INTEGRATING CLIMATE CHANGE SCENARIOS AND CO-DEVELOPED POLICY SCENARIOS TO INFORM COASTAL ADAPTATION:
RESULTS FROM A TILLAMOOK COUNTY, OREGON KNOWLEDGE TO ACTION NETWORK
E. LIPIEC1, P. RUGGIERO1, K. SERAFIN1, J.P. BOLTE2, A.K. MILLS2, P.E. CORCORAN1,3, J. STEVENSON1, D.H. LACH4, C.M. ZANOCCO4, AND TILLAMOOK COUNTY COASTAL FUTURES KTAN
2. BIOLOGICAL AND ECOLOGICAL ENGINEERING, OREGON STATE UNIVERSITY, CORVALLIS, OR

ℎ𝑏
𝑇𝑊𝐿 𝑥𝑏 −
𝑡𝑎𝑛𝛽𝑓
𝐸𝑣𝑒𝑛𝑡 𝐵𝑎𝑠𝑒𝑑 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙
=
𝐹𝑜𝑟𝑒𝑑𝑢𝑛𝑒 𝐸𝑟𝑜𝑠𝑖𝑜𝑛
𝐷 + ℎ𝑏 − 𝑇𝑊𝐿/2
Kriebel and Dean, 1993

xb = surf zone width
hb = breaking wave depth
βf = foreshore beach slope
D = vertical elevation of the dune crest
above the dune toe

Methods
1. Engaging the Community

●

T = time period of interest

Topography

Land Use/Land Cover

Structures

Development Patterns

Status Quo
Continuation of present day policies.
- Maintain current development patterns.
- Maintain current backshore protection structures (BPS) and construct
additional BPS on eligible lots.

The spatially explicit, multi-paradigm
modeling framework ENVISION is
utilized to create and analyze plausible
future scenarios.
Future scenarios analysis allows for the
assessment of alternative coastal
management options under various
population and development trends,
coastal and landscape processes and
feedbacks, and climate change
impacts.

Hold The Line
Policies or decisions are implemented
that involve resisting environmental
change (e.g. building or raising flood
defenses, building or strengthening
shoreline armor, nourishing beaches) in order to preserve existing
infrastructure and human activities (e.g. beach access).
- Maintain current BPS and construct additional BPS on eligible lots.
- Add beach nourishment to locations where beach accessibility has been lost.
- Construct homes only on BPS eligible lots, above a certain elevation, and in
the safest site.
Figure 2: Envision
modeling components.

Climate change impact scenarios were developed using recommendations from the
National Research Council (NRC) for SLR on the West Coast and projections for NE Pacific
significant wave heights (Hemer et al., 2013; Wang et al., 2014).

4. Policy Scenario Narrative Results and Assessment
Results of the policy scenario narratives co-developed with the KTAN were statistically
compared to the Status Quo to determine when changes in policy would result in
significant changes to several key metrics in Rockaway Beach and Neskowin, including:

Buildings Impacted by Flooding - Rockaway Beach

Laissez-Faire
Current policies (state and county) are relaxed
such that defense of existing homes,
infrastructure, and new development all trump the
protection of coastal resources, public rights,
recreational use, beach access, and scenic views.
- All development to occur outside of current development patterns.
- Maintain current BPS and construct additional BPS on any lot.

ReAlign
Policies or decisions are implemented that
involve changing human activities to suit the
changing environment (e.g. relocation of
infrastructure and/or people, changing land use
or livelihoods).
- Construct homes above a certain elevation, and in the safest site.
- Implement coastal hazard zones and associated development restrictions, including no
further BPS construction.
- Establish easements after severe repetitive impacts to buildings.

●

2. the number of buildings impacted by flooding, and
3. the number of buildings impacted by erosion.

Beach Accessibility
Buildings Impacted by
Flooding
Buildings Impacted by
Erosion

Rockaway Beach
HTL
LF
RA
2010 2020 2014

●

Are there differences in the timing of flooding and erosion
impacts when alternate policy narratives
are implemented?
Figures 20 and 21: Under a medium impact climate scenario: Twelve projections of the
number of buildings impacted by flooding under the four policy scenarios in Rockaway
Beach (left) and Neskowin (right) to the year 2100. The arrows denote the year where the
number of buildings impacted by flooding under a specific policy narrative sustain
statistically different values than the Status Quo.

