adaptation because it enables policy makers and planners to
identify upfront the adaptation measures which are flexible and effective in a multiple

objective adaptation context.

This chapter is based on the journal article “Radhakrishnan M, Lowe R, Gersonious
B, Ashley MR, Arnbjerg-Nielsen K, Pathirana A, Zevenbergen C (Submitted) Flexible
adaptation planning in a water sensitive Melbourne Proceedings of the Institution of

Civil Engineers - Engineering Sustainability”
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6.1 Introduction

The concept of a “Water Sensitive City” (WSC), i.e. a city being liveable, resilient,
sustainable and productive whilst managing all aspects of the water cycle, is
gaining popularity especially in developed economies (Howe and Mitchell 2011;
Wong 2006). The WSC concept is becoming mainstream in Australia, whereas
similar adaptation concepts such as transformative urban adaptation and resilient
cities are gaining traction elsewhere in the world (EEA 2016; Revi et al. 2014;
Spaans and Waterhout In Press). WSC and transformative urban adaptation
concepts promote flexibility as an essential attribute to take advantage of
opportunities from uncertainties. Flexibility in this context can be defined as there
being opportunities arising from the number of alternative ways to provide
services required when responding to changing circumstances (City of
Melbourne 2016). Flexibility may also be seen as an essential characteristic of
urban planning and infrastructure planning to deal with transformation in

objectives such as becoming a water sensitive city (Ashley et al. 2013b).

Transitioning to a WSC needs a process, or processes that incorporate flexibility
into planning, implementation and operation. An adaptation planning process for
water sensitive cities is utilised here, known as WSCapp, to identify where
flexibility can be incorporated into subsystems of a WSC, such as urban flood risk
management systems (Radhakrishnan et al. Submitted-b). WSCapp has been
developed drawing on knowledge and practices that are prevalent in the
automobile and aerospace sectors, where adaptation — such as to changing
customer requirements, technological advancements and market variations — is
facilitated using flexible designs. This paper applies WSCapp to incorporate and
evaluate flexibility into adaptation measures for managing flood risk in the Elster
Creek catchment in Melbourne, Australia. The City of Melbourne was selected as
a case study because, together with the State of Victoria it has begun to include
flexibility explicitly in adaptation planning (City of Melbourne 2016; Victoria 2016a;
Victoria 2016b).
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6.2 Methodology

Adaptation and transformation in urban water management can be compared
with the evolution of new car models in response to changing customer
preferences and also technological advancements. For example, the
consideration of aesthetics benefits of water in an urban landscape along with
flood resilience in cities can be considered in a similar way to the preference for
car engines with reduced emissions without compromising on the engine power
and fuel efficiency. Cars not only provide transportation, but also offer the
freedom to move and social status, which is similar to the concept of WSC, where
water services, in addition to catering for basic needs, contributes towards

enhancing the liveability and productivity in the city.

The automobile manufacturing sector uses product platform strategies, such as
the flexible platform design process (Suh et al. 2007), to save costs by sharing
core elements among different products in a product family (Figure 5-2). The
uniqueness of this process is the identification of flexible components upfront to
create an integrated platform, such as a car chassis, where the individual
components can be changed easily in the future due to changing requirements
(Suh et al. 2007). The incorporation of flexibility is based on the concept of change
propagation, i.e., the components that are capable of propagating greatest
change need to be assessed carefully before being selected as candidates for
embedding flexibility (Eckert et al. 2004). According to the concept of change
propagation, flexibility is incorporated in a location or in a component of the
system that could minimise negative impacts and/ or maximise positive impacts
when the system is subject to changing conditions (Eckert et al. 2004; Suh et al.
2007).

Similarly consideration of change propagation through systems such as rain
gardens, rainwater harvesting tanks, mangroves — either due to the change in
climate drivers such as rainfall, sea level rise and/ or change in vision or strategy
such as from a water supply city to a water sensitive city — in an urban water
context is essential to adapt in a flexible manner to changing circumstances.
WSCapp (Figure 5-3) developed by Radhakrishnan et al. (Submitted-b) is based
on the flexible platform design process developed by Suh et al. (2007).
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The application of WSCapp follows steps 1 to 8 in Figure 5-3 indicated by the
black arrow. The dashed line from step 8 to step 1 illustrates feedback, whereas
the white arrow enclosed in black line represents the repeating nature of the
analysis for each iteration where the decision makers do not favour the outcomes.
Most of the steps in WSCapp are similar to the processes followed in the recent
adaptation planning methods that are used in urban water management, such as
real options, real-in-options, adaptation pathways and robust decision making
(e.g. Gersonius et al. (2013), Haasnoot et al. (2012b), Zhang and Babovic (2012),
Hall et al. (2012)). This similarity should help to facilitate the understanding and
application of WSCapp. These methods make the overall planning and
implementation process flexible. However, WSCapp has a unique aspect
compared with these adaptation methods, as it focusses on the identification of
effective adaptation measures where flexibility can be incorporated (Step 4 in
Figure 5-3).

In a WSC, adaptation measures such as flood resilience measures are not only
selected based on their ability to increase flood resilience, but also based on the
ability to enhance the liveability and productivity. The identification of effective
adaptation measures should be based on the following attributes: (i) Flexible or
robust nature of the measure; (ii) secondary function of the measure; (i)
compatibility of the measures with other measures; (iv) change propagation in
terms of resilience, liveability and productivity; and (v) inter-relationships between
measures. For example, a conventional drainage system, although effective in
reducing flooding, does not contribute to the liveability aspect of WSC, hence it
is not an ideal candidate for incorporating flexibility. However, a rainwater
harvesting system can also contribute to productivity in terms of reduced water
consumption from the city network. Similarly, a rain garden can also enhance the
aesthetics of the neighbourhood in addition to reducing the risk of pluvial flooding.
Hence the change propagation aspect in a WSC context considers the change
and the degree of change due to an adaptation measure in terms of flood

resilience, liveability, and productivity.

6.3 Application of WSCapp in Elster creek, Melbourne

WSCapp has been applied in the context of adapting to flooding in the catchment

of Elster Creek in Melbourne. Elster Creek’s coastal, low-lying area (i.e. Elwood
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in City of Port Phillip) is at the lowest point of a 40 km? urban river catchment and
has been developed over drained marshland (Rogers et al. 2015). These
characteristics mean that there is a significant flood risk which is predicted to
increase with climate change due to frequent and intense rainfall events and
rising sea levels. A combined 1D-2D hydraulic simulation in MIKE URBAN
(Davidsen et al. 2017) for the different adaptation measures for various rain
depths, sea levels and urban development states was undertaken to assess the
flood risk. Simulated flood areas were intersected with land-use layers to compute
flood damages using depth-damage functions (Olesen et al. 2017). The damages
obtained from the different simulations were interpolated using a kriging approach
to compute expected damages in different scenarios (Lowe et al. 2017). Long-
term climate models have also projected hotter and drier conditions, presenting
regional water scarcity challenges (CSIRO 2015). The steps in application of
WSCapp and the relevance of its application in Elster creek are summarised in

Table 6-1 with reference to Figure 5-3.

6.3.1 Identify vision, scenarios and uncertainty

Melbourne ranks highly among the most liveable cities in the world and aspires
to become a resilient, water sensitive and business friendly city (Step 1, Figure
5-3). By considering the history of the changing visions and adaptation objectives
in Melbourne it is apparent that these have changed from the protection of
waterway health to that of a resilient water sensitive city, which is the present
vision (Ferguson et al. 2013a). Urban resilience in the context of Melbourne is
defined as the capacity of individuals, institutions and systems to survive and
grow when exposed to chronic stresses and acute shocks. Effects of climate
change and global trends such as urbanisation are evident in Melbourne and the
City aims to increase its resilience (City of Melbourne 2016; Victoria 2014;
Victoria 2016a).



Table 6-1 Application of WSCapp in Elster Creek, Melbourne

Flexible adaptation planning
process in a Water Sensitive city
context (WSCapp)

Relevance of WSCapp in Elster creek, Melbourne

1. Identify vision, scenarios and
uncertainty

Melbourne now ranks highly among the most liveable cities worldwide and
aspires to become resilient, water sensitive and business friendly. The
City aims to increase its resilience through strategies such as survive,
adapt, thrive and embed (City of Melbourne 2016; Victoria 2016a). Effects
of climate change and global mega trends such as urbanisation are
evident in Melbourne. The change in drivers of adaptation in Melbourne
such as temperature, rainfall, sea level rise and urbanisation are uncertain
(CSIRO 2015; Victoria 2014). Also there has been a continuous evolution
in the vision and adaptation objectives within Melbourne (Ferguson et al.
2013a).

2. Determine drivers related to
uncertainty and the changes

The main drivers of interest here are: Rainfall, sea level rise and
urbanisation are drivers which are related to flood damages. However, the
flood damages are especially sensitive and with a wide uncertainty range
for rainfall and sea level rise in Elster creek (Olesen et al. 2017).
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process in a Water Sensitive city
context (WSCapp)

Relevance of WSCapp in Elster creek, Melbourne

3. Understand attributes of
adaptation measures and define
range of possibilities

In Elster creek, adaptation measures such as road elevation along the
foreshore, lowering of street profiles, sea gates, foreshore mangroves,
detention in parks and retrofitting existing drainage systems are being
considered. These adaptation measures are effective in reducing the
flooding; some of these measures contributing to liveability and have
secondary benefits either as a detention facility or as a conduit in addition
to their primary function. The maximum and minimum range of drivers
such as rainfall and sea level changes within which each of these
adaptation measures or their combinations that are effective are
determined using physically based numerical models such as Mike Urban
(Davidsen et al. 2017).

4. |dentify effective adaptation
measures and interactions

The range of adaptation measures whose attributes have been already
understood by the planners or city managers and their performance
ranges identified are the potential candidates for embedding flexibility.
These measures are further subject to detailed analysis with respect to
relationships with other measures change propagation, mainstreaming
and offsetting. Offsetting is the practice of avoiding incorporation of
flexibility in adaptation responses where there is a likelihood of operational
constraints, ownership or jurisdiction issues and similar issues that involve
multiple utilities (Eckert et al. 2004). In contrast, mainstreaming is actively
looking for opportunities to implement adaptation measures together with
other urban infrastructure components (Rijke et al. 2016). For example,
the detention systems at household level such as rainwater harvesting
tanks and at neighbourhood level such as parks, are measures that trigger
major changes in the Elwood catchment. Increase or decrease in
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context (WSCapp)

Relevance of WSCapp in Elster creek, Melbourne

household detention has a direct impact on detention volume to be
provided in parks or the capacity of dewatering pumps. These are also the
components where flexibility can be incorporated in case of scaling up,
scaling down when changes are noticed in the trend of drivers of
adaptation. It is relatively simpler to implement change in detention at
household level or change the floor levels of properties undergoing
renewal in response to the trends of sea level rise or rainfall instead of
increasing dike height or making major changes to the pipe network.

5. Create flexible design alternatives
or pathways

The adaptation pathways i.e. the combination of various adaptation
measures for Elster creek were generated using an adaptation pathways
approach and the tipping points were found to vary depending upon the
pathways and individual climate scenarios. 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 required performance of an adaptation measure is
compromised (Kwadijk et al. 2010).

6. Determine cost and benefit of
design alternatives or pathways

The economic cost of individual adaptation measures was obtained from
planning reports and from engineering firms. The present costs of
adaptation pathways were obtained in relation to the tipping point of the
measures in the pathway. The secondary benefits of water savings due to
rainwater harvesting tanks was also considered.
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Relevance of WSCapp in Elster creek, Melbourne

7. Uncertainty analysis

The uncertainty analysis of the present value of adaptation pathways for
Elwood was undertaken for four climate change scenarios recommended
by IPCC (IPCC 2013), CSIRO & BoM (CSIRO 2015). The present value
of the adaptation pathways and results from the risk based approach were
found to be sensitive to the changing climate and socio-economic
scenarios.

