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Executive Summary 
This report explores the role of building codes in climate resilience and how the 

North Carolina Clean Energy Fund (NCCEF) can play a role in strengthening North 

Carolina’s climate resilience through financing tools and targeted support. As the state 

faces increasing threats from hurricanes and other extreme weather events, current 

building codes and zoning regulations remain outdated and insuƯicient to protect 

communities. Political delays have further stalled eƯorts to update construction 

standards, leaving homes and infrastructure vulnerable costly climate-related damage. 

To inform actionable recommendations, the project draws from three major inputs: 

1. Comparative case studies from Florida, Louisiana, and New York City; 

2. A geospatial analysis of Hurricane Helene’s impact, FEMA recovery funding, and 

census-tract risk factors; and 

3. A policy and regulatory assessment of North Carolina’s current code landscape. 

Geospatial analysis revealed major disparities in how FEMA Individual Housing Program 

(IHP) and Housing Assistance (HA) were distributed across impacted regions. Several 

western and eastern counties in Helene’s path received little to no federal aid: particularly 

lower-population rural areas such as Swain, Graham, and Clay. This suggests systemic 

underinvestment in structurally vulnerable communities. 

Using census-tract data from the Climate and Economic Justice Screening Tool (CEJST), 

a composite risk index was created that identifies both high-population counties and high 

per-capita risk counties as critical investment zones. By applying both approachs, NCCEF 

can develop a tiered strategy: scaling resilience impact in urban centers while supporting 

equity-focused programs in underserved communities. To bridge the resilience gap, the 

report recommends that NCCEF expand low-interest loans, develop resilience grant 

programs, and support municipalities in infrastructure financing via a tiered investment 

approach that examines both population impact and per-capita impact.   
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Background Information 

Client Information: North Carolina Clean Energy Fund 

The North Carolina Clean Energy Fund (NCCEF) is a nonprofit green bank that is 

based and operated in North Carolina. The NCCEF provides green products to drive private 

investment in underserved communities across the state of North Carolina.1 The 

organization primarily provides financing products for solar and electric home appliances 

for residential customers. However, the NCCEF also closely partners with private and local, 

state, and federal partners to provide education and financial products to low-to-middle 

income North Carolina households, with plans to expand into South Carolina.2  

Problem Statement 

Western North Carolina, particularly areas impacted by hurricanes such as 

Hurricane Helene, is experiencing a rise in both the frequency and severity of extreme 

weather events.3 Hurricanes and flooding pose growing threats to infrastructure, displace 

residents, and strain local resources. These risks are exacerbated by the region’s diverse 

topography, where river valleys are highly susceptible to flooding, and mountainous areas 

face increased landslide hazards.4 

Despite these escalating challenges, current building codes and zoning regulations 

remain inadequate, leaving structures and communities vulnerable to repeated damage 

and costly recovery eƯorts. The lack of resilience-focused standards—such as enhanced 

flood and wind resistance, improved stormwater management, and disaster-preparedness 

measures—means that homes and critical infrastructure are not built to withstand extreme 

 
1 CaliforniaFIRST: Pace financing for california | renew financial. Accessed October 11, 2024. 

https://renewfinancial.com/californiafirst-pace-financing-california. 
2 “Careers.” North Carolina Clean Energy Fund. Accessed November 1, 2024. 

https://www.nccleanenergyfund.com/careers/. 
3 “Epidemiology: Occupational and Environmental.” NCDHHS. Accessed November 1, 2024. 

https://epi.dph.ncdhhs.gov/oee/programs/climate.html#:~:text=North%20Carolina%20is%20experie
ncing%20hotter%20temperatures%2C%20sea-
level%20rise%2C,precipitation%20events%20as%20a%20result%20of%20climate%20change. 

4 Costantini, Danielle. “A Brief History of Sea Level Rise in North Carolina.” Coastwatch, August 20, 2024. 
https://ncseagrant.ncsu.edu/coastwatch/a-brief-history-of-sea-level-rise-in-north-carolina/. 
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weather.5 Strengthening these policies is essential to reducing long-term economic and 

environmental costs. 

While North Carolina has adopted the International Building Code (IBC) as a 

framework for construction standards, recent legislative actions—such as the delay of 

building code updates until 2031—have left the region reliant on outdated regulations that 

fail to address emerging climate risks.6 

The consequences of these regulatory gaps are severe: communities endure 

repeated structural damage, prolonged recovery periods, and environmental degradation. 

Moreover, lower-income residents are disproportionately aƯected, as they often lack the 

financial means to retrofit homes or relocate from high-risk zones.7 Implementing stronger 

building codes and zoning regulations focused on resilience would directly mitigate these 

vulnerabilities, protecting both communities and ecosystems. However, political 

resistance, funding constraints, and competing local priorities continue to hinder progress. 

Addressing these challenges requires a collaborative, multi-stakeholder approach to 

ensure that resilience measures are both eƯective and equitably implemented. 

As a green bank, the North Carolina Clean Energy Fund (NCCEF) can play a pivotal 

role in advancing these eƯorts by oƯering targeted financial products that support property 

owners and incentivize municipalities to adopt resilience-focused building codes and 

zoning enhancements. By leveraging financial tools and strategic partnerships, NCCEF can 

help bridge the gap between policy aspirations and actionable, community-driven 

solutions, fostering a more resilient and sustainable North Carolina. 

 

 
5 Flavelle, Christopher. “How the North Carolina Legislature Left Homes Vulnerable to Helene.” The New York 

Times, October 3, 2024. https://www.nytimes.com/2024/10/03/climate/north-carolina-homes-
helene-building-
codes.html#:~:text=Over%20the%20past%2015%20years%2C%20North%20Carolina%20lawmaker
s,the%20state%20to%20qualify%20for%20federal%20climate-resilience%20grants. 

