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Objective: Explore the range of uncertainty in future extreme total water levels and their impact on the coast in metrics usable to stakeholders

Adding Future Climate Variability to Total Water Levels What Does Future Climate Variability Look Like on the Landscape?

level (TWL) where,
TWL = MSL + N4+ Nyp T R

MSL = mean sea level

(1)

N4 = astronomical tide

Nnytr = nontidal residual, any elevation
change to the water level nof due to tide
(e.g.. storm surge. El Niilo effects. etc.)

R = runup, a storm-wave induced water level,

a function of the deep-water wave height.
wave length. and beach slope

Simulated Total Water Level Component Dependencies
Compared to Observed Total Water Level
Component Dependencies
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® We developed a time-dependent full simulation TWL
model (TWL-FSM, Serafin and Ruggiero, 2014) that
simulates the various components of a TWL 1n a Monte
Carlo sense, taking into account the conditional

dependencies existing between various components
(Figure 2).

® Extreme events are modeled using nonstationary extreme

value distributions (Coles, 2001) that include the effects of
seasonality and climate variability (Figure 3).

® The resulting synthetic TWLs allow for extraction of return

level events and the ability to robustly estimate flood and
erosion hazards.

S

® “Observational” TWLs can be calculated by combining

wave buoy or hindcast measurements with tide gauge
measurements using eqn. (1).

® Extreme return level events (1.e., the 100 year event, the
event that has a 1% chance of occurrence in any given
year) can be calculated by extrapolation from extreme
value distribution fits to the time series of TWLs.

® The problem: How do we know that the
maximum TWL components have occurred
concurrently in the relatively short observed
record (e.g., the highest tide, the largest wave
heights, and the highest nontidal residuals)?

Simulated Total Water Level Components Compared to
Observed Total Water Level Components
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century (Hemer et al., 2013, Wang et al., 2014).

® Monthly distributions of SWH fit lognormal distributions. The location

(u, related to the distribution’s mean) and scale (o, related to the

distribution’s skew) parameters for the present-day lognormal SWH distribution fits are increased or decreased by random numbers related to
the range of variability in future SWH projections from various global climate model outputs (Figures 5 and 6, Wang et al., 2014; Hemer et al.,

2013).

® SWH distribution shifts are sampled from a distribution centered around 0 with a standard deviation of 60 cm. This allows for the wave

climate to increase or decrease across the various SLR scenarios.

Cumulative Distribution Function (CDF)

® The solid line in the distribution , Depicting Shifts in Wave Helght
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e Scenarios

® |5 TWL simulations from 2010-2100 are combined with the SLR scenarios to create High, Medium, and Low Impact future TWL

How will beach access change in the future?
End of Century Beach Aces in the Rockaway Littoral Subcell, Oregon

[— Limited Beach Access

® “Unlimited” beach access 1s defined as the ability to walk on the beach 90% of the

time during the daily maximum TWL.
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Unlimited Beach Access

variability.

Beach Access Over Time in the Rockaway, Oregon subcell

by Climate Scenario
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Beach Access Over Time in Tillamook County, Oregon
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climate scenarios. This totals 45 different future climate scenarios for evaluating changes in extreme TWL events.

® The variability in the wave climate (shading around the average scenario, bolded colors) allows for variation in the range of TWLs for any given
climate impact scenario. For example, the upper end of the low 1mpact climate scenario may reach the lower bound on the medium 1mpact

® At the end of the century across all of the three climate impact scenarios, beach

accessibility 1s decreased from 2010 levels. The average high impact climate
scenario decreases beach accessibility the greatest amount (Figure 11).

® By 2100, a high, medium, and low impact climate scenario decreases beach
accessibility in the Rockaway subcell by 30%, 15%, and 5%, respectively,
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climate scenario by
2100 (Figures 7 and 8). 1

Future Total Water Level Distributions
by Climate Scenario

Future Monthly Maximum Total Water Levels

by Climate Scenario
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compared to 2010 levels (Figure 12). Across the county, these values are lower at approximately 10%, 5%, and 2% (Figure 13).
How will coastal infrastructure be affected?

Number of Buildings Impacted by Flooding in
Tillamook County, Oregon by Climate Scenario
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Tillamook County, Oregon by Climate Scenario
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