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The Wave vs. Coastal Inundation Paradox
Which is the greater threat for your location ??7?

o
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“Wave action is the ultimate cause
of most structural damage and
beach erosion” (Stockdon)

The Patriot’s Day Storm, 2007
Saco, Maine
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Wave Growth in New England
= " (and all locations) a function

"=~ .. of several variables including;

1. Wind speed
2. Fetch
TR M S 3. Duration
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1. Increased Wind Speeds: Allow for Wave Growfh
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Gulf Stream Serves Important Role
in Winter Storms

Info on Hybrid Storms See... Attp.//moe.met.fsu.edu/cyclonephase/
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il Relatlonshlp Between Wlnd d Speed.

Fully Developed Sea
energy spectrum for various wind speeds

A5 the wind speed Iru rea:e_
o the amount of )
transferred to ’[hEe ”-?.
Ncreases v ery  ImucC b more
rapidly, proportional to the
fourth povwer ofwind speed.
The diagram shows
spectra forwinds of 20, 30, Ely
knot. The area under each bell
curie represents the total
energy ofthe sea:

Yertical scale is wave
amplitude sguared (& x &) in
T2, AVErAde wiave hwlght_.
showm inhrackets.
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Aciaated frormlian Dopn, 1974 wave period (seconds)

As winds 1ncrease. .. wave energy increases dramatically
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2. Fetch: The longer distance winds travel over water,
the greater the wave growth (NE, E or SE Flow)
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Patriots Day Storm: April 16, 2007
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3. Duration: Slow moving, long duration storms tend
to produce larger waves (by creating a full sea state)
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“The Perfect Storm”: Time Scale Often Days and Not Hours
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A Conceptual Model of a Storm that
Produces Large, Battering Waves in ME/NH
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Increasing Wave Height

[The highest 2 % breaker run-up can be
mathematically computed (Water rise ~ 2 York Beach Maine
the predicted breaking wave height plus 50 cm)]



I Steckdc USGS Emlrlcal Collisior
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Elements of the storm-impact predictive
model

Given offshore forcing: hurricane and local beach/dune
wind, pressure, waves (H,T) morphology

lemeraldlsleNC_ﬂipi

= surge + wave setup
where setup= f(H,T.§)

Predict likely morphologic response -
type and magnitude



Wave Run-up

Dune Crest

Max Runup
Level

Wave Bore

\ Dune Toe

Setup Max Setup
Level

Mignone 2013
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“Erosion and receding dunes

Swash Regime Collision Regime Overwash Regime Inundation Regime
Dune Dune Overwash
Erosion Erosion Deposit

e \/ i
A i

No net change to the Net dune Erosion Net onshore transport on Net onshore transport on
system the order of 100 meters the order of 1,000



Parameterizing Runup Elevation

1/2
Ho Lo(0.5638%+ 0.004
R, = (0.353f(H0L0)”2+ o Lo - ) )

Wave Setup
Swash

» This is a time varying water level
» Large waves making incursions up the beach
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= Ju y 2013: Hindcasts Created
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= September, 2013: Surveys completed and
strategies discussed with Dr. Stockdon
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Man-made Barrier Systems, NH Seacoast
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E ch natural dune system eroded ~ 1m last yr
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Heat index during survey=100 degrees
CITY SKY/WX TMP DP RH WIND PRES REMARKS
PORTSMOUTH SUNNY 94 70 45SW9  29.96F HX 100
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Latitude =43.46928°N Longitude=70.38329°W WGS 1984
Elevations in feet )
Example of a Site Survey |
| | !
| i :
1€ 134 feet > |
| ' s |
i i "
| BS | Fs HI
: 11140 14.90 22.95
i |
i ]
i |
BS FS [
159 153 EM
I Elevation
" 18.05
Elevation=1.49 l
(Tide level)
TP,
Elevation A
BM; 11.50 Mignone, 2013




Example of Survey Notes

Long Beach Avenue Survey Notes
York, Maine

A site survey was conducted at Long
Avenue Beach on Monday May 20, 2013.
Differential leveling techniques were
employed to determine the elevation of a
seawall base and the height of the seawall
above MLLW water level.

