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My Past Few Years
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Assertion #1

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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General Timeline of Sea Level Rise Impacts

on the Built Environment 

Stormwater
drainage 
issues

Saltwater 
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yards and 

roads

Potential for 
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corrosion and 
intrusion of 
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(pavilions, 
sheds, etc.)

Ground floor 
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houses and 
commercial 
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high value 

critical 
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such as 
wastewater 

facilities and  
electrical 

substations 
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Miami Beach

http://s13.therealdeal.com/trd/m/up/2013/07/Miami-flooding-4-13-13.jpg.jpg
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Tybee Island, GA
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Tybee Island, GA
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Tybee Island, GA

Action: Stormwater backflow preventers



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

• Protect, or “Stand and Defend” 
– Sea walls, levees, storm surge gates

• 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”

Sea Level Rise Adaptation Options
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Assertion #2

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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Coastal population growth = 

Underestimation of problem

Figure 2: Projected vs. current population under 2100 

MHHW, 1.8m of sea level rise

Hauer, Evans, & Mishrak 2016

4.2 million people 

impacted nationally 

with 0.9 meters of 

SLR at 2100

13.1 million with 1.8 m
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Credit: M.J. 

Hauer, J.M. Evans 

and D. Mishra
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Scenario: 1.8 meters of sea level rise at 2100
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Population impacted with 1.8 meters of 

sea level rise at 2100

County
2100 Projected

Population at Risk

US

Rank

% 2100 Projected 

Population At Risk

US 

Rank

Tyrell, NC 6,046 184 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 
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Population impacted with 1.8 meters of 

sea level rise at 2100

County
2100 Projected

Population at Risk

US

Rank

% 2100 Projected 

Population At Risk

US 

Rank

Tyrell, NC 6,046 184 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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Population impacted with 1.8 meters of 

sea level rise at 2100

County
2100 Projected

Population at Risk

US

Rank

% 2100 Projected 

Population At Risk

US 

Rank

Tyrell, NC 6,046 184 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

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



23



24

R² = 0.6838
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R² = 0.7892
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Switching Gears – A Tour of What’s Happening Now

Stillwright Way/Sexton Way, Key Largo 10/28/15

Photo Source: Jon Glista
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North Blackwater Lane, Key Largo 10/9/15

Photo Source: Emilie Stewart
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Grassy Way, Key Largo 9/29/15

Photo Source: Unknown
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Adams Drive, Key Largo 9/29/15

Photo Source: Kim Weatherly
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Waters Edge Colony, Stock Island 9/30/15

Photo Source: A. Higgins
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Father Tony’s Way, Big Pine Key 9/29/15

Photo Source: Greg Corning
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Bernstein Park, Stock Island 9/29/15

Photo Source: A. Higgins
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Kmart Plaza, Key West 9/29/15

Photo Source: Bob Shillinger
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Bat Tower Road, Sugarloaf 

10/9/15

Photo Source: Will Thompson
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http://sls.geoplan.ufl.edu/documents-links/

Roads Analysis

*

*General planning assessment tool requires 

additional data for use in site-level decisions
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Key Largo: Lake Surprise/Sexton Cove

3” of Sea Level Rise (2030 Low Scenario)
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Key Largo: Lake Surprise/Sexton Cove

7” of Sea Level Rise (2030 High Scenario)
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Monroe County (Florida Keys)

Engineering assessments 

of sea-level rise for road 

improvement budgets

Some discussion of sea-

level rise as a planning 

overlay with wildlife 

habitat

Bi-partisan support and 

advocacy for federal and 

state funds





NOAA Sea Level Rise – 1 foot



Peak Isabel (2003): 

• Swan Quarter 

coastal storm surge 

water line 7.6 ft

• Engelhard coastal 

stillwater seed line 

4.2 ft



(GA SG 2013)

(GA SG 2013)



















Hyde County Flood Resilience 
Planning Process

• Vulnerability, Consequences, and Adaptation 
Planning Scenario (VCAPS) Process

– Interviews

– Group diagramming

• GIS-based cost-benefit analysis

– Additional public meetings

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



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

(NC Dept. of 
Agriculture & 

Consumer 
Services 2014)



GIS-based cost-benefit analysis



Building Footprints developed by 

Hope Morgan of the North 

Carolina Floodplain Mapping 

Program, March 2013 



Flood-damage curve

US Army Corps of Engineers 

(2000)



Flood 
Height

Finished 
Floors 
Below

Total Building 
Value

50 Yr
Flood Risk 
(Low SLR)

50 Yr
Flood Risk 
(High  SLR)

Total 
Elevation 

Cost

10 Year 639 $20.4 M $16.9 M $17.4 M $31.1 M

50 Year 1,765 $53.4 M $30.4 M $31.6 M $81.7 M

100 Year 2,464 $76.3 M $34.4 M $35.8 M $117.2 M

500 Year 3,664 $126.0 M $39.0 M $41.2 M $174.5 M

County-wide Totals 
(Including Ocracoke)

5,884 Buildings

Average elevation cost in 

Hyde County is ~$47,000 -

$48,000 per structure



Preliminary dike 
analysis for Engelhard 
area

Stand and defend

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

Swan Quarter Dike



Dike Polygon

Disclaimer: Dike polygon drawn for preliminary analysis 

purposes and is not intended as a formal design proposal.  

