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Historic North 
Carolina Flood 

Events:

Great Flood of 
1916

Presenter Notes
Presentation Notes
Top causes for flooding in NC are severe storms, hurricanes, and tropical storms.  These events usually result in heavy rainfall and high coastal waters which can affect not only coastal communities but NC’s 17 major river basin as well. This event still holds the state record for rainfall in a 24-hour period -- 22.22 inchesFlood insurance was historically scarce because it was not profitable. The only people wanting coverage lived in floodplains and since they were sure to be flooded, the rates would be too high to attract customers.As a result, most flood assistance came from neighbors and charitable organizations.  Flood assistance was effectively whatever the community and neighbors could manage after a flood event.  These labors were effective during small, localized events but became less effective during large community wide events.  The largest events would trigger federal disaster relief and financial aid.  The cost of relief efforts was born by all taxpayers, regardless of their proximity to any floodplain.Great Flood 1916; Ashville – Two tropical storms, one from the Gulf and one from the Atlantic, pummeled the NC mountains.  Dropped 22.22” of rain in 24-hour period, an NC record..  French Broad River reached an estimated 23-foot crest; 5’-0” above “major flood stage”.  NC’s deadliest tropical storm with 80 deaths.  Damages of approximately $500-million in today’s dollars.
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Historic North 
Carolina Flood 

Events:

The Deluge of 
1940

Presenter Notes
Presentation Notes
The Deluge of 1940; Mountains of NC – Started as Category 2 hurricane which travelled through GA before dumping 21” of rain on the NC mountains with Rivers flooding from Watauga to Jackson Counties.  The photo is of the Tuckasegee River in Cullowhee.
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Historic North 
Carolina Flood 

Events:

Hurricane Hazel 
1954

Presenter Notes
Presentation Notes
Hurricane Hazel made landfall in North Carolina in October of 1954. It’s the only Category 4 storm to strike NC.  It traveled along the coastline, its winds and flooding decimating many communities.  Damages where approximately $1.3-Billion in today’s dollars.
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History of Floodplain Management

• The National Flood Insurance Act (NFIA) and the National 
Flood Insurance Program (NFIP) were created in 1968.  

• NFIP administered by the Federal Emergency Management 
Agency (FEMA)

• NFIA was “retooled” in 1973 by the Flood Disaster Protection 
Act to increase participation.

• NFIP introduces the Community Rating System (CRS) in 1990.

Presenter Notes
Presentation Notes
The NFIA lead to the creation of the National Flood Insurance Program:            Made flood insurance more affordable and more widely available.Cost of private property flood losses transferred from taxpayers to floodplain property owners through flood insurance premiums.Provide floodplain residents with financial aid after floods.Steers development away from flood hazard areas.Requires that new and substantially improved buildings be constructed to minimize or prevent damage during flood.NFIP was great on paper.  Relief efforts were now paid for by those living in the floodplain which should incentivize them to protect their property.  Furthermore, aid was readily available for small flood events not warranting federal disaster aid.That said, people did not participate.  Studies found that the availability of flood insurance alone did not motivate communities to join the NFIP.So, the Flood Disaster Protection Act passed in 1973 to increase participation in NFIP:Prohibited Federal assistance for development in the floodplain for non-participating communities.Required buildings in flood hazard area have insurance as a condition of receiving Federal financial assistance, loans, or federal disaster assistance.  Made it difficult for any community wanting federal assistance to avoid joining the NFIP.The CRS was created to encourage floodplain management activities exceeding NFIP minimums.  The CRS creates 9 classes based on the management activities implemented.  Communities are given a 5% discount on premiums for each Class.
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History of Floodplain Management

• Additional penalties, programs, and policies were enacted in 
1994 under the National Flood Insurance Reform Act

• In 2012, the Biggert-Waters amendment attempted to 
eliminate subsidies and grandfathering, as well as shift 
policies to actuarial rates. 

• Most provisions of Biggert-Waters were repealed under the 
Homeowners Flood Insurance Affordability Act (HFIAA) in 
2014.

