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Sea Level Rise and Coastal Storm Damage and Flooding

Most characterizations of SLLR and
associated impacts to coastal areas
focus on increases in high water
Future High Water level and storm surge to depict a

I Storm Surge

future high water condition.

Anticipated Sea Level Rise (SLR)

But few depictions of impacts to
coastal areas from SLR take into
account flooding and storm damage
assocliated with wind-driven waves.

*Contribution to flooding via
overwash

*Wave battery to structures

*Scour and erosion of fronting
dunes, beaches (and backshore
areas too!)




The South Shore: Coastal Orientation and
Patterns of Development
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Nemo Storm - February 8-9, 2013
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Nemo Storm - February 8-9, 2013
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* Two sequential high tides of approximately * Storm Surge Maximum of 4 feet occurred at

13 ft MLLW 2:00 AM at the time of low tide.

* Only Minor to Moderate flooding and storm ¢ If Maximum storm surge occurred during
damage associated with the Feb 8th high the 10:00am tide on Feb 9™ high tide the
tide. total storm surge would have been

* Moderate to Major flooding and storm approximately 15.5 feet!!!

damage associated with the Feb Qth high tide.
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The difference in flooding and
storm damage between two high
tides:

Wave height!

* Waves at the time of the Feb
8t high tide were
approximately 15-20 ft.

* Waves at the time of the Feb
9t high tide were
approximately 25-30 ft.

(Obs-Pred)



Nemo Storm February 8-9, 2013

Tide Gauge
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Nemo Storm February 8-9, 2013
Contribution to Flooding from Overwash
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Why do waves matter?  .Contribution to flooding via overwash
*Wave battery to structures

*Scour and erosion of dunes and beaches
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Why do waves mattet?  .Contribution to flooding via overwash

*Wave battery to structures
*Scour and erosion of dunes and beaches
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Why do waves matter?  .Contribution to flooding via overwash
*Wave battery to structures

*Scour and erosion of dunes and beaches
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Why do waves matter?  .Contribution to flooding via overwash
*Wave battery to structures

*Scour and erosion of dunes and beaches
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Why do waves matter?  .Contribution to flooding via overwash
*Wave battery to structures

*Scour and erosion of dunes and beaches
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Wh}’ do waves matter? *Contribution to flooding via overwash

*Wave battery to structures
*Scour and erosion of dunes and beaches




Wh}’ do waves matter? *Contribution to flooding via overwash

*Wave battery to structures

*Scour and erosion of dunes and beaches
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Wh}’ do waves matter? *Contribution to flooding via overwash

*Wave battery to structures
*Scour and erosion of dunes and beaches
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Why do waves matter? *Contribution to flooding via overwash

*Wave battery to structures
*Scour and erosion of dunes and beaches
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WhY do waves matter? *Contribution to flooding via overwash

*Wave battery to structures
*Scour and erosion of dunes and beaches




Wh}’ do waves matter? *Contribution to flooding via overwash

*Wave battery to structures
*Scour and erosion of dunes and beaches
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WhY do waves matter? *Contribution to flooding via overwash

ve battery to structures
ur and erosion of dunes and beaches




WhY do waves matter? *Contribution to flooding via overwash

*Wave battery to structures
*Scour and erosion of dunes and beaches
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Wh}’ do waves matter? *Contribution to flooding via overwash

*Wave battery to structures
*Scour and erosion of dunes and beaches




Coastal Flood Definitions

Minor - Flooding of the most vulnerable shore road and/or basements due to height of storm

or wave splashover. Majority of roads remain passable with only isolated closures. This is no
significant threat to life and any impacts on property is minimal.

Moderate - Widespread flooding of vulnerable shore roads and/or basements due to height of
storm and/or wave action. Numerous road closures are needed. Lives may be at tisk for people
who put themselves in harm’s way. Isolated damage of very vulnerable structures such as docks or
house decks/porches near the high tide line may be observed.

Major — Coastal tflooding severe enough to cause at least scattered structural damage along with
widespread flooding of vulnerable shore road and/or basements. Some vulnerable homes or
businesses are severely damaged or destroyed. Numerous roads are impassable, some with
washouts severe enough to be life threatening if one attempted to cross on foot or by vehicle. Some
neighborhoods are isolated. Evacuation of some neighborhoods is necessary.

Source: National Weather Service Boston



Coastal flood impacts are primarily a function of
water level and waves

Secondary factors are wave direction, wave period, and duration of impact.

Storm Tide Level Wave Height
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Matrix of coastal flooding due to wave and tide level developed by National
Weather Service (NWS) based on experience and assessment of local studies



Coastal flood impacts are primarily a function of
water level and waves

Secondary factors are wave direction, wave period, and duration of impact.

Storm Tide Level Wave Height
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Matrix of coastal flooding due to wave and tide level developed by National
Weather Service (NWS) based on experience and assessment of local studies



Coastal flood impacts are primarily a function of
water level and waves

Secondary factors are wave direction, wave period, and duration of impact.

Storm Tide Level Wave Height
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Coastal flood impacts are primarily a function of
water level and waves

Secondary factors are wave direction, wave period, and duration of impact.

StormTide Level ~ Sea Level Rise  Total Water Level Wave Height
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Extrapolate: extend the application of (a method or conclusion) to an unknown situation by assuming that existing trends
will continue or similar methods will be applicable

Matrix developed by NWS with no additional Sea Level Rise Added



Coastal flood impacts are primarily a function of
water level and waves

Secondary factors are wave direction, wave period, and duration of impact.

