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Outreach > Hyde County, NC Adaptation Plan

Vulnerability, Consequences and Adaptation Planning Scenarios, or
VCAPS, with Georgia's expertise in benefit/cost modeling.
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Climate change adaptation is one of the most
complex and daunting challenges ever faced
by human civilization.
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Sea Level Rise Scenarios

National Climate Assessment (2012)
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TIDAL FLOODING AREA
(Figure 4.8)

TIDAL FLOODING AREA
(Figure 4.6 - 4.7)
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FIGURE 4.7: SALTWATER FLOODING OF YARDS AND STREETS FROM STORMWATER DRAIN DISCHARGE DURING KING TIDE, NOVEMBER 14, 2012




TIDAL FLOODING AREA
(Figure 4.8)

TIDAL FLOODING AREA
(Figure 4.6 - 4.7)
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FIGURE 4.8: SALTWATER FLOODING OF YARDS AND STREETS FROM BANK OVERFLOW DURING KING TIDE, NOVEMBER 14,
2012




Proposed Sea Wall Extent
Stormwater Conveyance

Stormwater Discharge
Discharge Pipe with Backflow Control
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0 0.05 0.1 0.2 'f“js mm.mmmmmmrummm
L L

Japan, METI, Esri O Tom!

User C

FIGURE 4.9: STORMWATER TIDAL BACKFLOW PREVENTERS, NEAR INTERSECTION OF 147" ST, AND VENETIAN DR




&l Sea Level Rise Adaptation Options

Accommodate, or “Buy Some Time”
— Elevate property and infrastructure

* Protect, or “Stand and Defend”
— Sea walls, levees, storm surge gates

3 & ° Relocate, or “Get Out of the Way
* Rolling easements, buy outs, wetland restoration

* Avoid, or “Stay Out of the Way”

— Build outside of hazard zones

Do nothing, or “Wait and see”




Very few development decisions being made
today In vulnerable coastal communities are

fully considering the consequences of future

sea-level rise.
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LETTERS

PUBLISHED ONLINE: 14 MARCH 2016 | DOE: 10.1038/NCLIMATE2961

Millions projected to be at risk from sea-level rise
in the continental United States

Mathew E. Hauer'*, Jason M. Evans? and Deepak R. Mishra?

Sea-level rise (SLR) is one of the most apparent climate change
stressors facing human society'. Although it is known that
many people at present inhabit areas vulnerable to SLR??, few
studies have accounted for ongoing population growth when
assessing the potential magnitude of future impacts®. Here
we address this issue by coupling a small-area population
projection with a SLR vulnerability assessment across all
United States coastal counties. We find that a 2100 SLR
of 0.9m places a land area projected to house 4.2 million
people at risk of inundation, whereas 1.8 m affects 13.1 million
people—approximately three times larger than indicated by
current populations. These results suggest that the absence of
protective measures could lead to US population movements of
a magnitude similar to the twentieth century Great Migration
of southern African-Americans®. Furthermore, our population
projection approach can be readily adapted to assess other
hazards or to medel future per capita economic impacts.
Sea-level rise is widely recognized as one of the most likely
and socially disruptive consequences of future climate change?®.
Scenarios of future SLR at the year 2100 range from alow of 0.3 m to
a high scenario of 2.0 m associated with collapse of polar ice sheets®.
Understanding the specific locations at risk of SLR impacts is a high
priority in climate change research® and adaptation planning™.
Although there is growing worry and debate that climate change
could cause widespread human migration over the next century™",
relatively few studies have attempted to merge climate change
scenarios with population growth trends and projections in high-
risk areas (however, see ref. 11). Notably, several previous studies
have estimated the populations at risk of future SLR inundation
through the use of current population data'. Given the rapid
growth of population in coastal areas”, such temporal mismatch
of data sets (that is, present population and future S5LR) seems
likely to underestimate the impacts SLR will have on future
populations. Other research has tied small-area flood inundation
risk to populations at a county scale'. Such spatial mismatch is
likely to overestimate the future populations at risk of SLR, as
populations located on higher ground within a coastal county may

data (that is, elevation and associated flood risk) with small-area
population projections developed with a modified version of the
Hammer method'™® in a dynamic flood hazard model. By spatially
and temporally aligning small-area population projections from
coastal states in the continental United States (US) to 2100, we are
able to assess who could be at risk from future SLR.

This approach addresses two fundamental questions concerning
the vulnerability of future coastal populations in the United States:
How many people are potentially at risk of impact from SLR? and
What areas in the US are likely to experience the greatest population
exposure to SLR? Accordingly, our results can be used to inform
local adaptation infrastructure and growth management strategies,
alerting officials to the areas where interventions and policies are
most needed.

