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Introduction | This webinar

* >200 registrations
e 17 countries

« 173 US, 13 states
* 147 Florida

*  Governments, NGQO’s, consultants,
universities, small businesses

Webinar Planning adaptively for rising sea levels, supported by quick-scan tools
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Introduction| Speakers

* Dr. Jayantha Obeysekera, Research Professor and Director of the Sea
Level Solutions Center, Florida International University

*  Akintunde Owosina, P.E., Chief Hydrology and Hydraulics Bureau.
South Florida Water Management District

*  Dr. Marjolijn Haasnoot, Adaptive planning and water management
specialist, developer of the Dynamic Adaptive Policy Pathways, Deltares

* Dr. Kathryn Roscoe, flood risk and adaptation specialist and regional
coordinator USA & Canada, Deltares

* Dr. Claire Jeuken, nature-based solutions and flood risk adaptation
., Deltares ‘ - . A —
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Introduction to adaptive planning| Background

Project: Development of Short- and Long-Term Strategies for Resiliency with respect to
Coastal Flooding in Miami-Dade County

* Funded by Florida Department of Environmental Protection
(Florida Coastal Management Program)

 Collaborators:

South Florida Water Management District . * 4

Deltares USA De“%es o
FIU Sea Level Solutions Center FIU Stions
Miami Dade County (Office of Resilience and Emergency Management) mm@

City of Miami




Introduction| We need a new paradigm for Resiliency Planning

Five Principles of Resiliency in coping with
extremes:

Implications:

*  Plan for future and not the present —
projections can be deeply uncertain

1. Adopt a system’s approach;
2. Look at beyond-design events;

3. Build and prepare infrastructure

_ ) , R *  Price tag can be very high, and
according to ‘remain functioning

financing can be challenging
4. Increase recovery capacity by

looking at social and financial
capital; and

* Smart phasing of adaptation
strategies is desirable

5.  Remain resilient into the future

De Bruijn et al. (2017)
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Introduction| Sea level rise projections for 2100

250 cm
®21)
Changing Estimates of Sea Level Rise by 2100
I.P.C.C. NOAA 200
Larger bandwidth WORST CASE
Uncertainty increased P o ] o ot

- Deep uncertainty

€he New Lok Times
Rising Seas Will Erase More Cities by
2050, New Research Shows

By Denise Lu and Christopher Flavelle Oct. 25, 2019 |
1990 ‘65 2001 ‘07 12 3
YEAR EACH ESTIMATE WAS PUBLISHED

Iz

Nate: The .P.C.C."s 2007 estimate of future sea level rise did not include satellite data on the contribution of melt water from

Greenland and Antarctica because of disagreements among scientists.
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Introduction | Uncertainties in “Shocks” and “Stresses”

SLR: Which Scenario?
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Part2new.mp4

Introduction | Approaches to Decision Making under Deep Uncertainty

Selected Methods of DMDU:

* Robust Decision Making (RBM)
pioneered by RAND

* Decision Scaling or Stress Test
(“bottom-up approach”)

* Dynamic Adaptive Policy Pathways
(DAPP) developed by Deltares and TU
Delft, The Netherlands

Vincent A.W. J. Marchau
Warren E. Walker

Pieter J.T. M. Bloemen
Steven W. Popper Editors

@ Springer

://link.springer.com/book/10.1007/978-3-030-05252-2
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Dynamic Adaptive Policy pathways (DAPP) | Introduction

Decisions are made over time in dynamic interaction with
the system and cannot be considered independently

* DAPP explicitly includes decision making over time and

sequences of decisions (pathways) under uncertainty. Wanon! ada!)tatmn pa.thyvaVS:

)« i
. . . S\‘im *\ ) ‘lbf '
* Supports planners to design a dynamic adaptive plans: short- war manoge” — Rt et |
term actions, long-term options, adaptation signals.  cmuhmy e
o . . --4_
“Different roads leading to Rome” ' — ) -

Haasnoot et al. (2013) Glob. Env. Change. 10.1016/j.gloenvcha.2012.12.006
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Adaptive pathways planning using DAPP

A systematic framework that helps focus on important planning and decision questions
under deep uncertainty: S

_‘

* What low-regret actions can we take now that contribute to future goals?
* What actions can we postpone? How to prioritize?
* What robust and flexible strategies perform well over a wide range of futures?




