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Flooding projected to double
every five years in the 215t C due

to SLR (Taherkhani et al., 2020) By 2100, 17-72 million people may

be forced to migrate from coastal

By 2060, 1.39 billion people may be regions (Lincke et al., 2021)

living within a 100-year flood zone
globally (Neumann et al., 2015)

Central Oregon Problems

r

Northern Oregon Coast
Extra-Tropical Storm Induced
Erosion and Overtopping

Rockaway, OR
King tide flooding
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‘The Really Big One’

CSZis NEW

* Only since late 1980s have scientist
agreed there’s a problem on the CSZ

CSZis DUE

* Last CSZ event was 325 yrs ago- Jan 26, 1700
e Large ruptures happen every 300 — 500 yrs
* 15% chance of CSZ event in the next 50 years

CSZ is HUGE
* North CA, OR and WA coast to BC

* Interior (Portland, Seattle) severely affected

To be RESILIENT we must

* Increase life safety
* Increase our ability to absorb and

recover quickly
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Objectives:

Seaside, Oregon

- Quantify evolving coastal community resilience
to multiple hazards (erosion, flooding, earthquakes,
tsunami) and climate change under alternative
adaptation pathways. (Wang et al., in prep.)

- Assess potential co-benefits of policies that
address chronic and acute hazards together

- Investigate the distributional equity of future
coastal hazard adaptation measures assessing
the differential exposure of sub-communities within
Tillamook County, OR to chronic and acute hazards
under multiple co-produced alternate future
scenarios (Leung et al., in prep.). Sendai, Japan March 11, 2011




Neskowin

Study Site - Tillamook County, Oregon, Cascadia

Coastal Hazards Context

Acute (M8-9 earthquake and tsunami) hazards Growing investment to:
* Cascadia Subduction Zone (CSZ) « Understand joint hazard risk
Chronic (climate change-induced) hazards * Possible co-benefits in adaptation
* flooding, erosion, loss of beach » Prioritize equitable adaptation

Hazard Exposure Context

Acute: collaborative efforts to refine hazard uncertainty and risk (e.g., Oregon Resilience Plan, 2013)

few studies on who is impacted (Wood et al., 2010; Stanton and Tilt, 2023)

Chronic: assessments on where hazards will intensify (e.g., Leung et al., 2024)

no studies on who is impacted

Current Adaptation Efforts / Actions

Acute: Building retrofits (primarily ‘critical infrastructure’)
Chronic: Riprap (armor) and dynamic revetments on select properties
(prioritize retention of public beach)

Rockaway Beach

Cape Lookout
State Park




Convergent Research and Envision Model Framework

agent-based model combining landscape

E NVISIO N change, hazard models, and policy scenarios

to explore alternative futures

Policy Scenarios

Community
Perspectives
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Trajectories of Change and Alternative Futures

Scenario analysis “aims
to identify the several
most important issues
responsive to policy and

Al Posgiblk Futures
Modeked Altsrmative Futures

Plausible Alterrative Futures

planning decisions, along Trajectory to Futures
with the widest range of
options pertaining to

these issues... A scenario
is then created to reflect
choices among the
possible options for each
policy in the set.”

From Steinitz et al. 2003

Kolesar et al., 2024

-* Multiple Possible Futures EKplojation ebAdaptdtioengagement:

-_’ Informed Communities Pg(;hi"yﬁMﬁIls%na'r)i%etings with an advisory council

Suppofésidesisionirsaking dodey encpltainbsirctuegways:
. oveRBREBHIONE5FaRGOBY G AR EMEHRRAp B enRpRers.

city planners and city emergency managers, non-profit

Lipiec et al., 2018; Mills et al., 2018;
Evans-Wilent et al., 2020; Mills et al., 2021;
Leung et al., 2024

* expligityiseatizationateliespative pathways
* what decisions and when decisions are needed by identifying polgy
objectives



Framework for Assessing Resilience Strategies

Hazard Exposure Modeling Adaptation Scenarios Resilience Metrics
(Pathways)
e (CSZ: Earthquake + Tsunami . Baseline * Direct losses (life safety,
o What scenario? (e.g., M9) . capital)
* Protect (e.g., retrofit) .
o Timeframe? (e.g., 2040, 2060, ...) : . . * Indirect losses (recovery)
e Realign (e.g., moving, zoning) . :
e Coastal erosion and flooding * Social equity (unequal loss)

e Restore (e.g., accommodate)
e Sea-level rise

Performance (P)

Probability damage of ~1,000-year event i me ()



Chronic hazard (coastal flooding + erosion) modeling approach

Stochastic
Climate
Emulator
MUSCLE

AT

(Anderson et al., 2019)
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Acute hazard modeling (earthquake + tsunami) approach
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Adaptation modeling approach

Baseline Continuing present-day policies (e.g., maintain
backshore protection structure (BPS) for chronic
hazards, repair damaged buildings after acute hazards)

Water Level Rise I

Protect I : :
Resisting changing environment to protect landscape

(e.g., construct new BPS, retrofit buildings, etc.)