We assess the populations at risk of SLR by using the National
Oceanic and Atmospheric Administration’s (NOAA) 0m through
1.8m (6 feet) SLR data sets for twenty-two coastal states and the
District of Columbia'. These data sets simulate expected changes
in the mean higher high water (MHHW) mark on areas that
are hydrologically connected to coastal areas, without taking into
account additional land loss caused by other natural factors such as
erosion. Notably, the state of Louisiana was not included in the data
set at the time of analysis owing to local hydrologic complexities
associated with coastal levees and accelerated land subsidence;
however, we have recreated NOAAs hydrologic connectedness
approach for Louisiana using USGS's National Elevation Dataset
(NED) (Methods).

We used a linear/exponential extrapolation approach for
projecting Census Block Groups (CBGs) from 2010 to 2100. We
included only CBGs (n=72,664) located in counties (n=319)
expected to experience impact under the 1.8m scenario. A
detailed technical description is available in Methods. Detailed
projections of exposure for all 319 coastal counties are also found
in Supplementary Fig. 1 and Supplementary Tables 1 and 2. The
population at risk of SLR is dynamically assessed as the proportion
of the CBG underwater when SLR is expected to exceed 0.3m
intervals under the 0.9 m and 1.8 m scenarios. With a recreation




4.2 million people
Impacted nationally
with 0.9 meters of
SLR at 2100

13.1 million with 1.8 m

m Projected population at risk
Current population at risk

Population (millions)

Figure 2: Projected vs. current population under 2100
MHHW, 1.8m of sea level rise

Hauer, Evans, & Mishrak 2016
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Count 2100 Projected % 2100 Projected US
y Population at Risk Rank Population At Risk Rank

Tyrell, NC 6,046 91.8% 1
Monroe, FL 138,886 23 83.1% 2
Hyde, NC 7,598 164 80.2% 3
Cameron, LA 10,457 145 72.9% 4
Nassau, FL 21,230 108 13.5% 69

U.S. national-scale analysis of 318 coastal counties




Count 2100 Projected % 2100 Projected US
y Population at Risk Rank Population At Risk Rank

Tyrell, NC 6,046 91.8% 1
Monroe, FL 138,886 23 83.1% 2
Hyde, NC 7,598 164 80.2% 3
Cameron, LA 10,457 145 72.9% 4
Camden, GA 13,155 132 12.1% 79

U.S. national-scale analysis of 318 coastal counties
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Outreach > Hyde County, NC Adaptation Plan

Hyde County, NC Adaptation
Plan

Georgia Sea Grant, North Carolina Sea Grant
and UGA help Hyde County plan for rising seas

Georgia Sea Grant, North Carolina Sea Grant, the University of
Georgia's Carl Vinson Institute of Government and UGA Marine
Extension Service are partnering with Hyde County, NC to develop a
community resilience and adaptation plan. The project is funded by a
grant from the national NOAA Sea Grant Program.

Hyde County has sought Sea Grant expertise on topics such as coastal
flooding, which is expected to be exacerbated by extreme rainfall
events and future sea-level rise.

The effort will blend North Carolina’s expertise in facilitating the
Vulnerability, Consequences and Adaptation Planning Scenarios, or
VCAPS, with Georgia's expertise in benefit/cost modeling.

VCAPS involves developing, through a series of public workshops,
detailed assessments of communities’ current and future
uinerabilities. These could include potential for flooding, damage to
frastructure and private property and threats to local water supply
om drought or saltwater intrusion. Recently, this technique was
uccessfully applied in Plymouth, NC to untangle factors that contribute
) the town’s problems with flooding.

he benefit/cost analysis method developed by UGA’s Carl Vinson
istitute of Government and Georgia Sea Grant has been used to look
t various pathways for adaptation in Tybee Island, Ga. The analyses
ill provide the basis for developing policy recommendations for each
smmunity in the form of tailored resilience and adaptation plans.