8. Final portfolio of adaptation
measures

IPCC scenarios are plausible scenarios and are assumed to have equal
probabilities for calculating the expected present cost/benefits of
pathways. Rainwater harvesting and flood proofing have the lowest
expected present value of adaptation costs along pathways and in the risk
based approach. Also these measures are recommended based on
change propagation as rain water harvesting propagates positive change
by reducing the peak flow of flood, whereas the household flood proofing
reduces flood damages.
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6.3.2 Determine drivers related to uncertainty and the changes
anticipated

Elster creek an urban catchment in Melbourne, is subject to flooding and
uncertainties related to likely increases in sea level, rainfall intensity and
urbanisation (CSIRO 2015; Victoria 2014). The key drivers that affect the adaptation
objectives were studied with the aid of numerical models and through stakeholder
consultations (Step 2,Figure 5-3). The adaptation tipping point method helped in
determining the impact of uncertainty in meeting the required objectives based on
‘stress tests’ by using numerical models (Rodriguez et al. 2016). 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
required performance of an adaptation measure is compromised (Kwadijk et al.
2010). Three drivers, being rainfall, sea level rise and urbanisation contribute to

flood risk in Elster creek (Lowe et al., 2017).

A) P=0mm, S=2.1m B) P=69mm, S=0m

Legend

Stormwater Pipes

E Catchment Boundary

Flood damage [AUD]
- 40M

_0

Basemap:
Geoscience Australia 75005 1 2 3 4

Figure 6-1 . Elster Creek catchment in Melbourne, Australia with flood damages simulated for
100 year return levels of sea level (4) and design rainfall depth (B) projected for 2090 in RCP4.5
(Lowe et al. 2017)
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The range of uncertainty of climate drivers — rainfall and sea level rise for four
representative concentration pathways (RCP) (i.e., as a result of possible mitigation
actions taken by governments) — is as defined by IPCC (IPCC 2013). Under the
RCP 2.6 the change in climate drivers such as temperature, rainfall and sea level
rise will be the minimum, whereas under RCP 8.5, it will be the maximum. These
two scenarios cover the entire range of variations. The estimated annual damages

likely to occur due to coastal and pluvial flooding is depicted in Figure 6-1.

6.3.3 Understand the attributes of adaptation measures and
define range of possibilities

Existing flood risk management plans for Elwood revealed a host of possible
measures for addressing increasing flood risk due to sea level rise and higher rainfall
intensities (Step 3, Figure 5-3). The adaptation measures have been compiled from
various extant planning documents from the City of Port Phillip and Melbourne
Water (e.g. Port Phillip adaptation pathways AECOM (2012), Flood management
strategy Melbourne Water (2015), GHD (2014), Gunn and Rogers (2015)). The
resilience strategy of Melbourne City (City of Melbourne 2016) emphasises the need
for adaptation measures that can withstand chronic stress and also acute shock in
all the scenarios. Modelling results show that measures such as road elevation,
foreshore mangroves, lowering of street profiles, wet proofing of households, rain
water harvesting and surface water detention at parks can withstand chronic stress

and also acute shock for a wide range of rainfall intensities and sea level changes.

The analysis — based modelling results on uncertainties in sea level increase and
rainfall, implementation costs and estimated annual flood damages in Elster creek—
shows that the foreshore mangrove, rainwater harvesting, flood proofing of
households, detention in parks and retrofitting can be the suitable candidates for
incorporating flexibility. The net cost — across the scenarios — of elevating the road
once using a robust design is less than (9.5 million Australian dollars) elevating the
road twice using a flexible design (about 13 million Australian dollars), as the flexible
design requires road formation twice that makes the design expensive. Hence, the
road elevation measure can be a robust measure and is not suitable to be a flexible
measure based on the cost and inconvenience incurred in embedding flexibility.

Also with the exception of road elevation, all adaptation measures have a secondary
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function as an amenity in addition to their primary function. Also the adaptation
measures in Elster creek are independent of each other, i.e., presence or absence
of a measure does not hinder the performance of another measure. These
measures are compatible with each other and compliment the functioning of each

other. The attributes of adaptation measure are summarised in Table 6-2.

6.3.4 Identify effective adaptive measures and interactions

After determining the set of adaptation measures that are flexible, the change
propagation aspects of those measures were determined (Step 4, Figure 5-3). The
changes that propagate though the adaptation measures in the catchment pertains
to flood resilience, liveability and productivity. For example, the extent of foreshore
mangrove and its seasonality, i.e., presence, absence and the duration of the same
is a subjective indicator of liveability (qualitative). The change in productivity was
assessed based on the water saved due to the presence of rainwater tanks. Degree
of change for individual measures and combinations of measures in varying

proportions can also be determined for all scenarios.

6.3.4.1 Identification of effective adaptation measures based on change
propagation

Detention at household level or at local level, using property level flood proofing
measures is effective against flooding due to high rainfall events in Elster Creek.
The detention of water or attenuation of peak discharges by household located
measures propagates benefits throughout the system. Hence it was considered
worthwhile to investigate in detail the changes propagated by these measures at
household levels in the catchment, i.e. the reduction in flood damages. For example,
rainwater harvesting can be mandated through local byelaws to detain a minimum

amount of rainwater at households based on plot size.

Although most of the households in Elster creek have a standard 2m3 rainwater tank,
a larger 5m?3 rainwater tank was found to be effective in reducing downstream flood
damages. The volume of detention can be revised in the future at stipulated
intervals to reflect the changes in rainfall intensity over time.



Table 6-2 Attributes of adaptation measures in a Water sensitive Melbourne

Nature of the adaptation measure

Change propagation

Adaptation Mainstreaming Offsetting
Robust /| Secondary Flood I L
measure . . Compatibility] Liveability| Productivity| possibilities | complications
Flexible | function risk
Road elevation Robust Yes Yes Yes No No Yes Yes
Foreshore mangrove| Flexible Yes Yes Yes Yes No Yes Yes
Rainwater harvesting| Flexible Yes Yes Yes Yes Yes Yes No
Wet proofing houses| Flexible No Yes Yes Yes No Yes No
: " : Yes

Drainage retrofitting | Flexible No Yes No No Yes Yes
Detention in parks | Flexible Yes Yes Yes Yes No Yes No

Notes:

1. The nature of the adaptation measure, which is either robust or flexible is based on the cost incurred in making the design
and implementation flexible

2. The primary function of all the measures is the reduction in flood risk, except road elevation where the primary function is
connectivity and secondary function is reduction in flood risk. The secondary functions for other adaptation measure
considered are ecological benefits, recreational benefits and economic benefits due to reduced water consumption.

3. The flood risk and change in flood risk, i.e., estimated annual damages is based on simulations, whereas the change in
liveability and productivity are qualitative but can be computed.

4. The assessment of mainstreaming possibilities and offsetting complications are based on the present utility management
practices prevalent in City of Port Phillip and Melbourne Water.
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Similarly, there can be strict but revisable building regulations for minimum floor levels
for houses that are at present under the flooding overlay levels; i.e., the special
building overlay (SBO) of City of Port Phillip (CoPP 2016). There is a possibility of
flood proofing when household assets are renewed (Nilubon et al. 2016). For example,
if 4% of housing stocks come up for renewal every year, all the houses would have
been renewed in 25 years. This is highly likely, as Melbourne is experiencing higher
renewal rates due to rapid urbanisation (Victoria 2014). 25 years is also ample time to
determine the increasing trend of rainfall intensities, based on which the regulation
can be revised. Any change in the regulation regarding special building overlay or the
preference for rainwater harvesting tanks is likely to have an effect on the liveability,
productivity and flood resilient aspects of the catchment. This propagated change can
be regulated using appropriate adaptation measures.

6.3.4.2 Identification of effective adaptation measures based on interrelationships

The other aspect that should be taken into consideration while selecting the
component or subsystem for flexibility is the inter-relationships, i.e. the link between
the adaptation measure with other measures or with stakeholders. These relationships
may help in deciding where, how and when to implement the adaptation measure.
The resilience plan for Melbourne proposes urban forestry as a flagship programme
to promote resilience that also includes lowering flood risk and improving storm water
quality (City of Melbourne 2016). The foreshore mangrove and upstream detention
that has been identified as a measure for Elwood can be implemented under this urban
forestry initiative. Improving the flood resilience of Elwood College can also be
implemented through the neighbourhood plan that aims at training and building the
community (City of Melbourne 2016). For example, the local council of Stawell in
Victoria constructed a diversionary weir for flood mitigation, where the local population
and businesses were involved in the construction through a community engagement
programme (Seakins 2013). Similarly, the road elevation or street profile modifications
are related to the drainage improvement as these measures are taken up in the same

“right of way” of the streets and can benefit from each other.

Aligning adaptation measures together when there is an opportunity is also known as
mainstreaming (Rijke et al. 2016). However, after identifying the effective adaptation

measures, a thorough assessment of operational constraints, ownership or jurisdiction
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issues and similar issues that involve multiple utilities has to be undertaken before
finalising the adaptation measures. This assessment process and finalisation of
effective adaptation measures is known as offsetting, which is prevalent in the defence
equipment manufacturing industry (Eckert et al. 2004). For example, the City of Port
Phillip (CoPP) has the jurisdiction over the Moran reserve, a large area on the
foreshore, whereas Melbourne Water is responsible for drainage of open spaces
which have a surface area greater than 20 hectares. After converting the open space
on the foreshore into a mangrove forest in collaboration with the Forestry department,
it may subsequently be difficult for Melbourne Water and CoPP to intervene in future
or to make other changes, as the legal status of the open green land will have become
a “nature reserve” (Table 6-2). Similarly, the roads department may not easily agree
to the change in road design that facilities the flow of water on surfaces or they might
have a different renewal priority list of roads than the drainage authorities’ list of
flooded streets. In such instances coordinating adaptation actions will be complicated
and the water authority could resort to offsetting. For example, the water authority
could invest in high capacity dewatering pumps that could be moved anywhere in the
catchment where flooding is anticipated. The strategy to invest in moveable
dewatering pumps could also become a preferred option where the buy-in amongst
the residents for a ‘water sensitive city’ way of living becomes less attractive and the
City moves towards a utility based customer — service provider relationship between

the residents and city council instead of the current position.

6.3.5 Creating flexible design alternatives or pathways

After identifying the individual flexible adaptation measures, the overall flexibility of the
flood risk management system can also be increased by means of sequencing the
Figure 5-3). An adaptation pathways approach can be used to generate the flexible
adaptation pathways (Haasnoot et al. 2012b; Haasnoot and Van Deursen 2015). 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). The
performance of the measures used or existing systems along the adaptation pathways
and the tipping points — i.e., switching to another adaptation measure as there is a
very high likelihood that adaptation objectives will be no longer met — were determined

based on the expected annual damages. Out of the five flexible adaptation measures
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discussed in the previous section, three adaptation measures — (A) drainage
improvements; (B) rainwater harvesting; and (C) flood proofing — have been

considered to demonstrate the application of adaptation pathways.

Current Situation 1
Rain water harvesting Qe El —
(o |
|_ _|
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Flood proofing O - 1 ——
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Drainage retrofitti
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Map generated with Dynamic Pathways Generator, @2015, Deltares, Carthago Consultancy

Figure 6-2 Adaptation pathways, based on estimated annual damages (EAD), under Low climate
scenario (RCP 2.6). Tipping point is reached when EAD increase to AUD 5.5million, i.e., 0.5
% of net annual revenue generated in Elster Creek. The black vertical line at the end of each
pathway denotes the year (median value) at which the tipping point occurs. The range of
tipping point is represented by the grey dimension lines shown above the pathways. Not all
the pathways are shown here.

