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AEmerging & future changes:
o technology (smarts, materials, modes)
o social licence
funding models
population (rural/urban)
de-carbonising the economy

climate + environmental change
(e.g. water use, water quality)
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Alf the rate of changédemands,

risk exposureputstripscycle time
& inertia for infrastructure
renewal

Y decouples from the socio
environment system it serves

Fordham Law



According to this report,
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Coventional risk management & design focused on reducing
risk from high-impact hazard events

Climate adaptation focused on adapting tgradual changeand
more frequent eventgcumulative risk)over decade scales




Climate norms and extremes (hazards)

Auckland: Monthly MSL
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A Trendsandchanges in variabilitipr weather
related hazards and sdavel rise means
statistics of past occurrences cannot be relied
on for the future

A Standards, guidance and designs need to be
adaptable to accommodate a range of possibl
futuresc a A OSY F NA2 2NJ RSS

Stationarity is essentially dead

*Stationarity means that the statistical properties of a process generating a time sgriest change over time



Sea level height and recurrence frequency

Changing frequency of exteme coastal flooding
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Time

Special Report: Oceans & CryospHB@C (Sept 2019)

For NZ change In
frequency from
1/century to 1/year:

A after modestsea
rises of 345 cm

A occurs from2045
onwards



bS¢ @ yCGhahlirgYisk & thresholds

Context
A Legacy of longjved infrastructure based on stationarity

A More frequent hazard extremescumulative consequences
(e.g. nuisancandextreme flooding)

A Past events or extreme analysis not a reliable guide for future
risks (changes invalidate stationarity)

A Uncertainties mount updifferent possible futures, knowledge,
Y2ZRSt&as OAlFOATAGE 2F FRFELIWFGAZY 2L

A Standards and desin O 2 V @ Jsedick agél I yoR- A Ay 3If S
Investment approachg need to shift to adaptive approaches

Adaptive design & operation = agility + flexibility



Adaptive paradigm shift needed

Do we continually react, clean up & stay put? Y

Or do we anticipate and adapt?
A Build back bettepr somewhere else

A Can we be adaptive and work with future uncertainty o emereg
A Timely investment not too soon, or too late, nor gold

perspective

A Reduce or limitdnd-use & infrastructure development
In hazardprone areag; put brakes on now to stem risk
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Pre-conditions for adaptive infrastructure
Flexible:willingness to respond & ability to modify (to changing demands & stressors)

Agile maintaining functions (physical structure + governance, practice, standards, asset
YI yI 3SYS dgheatof angoidg change (decadal now!)




Why do we use adaptive planning/design?

Decisions have to be made under conditions
of uncertainty and changing ris&n actions
that persistover long timeframesX across
organisations and actorX interdependent
scales of governance/funding

This requires processes and practices fitat
the problem spacdquncertainty and changing
risk dynamics)
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A perpetuate infrastructure forms
despite need to change tack

(= pathvd?penAde“ncy)A o _ The mediation of different values and
AN} AasS SELISOUI 4dS2 Y a pRdrendaddal s forutufe Nenerations
with rising residual risk

A increase future adjustment costs

AND




When do we use adaptive planning/design?

/ A Where there is hlgh uncertalntynd/or
> RA&lFIANBSYSyidia 6SELISNIa

—_—

A For existing developments and their intensification
(to stresstest options & develop transition pathway

A For new developments (long lived, high value, anc
high consequence) can it be sequenced or switch
alternative?

A To consider LoS and consequences of a range of
scenarios

M Allis NIWA

A To build pathways for flexibility and agility



Adaptive approaches to address shallesdeep uncertainty

A Robust Decision Making (RDM) identify alternatives ompproaches that are robust under a
range of conditionsto yield better decisions under conditions of deep uncertaintjlJsed for
Port of LA Raise wharves in next upgrade?]

A Dynamic Adaptive Pathways Planning (DAPRYnsiders a range of shegrm actions and
long-term optionsto avoid a preagreed Adaptation Threshold (AT produces an overview of
alternative pathwaysnto the future and when to switch or sequence.

A Engineering or Real Options Analysis (EQ#dcess of assigning economic valugeichnical
flexibility or the cost of delaye.g. Real Options Analysis economic evaluatiop. a SR AY |
Fe /2Fadalft {ONXOGS3Ieé YyR [286SNI |1 dzid O0aNR?2

A Expected Utility Maximizatior(risk-based approaches)identify the adaptation alternative
that has the best expected outcomegtimization). Only suitable fostochastic uncertaintynot
deep or scenario uncertainty (because what is optimal?)

Marchau V., Walker W., Bloemen P., Popper S. (eds) BP@tssion Making under Deep Uncertair8pringer (FREE)
https://www.springer.com/gp/book/9783030052515



https://www.springer.com/gp/book/9783030052515
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Underlying Q: Under what
conditions or LoS does the plan or
portfolio option no longer meet
objectives?

Subarea settlement connected to
the drainage system

¥ Approaching AT

=P Drainage System

C} Repurposing Pathways

& Coastline
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Adaptation
thresholds (AT)
for network
co-produced by
stakeholders and
researchers

Kool et al. (2020) Infrastructures journ.



R Bell

What gquestions do we ask in DAPP?

Storm surge doors: Hamburg (Germany)

SR ITFR VIR WA v L

Will the option meet the londerm objective or Level
of Service?

Will the action/option increase or decrease direct &
Indirect exposure to the changing risk?

What combination of options (pathway) provide the
greatest flexibility?

What are the side effects?

What other measures enable objectives to be met?
(e.g. warning signals and decision triggers, planning
rules, monitor Levels of Service)

Adapted from Haasnoot et al. (2013) and MfE coastal guid



Existinginfrastructure:
adaptive example

LOSSAN (Los Angeles to Sanga
Diego) Rail Corridor :

Dial, Smith & Rosca (2014)
Proceedings of the 2014 International
Conference on Sustainable

Infrastructure ASCE
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Monitoring: Signals, triggers and adaptation thresholds



