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« We are working on smart innovations in the field of water and
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 We make our knowledge applicable worldwide.
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« We believe in open source / freeware software.
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Potential Futures - uncertainty
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/ + not all uncertainties about the future can be eliminated:

e ignoring uncertainty could mean that we limit our ability to
take corrective action in the future and end up In
situations that could have been avoided; and

* ignoring uncertainty can result in missed chances and
opportunities, and lead to unsustainable plans.
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Adaptive planning using Dynamic Adaptive Policy Pathways (DAPP)

A systematic framework for adaptive planning:

 Choose short-term actions and the thresholds beyond which they are no longer sufficient

 |dentify the additional actions that are needed beyond the thresholds

Approach helps focus on important questions under deep uncertainty: _‘

 Whatlow-regret actions can we take now to that contribute to future goals?
(and don’t hinder future actions)

 What actions can we postpone? How to prioritize?

 Whatrobust and flexible strategies perform well over a wide range of futures?

Deltares Haasnoot et al 2013, 2019



Adaptation pathways E———

2. Assess vulnerability/opportunities :
adaptation/oppor rtunit y tippini g peint (ATP/OTP)
3. ldentify actions and assess ATP conditions and timing
C t 4. Develop and evaluate adaptation pathways

S it u at i 0 n T 5. Design adaptive plan: short-term actions, long-term ]
¢
Py
o

Action A

H X X X X

options and adaptation signals
Action C

6. Implement the plan
Action D -
7. Monitor : ATP approaching? Actions or reassessment? M

Anticipate with adaptive plan

Book chapters: Dynamic Adaptive Policy Pathways, Adaptive Delta Management

Deltares Haasnoot et al 2013 GEC, 2019
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under Deep

Uncertainty
From Theory to Practice
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Steps - overview

Reassess

1. Describe system, objectives, uncertainties

2. Assess vulnerability/opportunities :
adaptation/opportunity tipping point (ATP/OTP)

3. Identify actions and assess ATP conditions and timing

4. Develop and evaluate adaptation pathways

options and adaptation signals

5. Design adaptive plan: short-term actions, long-term ]

6. Implement the plan

7. Monitor: ATP approaching? Actions or reassessment?
Deltares
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Adaptation pathways maps

Action A
H H EH E =X
Current
situation
Action C
Action D
Changing conditions Sea level ris:
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Time low - end scenario
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Time high - end scenario
Years

Time horizon 100 years
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o Transfer station to new policy action
l Adaptation Tipping Point of a
policy action (Terminal)
e Policy action effective

The maps (left) show different possible sequences of decisions to
achieve objectives. A scorecard (right) helps to evaluate the pathways
and decisions.

Deltares



A phased approach to pathways

. N
Awareness raising:
* Serious gaming.
g Introduction to adaptive planning method. y

http://deltagame.deltares.nl

Deltares



A phased approach to pathways

Narratives

‘[ Level | — Initial qualitative pathways - narratives

}_

1

Level Il — Quantitative design of pathways

Deltares

_{

Level Il — Full assessment of pathways

%
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Requirements
for the model
and further
analysis



Example case




DAPP applications, Miami C7 basin (2017) | & e
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Workshop to explore pathways narratives
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Pathways generator tool: http://pathways.deltares.nl
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Portfolio of measures

e MO - No action

« M1 - Local flood mitigation: flood walls,
exfiltration trenches, flap gates, and
local pumps

« M2 - Regional flood mitigation: forward
pumps at S-27 coastal structure
(small & large pumps)

M3 - Land-use mitigation: raise roads
and buildingsto 6, 7 or 8 feet elevation

RP100

RP25
RP10
RP5

Deltares



Quantitative analyses Dynamic Adaptive

Policy Pathways

Hydrologic Drivers: AI - : ‘
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Adaptation tipping points based on modelling
(hydrological and damage)

30 ,
MO
M1 e
o5 s | Objective:
| S Expected annual damage (EAD) should
©  Tipping point M1 not exceed current levels
& 207 @  Tipping point M3 1
2
Current EAD 2

Threshold = current EAD

0O O.I55 O.I76 1..56 2.21
. Sea level rise (ft) .
SLR1 —> 2065 (0.76 ft)
SLR3 f 205 f 3 2065 (2.21 ft)

' 2025 ' 2050
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Adaptation pathways