• HFIAA limits annual increases for policy premiums and 
imposes occupancy-based surcharges and other fees

Presenter Notes
Presentation Notes
National Flood Insurance Reform Act of 1994Strengthened flood insurance requirements, particularly regarding secondary mortgage marketRequired that community’s NFIP maps be reviewed and assessed for map update needs every 5 yearsEstablished Technical Mapping Advisory Council (from 1995 – 2000)Created penalties for lender non-complianceCreated Increased Cost of Compliance coverage (to bring damaged structures up to compliance standards)Increased flood insurance coverage limitsCreated Flood Mitigation Assistance (FMA) ProgramRequired a mandatory 30-day waiting period before a new NFIP policy becomes effective.Biggert-Waters 2012Eliminate SubsidiesRemoved GrandfatheringMove to actuarial rates at 25% per year for non-primary residencesActuarial upon saleRequired establishment of a National Flood Insurance Reserve Fund to be available to pay claims, repay debt owed to the U.S. Treasury, and meet the future obligations of the NFIP. Homeowners Flood Insurance Affordability Act of 2014Repealed and limited many premium increases required by BW-12Imposed a surcharge based on occupancy and primary residence statusWith limited exceptions, reduced the cap on annual increases for flood insurance premiums to 18 percentAuthorized FEMA to secure reinsurance for the NFIP from the traditional reinsurance and capital markets
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• text
FEMA

FEMA
Regional Offices I-X

DPS-EM – Hazard Mitigation
Floodplain Mapping & Management

Local 
Jurisdictions

State 
Construction

Local OrdinanceExecutive Order 
(EO) 123

Code of Federal Regulations
44 CFR Parts 59 & 60

Floodplain Management in NC
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Historic North 
Carolina Flood 

Events:

Hurricane Floyd 
1999

Presenter Notes
Presentation Notes
Hurricane Floyd in 1999 – Hurricane Floyd dropped 17-19 inches of rainfall to eastern North Carolina, following the 15 inches provided by Hurricane Dennis just weeks prior.  Floyd resulted in extensive flooding across eastern North Carolina (with some areas inundated for over a week), 51 deaths, and billions of dollars in damages and lost business revenue.  Hurricane Floyd served as a catalyst in the creation of the North Carolina Floodplain Mapping Program as well as prohibiting new solid waste disposal facilities, hazardous waste management facilities, salvage yards, and chemical storage facilities from being placed in the 100-year floodplain under NCGS § 143-215.54A.
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Historic North 
Carolina Flood 

Events:

Hurricane 
Matthew 2016

Presenter Notes
Presentation Notes
Hurricane Matthew in 2016 – Even without making landfall in NC, Matthew still caused catastrophic flooding over the Coastal Plains of eastern North Carolina. With record storm surge levels of nearly 6 feet (5.8 ‘), and 12” of rainfall.  Estimated damages valued at $1.5 billion. 
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Historic North 
Carolina Flood 

Events:

Hurricane 
Florence 2018

Presenter Notes
Presentation Notes
Hurricane Florence in 2018 – Category 4 hurricane (hit Wrightsville Beach as Category 1) dumped 36” of rain over 4 days and affected much of the State.  Damages exceed 24-Billion.
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Billion-Dollar Disasters on the Rise

Presenter Notes
Presentation Notes
Month-by-month accumulation of estimated costs of each year's billion-dollar disasters.  Flooding, severe storms, flash flooding, hurricanes, 
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EO266 Creation

EO80 – NC’s Commitment to Address Climate Change

NC Climate Risk Assessment and Resiliency Plan

NC Climate Change Interagency Council

Agencies to incorporate climate adaptation and resiliency into 
their policies

Presenter Notes
Presentation Notes
These two storms (Matthew and Florence) serve how to highlight/expose some of the deficiencies/vulnerabilities in the current approach.The State needed to take a more proactive and structured approach to the challenges posed by climate change. Taking a step back and looking at the “big picture resiliency” efforts that led to an updated Floodplain Management Policy for State ConstructionEO80 - North Carolina's Commitment to Address Climate Change and Transition to a Clean Energy EconomyEstablished several goals including: •	Commitments to reduce greenhouse gas emissions, investments in Clean and renewable energy.But we will focus on the items that specifically relate to our discussion today:•	DEQ in collaboration with other agencies to prepare the NC Climate Risk Assessment and Resiliency Plan•	The creation of the NC Climate Change Interagency Council (composed of cabinet agencies and representative from the governor’s office). To optimize and facilitate policy action pertinent to addressing resiliency.•	Directs cabinet agencies to incorporate climate adaptation and resiliency into their policies. 
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NC Climate Risk Assessment and Resiliency Plan

• Analyzed historical data and projected climate trends 
• Identified areas of vulnerability of State infrastructure, assets 

and programs
• Provides a framework to guide future state action.
• Establish an Interagency Resilience Team.