Beach
Nourishment

Realign Changing human activities to align with environmental
change (e.g., relocate buildings and people from hazard
zones — managed retreat)
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Envision Scenarios and Implementation Approaches

Simulate end-members of potential adaptation pathways

c
o /@ Prioritize adaptation
- (5)—® within vulnerable
© \® T ted | populations
9.0 M Earthquake = Al
and Tsunami in 2070 o ﬁ
One CSZ event £ w® Simulate random
LI adaptation within the
oo Untargeted ] community
£ o
- <

Change human behavior; allow

j 1.5 m of global
natural systems to evolve

a
. re SGC ef SLR scenario
: .a .
cum 1 m of global High SLR
Prioritize preserving infrastructure yﬁ:eﬁct/

SLR scenario
0.5 m of global Med SLRJ

SLR scenario

Maintain present-day policies Baseline Low SLR

T
Annual budget of $5 mill (6.8% of 2023-2024 tax base)
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Percent of Shoreline Hardened

Policy driven tradeoffs in resilience

metrics: Protection vs Recreation

--- Protect
--- ReAlign

207 -
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Mills et al., 2019; Mills et al., 2021
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Increase in Resilience via Adaptation OrggonState

Flooded Area (sq km) (Mean = 95% Cl)
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Increase in Resilience via Adaptation OrggonState

<&’ University

Economic Loss by Flooding (M$) (Mean £ 95% ClI)

—— Baseline Mean
701 95% Cl

Realign Mean
60 -

50- Realign out of FEMA flood hazard zone

40 |

30+

201

Economic Loss by Flooding (M$)

Building

2020 2030 2040 2050 2060 2070 2080 2090 2100 .' L4
Year ’ s
- 2060

Population Impacted by Flooding (#) (Mean + 95% Cl) R o
ey 5500 . :
s — Baseline Mean O e
£ 95% Cl : I
-§ 5000+ Realigh Mean - i
o
a
< 4500
[0}
9]
2
£ 4000 -
c
S
©
£ 3500+
o

2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

14



Co-benefits of Adaptation to
Multiple Hazards

Buildings Damaged by Flooding
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Who is Impacted by Alternative Policy Scenarios?

How can alternative policy scenarios and implementation approaches
affect differential exposure of vulnerable populations?

Acute (CSZ Earthquake and Tsunami) Hazards Chronic (Climate Change-induced) Hazards
CSz Flooding Erosion
Impact of Different Policy Scenarios Impact of Different Policy Scenarios Impact of Different Policy Scenarios
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Who is Impacted by Alternative Policy Scenarios?

How can alternative policy scenarios and implementation approaches
affect differential exposure of vulnerable populations?

Acute (CSZ Earthquake and Tsunami) Hazards Chronic (Climate Change-induced) Hazards
CSz Flooding Erosion
Impact of Different Policy Scenarios Impact of Different Policy Scenarios Impact of Different Policy Scenarios

o
o
(=]
S

3500 A
3000 ~
2500 A
2000 ~
1500 A
1000 A

500 4

Number of Damaged Buildings
Number of Damaged Buildings

o
I

Protect scenarios (retrofit buildings to meet current seismic standards) do
not dramatically decrease the number of buildings damaged (may reduce
damage state)

Realign scenarios (remove buildings from inundation zone) prevent CSZ
damage to ~1,300 - 1,400 buildings by 2070
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Who is Impacted by Alternative Policy Scenarios?

How can alternative policy scenarios and implementation approaches
affect differential exposure of vulnerable populations?

Acute (CSZ Earthquake and Tsunami) Hazards Chronic (Climate Change-induced) Hazards
CSz Flooding Erosion
Impact of Different Policy Scenarios Impact of Different Policy Scenarios Impact of Different Policy Scenarios

o
o
(=]
S

51%vll 51%V

Number of Damaged Buildings
Number of Damaged Buildings
S
o
o

Protect scenarios (retrofit buildings to meet current seismic standards) do o Protect scenarios (designed to limit erosion- build riprap revetments,
not dramatically decrease the number of buildings damaged (may reduce raise buildings to higher ground on same tax lot) minorly reduce the
damage state) amount of flooding damage

Realign scenarios (remove buildings from inundation zone) prevent CSZ o Realign scenarios (remove buildings from 100 year flood zone) reduce
damage to ~1,300 - 1,400 buildings by 2070 number of buildings flooded each year by ~2,000
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Who is Impacted by Alternative Policy Scenarios?

How can alternative policy scenarios and implementation approaches
affect differential exposure of vulnerable populations?

Chronic (Climate Change-induced) Hazards

FL di Untargeted Protect Impacts in 2090-2100 Untargeted Realign Impacts in 2090-2100
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Who is Impacted by Alternative Policy Scenarios?

How can alternative policy scenarios and implementation approaches
affect differential exposure of vulnerable populations?

Chronic (Climate Change-induced) Hazards
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Final Thoughts on Assessing
Alternative Adaptation Pathways:

-
~.ascadia CoPes Hub
THE CASCADIA COASTLINES AND PEOPLES
HAZARDS RESEARCH HUB

-How we manage our coast can potentially have as great of an impact (on
resilience and equity) as climate change (at least over time scales of
decades).

Convergent research and deep engagement with decision makers and
coastal community members can inform emergency management and land
use planning (adaptation pathways) to increase resilience.

* Supports decision making under uncertainty

* Crosses disciplinary and sectoral boundaries

e Supports common goal setting

* Develops integrated knowledge for science and society
* Creates new knowledge paradigms
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Thanks!

Oregon State
University

Peter Ruggiero
Co-Director and Pl, Cascadia Coastlines and Peoples Hazards Research Hub
Professor, College of Earth, Ocean, and Atmospheric Sciences

tel: 541.737.1239
email: cascadia.copes@oregonstate.edu
peter.ruggiero@oregonstate.edu
https://cascadiacopeshub.org/
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science for a changing world
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