Conclusions:
● Flooding impacts diverge from SQ values in all policy
scenarios by 2031 in Rockaway Beach.
● In Neskowin, differences between policy scenarios are more
temporally variable with early (RA) and mid-century (HTL & LF)
significance thresholds.

Neskowin
HTL
LF
RA
2010 2083 2042

The timing of when policies diverge is partially due to the present-day and projected
2021 2031 2015 2063 2067
population densities and development patterns of each community, but is mainly the
result of current and future BPS construction management. Neskowin has already
2080 2010 2080
— 2091
armored more of its coastline and will therefore need less in the future, thereby
limiting the divergence between the policy scenarios and the impacts associated with BPS (i.e., greater flooding and decreased beach accessibility).

Figures 22 and 23: Under a medium impact climate scenario: Twelve projections of the
number of buildings impacted by erosion under the four policy scenarios in Rockaway
Beach (left) and Neskowin (right) to the year 2100. The arrows denote the year where the
number of buildings impacted by erosion under a specific policy narrative sustains
statistically different values than the Status Quo.

Conclusions:
●

2013

●

2090
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Note: HTL values are identical
to SQ values and therefore
never diverge.

2091

1. the percent of beach accessibility along the coast,

Policy scenarios have differing impacts both spatially and temporally. With the
exception of erosion, most policies impact Rockaway Beach metrics at the beginning of
the century. Policy impacts in Neskowin are more variable in time.

Hold The Line (HTL)

Buildings Impacted by Erosion - Rockaway Beach

Results and Take Home Messages
●

2020

Zoning

Co-Developed Policy Scenario Narratives

developing and evaluating future scenarios.

3. Incorporating Climate
Change Uncertainty

Population Growth

Status Quo (SQ)

Conclusions:
● Beach accessibility under the policy scenarios diverge from the
Status Quo by 2020 in Rockaway Beach.
● In Neskowin, impacts to beach accessibility by policy scenario are
occur in the early (HTL), mid (RA), and late (LF) century.

Landscape Data and Change Models

OSU researchers and outreach specialists work
closely with other members of the KTAN to:
Identify and characterize desired endpoints and metrics for
the community,
Articulate policy scenarios to reach these community goals,
and
Iteratively review and assess the results of future scenario
analysis through important metrics.
Figure 1: Iterative stakeholder-driven process of

2. Envisioning Future Scenarios


P. Corcoran

2080



CCRSLR = coastal change rate associated with SLR (Bruun, 1962)

Policy Scenario

ReAlign (RA)

2054



CCRSB = long-term (interannual to decadal) coastal change rate associated with sediment
budget factors not influenced by climate change

Figures 17 - 19: Under a medium impact climate scenario:
Twelve projections of percent beach accessibility under the four
policy scenarios in Rockaway Beach (left) and Neskowin (right) to
the year 2100. The arrows denote the year where beach
accessibility under a specific policy narrative sustains (at a 5% level
of significance) statistically different values than the Status Quo.
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Baron, et al. , 2014, Ruggiero et al., 2013.

Beach Accessibility - Neskowin

Beach Accessibility - Rockaway Beach

2021



𝐶ℎ𝑟𝑜𝑛𝑖𝑐 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 = 𝐶𝐶𝑅𝑆𝐵 + 𝐶𝐶𝑅𝑆𝐿𝑅 ∗ 𝑇

Note: The percent shoreline hardened
under SQ and HTL is identical through time.

2010
2014



Creation of a Knowledge to Action Network: ~20 community
members, including individuals from varying departments of
state, county, and local government, non-profits, private
citizens, Oregon State University (OSU) researchers, and
outreach specialists.
Formal engagements and informal discussions to develop
and assess narratives and scenarios.
Presentation of results for review and feedback.

Figure 4: During storm-events, the ’collision’
regime of the Sallenger (2000) Storm Impact Scale,
results in dune erosion. This event-based erosion is
computed in addition to chronic shoreline change.

wave heights
Significant wave heights (SWHs) for
decrease
all three climate impact scenarios are
wave heights
based on wave height distributions
increase
developed from the variability of
statistically and dynamically
downscaled projected global climate
model estimates for the Northeast
Pacific Ocean (Hemer et al., 2013;
Wang et al., 2014). The scenarios are
randomized to allow a range in
Figure 6: Future wave climate scenarios for
frequency of major El Niño events
Oregon.
and SWHs.
See Poster GC21A-0493—Mills, et al. 2014 for
more information.