Technical engineering studies are required to develop an 

appropriate design.  



2012 USDA Data indicate $1,240 of annual market 

value for every acre of Hyde County farmland



Modeling Approach



Elevation extracted 

for each acre of land

Assumed a 100% crop 

loss from a saltwater 

flood event of a height 

greater than the land 

elevation

Future losses 

discounted at 3.3% 

per year
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Protective Dike 
(~18 linear miles)

Ag 
Acres

Total Land 
Value

(Buildings 
Excluded)

Avoided 50 
Yr Flood Loss 
Agriculture 

& Structures 
(Low SLR)

Avoided 50 
Yr Flood Loss 
Agriculture 
(High SLR)

Total 
Acres 

Enclosed

~6,600 $45.0 M $23.0 M $24.6 M ~8,400

Comparable Swan Quarter 

dyke cost ~$17 million (2010 

dollars) over 46 years

Completed in 2011  
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FEMA FLOOD 

ZONES
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FEMA FLOOD ZONES 

and BUILDING 

FOOTPRINTS
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FEMA FLOOD ZONES 

and BUILDING 

FOOTPRINTS

(WITH .2% FLOOD ZONE)
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Zoomed Footprint

Solve for ground 

elevation under each 

building
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Flood 

heights

10-Year (10%)

50-Year (2%)

100-Year (1%)

500-Year 

(0.2%)
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Flood-damage curve

US Army Corps of Engineers 

(2000)
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Sea Level Rise Scenarios (Inches) 

Low Intermediat

e

High

2025 0.8 1.9 4.1

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



74

City-wide totals

6,436 Buildings

Flood 

height

Elevation

below

10 Year 0

50 Year 151

100 Year 292

500 Year 1,284
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Flood 

height

Elevation

below

Total 

Building 

Value

10 Year 0 N/A

50 Year 151 $23.2 M

100 Year 292 $45.4 M

500 Year 1,284 $318.0 M

City-wide totals

6,436 Buildings
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Flood 

height

Elevation

below

Total 

Building 

Value

50 Yr

Flood 

Risk 

(Low 

SLR)

10 Year 0 N/A $0.5 M

50 Year 151 $23.2 M $8.4 M

100 Year 292 $45.4 M $15.8 M

City-wide totals

6,436 Buildings
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Flood 

height

Elevation

below

Total 

Building 

Value

50 Yr

Flood 

Risk 

(Low 

SLR)

50 Yr

Flood 

Risk (Int

SLR)

10 Year 0 N/A $0.5 M $1.1 M

50 Year 151 $23.2 M $8.4 M $10.0 M

100 Year 292 $45.4 M $15.8 M $18.1 M

City-wide totals

6,436 Buildings
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Flood 

height

Elevation

below 

(currently

)

Total 

Building 

Value

50 Yr

Flood 

Risk 

(Low 

SLR)

50 Yr

Flood 

Risk (Int

SLR)

50 Yr
Flood Risk
(High SLR)

10 Year 0 N/A $0.5 M $1.1 M $3.8 M

50 Year 151 $23.2 M $8.4 M $10.0 M $16.2 M

100 Year 292 $45.4 M $15.8 M $18.1 M $26.2 M

City-wide totals

6,436 Buildings
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Next step? 

First Floor Elevations to Footprint data

Finished Floor Elevation

Finished Floor Elevation
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Stormwater

infrastructure



81

Stormwater infrastructure 

with potential infiltration at 

mean higher high water 

(currently)

Invert elevation < 2.76 FT
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Stormwater infrastructure 

with potential infiltration at 

annual king tide event 

(currently)

Invert elevation < 4.5 FT
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Stormwater infrastructure 

with potential infiltration at 

annual king tide event (1 

foot of sea level rise)

Invert elevation < 5.5 FT
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Tybee Island Tide Gates and Stormwater Upgrades: 

Model for St. Marys
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Thank you

jevans.1@stetson.edu

Funding support for portions of this work provided by Georgia Sea 

Grant, National Sea Grant, Monroe County, FL, and Stetson University

mailto:jevans.1@stetson.edu