Structural
measures

Land use
measures

Deltares

M2b large reg fm

M1 local fm o e ——
MO no action
M3 Elevate 6ft ) |

M3 Elevate 7ft

M3 Elevate 8ft

Sea level rise (ft)
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| | | | |
SLR3 2020 2030 2040 2050 2060

Map generated with Pathways Generator, {£2015, Deltares, Carthago Consultancy



Adaptation pathways

Structural
measures

Land use
measures
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Adaptation pathways

Structural
measures

Land use
measures

Deltares

M2b large reg fm

Land use measures are needed in the end

Installing pumps can buy some time
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Map generated with Pathways Generator, {£2015, Deltares, Carthago Consultancy



Delta Programme, The Netherlands

DELTA SCENARIO Busy/Rest Warm/Steam
CURRENT 2015 2100 2100
Lot -
egiona asures for the region and users measure: r the region and users measures fo e region and users
elaboratior - —
lansand o nsumption (by such means @ incri ffer capacity
water level as innovations)
jecree: © 'water conservation _— _

@ reduce salt intrusion at locks
« optimise flushing

rdinances
preparation of max. 40 a 50 em

rdinance * +

0 cm and robust design

Deltares

Iterative participatory process

Opens solutions space
Reduced number of pathways in the final plan
Pathways based on short, medium,

long term actions
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Policy hackathon to map solution space to high-end sea level rise



https://www.youtube.com/watch?v=wlBuEMTBW3w

Solution space to high-

end sea-level rise

Assessment of options,
pathways, short-term actions

Haasnoot et al 2019 (in Dutch)
https:/mww.deltacommissaris.nl/deltaprogramma/documenten/publicaties/2019/09/30/verkenning-deltares---strategieen-
Ja\bJij Deltares voor-adaptatie-aan-hoge-en-versnelde-zeespiegelstijging



https://www.deltacommissaris.nl/deltaprogramma/documenten/publicaties/2019/09/30/verkenning-deltares---strategieen-voor-adaptatie-aan-hoge-en-versnelde-zeespiegelstijging

Deltares

Solution space to high-end sea-level rise s

Advance

E Protect-closed

DP2015*

o Protect-open

Accommodate
Sea-level rise

Deltares
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National Adaptive Flood Risk Management, Thailand

Towards
Adaptive Fl

Deltares

Action Pl

o

in Thailand

final report

August, 2013

S
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Project-based

Package of indiviual

Strategy as a blue print

Dynamic strategy

projects for the future
Optimized and Dealing with an
integrated uncertain future
Low regret? Low regret? No regret? No future regret

Immidiate
implementation

Immiditate
implementation

Implementation dirung
planning penod (* 25
years)

Implementation during
plannind pernod + 100
years

Short term

Short to medium term

Short to long term

Short to long term

River revitalization through Innovative Technology

25



Yom River — Sukothai (Thailand) !
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Raising embankments i
Sukothai (10)

Bypass around Sukothai (5)

Diversion of peak flows to
Nan river (5)

Reduction of flood
vulnerability of land use (2)

Increase discharge capacity
through dredging (1.5)

Local and regional actions

Current situation

Flood retardation (1.5)

Med. upstr. reservoirs many (5)

1 Large. upstr. Reservoir (5)

Upstream actions

2 Large. upstr. Reservoirs (10)

Optimized operation (1.5)

Risk reduction 1 Z 4 10

T

Legend
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Scenario high 6% 2013 2025 2035 2050
1 s

> |
Scenario low 3% 2013 2035 2060 2000 | |mEm T2
- T100

ADB De ltCI res © Transfer station to new policy actions e /\daptation Pathway i e

I Adaptation Tipping Point of a policy action (Terminal)
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River revitalization through Innovative Technology



Use DAPP to build back better

Floods Heat waves Wildfires

« Consecutive/compound events occur and B = » \l
result in cascading impacts - |
Wildfires % _ ,
Q— Hurricanes ‘ | Typhoons
, | o
« During crisis, under time pressure, _ T iard e . ) —
. L crises g :
crucial decisions are taken that do not always | 1

consider long-term impacts and options.

/—O Floods
\ Droughts @ \
and water ——Q
Floods

scarcity

Bushfires

Likely upcoming climate hazards during the COVID-19 pandemic.
Phillips et al 2020

Deltares 27



More information...