Nuisance Tidal Floods Per Year at Key West Tide Gauge
5-Year Running Average

R2=0.6838
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Adams Drive, Key Largo 9/29/15
Photo Source: Kim Weatherly
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Waters EMeny, Stock Island 9/30/15
Photo Source: A. Higgins
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Bat Tower Road, Sugarloaf, -
10/9/15 .
Photo Source: Will Thompson




DEVELOPMENT OF A GEOGRAPHIC INFORMATION SYSTEM (GIS)
TOOL FOR THE PRELIMINARY ASSESSMENT OF THE EFFECTS OF -
PREDICTED SEA LEVEL AND TIDAL CHANGE ON TRANSPORTATION

INFRASTRUCTURE

Based on FDOT Sea Level Rise
Sketch Tool *

Developed by University of Florida

FDOT Contract# BDK75 977-63
September 2013
Final Report

UF [FLORIDA
Prepared by
Alexis Thomas
Dr. Russell Watkins Sl
The GeoPlan Center Funded by
Department of Urban & Regional Planning Florida Department of
University of Florida Transportation

ol . . http://sls.geoplan.ufl.edu/documents-links/
General planning assessment tool requires

additional data for use in site-level decisions



-

4

.
-
-
o, [
—
-
”
-

s =
s

[T

Yﬁ}‘;l’_'} <

ey

Wi

2R

UPPER MATECUMBE

Daily Flooding

~ Nuisance Flooding

10 0.05 0.1 0.2
" v g N e e \Viles

Sloutios: Bt DIl ey, Houba, Exrtistr Gogephiss, CNES/Altbus DS, USDA, Uses, AS%
el AR TGN, 16P, evlsstopl, end s GIS Ussr Gemmunty




2=
v
-
.
|

i 08

P

Daily Flooding
~ Nuisance Flooding

10 0.05 0.1 0.2
" v g e s \iles

Sloutios: Bt DIl ey, Houba, Exrtistr Gogephiss, CNES/Altbus DS, USDA, Uses, AS%
Sty JAETogid IS Jaﬂw&sﬂe@)awﬁmasﬂx Uselr Golimliniy




Engineering assessments

of sea-level rise for road
improvement budgets " SCIENTIFIC

‘B AMERICAN" English ~

Cart Sign

THE SCIENCES MIND HEALTH TECH SUSTAINABILITY EDUCATION VIDEO PODCASTS BLOGS STOR

Some discussion of sea-
level rise as a planning

ﬁ‘a’leb@’ with wildlife Climate Change Turns into Money
Problems for Florida Keys

. . The low-lying islands are struggling to cope with future sea-level rise and what it means for
Bi-partisan support and local communities

advocacy for federal and —
state funds
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Spencer Heritage Farms NAIP Imagery (2006)
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Spencer Heritage Farms NAIP Imagery (2012)
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Point Elevations
Spencer Heritage Farms
Hyde County, NC
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Point Elevations
Spencer Heritage Farms
Hyde County, NC

3

.

1.64698 @ e
4.83924 PR

5 s
m ) $-
o]

0 002 004 0. 12 S Setres B, Digielellols, SeEye, Faubsd, Eathstr Seegiepliss, CNES/AlbUS DS, USDA, Us6s, -




Hyde County Flood Resilience
Planning Process

* Vulnerability, Consequences, and Adaptation
Planning Scenario (VCAPS) Process
— Interviews
— Group diagramming
e GIS-based cost-benefit analysis
— Additional public meetings

— Investigations of options as needed (ex. elevation
data collection)

North Carolina



July 1, 2014 Public
Meeting

* Mainly focused on
structures

* Agriculture and salinity
intrusion

— Seafood industry

* Adaptations require
transformation

— Agriculture tailwater
recovery

— Regulatory flexibility and
coordination

NHC Experimental Potential wmnsumﬂm ing Map

Tropical Storm ARTHUR (2014) Advisory 7
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‘ Final Report

What Will Adaptation Cost?
An Economic Framework for Coastal
Community Infrastructure

GIS-based cost-benefit analysis

GUM NECK

June 2013

Eastern Research Group, Inc.

Written under contract for the
MNational Oceanic and Atmospheric Administration (NOAA)
Coastal Services Center

MNOAA Coastal Services Center
(843) 740-1200
WWW.C5C.N033. 2oV

1'@ '\E NOAA Coastal Services Center

j? LINKING PEQPLE, INFORMATION, AND TECHNOLOGY
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Building Footprints developed by
Hope Morgan of the North
Carolina Floodplain Mapping
Program, March 2013
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Flood-damage curve

Figure 1
Percent Damage to Structure
One Story, No Basement
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County-wide Totals
(Including Ocracoke)

5,884 Buildings
Finished 50 Yr 50 Yr Total

Flood Floors Total Building Flood Risk Flood Risk Elevation
Height
10 Year Average elevation cost In
Hyde County is ~$47,000 -
50 Year $48,000 per structure
100 Year