Systematic framework of DAPP

Reassess

1. Describe system, objectives, uncertainties

Key features:

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

3. Identify actions and assess ATP conditions and timing

!

4, Develop and evaluate adaptation pathways

5. Design adaptive plan: short-term actions, long-term
options and adaptation signals

6. Implement the plan

Actions

7. Monitor: ATP approaching? Actions or reassessment?
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Adaptation Tipping Points (ATP)

Threshold to meet risk objective

Risk

ATP | —— Sea level

BEST BEFORE
SLRscenario A 2040 : 2040

: BEST BEFORE
SLR scenario B 2000 =——) 2060




Adaptation pathways maps

Action A
Current
situation
Action C
Action D
Changing conditions Sea level rise..
} t /\, t t t oo
0 10 70 80 90 100
Time low - end scenario
0 /\, ' ' ¢ o
10 100
Time high - end scenario m g0 ggears

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

Time horizon 100 years

Pathway Costs Benefits Co-benefits

1 o +++ + 0

2 o +++4+ O 0
3 o +++ 0 0
4 o +++ 0 0
s QO 0 0
6 oo +H++ 0
70 +HE 0
8 oo + +
9 o ++ + =

o Transfer station to new policy action
I Adaptation Tipping Point of a
policy action (Terminal)
- Policy action effective




Adaptation pathways maps

Action A o Transfer station to new policy action
Adaptation Tipping Point of a
policy action (Terminal)

e Policy action effective

Curren

situation [ Decision node

Action C Adaptation signals based on signposts
. dtri I
Action D and trigger values
Changing conditions Sea level rise

0
Time low-end scenario

70 80 90 100
Years

0
Time high-end scenario

Haasnoot et al. 2013; Haasnoot et al. 2018 Glob. Env. Change, Haasnoot et al. 2019



A phased approach to pathways

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




A phased approach to pathways

Level | — Initial qualitative pathways - narratives

Requirements
for the model

Narratives Level Il — Quantitative design of pathways and further
analysis

Level Il — Full assessment of pathways

Slide 19



Where have pathways studies been applied?




Action typically not implemented at short
term because of risk of overinvestment, lead
time of actions, or lack of social support

o o
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Slide 23



Application to Miami C7 basin (2017)

" . ' = w %
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Level | - Workshop to explore pathways




Level | - Initial analysis

[ c7_targeted_Sutwatersheas ,N\

To be S

modeled
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Measures

* 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
buildings to 6, 7 or 8 feet elevation

Road 8ftNGVD




Level II - quantitative analyses

Hydrologic Drivers:

+ Rainfall (4x);

» Storm Surge (1/10)
+ Sea Level Rise (3x)

Dynamic Adaptive
Policy

—I Adaptation Options

Pathways (DAPP)

. 2

Hydrodynamic Model
XPSWMM

AL

:-,:Lg._kﬁ_,“ =

Delft-FIAT
= == |

- ey =
A $l'
= J

Expected annual damage

(MS)

ays Generator, (2015, Deltares, Carthago Consulta

30 T v
MO
M1
25F1 .
) . M2b large reg fm
207 M2a small reg fm
15F M1 local fm 1
MO no action
10 [ M3 Elevate 6ft
b—" M3 Elevate 7ft
5 L
M3 Elevate 8ft
-
: I T T 1
Sea level rise (ft) 0 1,0 2,0 3
RO D] AR SR M
SLR1 2020 20402050
T T T T 1
SLR3 2020 2030 2040 2050 2060
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Adaptation tipping points