Rainwater harvesting and flood proofing at a household scale were selected as
potential adaptation measures to support and manage change propagation (Table
6-2). Conventional drainage retrofitting measures were also considered as the base
case; i.e. storage tanks and enlarged storm water drains. The estimated annual
damages for each of these measures and for the combination of the measures has
been calculated based on the year from which these measures were to be
implemented. The expected annual damage cost (EAD) of AUD 5,500,000 was
considered as the tipping point, which is equivalent to 0.5% of the net revenue
generated in the Elster Creek catchment annually (Table 4, AECOM (2012)). A small
EAD, i.e., tipping point, was selected with the intention to simulate the frequent tipping
in order to demonstrate the performance of pathways with multiple adaptations

measures within the planning horizon.

From Figure 6-2 it can be seen that the tipping point for the rainwater harvesting
measure occurs at the year 2015 from a start date of 2010. However, when this
measure is combined with flood proofing the tipping point is delayed and it does not

occur until the year 2057. The tipping points of adaptation measures and pathways
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for four different climate scenarios based on CSIRO(2015) for Melbourne based on
IPCC(2013) are presented in Table 6-3, whereas the pathways and tipping points are
illustrated on Figure 6-2 (RCP 2.6) and Figure 6-3 (RCP 8.5).

From Table 6-3, Figure 6-2 and Figure 6-3 it can be seen that the tipping points vary
depending upon the adaptation measures along the pathways and for the various
climate scenarios. For example the tipping point of rainwater harvesting in households
and drainage retrofitting occurs in the year 2015; whereas the tipping point of the flood
proofing of households occurs between 2032 and 2044 dependent on the climate
scenario. The rainwater harvesting measures and drainage retrofit are not as effective
as the flood proofing measures in delaying the tipping point across the scenario.
However, the combination of these measures postpones the tipping point. For
example, when rain water harvesting and drainage retrofitting measures are combined
along the pathway the tipping point of this pathway is likely to occur between the years
2038 and 2055 (Figure 6-2 and Figure 6-3). Hence, these combinations of measures
are effective in delaying the tipping points at which service is no longer adequate.

Current Situation 1
Rain water harvesting ( > H
(o o s |
. .
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=
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Map generated with Dynamic Pathways Generator, @2015, Deltares, Carthago Consultancy

Figure 6-3 Adaptation pathways based on estimated annual damages (EAD), for extreme climate
scenario (RCP 8.5). Tipping point is reached when EAD increases to AUD 5.5million, i.e.,
0.5 % of net annual revenue generated in Elster Creek. The black vertical line at the end of
each pathway denotes the year (median value) at which the tipping point occurs. The range
of tipping point is represented by the grey dimension lines shown above the pathways. Not
all the pathways are shown here.

6.3.6 Determine costs and benefits
The identification of preferred pathways can be based on an assessment of the cost
and benefits that accrue along the pathways or the risks anticipated along the

pathways (Step 6, Figure 5-3). The economic costs of individual adaptation measures
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were obtained from planning reports and from engineering consultancies (AECOM
2012; GHD 2014; Gunn and Rogers 2015; Melbourne Water 2015). The present costs
of adaptation pathways discounted at 1.5% were obtained for the tipping point of the
measures in the pathway (Table 6-3). The present value of the adaptation cost can
also be calculated using a risk based approach (e.g. Kind (2014)), which can lead to
a different set of adaptation measures, as the timing of implementation of adaptation
responses are determined based on the reduction of overall risk during the entire
planning horizon. Table 6-3 comprise the present value of accumulated total cost of
flood damages and implementation cost of adaptation measures accumulated over 75
years. The uncertainty in the present value of the adaptation pathways for Elwood has
been represented as a range, which comprises the present value of adaptation costs
for the four climate change scenarios recommended by IPCC (IPCC 2013) and CSIRO
& BoM (CSIRO 2015). The present value of the adaptation pathways and
combinations was found to be sensitive to changing climate scenarios. Also from the
benefit-cost ratio of adaptation measures (Table 6-3) it can be seen that a combination
of measures, especially rainwater harvesting and flood proofing yields a better benefit-

cost ratio across all the scenarios.

The rainwater harvesting measure has a bigger cost benefit ratio under RCP 2.6 as
this measure is effective in reducing the flood damages only up to a certain increase
in intensity of rainfall. When the increase in intensity of rainfall is higher, such us in
scenarios RCP 4.5 to 8.5 there is no significant reduction in flood damages,
consequently there is a low benefit cost ratio in these scenarios. The other reason for
the higher benefit cost ratio, in general, for the rainwater harvesting measure is the
low cost of rainwater harvesting compared with the flood proofing or drainage
retrofitting measures. The rain water harvesting measure cost about 2300 AUD per
household and the total cost of the measure is also offset by about 88 AUD due to the
savings in water (Moglia et al. 2014). There are about 10,000 properties in Elster
creek. The total cost of implementing rainwater harvesting is about 21 million AUD,

whereas the cost of drainage retrofitting is about 996 million AUD.



Table 6-3 Tipping points and present value of adaptation costs for selective adaptation pathways in Elwood based on IPCC scenarios

Investment Benefit/
Present value of total cost Expected Cost of cost Ratio
— . of flood damages and implementation I .
Tipping Point t of adaptati Value adaptation (Range,
Adaptation (median Year) costo al atpda on n;:asures across measures | i.e., From
Measures accum.u 3 <.e .over years scenarios (in Million | RCP 2.6 to
(in Million AUD) (in Million AUD) RCP 8.5)
RCP 2.6 | RCP4.5 | RCP6.0 | RCP8.5 | RCP2.6 | RCP4.5 | RCP6.0 | RCP 8.5 AUD)
No measure 2015 2015 2015 2015 5,444 7,984 8,119 15,872 9,355 - -
A 2015 2015 2015 2015 | 2,042 2,506 2,538 4,103 2,797 996 3.4t011.8
B 2015 2015 2015 2015 1,413 1,944 1,980 3,742 2,270 196 20.6t0 61.9
C 2044 2038 2037 2032 655 986 992 2,242 1,219 180 26.6to 75.7
A&C 2055 2047 2047 2038 1,471 1,802 1,808 3,508 2,305 1176 3.4t0 10.5
C&A 2055 2047 2047 2038 1,456 1,686 1,694 2,586 1,856 1176 3.4t011.3
12.8 to
C&B 2057 2048 2048 2039 644 857 866 1707 1018 376 377
B&C 2057 2048 2048 2039 671 1,002 1,008 2,258 1,235 376 12.7 to 36.2

Adaptation Measures: A — Drainage retrofitting; B — Rainwater harvesting; C— Flood proofing households
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6.3.7 Final portfolio of adaptation measures

The adaptation pathways can be assessed based on the present value cost across all
plausible scenarios in order to select a preferred pathway (Step 8, Figure 5-3). As the
IPCC scenarios are all equally plausible, they were assumed to have equal
probabilities when calculating the expected present cost of the possible pathways or
combinations thereof. Based on the lowest expected present value of adaptation costs
and the highest benefit to cost ratio, the portfolio of flexible adaptation measures
recommended for Elster Creek comprises rain water harvesting and flood proofing

through the elevation of floor levels for households.

6.4 Discussion

In adaptation planning methods such as the adaptation pathways (Figure 6-2 and
Figure 6-3) flexibility is realised by means of having a choice to implement or defer the
adaptation measures. Here, the flexibility is a consequence of compatibility of the
measure with the other measures in the adaptation portfolio. This facilitates the
delaying or speeding up in terms of implementation based on the increasing rainfall
intensities. However, the flexibility obtained through adaptation pathways is not due to
the inherent inflexible nature of the measure i.e., structural or operational or functional
flexibility(Radhakrishnan et al. 2016). WSCapp applied in the context of adapting to
urban flooding in Elster Creek compliments the contemporary adaptation planning
approaches. The significant outcome is that WSCapp has provided a structured
approach to the identification of adaptation measures, such as rainwater harvesting
and flood proofing in households based on the nature of the adaptation measures and
the change propagated through these measures. The WSCapp also identifies the
potential conflicts between the adaptation measures that might arise during the
implementation and identification of measures that can be offset, such as drainage

improvements and street profile changes.

Although the WSCapp, based on the flexible platform design process, helps to select
the flexible adaptation measures, the role of the various stakeholders involved in the
many process steps needs to be included. Also, the planning of adaptation actions
must be considered in relation to the powerful and often ubiquitous political- economic
interests in urban areas (Chu et al. 2017). The varying degrees of involvement and
influence may be anticipated by the many and various players in the context of

WSCapp applied in the Melbourne WSC context. For example in Elster Creek, the



involvement of the National and Regional planning agencies would predominate in
identifying visions and determining the drivers (step 1 and step 2 of Figure 5-3),
whereas the role of the Melbourne regional planning authority would be predominant
in setting the attributes of the WSC (step 3 in Figure 5-3). The role of the local council
- City of Port Phillip - and waterway manager - Melbourne water - would be to lead in
identifying the critical WSC components, creating flexible designs, calculating the
additional benefits and undertaking the uncertainty analysis (steps 4, 5, 6 in Figure
5-3). Each of these various agencies can play an equal role in deciding the final
portfolio of adaptation measures (step 8 in Figure 5-3). Hence in order to apply the
WSCapp, effective stakeholder consultation, engagement and partnerships are
necessary (e.g., agencies such as Municipal Association of Victoria can be engaged
in the process of applying WSCapp in Elster Creek). Also, the application of WSCapp
and identification of flexible adaptation measures early in the planning processes can
improve the agility of the system; i.e., by establishing a system that can respond rapidly
to uncertainty, threats and opportunities (Pathirana et al. 2017a). Although the change
propagation can be quantified in terms of liveability, resilience and productivity, this
paper has focused more on the aspect of flood resilience in order to demonstrate the
application of WSCapp in Elster creek based on change propagation. This is a
limitation of this paper and can be overcome with a comprehensive study which covers
all the adaptation responses addressing the objectives of resilience, liveability and

productivity.

6.5 Conclusions

In the context of enhancing urban resilience, flexibility is seen as being open to
opportunities arising from the number of alternative ways to provide services required
when responding to changing circumstances. Cities such as Melbourne are already
incorporating flexibility to enhance the overall resilience of the city (City of Melbourne
2016). The flexible adaptation planning process formulated from synthesising the
relevant literature and practice on flexibility incorporation and valuation has been
demonstrated using the case example of Elster Creek catchment of Melbourne. From
this case study it is evident that each of the steps of the WSCapp are relevant, needed
and can be applied. It has been demonstrated that it is possible to identify the potential
candidates for embedding flexibility in a WSC context. The next step would be to

gather evidence during implementation— such as type of adaptation measures
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implemented, time of implementation of the measure, reasoning behind the selection
— in order to strengthen the flexible adaptation planning process and increase the
reliability of the approach further for the implementation of a resilience strategy. For
example, evidence can be collected during the implementation of the City of
Melbourne’s overall resilience strategy or the State of Victoria's infrastructure strategy
to assess the limitations of the results presented here and WSCapp and address these

before applying the approach more widely in Australia and elsewhere.