500 Year 3,664 $126.0 M $39.0 M $41.2 M $1745 M




Stand and defend

Swan Quarter Dike

http://images.topix.com/gallery/up-RDNRMDU18DSR892L .jpg

North Carolina




Dike Polygon
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SICENSUS or

~/AGRICULTURE

COUNTY PROFILE

= Hyde County
North Carolina

2012 2007 % change

Number of Farms 158 176 -10
Land in Farms 107,559 acres 82 680 acres + 30
Average Size of Farm 681 acres 470 acres +45
Market Value of Products Sold $133,411,000 $68,173,000 + 96

Crop Sales (D)

Livestock Sales (D)

Average Per Farm $844 375 $387 347 +118

2012 USDA Data indicate $1,240 of annual market

value for every acre of Hyde County ﬁ*ﬂ%&@ S%Mﬂt

UNIVERSITY ;
North Carolina



Modeling Approach

NEBRASKA

CH!T & THOMAS
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North Carolina




Table
ERAE- AL X

elevations_BFE_Engelhard_LandCover

FID | Shape* | GRID_CODE Land Cover ELEVATION 100 Year Flood
0 | Point 11 | Herbaceous Agricultural Vegetation 1.665 4
1 | Point 11 | Herbaceous Agricultural Vegetation 1.793 4
2 | Point 11 | Herbaceous Agricultural Vegetation 1.798 4
3 | Point 11 | Herbaceous Agricultural Vegetation 1.58 4
4 | Point 11 | Herbaceous Agricultural Vegetation 1.338 4
5 | Point 11 | Herbaceous Agricultural Vegetation 1519 4
5 | Point 11 | Herbaceous Agricultural Vegetation 1.767 4
7 | Point 11 | Herbaceous Agricultural Vegetation 1.743 4
2 | Point 11 | Herbaceous Agricultural Vegetaticn 1.767 4
5 | Point 11 | Herbaceous Agricultural Vegetaticn 1.23 4
_— 10 | Point 11 | Herbaceous Agricultural Vegetation 1472 4
- 11 | Point 11 | Herbaceous Agricultural Vegetation 1.44 4
EI eV at I O n extracted 12 | Point 11 | Herbaceous Agriculiural Vegetation 1.585 4
13 | Point 11 | Herbaceous Agricultural Vegetation 1.287 4
fo r eaC h a.C r e Of I an d 14 Pu?nt 11 | Herbaceous Agr?cuﬂural\iegetat?nn 1.887 4
15 | Point 11 | Herbaceous Agricultural Vegetation 1517 4
15 | Point 11 | Herbaceous Agricultural Vegetation 1774 4
17 | Point 11 | Herbaceous Agricultural Vegetation 2197 4
18 | Point 11 | Herbaceous Agricultural Vegetation 2.068 4
AS S u m ed a 100% C r O p 19 Pu?nt 11 | Herbaceous Agr?cuﬂuralVegetat?nn 1.763 4
20 | Point 11 | Herbaceous Agricultural Vegetation 2.068 4
21 | Point 11 | Herbaceous Agricultural Vegetation 1.524 4
I O S S f ro m a S al tW ater 22 | Point 11 | Herbaceous Agricultural Vegetation 1.602 4
23 | Point 11 | Herbaceous Agricultural Vegetation 1.554 4
H 24 | Point 11 | Herbaceous Agricultural Vegetation 1167 4
fl O O d eve n t Of a h el g h t 25 | Point 11 | Herbaceous Agricultural WVegetation 1.582 4
26 | Point 11 | Herbaceous Agricultural WVegetation 1.489 4
g reat e r t h an 't h e I an d 27 | Point 11 | Herbaceous Agricultural Vegetation 1.509 4
28 | Point 11 | Herbaceous Agricultural WVegetation 1.469 4
- 259 | Point 11 | Herbaceous Agricultural Vegetation 217 4
e I eV at I O n 30 | Point 11 | Herbaceous Agricultural Vegetation 211 4
31 | Point 11 | Herbaceous Agricultural Vegetation 2214 4
32 | Point 11 | Herbaceous Agricultural Vegetation 1.852 4
33 | Point 11 | Herbaceous Agricultural Vegetation 1.663 4
34 | Point 11 | Herbaceous Agricultural Vegetation 1.811 4
F u t u r e I O S S eS 35 | Point 11 | Herbaceous Agricultural Vegetation 1.852 4
38 | Point 11 | Herbaceous Agricultural Vegetation 2128 4
d | S C O u n ted at 3 3% 37 | Point 12 | Recently Disturbed or Modified 3.218 F)
. 38 | Point 14 | Developed & Urban 1.633 4
39 | Point 11 | Herbaceous Agricultural Vegetation 1.309 4
p e r y e ar 40 | Point 11 | Herbaceous Agricultural Vegetation 1.648 4
41 | Point 11 | Herbaceous Agricultural Vegetation 1.663 4
42 | Point 11 | Herbaceous Agricultural Vegetation 0.993 4
43 | Point 11 | Herbaceous Agricultural Vegetation 1.341 4
44 | Point 11 | Herbaceous Agricultural Vegetation 1.707 4
45 | Point 11 | Herbaceous Agricultural Vegetaticn 1.459 4
48 | Point 11 | Herbaceous Agricultural Vegetaticn 1.88 4
47 | Point 11 | Herbaceous Agricultural Vegetation 2.058 4
43 | Point 11 | Herbaceous Agricultural Vegetation 2.088 4
45 | Point 11 | Herbaceous Agricultural Vegetation 1.523 4
50 | Point 11 | Herbaceous Agricultural Vegetation 1672 4
| | 51| Point 11 | Herbaceous Agricultural Vegetation 1573 4