30 -
MO
25 m; Obijective:
— — — Threshold Expected annual damage (EAD) should not
©  Tipping point M1 exceed current levels
20r @  Tipping point M3

Current EAD

Threshold = current EAD

'
' '
' '
' '
1

o 1
0 055 0.76 1.56 2.21
Sea level rise (ft) .
SLR1 ! 2065 (0.76 ft)
| 2045 :
SLR3 : ! 2065 (2.21 ft)

2025 ' 2050




Adaptive pathways

" M2b large reg fm

Structural
measures

M2a small reg fm

M1 local fm

MO no action

M3 Elevate 6ft

Land use M3 Elevate 7ft
measures M3 Elevate 8ft

Sea level rise (ft) ; . !

R [T (NRRDSRET] PP, R
SLR1 2020 20402050

1 I ]
SLR3 2020 2030 2040 2050 2060

Map d with F y , [©2015, Deltares, Carthago Consulta

Slide 30



Adaptive pathways

" M2b large reg fm
StrUCturaI _J M2a small reg fm 1
measures
M1 local fm R |
MO no action
M3 Elevate 6ft 1
Land use M3 Elevate 7ft
measures M3 Elevate 8ft
- Sea level rise (ft) 6 1"0 210 3'
R [T (NRRDSRET] PP, R
SLR1 2020 20402050
SLR3 2020 2030 2040 2050 2060
Map d with F ¥ , L2015, Delta Carthago Ct Ita
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Adaptive pathways

M2b large reg fm

Land use measures are needed in the end
Installing pumps can buy some time.

Structural
measures

M2a small reg fm

M1 local fm

MO no action

M3 Elevate 6ft

Land use M3 Elevate 7ft
measures M3 Elevate 8ft

Sea level rise (ft)

S e
SLR1 2020 2040 2050

T I ] ]
SLR3 2020 2030 2040 2050 2060

Map g d with F ¥ , L2015, Deltares, Carthago Consulta




DAPP | a summary

e Decision making under uncertainty
e Adds adaptiveness (flexibility, robustness) and time

* Pathways open decision space, identify path-
dependencies and overcome policy paralysis

* Tipping points identify when to act
*  Monitoring keeps us on track

* Assessment modes: model-based, expert,
participatory pathways

We need adaptation pathways:

g o
mwf.\

0"

1 S ﬂ,m
to adapt.
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Recent and ongoing developments

* Generic adaptation pathways to sea level rise: https://doi.org/10.1088/2515-7620/ab1871

* Economic evaluation for pathways that considers transfer cost:
https://doi.org/10.1007/s10584-019-02409-6

* Detecting timely, reliable and convincing signals of change:
https://doi.org/10.1016/j.eloenvcha.2018.08.003

e Compound flooding in Louisiana L. Beschesier ope

e Adaptation to uncertain high-end sea level rise

b) VARIABILITY, TIME OF EMERGENCE AND EXTREMES

Hawkins and Sutton, 2012



https://doi.org/10.1088/2515-7620/ab1871
https://doi.org/10.1007/s10584-019-02409-6
https://doi.org/10.1016/j.gloenvcha.2018.08.003

DAPP | Questions?
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. Adaptation Support Tool
Tools supporting DAPP

Sustamable 1~—“>

* Returns damage map, risk map, and report

Criticality tool
BTRS 2 ' ‘.f'{;
& <-\. S ‘:_ 2 \-"J >

QEEE
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Modeling for the DAPP process Dynamic Adaptive

Policy Pathways
(DAPP)

Drivers I —| Adaptation Options

Sea level
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Why a DAPP quick-scan tool

* Quick overview
* risk --> most at-risk areas
* system response to climate change

* risk reduction and shelf-lives of measures
* influence of risk tolerance on the shelf-life of measures