7 Operationalising flexibility: Agile urban planning
process

STV HATH6D HIW (HLD &EwTCRT(GHFT
Gouevmar (Lps55% SHaflm).
Verse 500 (Thiruvalluar 31 BC)

“The jackal slays, in miry paths of foot-betraying fen,
the elephant of fearless eye and tusks transfixing armed men”

Translation based on Pope et al. (1886)

Adaptation gaps are shortcomings of a system responding to climate change, whereas
adaptation deficits are shortcomings in providing services. These two drivers for
adaptation are often in conflict in many secondary cities in the global south (SCGS). It
is possible to align these seemingly conflicting drivers into a productive unity, a
conceptual alignment, which is the first step in achieving harmony while implementing
adaptation actions. This paper focuses on the practical aspects of implementing
aligned adaptation action that leads to improvements in liveability, sustainability and
resilience of SCGS. At an abstract level, the nature of the adaptation problem is similar
to the complex problems identified in various domains, such as software development,
manufacturing and supply-chain management. The widely accepted ‘agile principles’
— used in the above domains — is the basis for developing a set of twelve principles
for urban adaptation, which are synthesised from numerous recent studies that have
implicitly proposed or applied most of these principles to climate change adaptation in
urban settings. These principles lead into four essential objectives appertaining to the
process of sustainable urban adaptation. The urban agile principles are used to
analyse the current state of adaptation of Can Tho City in Vietham and to ascertain
the agile ways of addressing its adaptation challenges. Analysis of the outcomes show

that harmonized approaches can simultaneously address both adaptation deficits and
gaps.

This chapter is based on the journal article “Pathirana A, Radhakrishnan M, Ashley
R, Quan NH, Zevenbergen C (2017) Managing urban water systems with significant
adaptation deficits — unified framework for secondary cities : Part Il - conceptual

framework Climatic Change”
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7.1 Urgency and uncertainty in urban adaptation

Cities have started addressing their needs to improve their liveability, sustainability
and resilience. It is instructive to harmonize the often disconnected views on
adaptation gap, adaptation deficit and the corresponding adaptation actions needed
to close the gaps between these while addressing these needs of the cities. Adaptation
deficit is the difference between the current state of a system and a state that
minimizes adverse impacts from existing external (e.g. climate) and internal (e.g.
urban development driven) forcings (Burton 2004; Pathirana et al. 2017b). The
difference between any pre-agreed adaptation target (adaptation need) and the actual
or anticipated state of adaptation is defined as the ‘adaptation gap’ (UNEP 2014).
Predominantly, adaptation deficits look at the current state of affairs while the
adaptation gap looks at the (medium and long-term) future (Burton 2004; Pathirana et
al. 2017b).

Burton (2004) discusses two types of adaptation actions: Type | adaptation, the
everyday adaptation to weather and climate that has always been a feature of human
life; and Type |l adaptation, the adaptation to (climate) change usually as mandated
under the UN Framework Convention on Climate Change (UNFCCC). Type |
adaptation is promoted as part of sustainable development, while Type |l adaptation
relates to anthropogenic climate change and is driven by rules and practices like those
set out in the Convention. Hence it can be stated that Type | and Type Il adaptation
actions are those that are geared towards addressing adaptation deficits and

adaptation gaps respectively.

Harmonizing Type | and Type |l adaptation actions is important for all urban
environments. However, it is imperative in the adaptation process of secondary cities,
the rapidly developing cities and with a population less than five million, in the global
south (SCGS), largely due to the existence of significant adaptation deficits. Pathirana
et al. (2017)b have presented a conceptual framework — unified framework for
adaptation — for harmonising Type | and Type Il adaptation actions. The unified
framework for adaptation brings together Type | and Type |l adaptation actions in the
context of (i) enhancing liveability in current situations; (ii) satisfying the demand due

to short- term and medium term urban growth; (iii) ensuring sustainability of adaptation
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actions; and (iv) changing perceptions about adaptability among different

stakeholders.

This chapter proposes a set of practical guidelines, recommend structures and
processes to apply the framework into practice. The hypothesis presented in this
chapter is that the ‘agile principles’ that are used in domains like software development
to address the combined challenges of high uncertainty and high urgency can be
utilised successfully to harmonize Type | and Type |l adaptation of urban water
systems. Agility in this context can be defined as the ability of the city to adapt quickly
to the changes. The newly developed urban agile principles have been used to
analyse the current state of adaptation of Can Tho City in Vietham and to ascertain
the agile ways of addressing its adaptation challenges. The relevance of the urban

agile principles for SCGS in general is presented as synthesis and conclusion.

Adaptation in general, especially urban adaptation, has to address the three inter-
related challenges, namely: a) uncertainty; b) path dependency3; and c) ensuring
sustainability and liveability. These three challenges are closely related to addressing
the adaptation gap (Pathirana et al. 2017b). However a fourth challenge arises while
addressing the adaptation needs in SCGS, which is the need for strengthening basic
infrastructure due to significant adaptation deficits. Significant deficits include: (i) lack
of basic infrastructure (water supply, sanitation, roads, solid waste management etc.);
and, (ii) lack of infrastructure to meet the increasing demand due the the growth of

these cities, which increases the adaptation deficits over time.

The approach to adaptation implicitly embraced by decision makers and many
stakeholders in SCGS is often sequential: (i) the adaptation deficit is addressed first
by improving infrastructure; and (ii) once the deficit is reduced, adaptation gap is
reduced. In other words, first address Type | adaptation and then move on to Type Il.

The sequential approach has two major weaknesses: a) Considering the significant

3 Path dependency is the causal dependence of a decision on past decisions. For example some
types of Sustainable Drainage Systems (e.g. detention storage) will depend on the separation of
storm water and sewage. Historical decision to have a combined sewer system has major
implications on how these will be implemented in today’s context.
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adaptation deficits in SCGS (and the rapidly changing nature of stakeholder
expectations), it is unlikely that they can be closed in a short time period; b) Important
opportunities for addressing issues arising from uncertainty, path dependency and the
need for sustainability are lost by following a sequential approach.

The worldview that is promoted by many scientists, even by international donors and
central governments, is one that largely focuses on adaptation gaps related to climate
change (e.g. IPCC (2014)). With justifiable scientific reasons, these key players
attempt to promote the anticipation and addressing of medium and long-term
consequences of global climate change. Understanding the need for climate
adaptation research, many research donors rightfully make funds available for
research in the domain. The sole promotion of the need to address adaptation-gaps
often creates situations where the adaptation research ignores the adaptation-deficits
(Type 1) in contexts such as SCGS (e.g. UNEP (2014)). This can lead to the rejection
or neglecting of Type Il adaptation research outputs by authorities in-charge of urban
development and many other locally relevant stakeholders.

In SCGS, a better approach is to consider Type | and Type Il adaptation needs rather
than to promote one or the other of these ‘adaptation camps’. Integrative views are
necessary to understand and appreciate any complex problem and to form realistic
solutions and the management and adaptation of urban water systems is no exception
(e.g. Allen et al. (2016)). Type | and Type Il adaptation need to be integrated in
projects in order to improve efficiency and sustainability. However, there are serious
pitfalls to be avoided when following the path of integration in proposing and
implementing adaptation responses. The pitfalls are (i) emergent complexity; and (ii)
interconnectedness of the main and associated problems. City managers invariably
favour ‘transparent’ information and struggle with complexity and the models that go
with it (e.g. Hurley et al. (2008)). City managers, while appreciating the nuances of
complex solutions, shy-away from them and move on with over-simplistic, traditional
and sequential, approaches to address problems of what they see as ‘real-world’, i.e.
they take a heuristic stance based on ‘what-we-always-do’. In essence, the call for an
integrative view often backfires, forcing city managers to largely treat the discourse as

a theoretical one with little immediate practical value. Hence the challenge in applying
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the unified adaptation framework is ensuring that there is a practical plan of action
that is (i) inclusive enough in-terms of representing reality; and,(ii) integrative. The
plan of action should be straightforward and prescriptive enough to be of use to both
the decision makers and practitioners— not a trivial feat.

We call here for the better alignment of Type | and Type Il adaptation into a synergetic,
cohesive and directed strategy, albeit with the caveat that implementation should not
become ‘lost’ by being too well embedded; just as sustainability has virtually
everywhere, and policy based climate changed adaptation in some cases (Chu et al.
2015). ltis also recognised that the complete integration of climate adaptation issues
with urban issues might lead to loss of momentum regarding tackling climate
challenges and adequately dedicated attention (Chu et al. 2015). Hence the focus
should be on harmonising the measures used to address Type | and Type Il adaptation

and not complete integration.
7.1.1 Addressing urgency and uncertainty in urban adaptation

Recent studies have emphasized the importance of inclusivity, integration and
flexibility in the context of urban adaptation (Aerts et al. 2014; Allen et al. 2016;
Birkmann et al. 2012; Chu et al. 2015; Garschagen 2014; Gersonius et al. 2012a; Klijn
et al. 2015; Roberts 2014; Rogers et al. 2012; Spiller et al. 2015; UNEP 2014) For
example, Gersonius et al. (2012c) emphasizes the importance of ‘mainstreaming’
adaptation action as an ‘opportunistic’ approach for implementation. Mainstreaming,
properly applied, can aid in the harmonization of measures used for Type | and Type
Il adaptation. For example, suppose there is a major attempt to upgrade the sewer
system of a city. This is a Type | adaptation action. Integrating flexible components
that can be later upgraded as needed (e.g. Green infrastructure, such as swales) in
response to future changes is a way to reduce path dependency in addressing future
uncertainty (Ashley et al. 2016). Flexible components and portfolios of measures can
provide a cost-effective way of sustaining the possibilities for addressing uncertain
climate-induced pressures in the future. Hence this is usually a cost-effective way of
integrating Type Il adaptation with Type | actions.

The need to address adaptation deficits is usually urgent, but has only a moderate
degree of associated uncertainty (Point B in Figure 7-1a) as current demands are

relatively well known. Nonetheless projecting future from current demands always has
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a moderate degree of associated uncertainty. Whereas, adaptation gaps are
characterized by a very high degree of uncertainty and a moderate degree of urgency
(Point A in Figure 7-1a). Current demands to address these are small, but there are
very high (a priori unknown) future demands with very high associated uncertainty. In
SCGS, there is the need to successfully integrate or harmonise Type | and Type |l
adaptation measures in order to ensure the affordability, success and sustainability of
the measures arising from adaptive actions. The combination is therefore a state that
is both highly urgent and highly uncertain (Point C in Figure 7-1a). Integrated projects
that address both Type | and Type Il needs have a high urgency due to the large
adaptation deficits to be addressed now and also high uncertainty due to the unknown

future adaptation gaps.

7.2 Agile Principles

Addressing the combination of high uncertainty and high urgency is not a challenge
that is novel or specific to the domain of urban water management. Similar challenges
have been faced during the last several decades by, amongst others, manufacturing
and Software development industries (Bernardes and Hanna 2009; Koste and
Malhotra 1999; McGaughey 1999; Sanchez and Pérez 2005). Businesses and
organizations such as these face a volatile environment that is highly uncertain with
challenges such as increased competition, globalized markets, technology
obsolescence and individual customer requirements. The uncertainties, the existential
threat to survival and need for the maximisation of profits has necessitated an urgent
shift of paradigm from traditional ‘predictive’ planning to a newer ‘agile’ or adaptive
planning paradigm (Wendler 2013). This is illustrated in Fig 1b. Agility and agile
manufacturing has been used for example by the US automotive industry to counter
rigidity in manufacturing through the introduction of response buffers, postponing
decisions in manufacturing and late configuring of products (Holweg 2005). Many new
product industrial development software projects routinely apply agile methodologies

that were originally formulated in the 1990s (Kettunen 2009).

The agility of an enterprise is defined as its ability to quickly respond to unexpected
changes in order to survive unprecedented threats by proactively seizing
opportunities. An agile approach ( Figure 7-1c) may be illustrated using a number of

principles, although the concept can be loosely defined as a process where
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requirements and solutions evolve through collaboration between self-organizing,
cross-functional teams, promoted by adaptive planning, evolutionary development,
early delivery, continuous improvement, and encouraging rapid and flexible responses
to change (Fowler and Highsmith 2001; Leffingwell 2010). Therefore an agile process

is one that has a high capacity to adapt to change (Pressman 2005).

