Barrier islands: naturally-dynamic landforms
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Barrier islands: naturally-dynamic landforms

Developed barriers: highly-vulnerable landforms
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Agenda for today

What are barrier islands
and how did they form in
North Carolina?

Dynamics on natural vs
developed barrier islands

The future of developed
barrier islands:

— How are they changing?
— How can we respond?
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2149 barrier islands worldwide

300 ring the Atlantic and Gulf coasts of the US



Low-lying

Ecologically diverse and important

Protect mainland from waves and surge
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NC barriers have been
dynamically changing
since they emerged....
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...~"12,000 yrs ago,
after the last glacial
maximum

TODAY L28%  Laurentide Ice Sheet
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North Carolina’s Shorelines of the PAST
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Emergence of barriers when global sea level
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Barrier islands build new land, keep pace with
sea-level rise through storm overwash

Barrier island

* Once formed, barriers are
maintained by overwash:
landward directed flux of water

and sand during storms

* QOver decades the barrier island
marches landward

12



Shoreline change is driven by
both natural & human factors ™
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Shoreline change is driven by o\ »
both natural & human factors )
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Shifting inlets

Longshore currents can move sand towards the
ends

https://ncseagrant.ncsu.edu/shifting-shorelines-inlet-atlas/



Shifting inlets (and new structures)

Longshore currents can move sand towards the
ends

2007

Sand is vanishing on east side of Ocean Isle’s $11M erosion fix

CoastalReview.org

~ ADaily News Service of the North Carolina Coastal Federation

aaaaa

https://ncseagrant.ncsu.edu/shifting-shorelines-inlet-atlas/



e NC barriers are very low lying

e Dynamic setting
e Changing river outputs, ocean currents
e Increasing frequency/intensity storms
eSea-levelrise
e Humans: chronic shoreline erosion has
caught up with development
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NASA: https://svs.gsfc.nasa.gov/4964

Global temperatures are a
significant driver of change

across our planet.
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Melting land-based ice  Rising ocean
Muir Glacier, Alaska, 1941 and 2004 tem pe ratu res

Change in sea surface temperature (°F):

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 Insufficient
data

+ = statistically significant trend

Data source: IPCC, 2013; NOAA, 2021



What does the latest science say about future SLR in NC?
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What does the latest science say about future SLR in NC?
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Sea-level rise is increasing flood frequency

Local Rainfall
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Sweet et al., 2022



Tide gauge data are used to estimate flood frequency
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NOAA's high-tide flood thresholds are designed for nationwide consistency, statistical
tracking, and “are not intended to supplant local knowledge or existing products concerning

flood risk” (Sweet et al., 2018). o



Tide gauges are not intended to capture all sources of flooding

Tide gauges do not capture:
- Flooding from rainfall

- Flooding from high groundwater
- Faulty infrastructure

Tide Gauge

N
SN—




Tide gauges are sparse - located in more urban, developed areas

Monthly High Tide Flooding Outlook

Region Select: Month Select: Map:

Southeast 5 December 2023
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Last model run: 2023-11-14
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Water Resources Research’
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Data From the Drain: A Sensor Framework That Captures
Multiple Drivers of Chronic Coastal Floods

Adarn Gold. Katherne Anarde @ Lauren Grimiey. Ryan Neve. Emma Rudy Srebnik. Thomas Theler

g % | hetps://dol.org/10.1029/2022WR032392 sunny Day
Flooding Sensors

\/Detected



Deployments in five coastal communities in North Carolina (some since 2021)

Real-time camera



Deployments in five coastal communities in North Carolina (some since 2021)
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communications earth & environment

—t— | 2023-2024: 65 days

Land based sensors reveal high frequency of coastal
flooding
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communications earth & environment

2023-2024: 65 days

Land-based sensors reveal high frequency of coastal
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What might sea-level rise look like on Canal Drive? 2022 to 2030 PR]nUJ]E'cLT’@

Baseline: 2022 flood + 3 inches = 2030 flood



SUNNY

What might sea-level rise look like on Canal Drive? 2022 to 2040-2050 gkﬂggilc%@

Baseline: 2022 flood + 7 inches = 2040 to flood



SUNNY DAY

What might sea-level rise look like on Canal Drive? 2022 to 2050-2070 RN 19\

12 inches (from 2020)