* Engaging stakeholders in workshops
e Educational tool to understand DAPP process
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Quick scan tool for Miami

- _f——
1
[ —
1 |
o 4
No Action -
1 1
Sea Level Rise T T
(feet) 0 1 2
Timing T T
Scenario 1 2020 2040 2060
Timing T T T T J
Scanark 2 2020 2030 2040 050 2080




Recipe for a quick-scan model S

Policy

ok ol —| Adaptation Options | Pathways (DAPP)

= Storm Surge (1/10)

Ingredients:

*  Simple hydraulic model

* Fast and automated damage model

Steps:
* Calibrate the combined hydraulic-damage model

* Implement hydraulic and land-use measures in the model
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Quick scan tool - overview

Precipitation
Probabilities
-------------------------------------------------------- |
1 1
' : ydraul Land |
! F— . Hydraulic nd use I
| Precipitation Sea level rise Land use 3
: Interventions Interventions :
! 1
| I ) ! I }
. : Key
I 1
! 1
1 | Input
i 1
! 1
; <
: Quick-scan Model ! Outiit
I
| |
|
i ! Model
1
i :
! 1
! 1
! 1
t 1
! 1
! 1
! |
! |
! 1
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Quick-scan tool model structure

Precipitation

Probabilities
loop ' =--memee-
Precipitation Land use
Sea level rise
Hydraulic

Interventions

g

Flood depth map

Quick-scan model

Economic
Damages

RISK

Slide 45



Under the hood: hydraulic module

Hydraulic
Interventions

Land use Precipitation Sea level rise

A 4 l l

Curve Number l Precipitation-Outflow curves ] cC
Method e o
- e — H
(O
sisolf oufiow. B Z |
I I 1/ —
Flood water = Runoff - Outflow T 8
PC-Raster
(flood water distribution)
FIAT Economic
Flood depth map FIAT [::> Damages
Damage
module

Quick-scan model
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Under the hood: damage module

Precipitation Land use

Quick-scan model

Sea level rise Damasemodule(oelftqpm')
Object maps

Potential damages

Hydraulic
Interventions

d

Flood depths : - u

Damage Functions

"
o Il / . N |  Economic
- 4 Damages

° ] ‘.
Waer dop oy
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Sea level rise

- | —e—— Current sea level
_| i | | Precipitation | Sealeve rise H iincd ——+——SLR=0761t
;l — - —SLR=2211t
l L -
Precipitation-Outflow curves
i g
> S
Aunoff | [ Outflow ]-— I |l 5:? i P = o |
Flood water = Runaff - Outflow ] 8 72
.......... /
e L F 1

-
Economic

= L 2 4
o

Quick-scan model

Precipitation
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Measures (same as C-7 study)

MO - No action

M1 — Local flood mitigation: flood walls,
Hydraulic exfiltration trenches, flap gates, and local pumps
measures

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

Land-use M3 - Land-use mitigation: raise roads and buildings
measure to 6 feet elevation

MQO: SLR 3 scenario
Road B8ftNGVD  floodlevel

RP100

Slide 49



Hydraulic measures (M1 & M2)

Hydraulic No Measures /" ;
L ——— M1 /._ 30

—| Land use | | Precipitation ‘ | Sea level rise l’ ntions
T T

1 — - —M1+M2B

Precipitation-Outflow curves

Outflow

o=

Precipitation

Quick-scan model




Raising roads and houses (M3) [t [ = |

Quick-scan model
Interventions

Damages

Fraction of total damage

Damage function, original | |
Damage function, M3

0 2 4 6 8 10 12 14 16 18
Water depth (ft.)