The ‘agile manifesto’, that is prevalent in the software domain (Fowler and Highsmith
2001) and its twelve guiding principles such as continuous service delivery, welcoming
change, maintaining simplicity, frequent updates, continuous engagement with
stakeholders and sustainability presented in Table 7-1 have been derived from Beck
et al. (2001)
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Figure 7-1: Top: (a): Integrating adaptation deficits and gaps creates a situation that is both highly urgent
and highly uncertain. (b) Moving from “predictive development” to “adaptive (agile)
development” was the solution that worked in the domain of software development (after Chang
(2010)). Bottom: Such shift of approach will also imply moving from a ‘waterfall’ approach to a
cycle approach, where development is done in a number of, ‘tight’ cycles, each spanning a short
amount of time/effort (in the order of 8t K T where T is the typical design horizon (say about 40-
100 years for urban systems, and several years for software). 8t can span between a few months to
several years in case of infrastructure project (in software development it is typically a few days or
weeks) Cyclic development allows for flexibility as well as learning by doing.




Table 7-1 Agile manifesto, agile principles for urban adaptation, essential objectives for agile urban adaptation and its relevance

Agile Manifesto | Relevant existing urban climate adaptation
for Software | frameworks . . :
) . o . Essential objectives for agile
Development (Literature review) Principles (Agile) for .
) urban adaptation
(Fowler and urban adaptation : .
) . . . (What urban agile principles
Highsmith (Our interpretation) : .
a|b|c|d|e |f |[g]|h i I {m|n mean in practice)
(2001); Beck
et.al (2001) )
1. Our highest 1. Highest goal in urban | A. Favour flexible, incremental,
priority is to satisfy development should be to | changeable, multi-value
the customer enhance liveability, | solutions
through early and sustainability and | a. While not always possible,
) M4« MM M4 4|4 M .
continuous resilience of urban | make every attempt to propose
delivery of communities, according | adaptation measures that can be
valuable software. to those communities' | implemented incrementally -
evolving aspirations. ideally at time-steps of several
2. Welcome 2. The aspirations of the | years. At every stage the solution
chan.gmg stakeholders do (and | should have utility.
requirements,
even late in should) evolve. Harness | b. Favour solutions that result in
deyelopment. these changing | as little path-dependency and
Agile processes o M|~ %}
harness change aspirations and be ready | lock-in as possible.
for the customer's to accommodate them, | c. Financial evaluation of
competitive
advantage. rather than attempting to | measures should take into
resist them. account the multiple-benefits of




Agile Manifesto | Relevant existing urban climate adaptation
for Software | frameworks . L :
) . . . Essential objectives for agile
Development (Literature review) Principles (Agile) for .
) urban adaptation
(Fowler and urban adaptation : o
) . . . (What urban agile principles
Highsmith ] (Our interpretation) : .
alb|c|d|e |f |g]|h i Il |m{n mean in practice)
(2001); Beck
et.al (2001) )
solutions, not only of the delivery
of the main objective.
3. Continuous 3. Consensus is not a | B. Virtual-worlds, understood and
attent_lon to license to do away with | accepted by all stakeholders
technical
excellence and planning and engineering. | a. Comprehensive but easy to
good design : .
. Introduce planning and | use modelling systems are
enhances agility.
engineering to all the | essential. In the case of
M 4|4 M| M %} stakeholders. Focus on | adaptation work, this is probably
developing capacity of all | the only practical way to
stakeholders in the | objectively test various proposed
elements of planning and | measures. The objective of the
engineering necessary for | modelling systems is not to
meaningful contribution. predict a single plausible future,
4. Simplicity--the 4. Simple solutions are | but provide a platform to test
art of maximizing M| M 4| often the best. They are | variety of proposed measures
the amount of
work not done--is




Agile Manifesto | Relevant existing urban climate adaptation

for Software | frameworks

Development (Literature review) Principles (Agile) for

(Fowler and urban adaptation

Highsmith (Our interpretation)
al|b|c|d]|e g |h i Il |m{n

(2001); Beck

et.al (2001) )

essential. often easier to perceive,

implement, manage and

maintain.

Essential objectives for agile
urban adaptation
(What urban agile principles

mean in practice)

against wide-range of scenarios.
b. The modelling system should
have trust, acceptance and
agreement of all stakeholders.
c. The modelling system should
be routinely  updated to
incorporate new knowledge, and
conditions, to address missing
requirements.

d. The modelling system should
encourage experimentation with
range of measures. It should
never be a hindrance for testing
measures. Sometimes it is
needed to sacrifice complexity
(resulting in slow response or

user-unfriendliness) for utility.




Agile Manifesto
for Software

Development

Relevant existing

frameworks

(Literature review)

adaptation

Principles (Agile) for

Essential objectives for agile
urban adaptation

(Fowler and urban adaptation : e
) . . . (What urban agile principles
Highsmith (Our interpretation) : .
al|b|c|d]|e mean in practice)
(2001); Beck
et.al (2001) )
5. Deliver working 5. All adaptation solutions | C. Type | and Il adaptations are
software should have a value | equall important
frequently, from a qually P '
couple of weeks | today, in order for them to | a. Use today’s requirements as
to a couple of be socially relevant startin oints in evolvin
months, with a y ) g P 9
preference to the measures for addressing short,
shorter timescale. medium and long-term
6. Working 6. Never disengage the g
software is the : adaptation needs.
Aimarv measure adaptation from regular
P y b. Look for solutions that address
of progress. urban development
both  adaptation-deficits and
v ™ process. Look for daotat
opportunities for | 29@PatON-gaps.
. . c. All solutions — even longer-
mainstreaming
. term — should also have an
adaptation.
immediate utility.
7. Agile 7. Done right, stakeholder | D. All stakeholders working and
Processes groups and governance | learning together:
promote 7| ™ '
sustainable structures never become | a. Promote leadership
development. The irrelevant, they | b. Organize city to city learning
sponsors,




Agile Manifesto | Relevant existing urban climate adaptation
for Software | frameworks . L :
) . . . Essential objectives for agile
Development (Literature review) Principles (Agile) for .
) urban adaptation
(Fowler and urban adaptation : o
) ] . . (What urban agile principles
Highsmith (Our interpretation) : .
al|b|c|d]|e g |h i Il |m{n mean in practice)
(2001); Beck
et.al (2001) )
developers, and should/can evolve and | c. All stakeholders are important:
users should be . . I i
o continue sustainably. Scientists are not first among
able to maintain a
constant pace equals Stakeholders should
indefinitely. . ,
2 also include users or clients of
8. Business 8. All stakeholder groups
people and o | the system, e.g. citizen groups,
| should participate in
developers must N _ business interests. Ideally these
work together decision making from day | _
daily throughout | ¥ | M 4] ] 4] clients should be given the
h . one, all stakeholders | o
the project. (informed — see f) leadership in
should  take  shared _
_ o the process of adaptation.
ownership of decisions. .
: _ : d. Organize frequent stakeholder
9. Build projects 9. Champions are . ) .
around motivated o _ | meetings. Physical meetings
N . indispensable: Identify
individuals. Give cannot always be replaced by
them the them, empower them and
environmentand | M | M . teleconferences. In urban context
help them flourish. _ -
support they this should be easy to facilitate.

need, and trust
them to get the
job done.

e. Use group-planning sessions




Agile Manifesto | Relevant existing urban climate adaptation

for Software | frameworks

Development (Literature review) Principles (Agile) for

(Fowler and urban adaptation

Highsmith (Our interpretation)

al|b|c|d]|e g |h i Il |m{n

(2001); Beck

et.al (2001) )

10.  The most 10. A community of

efficient and ractice of all

effective method P

of conveying stakeholders should meet

information to and ;

within a physically, frequently. The

development collaboration needs a

team is face-to- M| A A o

f strong platform; it also

ace

conversation. needs objective means of
testing and benchmarking
diverse ideas against all
conceivable scenarios.

11. The best 11. Properly guided, self-

architectures, ..

: organizing  stakeholder
requirements,
and designs 7 | = groups can often come

emerge from self-
organizing teams.

with better solutions than
a pre-prescribed plan.
More

importantly, they

Essential objectives for agile
urban adaptation
(What urban agile principles

mean in practice)

effectively. Encourage all
stakeholders (not only planners)
to participate as equals. Use
expertise of each constituent
member only as a resource, not
as a license for that member to
monopolize the views related to
the domain.
f. Quickly fill the knowledge-gaps
of all stakeholders by providing
appropriate learning
opportunities (includes targeted
trainings).

g. Documentation of all important
stakeholder activities is essential.
modern

Use easy-to-use




Agile Manifesto | Relevant existing urban climate adaptation
for Software | frameworks
Development (Literature review) Principles (Agile) for
(Fowler and urban adaptation
Highsmith (Our interpretation)
alb|lc|d|e |f |g|h]i|j |k]|]] |m{n
(2001); Beck
et.al (2001) )
encourage shared
ownership of decisions.
12. Atregular 12. Self-reflection of all
lre]:\ar:m\/?el;l’;:tz on stakeholders and the
how to become stakeholder group in-
more effective, .
then tunes and general helps in
adjusts its M| A maintaining their
behaviour
) relevance and
accordingly.
effectiveness over time.
City to city learning can be
useful in this process.

Essential objectives for agile
urban adaptation
(What urban agile principles

mean in practice)

collaboration  platforms

(e.g.
wiki’s) with version controls to
this.

documentation an integral part of

achieve Try to make

stakeholder activities

Relevant existing urban climate adaptation frameworks — review of existing literature on recent climate and urban adaptation

2 Urban climate resilience framework (Tyler and Moench 2012)

b Inclusive approaches to urban climate adaptation planning and implementation in the global south (Chu et al. 2015)

¢ Urban futures methodology (Rogers et al. 2012)
4 Methodology for local economic impact assessment of climate change (Hallegatte et al. 2011)

¢ Adaptive flood risk management planning (Klijn et al. 2015)




Agile Manifesto | Relevant existing urban climate adaptation

for Software | frameworks

Development (Literature review) Principles (Agile)

(Fowler and urban adaptation

Highsmith (Our interpretation)
alb|lc|d|e |f |g|h]i|j |k]|]] |m{n

(2001);  Beck
et.al (2001))

for

Essential objectives for agile
urban adaptation
(What urban agile principles

mean in practice)

' Framing the adaptation Gap (UNEP 2014)

9 Unified conceptual framework for Adaptation (Pathirana et al. 2017b)

h Design alternatives for flexibility (Spiller et al. 2015)

' Flood resilience strategies for coastal cities (Aerts et al. 2014)

i Framework for scope and scale of secondary cities (Roberts 2014)

kK Integrated framework for vulnerability and adaptation analysis (Birkmann et al. 2012; Garschagen 2014)
! Flexible adaptive strategy (Gersonius et al. 2013; Gersonius et al. 2012c)

m Strategic flood risk management (Sayers et al. 2015)

" Urban infrastructure appraisal (Young and Hall 2015)
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7.2.1 Agility principles in Urban Development

Recent literature setting out frameworks for adaption has (implicitly) included many of
the proposed agile principles for urban adaptation. Table 7-1 also lists the components
of agility found in the select urban adaptation frameworks reviewed. It can be seen
that there is some congruity in each of the agility principles from the manufacturing
sector when considered in the context of urban (climate) adaptation. As indicated in
Table 7-1, many frameworks/methods have implicitly included a number of the
principles. Chu et al. (2015) include most of these principles in the context of promoting
public participation and facilitation of engagement of different civil society actors in
adaptation planning and implementation. The inclusion of most components of the
agility principles by Chu et al. (2015) is due to the inclusivity approach — as a means
of stakeholder involvement and sustaining continuity in adaptation processes, based
on a consideration of adaptation planning and implementation in two cities: Quito in
Ecuador and Surat in India. These cities pursued two different inclusivity approaches
such as broader inclusion and selective targeting of stakeholders respectively. Hence
it has been concluded that the features of the agile approach advocated by the agility
manifesto (Beck et al. 2001), are relevant to the domain of adaptation. The broad agile
objectives of the manifesto that are applicable to agile urban adaption and considered

in this paper are given below.