Baseline: 2022 flood + 12 inches = 2050 to flood
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What might sea-level rise look like on Canal Drive? 2022 to 2070-2100 FLOODING 40

PROJECT =X

We expect this much SLR by: | 2030 2040 2050 2070 2100

24 inches (from 2020)

Sun 17 Doc 2023 01:48:28 PM -

Baseline: 2022 flood + 24 inches = 2070 to flood 35



Floodwaters make contact with potential pollutant sources
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Highest Tide / King Tide

Highest Tide / King Tide

Regional Oceanographic

Exfiltrated sewage

Source: NOAA, Envirosight °°



Floodwaters make contact with potential pollutant sources
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Floodwaters make contact with potential pollutant sources

Highest Tide / King Tide
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Roadway floodwaters often have high Enterococci concentrations, regardless of flood extent

Rural areas — highly variable Centralized wastewater — consistently high
Fall 2024 & 2025 Monthly High Tide Sampling : P ,;’ w
Down East, NC { } A

~
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o
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o

™
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o

Average Enterococci (MPN/100mL)

Sample Type
ES Ditch
ER Flood
- Waterway
. -
|

A “E_ L ‘** !— - sl _ - 2SS ok
Aug 2024 Sep 2024 Oct2024 Nov 2024 Dec 2024 Sep 2025 Oct2025 Nov2025 Dec 2025 10[\2 to 10/\4 M PN 1 OO mL-1

- Led by Nelson & Harris groups (NCSU)

- Measure Enteroccocus spp., a fecal indicator bacteria

- EPA single sample maximum for safe use of recreational )
waters: 104 MPN 100 mL-1 Megan Carr, PhD Kelly van Woesik Jenna Kraemer

_eul




How are the floodwaters becoming contaminated with feces?

In one community we studied, it would only require approximately...

Sewage: Around 2-75 gallons  Dog feces: Around 2 recent Gull feces: Around 5 recent gull
of sewage per intersection dog defecations per defecations per intersection
(<1% sewage by volume) intersection

...to contaminate floods at the observed bacteria concentrations

40
Carr et al., In preparation



What can be done to prevent tidal floodwater contamination?

Research is ongoing, and solutions will vary by community. Sewer infrastructure
maintenance, “scoop the poop” campaigns (materials forthcoming via Extension),
and bird prevention approaches may be useful mitigation strategies.

At a minimum, reducing floods prevents pedestrian exposure to contaminated
floodwaters.
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Sea Grant bulletin: Mitigating health Extension fact sheet: Stormwater Research article (open access):
impacts from flood exposure retrofits for flood prevention Floodwater contamination

Stay Safe (I

from Tidal Flooding — [ —

Figure 9. An inline check valve inside of a pipe
- If exposed to floodwaters, ) in closed position (laft, at hfgh ticle) and open
wash hands and wounds with position (right, at low tide, conveying
soap and clean water, stormwater runoff.

- Iif exposed wounds become

infected, seek medical - — ;

attention. B .
« Do not allow children to play

in floodwater. Disinfect |

1

exposed toys.
% a8 P semdbaastoge®.

Figure 7. A duckbill check valve at the end of a
pipe outfall in closed position (Teft, at high tida)

and open position (right, at low fide, conveying A "‘ ' A
stormwater runoff). Perigean Tide: Average higher high
\'/
Sea Grant (37 (W EXTENSION GeoHealth

go.ncsu.edu/tidalfloods go.ncsu.edu/retrofits go.ncsu.edu/carr2024



Development on barrier islands is also threatened by
landscape change (shoreline & dune erosion + overwash)

Credit: Coastal Ot_)_serv‘er



Continued and increasing long-term shoreline erosion rates

The ocean shoreline erodes
over time where more sand
is lost from the shoreline
than supplied.