Speeding it up: pre-processing

Land use

Precipitation

Sea level rise

Hydraulic
Interventions

Quick-scan model

Curve Number
Method

v v

Precipitation-Outflow curves

Runoff

Outflow

.

v

Flood water = Runoff - Outflow

Economic
Damages
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Run time

Single run ——> | 2 seconds
—)

Risk analysis

30 seconds




Taking it for a test drive







Risk

* Three sea levels
e (CSL=0SLR
* SLR1=0.76ft.SLR
 SLR3=2.21ft.SLR

* Five measures/combinations
* MO (no measures)
M1 (local flood mitigation measures)
* M2 (regional pump)
* M1+ M2 (combination local measures + regional pump)

* M3 (elevating structures and roads)




Risk analysis, C-7

Risk (relative to current)

l

MO

M1

M2B
Measures

I current sea level
I SLR = 0.76 ft.
CSLR =221t

M1+M2B M3

Risk reduced to zero

4
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Tipping points

C7
. i I | [ previous C-7 study quick-scan model
ask | . m ] Current 5% 10% | Current 5% 10%
M2 Risk increase | increase risk increase | increase
3 | ———M1IM2 . MO 0.00 0.09 0.19 0.00 0.10 0.19
® _tipping points M1 0.55 0.66 0.77 0.46 0.62 0.77
25¢ 1 mM2B | 0.50 0.79 0.95 0.52 0.80 0.96

EAD (fraction of current)
PR

-

o
L.l
T
1

o

0 0.5 1 1.5 2 25

Sea level rise (ft.)




Pathways map

Local measures (M1) o o ——

-
-

Regional pump (M2B) ¢

Current Situation

Elevation 6 ft (M3) O

Sea level rise (ft ' '
evel rise (ft) 0.0 0.5 1.0 1.5 2.0 2.5 3.0

Map generated with Pathways Generator, ©2015, Deltares, Carthago Consultancy
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Pathways map

Local measures (M1)

-
-

Regional pump (M2B) (

Current Situation

Elevation 6 ft (M3) O

Sea level rise (ft ! !
evel rise (ft) 0.0 0.5 1.0 1.5 2.0 2.5 3.0

Map generated with Pathways Generator, ©2015, Deltares, Carthago Consultancy

Slide 63



Pathways map

Local measures (M1)

1
Regional pump (M2B) O |
Current Situation
Elevation 6 ft (M3) O )
Sea level rise (ft) 00 05 10 is 20 25 30

Map generated with Pathways Generator, ©2015, Deltares, Carthago Consultancy
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Expanding the model

f | =®— Current sea level
- SLR=076 M
— = —SLR=221Mt

Outflow

Precipitation

No Measures | .
s R Th

mz8 -
- - = M1+ M2B

Outflow

Precipitation




Multi-basin results

Threshold = current flood risk + 10 % : 'Ri5k; no r‘neasures' '
MO = I C2 [ current sea level
=3 [ 23 | SR =076 ft
—— ca -% B SLR =221 ft.
M1 =——= I co )
y ——p I c7 3
3 O B
(0] —_ ] ;
= 2>
©
E1r
e
0
M3 h'd
0 1 2 3 4 [jll
C3

Sea Level Rise (ft.) c2 ca - C6 c7
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Engaging stakeholders

e Can play with the effectiveness of measures

* Include new measures with expert opinion about
relative effectiveness

e Choose different sea level rises
* Change precipitation frequency
e Take future development into account

Slide 67



Discussion
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We need adaptation pathways:

Thank you for your attention

Sustainable + ‘
water anagermen B Sufﬁc‘en*ly flexible
Sufﬂcwnﬂy robust ( ’—.; fo adapt |
to cope with many
possible futures
Jobeysek@fiu.edu o '.---.
4 L
) O O

Claire.Jeuken@deltares-usa.us

Kathryn.roscoe@deltares.nl

More information:

. https://www.deltares.nl/en/adaptive-pathways/

. https://publicwiki.deltares.nl/display/DFIAT/Delft-FIAT+Home
. https://www.deltares.nl/en/software-solutions/

. Recordings of the webinar.

We hope to see you at the Climate summit!
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