1. A strong emphasis on stakeholder’s involvement: Processes and tools are
secondary and are seen as a means of achieving proper stakeholder

communication and representation of ideas.

2. Stakeholders do not have a ‘blueprint’ for the ideal product. Blue print evolves
as the stakeholders collaborate through close, frequent communication and

working in teams.

3. There is a ‘working product’ from the early stages of development (e.g.
stakeholders do not have to wait for a distant future to witness the ‘release’ of
a ‘complete’ product). The early prototype is, albeit a limited, but fully working
system and is usable. This ‘working state’ is maintained throughout the
subsequent development stages. Therefore there is no special emphasis on
the final’ product.
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These features arise from embracing the complexity, uncertainty and urgency of the
problem while at the same time using collaboration and respecting the needs and

wishes of all stakeholders as a means of overcoming the challenges faced.

We propose here that a potential application of agile principles is in the context of
urban adaptation: The conditions pertaining to the imperative uncertainty and urgency,
Point C in Figure 7-1a, are similar between manufacturing needs and that of
responding to climate and other urban system changes, hence the enabling
mechanisms could be of a similar nature (Column 3 of Table 7-1). The potential for
application of agile principles considered here is wider than the need to address

urgency and uncertainty in urban adaptation for climate change alone.

On a cautionary note, the industrial systems such as automobile manufacturing,
aerospace and nuclear energy systems which are “complicated systems”, are different
from urban water management systems, which are “complex” systems (Dunn et al.
2016). Application of complicated system principles such as agility principles to urban
development needs therefore to align various components of the urban system and
harmonise adaptation by understanding the known relationships of what is a complex
urban system. The other area of distinction between the domains is in the scope of the
outcomes between manufacturing and adapting urban areas. In the former, the aim is
to produce goods and profit from sales, whereas, in a fair society, the aim of urban
adaptation is to ensure the health, welfare and well-being of the urban population and
environment. Municipalities typically oversee this task, although in recent times the
private provision of public ‘goods’ has complicated this picture and profits may also be

linked to the core services required of society, including urban water.

However, as application is in its infancy, these differences may not be a limitation to
the use of manufacturing developed agile principles in the urban domain and will only
be properly tested once there have been a number of applications. Also, it is useful to
align or actively seek out the objectives of agile urban adaptation with the agile

manufacturing frameworks in order to facilitate the application.



Operationalising flexiblity.... 141

7.2.2 Essential objectives and practical principles for agile urban
adaptation

Definitive quantification of various aspects of the medium and long term future of
SCGS is not possible. The usual approach of aligning policy along a ‘most-plausible’
or ‘most obvious’ (i.e., business-as-usual e.g. Ashley et al. (2016)), single solution is
not always useful. The adaptation challenge in SCGS is to reduce the lock-in or path
dependency, which is due to the business-as-usual approach, as much as possible
without excessive financial burden or loss of immediate utility. Further, the involvement
of all the stakeholders, though complex, is likely to increase acceptability and

sustainability of adaptation responses, contributing towards value creation.

Though it could be seen that the agility principles from manufacturing are valid with
regard to urban adaptation and urban agile principles can be formulated (column 1-3,
Table 7-1), it is essential to identify specific planning objectives in the urban adaptation
context, that could be used in materialising / operationalising urban agility. The
essential objectives of agile urban adaptation have been deduced from the existing
urban adaptation frameworks (Refer column 2, Table 7-1) using agile manifesto and
principles (Beck et al. 2001) as a guideline. The essential objectives of urban
adaptation constitute: (i) flexibility — to tackle uncertainty and path dependency
(Gersonius et al. 2013); (ii) plausible scenarios — to ensure liveability and sustainability
under all potential futures (Brown et al. 2009); (iii) Type | and Type Il adaptation -
aligning and harmonising type | and type |l adaptation (Burton 2004; Pathirana et al.
2017b); (iv) stakeholder consultations — views from all the stakeholders are paramount
and continuous learning is achieved through engagement at every state of adaptation,
such as in learning and action alliances (Ashley et al. 2012; Cettner et al. 2014a) . The
collection of practical objectives should encompass all of the requirements expressed
by the twelve agility principles (Refer to the grouping of agile urban principles based
on the essential urban objectives in column 4, Table 7-1). These outline what should

be the essential objectives of a viable urban adaptation system.

The prevalence of agility principles or the four agile objectives (A-D in column 4 of
Table 7-1) in the current urban adaptation context is most apparent when considering
SCGS. As an example, Can Tho city in Vietnam is undergoing climate and socio-
economic adaptation and has been selected as a case study city to review the
application of agility principles and identification of agile urban adaptation objectives.
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The various adaptation aspects in Can Tho have been assessed using the principles
and the four objectives of a proposed agile adaptation framework. Can Tho case study
should not be seen in the view of operationalising or applying the agility principles in
adaptation planning. The case study illustrates where the agile objectives are identified
in an ongoing adaptation planning process. The implementation issues and other
practical difficulties in operationalising agility principles in urban adaptation is work

under progress and will be reported in a follow up article.

7.3 Possibilities for applying agile principles in Can Tho

Can Tho is an SCGS and the largest and a fast growing secondary city in the Mekong
Delta, Vietnam. The city is affected by drivers such as (i) sea level rise, driven by
climate change; (ii) change in river runoff, due to climate and hydrologic change; (iii)
change in urban runoff, due to imperviousness growth and enhancement of extreme
rainfall due to urban growth driven micro climate; (iv) socio-economic drivers such as
population growth, spatial planning and economic growth rates (Huong and Pathirana
2013; MDP 2013; SCE 2013). However, there is uncertainty with regard to climate and
socio economic drivers. Assessment of proposed urban development and adaptation
responses —such as new ring dikes, improvements to roads — show that the adaptation
responses, which are path dependent and address only the current adaptation deficit,
are not sustainable in the face of swift and uncertain future change (SCE 2013). Can
Tho was selected as the case study city as it is a secondary city with Type | and Type
Il adaptation needs and the authors have a good understanding of adaptation needs

as they have been working with this city on various adaptation projects.

Increased in-migration and unaffordable real estate prices have meant that a section
of the population has settled alongside rivers and canals thereby making themselves
vulnerable to pluvial and fluvial flooding due to both an infrastructure deficit and
change in climate (Garschagen 2014; Quan et al. 2014). Can Tho is adapting to
climate change as well as the socio-economic changes and to a certain extent is still
adapting to the political changes after the Indochina wars, a series of wars fought in
the region between the years 1946 to 1989 (Garschagen 2014; World Bank 2014).
Hence Can Tho provides an opportunity to review the application of the agility
principles for urban adaptation. We have evaluated the current status of adaptation
planning and processes in Can Tho against the four main objectives of the proposed

agility framework (Table 7-1). In the following discussion each of the twelve agile
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principles listed in Table 7-1 are referred to as ‘[Px]’ where x is the number given to
the principle in Table 7-1. The relevance of agile urban principles and agile urban

objectives in Can Tho are summarised in Table 7-2.

7.3.1 Are there generally accepted ‘virtual-worlds’?

Studies on Can Tho residents’ vulnerabilities, adaptation to climate change
(Garschagen 2014) and proposed dike system (Pham et al. 2009) are available.
Radhakrishnan et al. (2017b) for example, combine global and local understandings
of climate change and socio economic change to estimate the enhancements to
adaptation pathways for the planned flood protection systems in Can Tho due to
enhancements in the coping capacity of the citizens. The recent Mekong Delta Plan
presents four different regional development paths based on climate change, urban
development and industrialization (MDP 2013). There are a number of modelling
studies of varying degrees of complexity and integration (Huong and Pathirana 2013;
Quan et al. 2014; Radhakrishnan et al. 2017b), although there is no general
acceptance among stakeholders which models (‘virtual worlds’) to use to explore the
various scenarios (Table 7-2). The lack of an accepted set of ‘virtual worlds’ has
resulted in a lack of common understanding of the various adaption issues and
outcomes among different stakeholders [P3]. While attempts are being made in the
context of a number of training and information sharing initiatives by different projects,
considerable work has yet to be done to clarify both the issues and the potential

responses available in Can Tho.

7.3.2 Equal importance for Type | and Type Il adaptation

Some of the current adaptation measures such as dike heightening to overcome the
adaptation gap in Can Tho have been found to be effective only for a short time into
the future (Radhakrishnan et al. 2017b). Many of the current and planned Type | and
Type Il adaptation measures for climate change and socio economic change are also
not compatible (Pathirana et al. 2017b). There are proposals (PM 2013) for the socio-
economic development and poverty reduction of Can Tho which project the plans as
inclusive, pro-poor and delivering social justice. Measures such as: (i) The relocation
of vulnerable households to reduce exposure to floods — which are not effective in Can
Tho as residents will not move as there is a fear of loss of income due to the relocation;
(i) The possibility of elevating the houses in-situ — which depends not only on needs
due to past occurrences of flooding but also on the economics of individual households
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and any savings available for self-financing (Garschagen 2014). The type Il adaptation
measures such as dike heightening that are being planned are based on the historical
river water levels along with allowances for climate forcings such as sea level rise (eg.
SCE (2013)). These do not account adequately for uncertainties and are not flexible
in nature and therefore are of high risk. Type | and |l adaptation measures are also
being promoted separately by different stakeholders and interest groups and there are
major differences of opinion amongst these on the relative importance of the various
measures proposed (Table 2). Hence the present value of adaption action is not well
reflected in the adaptation plans [P5] and equal importance is not given to Type | and
Type Il adaptation [P6].

7.3.3 Lack of flexibility and value from the proposed adaptation
measures

The current measures addressing Type | and Il adaptation in Can Tho are not flexible
(Pathirana et al. 2017b; Radhakrishnan et al. 2017b). However, there is scope for
incorporating flexibility measures in dikes to tackle uncertainty against sea level rise
and how this could be achieved has been demonstrated for Can Tho (Radhakrishnan
et al. 2017b). Looking at these measures from a flexibility point of view can open
opportunities for simultaneously achieving type | and type Il adaptation goals as well
as securing other multiple benefits [P1]. There is a considerable scope for improving
the potential (macro-) economic benefits of adaptation projects by looking at the
opportunities for multiple benefits [P2]. Currently this is an area which is largely
neglected in Can Tho (as in many other SCGS). For example, Quan et al. (2014)
demonstrated that there is scope for addressing adaptation gaps in an urban
development project with the dual objectives of poverty alleviation and beautification
around the Xan Thoi lake (Table 7-2). However, the necessary alignment of adaptation
actions for this requires sustained involvement of stakeholders and a general
methodology that accepts and includes engagement from all the stakeholders at all

stages of adaptation, e.g. using learning and action alliances (cf. Ashley et al. (2012)).



Table 7-2 : Scoping for urban agile principles and identification of agile adaption objectives in Can Tho

Essential agile objectives
in Can Tho
(Refer to Table 7-1 for description
on objectives and principles)

Urban agility principles needed in Can Tho

The current adaptation measures that
are being planned and implemented in
Can Tho are not flexible and do not
have multiple value, but there is scope
for flexibility and multiple benefits

( Urban agile objective A - Favour
flexible, incremental, changeable,
multi-value  solutions-  comprising

principles P1, P2)

The current proposals address the resilience component and liveability component
separately and not together. The sustainability components are not clearly reflected in the

adaptation and urban development plans.