2015



Wave Height Distribution by 2100

2090

EROSION

Figure 5: Regional SLR scenarios for Oregon.

2083

High Impact: The high climate impact
scenario uses NRC (2012) derived
high-end estimates of regional SLR,
~1.42m by 2100.

2063
2067

4. Statistical
assessment of key
metrics impacted by
policy scenarios in
communities such as
Rockaway Beach and
Neskowin.

2010

3. Development of
methodologies to
project evolving
coastal flooding and
erosion (Serafin and
Ruggiero, 2014), and

Buildings Impacted by Erosion Per Year

2. Development of
information and tools
to assess impacts and
vulnerability, and
implement beneficial
strategies,

Percent of Coast with BPS Construction

2042

Goal: To build and assess adaptive capacity in Tillamook County through:

Figure 3: When the TWL is greater than
the dune crest elevation or crest of the
backshore protection structure (BPS),
flooding occurs (Sallenger, 2000).

Medium Impact: The medium
climate impact scenario uses NRC
(2012) derived mean estimates of
regional SLR of ~61cm by 2100.

2010

R = runup, a wave-induced water level (a
function of beach slope, wave height, and
wave length)

Unlimited
Beach Access

Limited
Beach Access

2013

ηNTR = non-tidal residual (e.g., storm surge, El
Nino effects, etc.)

Figures 7 - 16: Beach accessibility in a medium impact climate scenario for Rockaway Beach (left) vs. Neskowin (right) under all policy narratives by 2100. Beach accessibility is unlimited
if the beach is walkable 90% of the year during daily maximum TWL. Average percent of the shoreline with BPS under all policy scenarios in Rockaway Beach and Neskowin (center).

% Beach Accessibility

ηA = astronomical tide

Tillamook
County

How and when does beach accessibility change in comparison to present day and projected Status Quo levels?

Buildings Impacted by Erosion Per Year

MSL = mean sea level

Neskowin
7,643
203
576
1,826

Buildings Impacted by Flooding Per Year

Local decision-makers and stakeholder groups
can increase the community’s adaptive
DOGAMI
capacity, or “ability to prepare, adjust, and/or
respond to changes in advance” (Gallopin, 2006) with site-specific
information.

Coast Length (m)
2010 Population
Structures Within 1/2 Mile of the Coast
Current Backshore Protection Structure (BPS) Length (m)

% Shoreline Hardened

Ruggiero, 2001; Serafin and Ruggiero, 2014, and Stockdon et al., 2006

Low Impact: The low climate impact
scenario uses low-end estimates of
regional SLR of ~11cm by 2100
developed within the National
Research Council’s (NRC) 2012 SLR
report.

% Beach Accessibility

𝑇𝑜𝑡𝑎𝑙 𝑊𝑎𝑡𝑒𝑟 𝐿𝑒𝑣𝑒𝑙 (𝑇𝑊𝐿) = 𝑀𝑆𝐿 + 𝜂𝐴 + 𝜂𝑁𝑇𝑅 + 𝑅

●

Tillamook
County

Sea Level Rise (SLR) Scenarios 2010—2100

FLOODING

Vulnerability is based on a community’s exposure, sensitivity, and
adaptive capacity to a hazard (Wood, 2011).

1. A Knowledge to
Action Network
(KTAN),

Climate Impact Scenarios

Flooding and Erosion Models

Rockaway Beach
9,746
1,357
2,555
1,722

Rockaway Beach

Sea level rise (SLR), increasing storminess, and growing development
pressures are intensifying coastal vulnerability on the US West Coast,
including in Tillamook County, Oregon.

A. Thibault

Rockaway Beach vs. Neskowin

Buildings Impacted by Flooding Per Year

●

4. SCHOOL OF PUBLIC POLICY, OREGON STATE UNIVERSITY, CORVALLIS, OR

Tillamook County Coastal Futures Modeling Components

Background and Goals
●

3. OREGON STATE EXTENSION SERVICE, CLATSOP COUNTY, OR

Neskowin
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CMIP5 simulations. Geophysical Research Letters.
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