Tools supporting DAPP

Sustainablest: e,

= DeltaGame
) w. T

From Inception to Policy:
Pathways uptake in New Zealand

Fast integrated models

Adaptation Support Tool

AST 2.0 - User interface
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Pathways as part of other guidances

d flood protection

Im

se

Principles and implementation guidance

,,,,‘Elemerl’ring nature-

Wlippines
VORKS AND HIGHWAYS

Philippines:
Integrated Water Resources Management
Planning Guidelines

April 2016

@

THE WORLD BANK

A0 DA | womas e

Climate Risk Informed
Decision Analysis (CRIDA)

N

Collaborative Water Resources

Planning for an Uncertain Future

Coastal
Hazards
and Climate

Change

GUIDANCE FOR
LOCAL GOVERNMENT

30



ADB

www.deepuncertainty.org

Annual meeting 10-12 november (virtual)

a multi-disciplinary association of professionals
dedicated to improving
decision making under deep uncertainty

: al

-]

Q

Y @deepuncertainty
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http://www.deepuncertainty.org/
https://twitter.com/deepuncertainty?ref_src=twsrc%5Etfw%7Ctwcamp%5Eembeddedtimeline%7Ctwterm%5Eprofile%3Adeepuncertainty&ref_url=http%3A%2F%2Fwww.deepuncertainty.org%2Fannual-meetings%2F2020-annual-meeting%2F

Summary

Adaptation thresholds to assess if and use scenarios to

assess when limits, thresholds, opportunities may occur

Explore adaptation pathways to make adaptive plan for

climate resilient development

Timescales and path-dependency of options is important to

consider (lead time, lifetime, flexibility)

* Various levels of assessment: narratives, model-based

pathways

« Can be part of other planning approaches

veuuies



Contact

A www.deltares.nl Marjolijn Haasnoot

= info@deltares.nl Marjolijn.Haasnoot@deltares.nl ¥ @Lijnonline
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Goverance and

Finance Structures

l Downscaled

SLR projections

= Accommodate

0 \ Deltares

SLR projections

— » Increasing sea level rise projections



Net present value (pathway,)
A

High Dike

Current Situation
small room for the river

Large room for the river

I r

Expected costs

Expected benefits
(avoided damages, co-benefits)

High Dike

Current Situation
Small room for the river

Large room for the river

Changing conditions:
Design River inflow (m3/s)

Recurrent

4 COStioy dike
(t..t,)

Transfer

+ t
cost (t,) Costsmalrir

Recurrent
gy Costyrarr
(t...T)

Benefi {Siow dike
(t...t)

(t...t)

o

o U B~ W

I
14000

I
17000

18500

Slow climate change scenario | |
(years from now) 0 25

50

75 100

Fast climate change scenario | |
(years from now) 0 20

o
Deltares

Transfer station to new action or investment portfolio

Adaptation Tipping Point of an action or investment portfolio

Action or investment portfolio is effective

I
40

60 80

A Adaptation signal

0 Decision point

BenefitSsairir

Pathways

o

Haasnoot et al 2019
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Ja\D)s] Deltares

no transfer costs (40 years)

NPV -500 0 500 1,000 1,500 2,000 2,500

1) high dike | ' ' ' ' '
Fast 2) low dike, high dike
climate 3) small RfR, low dike
scenario  4) lowdike, small RfR
5) small RfR, large RIR

6) large RfR |:|
NPV 500 0 500 1,000 1,500 2,000 2,500
Slow 1) high dike ||

climate 2 lowdike, highdike | A NEIN
scenario  3) smallRfR, lowdike [
4) low dike, small RR || N

5) small RfR, large RIR
6) large RfR

with transfer costs (80 years)
NPV -500 0 500 1,000 1,500 2,000 2,500

1) high dike | |
Fast 2) low dike, high dike
climate ) cmail RiR, low ke |
scenario

4) low dike, small RfR | |
5) small RfR, large RfR |
6) large RfR |

NPV -500 0 500 1,000 1,500 2,000 2,500
1) high dike |

Slow 5y |ow dike, high dike |

climate 5 smailrR, low dike [ RGN

SCeNANo 4 1ow dike, small RIR [

5) small RfR, large RfR

6) large RfR |

Haasnoot et al 2019
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