The change in aspirations of people are not reflected in the plan but there is scope for

inclusion.

In Can Tho, it can be seen that there
are multiple virtual worlds - various
engineering, planning and socio
economic models - but there is a lack
of common understanding.

( Urban agile objective B - Virtual-

worlds, understood and accepted by all

Periodic attention is paid towards technical excellence of design standard such as flood

protection ( e.g. SCE 2013) However, the efforts do not encompass all key stakeholders

Many solutions are sector-based, making them not-simple, but complex to maintain and

integrate with overall development of the city




Essential agile objectives
in Can Tho
(Refer to Table 7-1 for description

on objectives and principles)

Urban agility principles needed in Can Tho

stakeholders - comprising principles
P3, P4)

Type | and Type Il adaptation needs
are clearly seen in Can Tho, although
the focus there seems to be more on
Type Il adaptation. This could be due to
the interest or agenda of international
donors in Can Tho.
(Urban agile objective C - Type |l and Il
adaptations are equally important -

comprising principles P5, P6)

Present benefits of future adaptation requirements is not clear in the adaptation plans

proposed. Most of these plans talk about present costs and future benefits.

Satisfying the current urban development needs through adaptation plans is not being

done, although there is scope for this (e.g. Quan et al. (2014))

Although a number of stakeholders are
involved in the adaption planning of
Can Tho, there has not been any
significant effort put towards learning
and working together. There is plenty of

scope for it and it is being explored

Can Tho is still undergoing evolution in governance due to the change in status from a
city to a city state. The aspirations of the people are also evolving as seen in the rise of

middle class and in the perceptions’ about adapting to floods. Refer to Garschagen (2014)

Although there is interest among the diverse group of participants towards participation
and to take ownership of decisions, there are no platforms to do this and there are social

barriers hindering equal participation.




Essential agile objectives
in Can Tho
(Refer to Table 7-1 for description

on objectives and principles)

Urban agility principles needed in Can Tho

through capacity building workshops
and city to city learning networks.
(Urban agile objective D - All
stakeholders working and learning
together - comprising principles P7,
P8,P9,P10,P11,P12)

Involvement of champions in adaptation issues are not clearly evident in Can Tho.
However, the need for champions and their involvement is being encouraged through

multi-stakeholder workshops (e.g. Radhakrishnan (2015)).

Meeting of all stakeholders is not yet common. When this happens, the interactions can

be too rigidly controlled (Clemens et al. 2014)

Although there is scope for emergence of self-organising stakeholder groups and

consultations, it has to be nurtured and guide in the initial states

The relevance of present and future adaptation plan in Can Tho is yet to emerge through

stakeholder consultants although there is scope for this.
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7.3.4 Stakeholders working together

A number of stakeholders such as the Department of Planning and Infrastructure (DPI),
Department of Labour, Invalids and Social Affairs (DOLISA), Ministry of Agriculture and Rural
Development (MARD), Ministry of Natural Resources and Environment (MONRE), Can Tho
Climate Change and Coordination Office (CCCO) are working on aspects that are addressing
the adaptation deficits and gaps in Can Tho i.e., [P7] and [P8] (Clemens et al. 2014;
Garschagen 2014). The organizational setup at the higher levels of government and at
grassroots level seems to provide a means for involvement via stakeholder meetings, the
promotion of leadership and a flow of information at some levels (Clemens et al. 2014).
However, there is rarely any common understanding or agreement between these
stakeholder communities about the adaptation issues such as: i) the acknowledgement that
climate adaptation and socio economic adaptation are occurring in parallel, resulting in
uncoordinated planning and implementation by DOLISA, MONRE and MARD; ii) adaptation
is an environmental issue that may conflict with economic development, which subsequently
results in protectionism separating the perspectives of MONRE and MARD (Garschagen
2014); iii) local communities feeling that lower-tier stakeholder aspirations and options do
not reach the higher levels of government (Garschagen 2014; Moench et al. 2011).
Numerous research projects have organized seminars and workshops with representation
from other cities within Vietham and overseas, so that the city managers could learn from the
global experience. Encouragingly, the ideas expressed in ‘City to city learning’ (Zevenbergen
et al. 2015b) are gaining acceptance in Can Tho. From the above narrative it is clearly evident
that [P9], [P10] and [P11] are not being included effectively in Can Tho (Table 7-2).

7.4 Discussion

It is clear that many of the objectives necessary for effective agile adaptation, such as a
common understanding of adaptation, mechanisms for stakeholder involvement and
champions are not yet available (Table 7-2) in Can Tho. Many SCGS - such as Byblos in
Lebanon, Porto Alegre in Brazil, Semarang in Indonesia — face the same situation (100
Resilient Cities 2017). This study has identified that Can Tho has the potential for developing
an agile, learning and dynamic stakeholder community and many of the key components for
this such as Type | and Il adaptation needs, adaptation plans with potential for flexibility,
aspirations among stakeholders to cooperate are in place (Table 7-2). The current challenges
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are to: (a) create an enabling institutional and governance environment that promotes these

potentials and: (b) integrate the various elements together in a viable fashion.

Can tho city has significant capacity gaps in terms of adaptation. Although there is an
understanding of climate issues, there is a lack of shared knowledge about adaptation
measures, interest and capacity for learning. There are few if any, practical avenues for
knowledge pooling and discussion although there is a central coordinating office for climate
change CCCO (Garschagen 2014; Moench et al. 2011). There are numerous initiatives often
associated with research projects, with the objective of enabling information sharing,
collaboration and promoting inter-sectoral coordination. However, these attempts are diffuse
and are yet to reach the critical mass and inertia needed to be effective.

The analysis presented here has revealed the benefits of applying the agility principles to
understand the limitations of the adaptation landscape in Can Tho as a typical SCGS. The
agile adaptation principles can be applied to align adaptation measures, harmonize multiple
needs, and bring about organisational integration and synchronization at multiple levels. This
includes households, district, city, provincial and national levels and coordination across
agencies such as DOLISA, MARD and MONRE to better understand, plan and implement

adaptation measures.

Although agility principles are demonstrated here as being applicable in the context of SCGS
in Can Tho, these are likely to be applicable in a city in a developed or industrialised country
as such cities are also undergoing significant change in the context of increasing resilience,
sustainability, liveability, transformation and productivity. Rapid change can create situations

with large adaptation deficits even in these cities.

An argument against the application of agility principles is the observation that urban
adaptation context is far more complicated compared with the original domains the agility
principles were borrowed from. Urban adaptation plans are: (i) often outdated by the time
they are ready to be implemented; either due to adaptation deficits or changes in external
stressors (Pathirana et al. 2017b; Radhakrishnan et al. 2017b); (ii) susceptible to
manipulation by political decisions and the purchaser — provider relationship between e.g.
international development banks and national governments (Cettner et al. 2014a; Poustie et
al. 2016). However, in spite of these added challenges, adaptation in urban areas needs to:
address path dependencies, adhere to principles of sustainability and importantly, pursue the

improvement of liveability by addressing adaptation deficits. Urban adaptation needs include
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the essential traits of agile systems such as the changing dynamics between the system
components and the continuously evolving ways in which the objectives such as liveability
are addressed. Hence application of agile principles is recommended as a useful framework
for formulating urban adaptation responses.

Transformational adaptation is the way of using behaviour and technology to change
biophysical, social or economic components of a system fundamentally (EEA 2016). Urban
adaptation provides opportunities for incremental and transformative development
trajectories, where there is an integration of knowledge into decision making, building on
exchange among policy makers, scientists and those at risk; designed and modified to the
local needs and capacities; ensuring plan and policy continuity; promoting ownership and
equity (Chu et al. 2015; Revi et al. 2014). The application of agile principles to urban
adaptation is proposed here as a practical way to operationalize transformational urban

adaptation.

7.5 Conclusion

Approaches to adaptation to climate and societal changes are typically fragmented into two
often not connected types: Type | - adaptation deficits; Type Il - adaptation gaps. This
fragmentation is inefficient, likely to lead to extra costs and potentially ineffective responses.
Urban adaptation is necessarily a complex problem exemplified by the combined realities of
high uncertainty and extreme urgency to act. At the same time the pitfall of inaction due to
unmanageable complexity needs to be avoided. The traditional predictive approach of
understanding the problem and then designing and planning solutions for the long-term often
fail in SCGS. We believe that a set of strategies similar to the proposed framework of using
agility needs to be utilized to harmonise urban adaptation. Many fields that are far removed
from urban adaptation have faced similar challenges of having to address urgent, but poorly-
understood problems. Here we have utilised the experiences from information technology

and automotive sector in resolving uncertain and urgent urban adaptation challenges.

Addressing the various adaptation needs by harmonizing processes for synchronisation of
the ways of dealing with adaptation deficits and gaps is essential, especially in the Secondary
Cities in the Global South (SCGS). Pathirana et al. (2017b) set out a proposed conceptual
framework to address the challenge of harmonizing these adaptation deficits and gaps
whereas in the current paper a set of agile principles and objectives are set out that can help
identify and address shortcomings in the adaptation responses of urban areas. This can
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direct efforts to harmonize approaches to simultaneously address both adaptation deficits
and gaps. By adapting ‘agile’ approaches the challenges exemplified by the combination of
high-uncertainty/high-urgency has been addressed here by encompassing the complexity
arising from inclusion of multiple players, drivers and scenarios. Based on the well-
established ‘twelve principles of agile software development’, we have proposed an
equivalent set of principles for urban adaptation (Table 7-1). Review of selected recent
literature related to urban adaptation shows that similar ideas are being promoted in many
discussions on urban adaptation (Table 7-1).

The established principles of agility have been interpreted into twelve guiding principles for
application in adaptation planning. Further, the four important objectives of urban adaptation
that are proposed — flexible incremental solutions; common understanding (i.e. through virtual
worlds); equal importance to adaptation gaps and adaptation deficits; and stakeholders
working together - that will help bring these principles into action. It has been demonstrated
in a case study of adaptation in Can Tho, Vietham that the agility approach, derived from
manufacturing and software industries, is applicable to urban area adaptation. The principles
and objectives set out here should only be seen as the first steps towards a verifiable

approach that can only be achieved from further application and experience.
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8 Conclusions

“O)eUGTTS ST LOGVT L L LD LDMBSTSLD
2 QTGS SIS 2 WTa]”

Verse 595 (Thiruvalluar 31 BC)

“With rising flood the rising lotus flower its stem unwinds;
The dignity of men is measured by their minds.”

Translation based on Pope et al. (1886)

Flexible adaptation measures enhances flood resilience. The aim of the research was to
explore approaches to maximise the effect of flexible adaptation practices towards achieving
the desired adaptation outcomes in an urban environment by means of structuring the various
adaptation outcomes and through the identification of flexible adaptation components. Hence
this research has focused on increasing the knowledge and support the practice of
incorporating flexibility into urban flood risk management systems, in order to facilitate
adaptation in the context of climate change. The application of adaptation planning
processes in flood risk management such as adaptation pathways, real options and real-in-
options were reviewed (Buurman and Babovic 2016; Gersonius et al. 2013; Haasnoot et al.
2013; Haasnoot et al. 2012b; Woodward et al. 2014; Zhang and Babovic 2012). Also, the
evolution in adaptation planning and implementation, for example, to transformational

adaptation was also reviewed (e.g.EEA (2016), Wong and Brown (2009)).