EO123

Presenter Notes
Presentation Notes
NC Climate Risk Assessment and Resiliency Plan:This report includes projected climate trends and identifies areas of vulnerability (infrastructure, assets, programs, etc.) Pertinent to EO266 are the following identified hazards: Hurricanes and heavy precipitation storms (increasing in intensity and frequency), coastal flooding and sea level rise, and inland flooding.Provides a framework to guide state action, including recommendations for improving resiliency. Establish an Interagency Resilience Team (headed by NCORR) and directs each state agency to generate its own resilience strategy to be updated annually.With this report and framework in hand, the Interagency Resilience Team began working with agencies to develop resilience strategies.For DOA (SCO), one area identified was the current Floodplain Management Policy (EO123) which had not been updated since 1990.
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What’s Wrong with EO123?

• Outdated.  Last updated in 1990.
• Freeboard requirements not in accordance with current 

recommendations.
• Does not discourage or prevent new development in the floodplain.
• Sea Level Rise is not addressed.
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What does EO266 ask us to do?
• NCDOA, in consultation w/ NCDEQ, NCDOT, NCEM & NCORR shall 

update EO123 as follows:
• Reduce construction in the floodplain to the greatest extent 

feasible.
• Minimize flood damage to state-owned assets.
• Consider the impacts of sea level rise and climate change.
• Support natural hydrologic conditions and the beneficial services 

provided  by natural infrastructure.
• Expand policy to state-funded construction to the extent feasible 

and permitted by law.
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Tackling the Problem…

EO266 Primary 
Committee

Enforcement 
in Zone X

Chair:  DOT

State Funded 
Projects

Chair:  SCO

Nature-Based 
Infrastructure

Chair:  DEQ

Sea Level Rise
Chair:  NCEM

EO123 
Deficiencies
Chair:  SCO

Relevant State Agency and Public Stakeholder Input
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Terms and 
Definitions:

• Zone X (unshaded) – Area of 
minimal flood hazard, usually above 
the 500-year flood elevation. 
Currently unregulated.

• Zone X (shaded) – Area of moderate 
flood hazard, usually btwn limits of 
100-year and 500-year flood. 
Currently unregulated.

• Zone AE – Has a 1% annual chance 
of flooding and coincides with the 
100-year floodplain. Regulated.

• Floodway – Highly Regulated.

X

X

AE
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Terms and 
Definitions:

• Zone X (unshaded) – Area of 
minimal flood hazard, usually above 
the 500-year flood elevation. 
Currently unregulated.

• Zone X (shaded) – Area of moderate 
flood hazard, usually btwn limits of 
100-year and 500-year flood. 
Currently unregulated.

• Zone AE – Has a 1% annual chance 
of flooding and coincides with the 
100-year floodplain. Regulated.
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Ad-Hoc #1:  Updating EO123 Provisions

• Synchronize EO266, ASCE24, and NC Model Ordinance.
• Update Zone AE requirements per EO266.
• Integrate Coastal A-zones.
• Incorporate non-encroachment zones.
• Define “substantial improvement / repair” construction window.
• Delineate buoyancy safety factors.
• Clarify wet and dry floodproofing requirements and applicability.
• Incorporate § 143-215.54 into EO266 base language.
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Construction in Zone AE

Western Carolina University
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Construction in Zone AE
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Construction in Zone AE
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Construction in Zone AE

• Construction not limited
• Buildings must be elevated or 

floodproofed.
• Flood permits and elevation 

certificates required.
• Freeboard = 2’-0”

• Not permitted
• Variance process for:

• Functionally dependent structures
• Historic structures
• Conditions of “exceptional hardship”
• Appurtenant structures

• If variance is granted, development 
must comply with all other aspects 
of EO266.

• Freeboard = 3’-0” to 4’-0”.

EO123 EO266
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Non-Encroachment Zones

NCDNCR Lake James State Park
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Non-Encroachment Zones

• d
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Non-Encroachment Zones

• d

EO123 EO266
• No special requirements defined
• 44 CFR 60.3(c)(10) minimum 

requirements apply
• In the absence of a regulatory 

floodway, water surface elevation of 
the base flood may not increase more 
than 1-foot at any point.

• Will be treated like regulatory 
floodway.

• Planned development, when 
combined with a fully developed 
fringe, may not rise water surface 
elevation in Non-Encroachment Zone

• NO RISE 



2023 State Construction Conference

Substantial Improvement / Repair

ASU Rankin Science Building
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Substantial Improvement / Repair
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Substantial Improvement / Repair

• < 50% of the building’s market 
value:  Unregulated but SCO will 
push for compliance with current 
standards when feasible.