StormTide Level ~ Sea Level Rise  Total Water Level Wave Height
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Matrix developed by NWS with additional 1 foot of Sea Level Rise Added



Coastal flood impacts are primarily a function of
water level and waves

Secondary factors are wave direction, wave period, and duration of impact.

StormTide Level ~ Sea Level Rise  Total Water Level Wave Height

- 1 1w | 5 | 2 | 2 | 3% | 3
|95 | 2 | 15 | Mier | Mnor
| 100 [ 2 | 120 | Mior |

| 05 | 2 | 125 |

| 10 [ 2 | 130 | Moderate | Moderate | Moderate | Mdt-Major

| w5 | 2 | 135 | Moderate | Moderate | Mdt-Major |

| 120 | 2 | 140 | Moderate | Mdt-Major |

| 125 | 2 | 145 | Md:-Major |

| 1o | 2 | 150 |

| w5 | 2 | 155 |

| w10 | 2 | 160

| ws | 2 | 165 |

| 150 | 2 | 170 |

55 | 2 | 175 |

NININDININDININDINININININ N

Matrix developed by NWS with additional 2 foot of Sea Level Rise Added



Coastal flood impacts are primarily a function of
water level and waves

Secondary factors are wave direction, wave period, and duration of impact.

StormTide Level ~ Sea Level Rise  Total Water Level Wave Height
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Matrix developed by NWS with additional 3 foot of Sea Level Rise Added



Still Water “Storm Surge” Water Level Elevations

Future Limit of Wave Runup
Future Inland Flood Limit

Present Inland Flood Limit
Sea level rise

Future BFE (100-yr flood elevation)

T Elevation
(Storm surge elevation)
Hypothetical Slope -
R(t)_=wave runup current

R(t)p= wave runup proposed

Source: Kleinfelder, 2013

Water Level Water Elevation
(Feet, NGVD88)

Mean Low Water -5.2
Mean Sea Level -0.3
Mean High Water 4.3
10% Storm Event 8.3
2% Storm Event 9.1
1% Storm Event 9.5

0.2% Storm Event 10.3



Still Water “Storm Surge” Water Level Elevations

Future Limit of Wave Runup
Future Inland Flood Limit

Present Inland Flood Limit

Future BFE (100-yr flood elevation)

Hypothetical Slope -
R(t)_=wave runup current

R(t)p= wave runup proposed

Source: Kleinfelder, 2013

Water Level Water Elevation 1 Ft. SLR
(Feet, NGVD88)

Mean Low Water -5.2 -4.2
Mean Sea Level -0.3 0.3
Mean High Water 4.3 5.3
10% Storm Event 8.3 9.3
2% Storm Event 9.1 10.1
1% Storm Event 9.5 10.5

0.2% Storm Event 10.3 11.3



Still Water “Storm Surge” Water Level Elevations

Future Limit of Wave Runup

|
|Future Inland Flood Limit
|

Present Inland Flood Limit

Future BFE (100-yr flood el ian

R(t)_=wave runup current

R(t)p= wave runup proposed

Source: Kleinfelder, 2013

Water Level Water Elevation 1 Ft. SLR 2 Ft. SLR
(Feet, NGVD88)

Mean Low Water -5.2 -4.2 -3.2
Mean Sea Level -0.3 0.3 1.3
Mean High Water 4.3 5.3 6.3
10% Storm Event 8.3 9.3 10.3
2% Storm Event 9.1 10.1 11.1
1% Storm Event 9.5 10.5 11.5

0.2% Storm Event 10.3 11.3 12.5



Still Water “Storm Surge” Water Level Elevations

Future Limit of Wave Runup

|
|Future Inland Flood Limit
|

Present Inland Flood Limit

Future BFE (100-yr flood el ian

R(t)_=wave runup current

R(t)p= wave runup proposed

Source: Kleinfelder, 2013
Water Level Water Elevation 1 Ft. SLR 2 Ft. SLR 3FTSLR
(Feet, NGVD88)

Mean Low Water -5.2 -4.2 -3.2 -2.2
Mean Sea Level -0.3 0.3 1.3 2.3
Mean High Water 4.3 5.3 6.3 7.3
10% Storm Event 8.3 9.3 10.3 11.3
2% Storm Event 9.1 10.1 11.1 12.3
1% Storm Event 9.5 10.5 11.5 12.5

0.2% Storm Event 10.3 11.3 12.5 13.5



a Overwash with SILR
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Contribution to Flooding via Overwash with SLR

Height in feet (MLLW)

NOAA MO/ Center for Gperationzl Oceanographic Products and Services
5:00 18:00 21:00
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— Tth Ave Water Level: MNAVD
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Storm photos courtesy of Dave Laroche



Contribution to Flooding via Overwash with SLR




Water Level

(AT 12 487 Jalep

as
—
N
=
R
>
=
wn
:
D)
>
@,
&
>
o0
5
o
@)
i
e
@)
)
-
S
-
=
=
b
-
@)
O




Water Level
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Water Level + 3 Ft SLR

Water Level

(MTTIN) 19887 Jare

as
—
N
=
R
>
=
wn
:
D)
>
@,
&
>
o0
5
o
@)
i
e
@)
)
-
S
-
=
=
b
-
@)
O




I+3FtSLR

Water Level
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Management, Policy, and Emergency Response Implications

* Greater flooding and storm damage for a given storm event (duration

and degree).
* Increased frequency of flooding and storm damage events.
* Increased frequency and more challenging emergency response required.
* More frequent displacement of residents for longer duration.
* Increased strain and damage to shoreline protection structures.
* Increased erosion and scour of fronting beaches and backshore areas.

* Increased insurance payouts to property owners and disaster mitigation
funds to municipalities to recover from storm damage.