From these reviews, it is concluded that there is (i) lack of integration of objectives (across
disciplines), which calls for a multiple perspective integration; (ii) lack of spatial integration
(across spatial scales), which calls for a system approach (a system is composed of sub
systems and they are all interacting), recognition of emergent behaviour (emergence) and
synergistic effects; and (iii) lack of temporal integration (across time scales) dealing with
uncertainty, short term connecting to long term etc., which calls for a flexible approach and
learning Figure 8-1. This lack of understanding and ignorance is prevalent at the higher
planning level, such as regional and country level, and also at the local level of planning and

implementation, such as city level.
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At a higher planning level there is lack of understanding of the relationship between the
adaptation measures and adaptation drivers, and also the specific adaptation needs at a local
level. Whereas, at the local level there is a lack of understanding about the future trend of
global adaptation drivers such as climate change. Irrespective of the level at which adaptation
planning is made adaptation responses are considered as standalone interventions and not
as an integral part of the project. Further, flexibility is used only as a means to postpone
these capital intensive standalone interventions to enhance the implementation of no regrets
or small low cost investments. Also majority of these decisions are based on economic

criteria.

The current adaptation planning processes that are often centred around a single criteria has
been guiding the adaptation research towards maximising efficiency in achieving the desired
adaptation objectives, which are mostly economic. Hence there is a dearth for adaptation
research on implementation that can explore the processes and enabling mechanisms in
order to make the implementation of adaptation responses agile and inclusive. Such
implementation processes should also induce learning — such as what went right and what
went wrong during adaptation — and allow for experimentation during the implantation of
adaptation responses. The pursuit for developing effective adaptation implementation
processes will also create opportunities to learn from sectors, for example aerospace,
automobile industry and health care, which are not related to climate or urban adaptation.
The observations during the research, findings, actions, outputs and anticipated outcomes

are summarised in Figure 8-1.

The observations of this research and the course of this research are similar to the fourth
generation adaptation research that focus on adaptation implementation (Klein et al. 2017).
A comprehensive understanding of adaption measures and relationships between them are
prerequisites to deciding on measures, approaches, pathways to maximise the value of
flexibility in adaptation planning and implementation. This led to the identification of a gap in
knowledge about the process, i.e., lack of comprehensive understanding by the researchers
and the stakeholders such as planners, policymakers and implementation agencies of local

adaptation responses and an absence of frameworks to structure the adaptation responses.
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Increased flood resilience
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The local adaptation context requires an understanding of multiple adaptation needs, multiple
adaptation drivers, multiple adaptation measures and their relationships among drivers and
across scales from a national level to neighbourhood level or a household level. This involves
understanding of the interplay of the decisions made at the national, regional or city level and
how these decisions impact the adaptation at a household or neighbourhood level.
Understanding the local adaptation context — by those who plan and implement adaptation
measures (stakeholders) and those who support decision makers in taking decision
(researchers), i.e., informed decision making — is essential, especially when there are multiple
adaptation needs. Hence a framework based on a systems approach, has been presented
to structure a local adaptation problems (Chapter 2). This framework is used to structure
adaptation strategy responses to urban flooding in the City of Can Tho, Vietham which is
simultaneously adapting to climate change, economic change and demographic change.
From using the adaptation context in Can Tho, it has been concluded that flexibility can be
enhanced by ensuring compatibility between measures and taking into account the
relationships between adaptation measures at various levels across spatial scales such as
city level and household level (Chapter 3). For example, by including the coping capacity of
households, the tipping point at which dikes no longer provide the required service can be
postponed. Establishing the relationship between measures results in an increase in
managerial flexibility due to an increase in the number of available adaptation measures. In
the case of Can Tho, the decision makers could choose between options of elevating the
dikes or subsidizing the elevation of floor-levels of vulnerable houses as the first decision

point to reduce flood damage.

This research also critically looked in the role of coping capacities realized through household
level measures and their emergent behavior. Presence of emergent behavior, in the coping
capacities of individuals and households, in reality cannot be attributed to a single forcing
such as climate and it is due to the combination and multiplicity of forcings such as climate,
social, economic and political in an urban area (Jabeen et al. 2010; Thorn et al. 2015). It is
hard to disaggregate the forcings that trigger autonomous adaptation (Thorn et al. 2015). For
example, many reasons can be attributed to the emergence in Can Tho. One reason can be
the inadequate basic services and drainage infrastructure, which causes flooding during
rainfall events (SCE 2013), though the dikes are effective in preventing the fluvial floods

(Chapter 3). The other reason for autonomous adaptation is the lack of trust in the local and
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national governments as these governing bodies are inclined towards implementation of big
infrastructure adaptation measures, which overlooks ecological and social concerns (Neess
et al. 2005). The current preference for the big infrastructure measures can be due to
alignment of political and economic interests at national and local levels of governance. This
collusion is clearly evident in case of rampant real estate development in Can Tho
(Garschagen 2014). Also emergence can also be due to the cultural and economic practices
rooted in the past. For example, the elevation of floor level of households in Can Tho can be
attributed to the “Living with water” lifestyle that has been prevalent in Mekong Delta
(Garschagen 2015; Wesselink et al. 2016).

Although the multiple adaptation problem can be structured using a multiple perspective
adaptation framework as presented here, generating adaptation pathways and selecting
preferred pathways remains a challenge due to a number of adaptation responses,
adaptation drivers and plausible scenarios in future. Here, this challenge has been overcome
by using a precedence based adaptation grammar (algorithm) for generating and evaluating
adaptation pathways (Islam 2016). These pathways were generated using rules that are
based on the relationship between adaptation measures and adaptation drivers (Chapter 4).
Application of this methodology has been shown to lead to effective adaptation outcomes in

Can Tho that are based on user defined criteria.

Mapping of relationships between adaptation measures and framing the rules for generating
adaptation pathways has been possible due to an understanding of the characteristic features
of the selected adaptation measures. An increased understanding from the ‘singular’
perspective to ‘multiple perspective’ of adaptation measures enables in-depth analysis of the
performance and relevance of these measures in the face of multiple uncertainties. This leds
to the creation of a flexible adaptation planning process (WSCapp) based on an analysis of
the change of impact propagated in the urban systems due to the adaptation measures
(Chapter 5). WSCapp has been developed by utilising flexible adaptation practices that are
prevalent in the automobile and aerospace industries (Eckert et al. 2004; Suh et al. 2007).
WSCapp has been used to identify effective adaptation responses and pathways based on
change of impact propagated through an urban catchment, Elster creek in Melbourne,
Australia (Chapter 6).



158 Flexibility in Adaptation Planning

This thesis has contributed to an increased understanding as to how, when and where
flexibility can be included in adaptation planning processes (Chapters 2 — 6). However, the
work would have remained incomplete without an operational framework, that could be used
to incorporate flexibility in the planning and implementation practices at a regional or city
level; or by the agencies, such as Melbourne Water, who can implement, operate and
maintain adaptable flood risk management systems. Flexible operational practices such as
“agile approaches” (Beck et al. 2001), are common in the software development field, where
urgency and uncertainties are resolved daily. This approach has been used to create an
“agile urban adaptation approach” (i) for implementing and monitoring the continuously
evolving adaptation measures; and (ii) to promote continuous learning and stakeholder
involvement (Chapter 7). The scope for implementing the complicated agile urban adaptation
approach has been explored in the complex urban adaptation context of Can Tho, which

appears promising.

Although the research has analysed various adaptation perspectives and adaptation needs,
it has limited its scope to urban flooding. However, it is possible to extend the findings — at a
conceptual level — to other domains such as drought management, water scarcity and urban
temperature variation. Future research on structuring adaptation responses or identification
of flexible adaptation components can broaden the focus from flood risk management and
include adaptation measures which address issues such as drought management,
earthquake risks, fire hazard, health risks , increasing resilience of other critical infrastructure
such as roads, power grid and tele communications. Also in this thesis, framing the adaptation
problem in a local adaptation context was done only in the context of increasing or
incorporating flexibility. However, the same process could also be used to assess the risk of
maladaptation and help in minimising the risk of maladaptation. The research also to a lesser
extent probed into the relationship between emergence (i.e., autonomous adaptation) and

maladaptation.

There are contradictory views about emergence and maladaptation. Emergence is
considered maladaptive and also is considered as complementary to planned adaptation
(Milman and Warner 2016). Emergence is presumed to be ineffective and maladaptive as it
is considered as a spontaneous activity, its effectiveness limited to a short duration and the

possibility of eroding long term adaptation capacity due to frequent use of resources for short
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term coping (Schaer 2015; Stern 2007). However emergence is not always spontaneous and
is the result of cultural and economic practices rooted in the past (Forsyth and Evans 2013).
Elevation of floor levels of houses in Can Tho can be attributed to the “Living with water” life
style of people in Mekong Delta (Wesselink et al. 2016). Considering coping capacity at the
households due to elevation of house floor levels enhances the functional life of dikes in Can
Tho, which is complementary to the planned adaptation measures (Radhakrishnan et al.
2017b).

Maladaptation of emergent responses can be attributed to the lack of basic infrastructure and
services (Jabeen et al. 2010; Schaer 2015). For example, the analysis of flood water quality
in Can Tho reveals that the pathogen and contaminant concentrations are as high as in the
sewer (Nguyen et al. 2017), which is maladaptation due to emergence in Can Tho. An
integrated assessment of adaptation responses, infrastructure and basic service at Can Tho
reveals the cause of maladaptation. The poor water quality of flood water is not due to the
nature of emergence at households, where as it is due to the lack of coverage or carrying
capacity of drainage system in Can Tho (SCE 2013). Hence in order to prevent maladaptation
the deficiency in basic services and infrastructure (Type | adaptation) have to be addressed

by incorporating adaptations plans into development plans.

Hence it can be stated that the maladaptation is not due to the nature of autonomous
adaptation measures. However, it is due to the (i) inadequate consideration of adaptation
objectives and forcings (Thorn et al. 2015; Wamsler and Brink 2014a; Wamsler and Brink
2014b), (ii) the lack of understanding of interface between planned and adaptation
responses (Milman and Warner 2016); (iii) reductionist approach to adaptation rather than
integrated approaches (Forsyth and Evans 2013); and (iv) current deficits in basic services
and infrastructure (Jabeen et al. 2010; Schaer 2015). Further, public institutions cannot claim
legitimacy over autonomous adaptation measures and cannot attribute maladaptation to
emergence unless they address the basic infrastructure and service deficits (Mycoo 2014;
Thorn et al. 2015).

Although the research has not focussed upon the aspects of changing stakeholder
perceptions and governance, these aspects have been acknowledged as important

components when structuring a climate adaptation problem at the planning stage and in
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resolving the complications during implementation. The latter implies that there is scope for
further research based on the outcomes from this thesis, which could address its limitations.
For example, the multiple perspective structuring of adaptation responses or the WSCapp
could be extended to include the aspects of stakeholder perceptions or governance aspects

for improving the adaptation responses or implementing the adaptation measures.

The thesis postulated the premise that structuring climate adaptation problem and integrating
responses is an effective strategy to deal with urban flood risk in the face of uncertainty.
Under the premise of adaptation as a strategy, identification of flexible adaptation
components and the incorporation of flexibility in adaptation strategies are recommended as
tactics. Whereas, the agile adaptation implementation practices are recommended for
operationalising flexibility. Although an operational process —agile urban adaptation process
— has been proposed to operationalise flexibility at a city level, the enabling factors and

hindrances at a city level to achieve agile adaptation outcomes are yet to be identified.

Hence, it is concluded that an understanding of adaptation in a local context (what),
relationship between the adaptation measures (how), identification of flexible adaptation
measures (where) and operationalising flexibility in an agile manner (when) will increase
urban flood resilience. Favourable adaptation outcomes in a changing climate context will be
achieved when adaptation responses are structured using multiple perspectives and when

the adaptation measures include flexibility as a key attribute.
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