• > 50% of the building’s market 
value:  Entire building must comply 
with current floodplain 
management standards.

• Improvement / repairs not tracked.

• Same as EO123 except…
• Improvement / repairs will be 

tracked on a 6-year cycle.
• Full compliance with current 

floodplain management standards 
will be more difficult under EO266.

EO123 EO266
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Ad-Hoc #2:  Sea Level Rise

• How much sea level rise should be considered?
• What data source should be used?
• How can sea level rise inundation data be communicated to end 

users?
• How should current FIRMS and future sea levels be combined?
• How will sea level rise change coastal A and V zones?
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How much sea level rise?
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Incorporating Sea Level Rise

NCDNCR USS Battleship North Carolina
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Incorporating Sea Level Rise
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Incorporating Sea Level Rise
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Incorporating Sea Level Rise
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Incorporating Sea Level Rise



2023 State Construction Conference

Incorporating Sea Level Rise (SLR)

• SLR not considered
• BFE + Freeboard
• Battleship:  9ft + 2ft.  Minimum 

Finished Floor Elevation of 11’-0”.

• Areas inundated by sea-level rise 
now regulated.

• Areas adjacent to inundation 
currently under review.

• BFE + SLR + Freeboard
• Battleship:  9ft + 4ft + 4ft.  

Minimum Finished Floor Elevation 
17’-0”.

EO123 EO266
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Ad-Hoc #3:  Expanding into Zone X

• How do we incorporate shaded Zone X?
• Can we reasonably incorporate flood prone areas in an unshaded 

Zone X?
• Will either have a meaningful impact on State insurance rates?
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Construction in Shaded Zone X

NCDOT Port of Wilmington



2023 State Construction Conference

Construction in Shaded Zone X

Presenter Notes
Presentation Notes
BFE in adjacent Zone A is 9ft.
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Construction in Shaded Zone X

• Construction not limited • Not permitted
• If variance is granted, development 

must comply with all other aspects 
of EO266.

• Finished floor elevated to more 
stringent of:

• Nearest adjacent 100-yr floodplain 
BFE + 4’-0” freeboard

• 500-yr flood elevation

EO123 EO266
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Ad-Hoc #4:  State Funded Projects

• EO123 applies to State Property.  Can EO226 be expanded to include 
all stated funded projects?

• Do we have the legal authority?  Is this currently allowed?
• If it is not allowed, what are the next steps toward incorporation?
• If it is allowed:

• How is the requirement communicated?
• How will it be it be enforced during design and permitting?
• How will conformance be ensured during construction?
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State Funded Projects

Alamance Community College
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Alamance Community College

Presenter Notes
Presentation Notes
Haw River floodplain
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State Funded Projects

Presenter Notes
Presentation Notes
BFE in adjacent Zone A is 9ft.
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State Funded Projects

• Must comply with local floodplain 
ordinance

• Construction typically not limited

• No change… For now.
• If new laws are written…

• Must comply with more 
restrictive of local ordinance 
and EO266.

• Construction in the floodplain 
will be limited

• Enforcement by local 
jurisdiction and possibly State 
entities.

EO123 EO266

Presenter Notes
Presentation Notes
BFE in adjacent Zone A is 9ft.



2023 State Construction Conference

Ad-Hoc #5:  Nature Based Infrastructure

• Focus #1:  At-risk coastal areas and shorelines.
• Focus #2:  Areas subject to urban pluvial flooding due to extreme 

precipitation events.
• Focus areas may not be tied to the mapped floodplain.
• How can fundamental design considerations be fairly integrated into a 

regulatory text?
• When should natured based infrastructure be considered.

Presenter Notes
Presentation Notes
Nature-based solutions are sustainable planning, design, environmental management and engineering practices that weave natural features or processes into the built environment to promote adaptation and resilience. These solutions use natural features and processes to:Combat climate changeReduce flood riskImprove water qualityProtect coastal propertyRestore and protect wetlandsStabilize shorelinesReduce urban heatAdd recreational spaceAnd more
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Carteret Community College Living 
Shoreline

Presenter Notes
Presentation Notes
Shoreline Restoration and Stormwater Runoff ReductionAlong the shoreline at the Carteret Community College campus in Morehead City, a variety of living shoreline approaches were installed to demonstrate environmentally friendly alternatives to traditional shoreline stabilization methods. The project was supported by funds from the Golden LEAF Foundation, the National Fish and Wildlife Foundation Emergency Coastal Resilience Fund, the Federal Emergency Management Agency, and the N.C. Community College System.
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Carteret Community College Living 
Shoreline