The water level at the time of the survey
(1845 EDT) was determined by averaging
tide predictions from subordinate sites at the
time of the survey. Tide predictions at the
following sites were used:

York Harbor, ME 8.36 feet
Cape Neddick, ME 8.39 feet
Average 8.38 feet

A Tidal anomaly of +0.07 feet was observed
at the Fort Point, New Hampshire tide
gauge at the time of the survey. This was
added to the average tide level resulting in a
water level of 8.45 feet which was then used
for the bench mark level above MLLW to
determine the elevations.

With the elevation of the ocean surface
above Mean Low Low Water (MLLW)
determined, a backsight (BS) was then
taken of a leveling rod at bench mark one

be 18.91 feet. All measurements taken are
depicted in Figure 2 and Table 1.

Since there was no discontinuity in the
slope of the beach at the mean high water
mark the slope of the beach from the base
of the seawall to the water level was
determined. The beach Iincreased in
elevation 4.87 feet over a distance of 79.00
feet for an average slope of 0.06 or 6.0
percent.

In summary the following measurements will
be used in the parameterization relative to
MLLW:

Base (toe) of seawall = 13.32 feet
Top of seawall = 18.91 feet
Foreshore beach slope = 0.06

Mignone, 2013

Table 1

Long Beach Ave. Survey Notes 2013.05.20
Point BS(+) Hi FS(-) Elevation

BM, 9.72 18.17 8.45

TP, 1038 23.71 4.85 13.32

BM. 48 18.91

check 20.11 -9.65 18.91

-9.65 -8.45

10.46 10.46
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% Forecast Storm Impacts at Specific Points

.-v Storm Impact and Surf Tool Wave Height {m)

4.87
| FilS

Storm Impact and Surf Calculator |

Choose one of the buttons below to forecast
stonm impacts or surf height

Period (s)
10

| =

Surge (m)
0.73

=[]

o st | set g D

Tide {m)

T

Dune Base Elevation {m)
5.27425920

11

Dune Crest Elevation {m)
6.18561120

(1|

Slope
0.14000

[—L{

This is for point forecasting only! Impacts will

vary significantly up and down the coast -- See

documentation for how to select input for this
application

Erosion: lExpe&T
Overwash: [ExpeT
Inundation? [m
Total Water Level: Rlo m .
Total Water Level: Rhi [KWM—

R2% 3,344 M
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% Forecast Storm Impacts at Specific Points

Wave Height {m)

4.97

-
% Storm Impact and Surf Tool

J 11

Period (s)
8

Storm Impact and Surf Calculator |

Choose one of the buttons below to forecast | T

stonm impacts or surf height

Surge (m)
0.76

 sominpacnoia | surncgn | D

=

4 Tide {m)

2.74

| i

Dune Base Elevation {m)
5.27425920

I

Dune Crest Elevation {m)
6.18561120

[

Slope
0.14000

{1

This is for point forecasting only! Impacts will
vary significantly up and down the coast -- See
documentation for how to select input for this
application

Erosion: [ExpeT
Overwash: [ExpeT
Inundations Not Expected

Total Hater Level: Rlo m

Total Water Level: Rhi 6,206 M

R2% 2,706 M
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Stockdon Equations and Predicted
Nearshore Wave Heights: A Challenge !

N

quation e Wave Heights at 20m ocean depth
2tup and run-up in the breaker zone

" reIatlonshlp always be valid?

_.:,.
%
1 -
--.: ,,:
ot

! 4: We use the Surf Height Calculator to estimate
er zone wave heights (W|II|s et aI 2009)

m Impact and Surf Tool

5 _'_" Storm Impact and Surf Calculator

Choose one of the buttons below to forecast
stonm impacts or surf height

Storm Impact Model ‘Suerdghl

« UMaine/NWS GYX Sea Grant Study: Leverage high res. wave
models within complex bathymetry to forecast nearshore waves



SNViiljze separate model for rocky shoreline sloped
evetments: Allsop (2005)

e ;éf'any sloping structure (riprap, seawall etc.)
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I F"' fpretation during storms

J Es;r.- Blishiand test new “Stockdon” sites
Real time events and hindcasts

?iglﬂilold “Jrain the Trainer” Workshops (WFO BOX)
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