Agricultural Flood Damage Curve, Engelhard, NC
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Protective Dike
(~18 linear miles)

Comparable Swan Quarter
dyke cost ~$17 million (2010
dollars) over 46 years

Completed in 2011

~6,6! 400



Sea Level Rise at
Fernandina Beach, FL

TIDE GAUGE DATA
1897-2012

LOCAL TREND:
8.1 INCHES RISE
OVER 100 YEARS

1900 : 1915 1930 : 1945 1960 - 1975 : 1990 : 2005
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Chmate Community of
Practice

i Crisis Response
Flood insurance
Shoreline Change
Ses Level Rise

Tybee Island Sea Level Rise
Plan

St Marys Flood Resllency
Plan

About the Project

7f‘|7|)p<7 tSe hrl)uk-

Public Input and Outreach
Planning Teém

Media Coverage

Hyde County, NC Adaptation
Plan

Communicating Sclence
Heaithy Coastal Ecosystems
Safe and Sustainable

Education

Quireach > 51 Marys

St. Maryé AFIO<o‘d Resiliency
Plan

Georgia Sea Grant, North Carolina Sea Grant
and UGA help St. Marys plan for the future

Georgia Sea Grant, North Carolina Sea Grant, the University of
Georgia’'s Carl Vinson Institute of Government and UGA Marine
Extension Service are partnenng with St. Marys, Ga. 1o develop a
community resiience and adaptation plan

In 2013, St Marys was selected through a nationwide grant
competition as one of five locations in the United States o undergo
community resiience and adaptation planning. Funded through a grant
by the National Oceanic and Atmospheric Administration's National
Sea Grant Program, the findings will be shared with other coastal
communities in Georgia, North Carolina and nationwide through the
Sea Grant network. Additional project partners include the Lamar Dodd
School of Art and the College of Environment and Design, both housed
at the University of Georgia

Researchers and extension specialists intend to tailor the plan with
recommendations linked to the Federal Emergency Management
Agency's Community Rating System program, focusing on the
impiementation of effective adaptation actions that may provide local
residents flood insurance rate reductions

About the Project
Gain insight and understanding into project procedures, timeline
management and areas of focus

Project Schedule
Learn about key miestones in the project

Public Input and Outreach
Leam about how local knowledge s being used to shape the plan

Meet the Planning Team
Get to know the team behind the project

Media Coverage
ACCess press releases and articles on the project

Established in 1787,
St. Marys is a historic
city that is vulnerable
to anticipated coastal
changes, such as
increased coastal
flooding, rising seas
and intensified storm
surges.
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Flood-damage curve

Figure 1
Percent Damage to Structure
One Story, No Basement
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Sea Level Rise Scenarios (Inches)

--

2025

2035 1.6 4.2 9.4
2045 2.4 6.8 15.8
2055 3.2 9.8 23.2

2065 4.0 13.2 31.8




Flood
height

10 Year

50 Year

100 Year

500 Year

City-wide totals

Elevation
below

151

292

1,284




Flood
height

10 Year

50 Year

100 Year

500 YeAar

6,436 Buildings

Total
Building
Value

N/A

$23.2 M

$45.4 M

2192 N M



Flood
height

10 Year

50 Year

100 Year

6,436 Buildings

50 Yr
Flood
Risk
(Low
SLR)

$0.5 M

$8.4 M

$15.8 M




Flood
height

10 Year

50 Year

100 Year

6,436 Buildings

50 Yr
Flood
Risk (Int
SLR)

$1.1 M

$10.0 M

$18.1 M



Flood
height

10 Year

50 Year

100 Year

50 Yr
Flood Risk
(High SLR)

$3.8M

$16.2 M

$26.2 M



Next step?
First Floor Elevations to Footprint data
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