Presenter Notes
Presentation Notes
Project Updates: 2019 – PresentThe eastern portion of the shoreline at the College that was not protected by living shorelines sustained more than $1 million in damage as a result of Hurricane Florence in 2018. Due to damages to their bulkhead, the College anticipates that another storm like Hurricane Florence may compromise the Bryant Student Center foundation and cause potentially catastrophic damage to the Crystal Coast Civic Center, and multiple other buildings. The imminent damage motivated college officials and community members to protect the site by building living shorelines after seeing the longevity and success of the one that the federation built over a decade ago along the western portion of their shoreline.In 2019, the NC Coastal Federation worked alongside the College and its engineer to design and secure funding to restore the remaining College shoreline with an additional living shoreline.  Construction of a 1,250-ft granite sill and the planting of 26,000 salt marsh grasses was completed in 2021,  protecting and restoring 17.5 acres of salt marsh, oysters, and upland including 4 buildings on campus.The rock sill was constructed by T.A. Loving. Students from Morehead City Middle School and Teacher’s Pet participated in the plantings, as well as staff from Carteret Community College, Parker Offshore, LLC, and Big Rock Sports, LLC. Additionally, several local Scouts, members from Unitarian Coastal Fellowship in Morehead City, and other community volunteers joined in on the effort.Rebuilding the campus shoreline and carefully planning its resilient restoration will help protect the educational instruction, employment, community water access, and events that generate business and revenue within Carteret County. 



2023 State Construction Conference

Natured Based Infrastructure

• No requirements
• Not included

• Provide options and considerations 
for including nature-based 
infrastructure to reduce flood risk

• Encourage incorporation of nature-
based solutions into project/site 
design

EO123 EO266

Presenter Notes
Presentation Notes
Project Updates: 2019 – PresentThe eastern portion of the shoreline at the College that was not protected by living shorelines sustained more than $1 million in damage as a result of Hurricane Florence in 2018. Due to damages to their bulkhead, the College anticipates that another storm like Hurricane Florence may compromise the Bryant Student Center foundation and cause potentially catastrophic damage to the Crystal Coast Civic Center, and multiple other buildings. The imminent damage motivated college officials and community members to protect the site by building living shorelines after seeing the longevity and success of the one that the federation built over a decade ago along the western portion of their shoreline.In 2019, the NC Coastal Federation worked alongside the College and its engineer to design and secure funding to restore the remaining College shoreline with an additional living shoreline.  Construction of a 1,250-ft granite sill and the planting of 26,000 salt marsh grasses was completed in 2021,  protecting and restoring 17.5 acres of salt marsh, oysters, and upland including 4 buildings on campus.The rock sill was constructed by T.A. Loving. Students from Morehead City Middle School and Teacher’s Pet participated in the plantings, as well as staff from Carteret Community College, Parker Offshore, LLC, and Big Rock Sports, LLC. Additionally, several local Scouts, members from Unitarian Coastal Fellowship in Morehead City, and other community volunteers joined in on the effort.Rebuilding the campus shoreline and carefully planning its resilient restoration will help protect the educational instruction, employment, community water access, and events that generate business and revenue within Carteret County. 
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Questions, Comments, Concerns…

Enforcement in Zone X
Chair:  DOT

State Funded Projects
Chair:  SCO

Nature-Based Infrastructure
Chair:  NCORR

Sea Level Rise
Chair:  NCEM

EO123 Deficiencies
Chair:  SCO

Raffaele Esposito, PE
raffaele.esposito@doa.nc.gov

984.236.5451

Eryn Futral, AICP, CFM, CZO
eryn.futral@ncdps.gov

919.819.1734

Brian Radakovic, PE, CFM
bmradakovic@ncdot.gov

919.707.6747

Michael Ali, PE
Michael.ali@doa.nc.gov

984.236.5452

Marlena Byrne
marlena.byrne@ncdps.gov

919.741.8762
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Thank You!
Contact Information:

Michael Ali, PE
State Construction
michael.ali@doa.nc.gov
984.236.5452

Raffaele Esposito, PE
State Construction
raffaele.esposito@doa.nc.gov
984.236.5451

Steve Garrett, CFM
DPS – Emergency Management
steve.garrett@ncdps.gov
919.825.2316
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