Losses related to sea level
rise will increase and so
background, long-term
erosion rates will increase,
but this is just one driver of
shoreline change!
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What can we do



No response

Protect

Accommodate

Accommodate

Advance

Deconstruct or Move

Ecosystem-based adaptation

2019 - IPCC SR Ocean and Cryosphere; CH. 4. Sea Level Rise and Implications for Low Lying
Islands, Coasts and Communities:


https://report.ipcc.ch/srocc/pdf/SROCC_FinalDraft_Chapter4.pdf

What do we do about the roads? - Carolina Beach community workshop series

We engaged ~15 residents to identify flood resilience strategies preferred by the community,
and test how effective these strategies might be in mitigating flooding now and in the future




Flood resilience strategies selected by participants for modeling

Modeled strategies 4
* Minimum bulkhead elevation
 Pumps

* Min. bulkhead elevation + pumps
* Movable flood barrier

« Drainage canal

(left: Romtect
right: Southern NC Marine)




Higher bulkheads prevent flooding from overtopping at current sea levels

Present-day sea levels Tides & wind
Present-day sea levels

Higher bulkheads

49
Thelen et al., In preparation



At 2050 sea levels, flooding originates from north of the Yacht Basin

Present-day sea levels Tides & wind
Present-day sea levels

Higher bulkheads

US Southeast 2020-2050: 2050 sea levels
Thelen et al., In preparation 10 in SLR (Sweet et al. 2022)  Higher bulkheads 2



Even at present sea levels, higher bulkheads do not mitigate compound flooding

Present-day sea levels Tides & wind

Present-day sea levels Tides, wind, rain _ '
Higher bulkheads Present-day sea levels Tides & wind
Higher bulkheads 2050 sea levels

i 51
Thelen et al., In preparation Higher bulkheads



Even at present sea levels, higher bulkheads do not mitigate compound flooding

No silver bullet but maybe a silver buckshot:
it will likely take many investments over time,
but we have to start somewhere

Tides & wind ‘ '
Present-day sea levels Tides & wind : . .
Present-day sea levels Tides, wind, rain

Higher bulkheads Present-day sea levels Tides & wind
Higher bulkheads 2050 sea levels

Thelen et al., In preparation Higher bulkheads




A survey to understand chronic flooding impacts, responses, and preferred adaptations

Tell us about flooding in your community

i B _-‘-.-:-'.'.
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SUNNY DAY
wrmnbmr .

1L F e ok NC STATE UNIVERSITY

Flooding survey mailer 53



SUNNY DAY <,

Survey respondents selected from a list of 15 potential flood impacts %l}gégﬁ

Have you ever experienced any of the following due to flooding outside of
hurricanes or tropical storms? You may select multiple options.

O Difficulty commuting to work or school
O Difficulty reaching or canceling doctor
and other appointments

O Inability to leave your house

O School delays and closures

O Business delays and closures

O Trash can tipped over or trash
collection disrupted

O Concerns about health and safety due
to water quality

O Damage to personal vehicle

O Property damage

O Negative impact on home value

O Difficulty obtaining homeowner’s insurance
O Neighbors selling homes and moving out
O Neighbors moving out and renting their
homes

O Complaints from renters

O Lost rental income

54
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The survey respondents most impacted by flooding are more willing to move FLOODING q;

PROJECT =X

0-2 flood impacts 7+ flood impacts
n =41 n =40

If a2 good opportunity for you or your family arose to move to a less flood-prone location within Carolina Beach, what is the chance you would take it?
Bl Definitely would not move (0% chance)
I Prefer not to move (1-39% chance)
Might move (40-59% chance)
B Prefer to move (60-99% chance)

B Definitely would move (100% chance)
55
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Respondents are positive or neutral about the next generation, more “No” for 3+ impacts 'F,tﬂﬂélgiﬂé%ﬁ

Number of Flood Impacts Reported
0-2 (n=48) 3-6 (n=57) M 7+ (n=43)

b
o

Percentage of Responses
(o8
o

10

D B

Yes Neutral No

Would you encourage your children or grandchildren
to make a life for themselves in Carolina Beach?




Takeaways

* Developed barrier islands, and
properties on them, are
increasingly vulnerable to storm
and climate hazards.

* There are emerging sound-side
(high tide flooding) and
groundwater hazards (septic and
water quality issues), which may
not make it to flood disclosures,
but influence property livability.

* These emerging hazards may also
influence whether people stay or

go.

HIEHSE-I%IE a kanarde@ncsu.edu
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