6 “2018 North Carolina Building Code Based on the International Building Code 2015 (IBC 2015).” UpCodes. 
Accessed November 1, 2024. https://up.codes/viewer/north_carolina/ibc-2015. 

7 “The Role of Housing in Climate Change Mitigation and Adaptation.” The Role of Housing in Climate Change 
Mitigation and Adaptation | HUD USER. Accessed November 1, 2024. 
https://www.huduser.gov/portal/periodicals/em/Summer22/highlight1.html. 
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Federal Policies and Political Headwinds 

Federal policies are essential to strengthening resilience and disaster 

preparedness, particularly in hurricane- and flood-prone regions such as western North 

Carolina. Through funding, guidance, and regulatory standards, key federal programs 

shape state and local building codes and infrastructure. Political and financial constraints, 

however, often limit the eƯectiveness of these policies, posing challenges to their 

implementation. 

Among some of the most influential federal programs in disaster preparedness and 

resilience are the National Flood Insurance Program (NFIP), which is administered by the 

Federal Emergency Management Agency (FEMA).8 The NFIP is a congressional program 

approved through the National Flood Insurance Act of 1968 and was designed to reduce 

reliance on disaster aid by providing federally backed flood insurance to homeowners, 

renters, and businesses in flood-prone areas. In return for insurance, participating 

communities must adopt and enforce floodplain management regulations aimed at 

mitigating future flood risks.9 

FEMA, created in 1979, coordinates nationwide disaster response and recovery 

eƯorts. FEMA plays a crucial role in post-disaster recovery eƯorts, primarily charged with 

providing emergency relief, rebuilding assistance, and mitigation funding for aƯected areas. 

With this charge, FEMA administers several critical post-disaster recovery programs 

including the NFIP.10 

FEMA also administers The Building Resilient Infrastructure and Communities 

(BRIC) program, which provides grants to state and local governments for pre-disaster 

mitigation projects, including infrastructure reinforcements, flood defenses, and structural 

resilience upgrades, which oƯers funding that could support local building code 

 
8 “Flood Insurance,” FEMA.gov, accessed March 5, 2025, https://www.fema.gov/flood-insurance. 
9 “Private Flood Insurance and the National Flood ... - CRS Reports,” CRS Reports, January 9, 2023, 

https://crsreports.congress.gov/product/pdf/R/R45242. 
10 “History of FEMA,” FEMA.gov, accessed March 5, 2025, https://www.fema.gov/about/history. 
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improvements.11 However, BRIC funding is competitive and depends on annual 

congressional appropriations, which can change depending on budget and leadership 

priorities.12 Some lawmakers believe federal resilience spending are costs that should be 

reduced, arguing that local and state governments should bear more responsibility. 

Continued political resistance can restrict BRIC fund availability, limiting North Carolina’s 

access to crucial resources for resilience projects and reducing reliability of federal aid 

programs. 

Together, the NFIP and BRIC form the core components of FEMA’s federal disaster 

response policies. However, both are mired in challenges that hinder their eƯectiveness. 

Although these entities do much to address the surmounting challenges of increasing 

disaster frequencies, they also attract criticism regarding the speed and equity of response 

eƯorts. Bureaucratic ineƯiciencies, funding constraints, and increasing frequency of 

extreme weather events strain disaster relief programs’ abilities to provide timely and 

eƯective relief.13 Reliance on state and local governments for implementation also means 

that disparities in resources and preparedness can lead to uneven recovery outcomes 

across diƯerent regions.14 Furthermore, proposed increases in NFIP insurance premiums 

threaten to disproportionately burden lower-income residents in high-risk areas.15 These 

ineƯiciencies and implementation constraints also bring negative attention to such 

programs, as political actors push for reform or even defunding of these programs.  

 
11 “Building Resilient Infrastructure and Communities.” FEMA.gov. Accessed November 1, 2024. 

https://www.fema.gov/grants/mitigation/learn/building-resilient-infrastructure-
communities#:~:text=Building%20Resilient%20Infrastructure%20and%20Communities%20%28BRI
C%29%20supports%20states%2C,and%20capacity.%20BRIC%20also%20encourages%20and%20
aids%20innovation. 

12 Congress. Accessed November 1, 2024. https://crsreports.congress.gov/product/pdf/IN/IN11515/4. 
13 Santana, Rebecca. “FEMA Has Faced Criticism and Praise during Helene. Here’s What It Does - and 

Doesn’t Do.” AP News, October 5, 2024. https://apnews.com/article/hurricane-helene-fema-trump-
disasters-b191d88e2ab77d3b79eeeb860e4ae13b.  

14 Araullo, Kenneth. “NFIP’s Long-Term Viability in Question as Recent Hurricanes Add to Debt – Am Best.” 
Insurance Business America, October 8, 2024. 
https://www.insurancebusinessmag.com/us/news/catastrophe/nfips-longterm-viability-in-question-
as-recent-hurricanes-add-to-debt--am-best-
508751.aspx#:~:text=The%20NFIP%E2%80%99s%20current%20debt%20stems%20largely%20from
%20its,still%20owes%20%2420.6%20billion%20to%20the%20US%20Treasury. 

15 “How Have Flood Insurance Premiums Changed?” USAFacts, October 24, 2022. 
https://usafacts.org/articles/how-have-flood-insurance-premiums-changed/. 
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In recent months, President Donald Trump has proposed significant changes to 

federal disaster management, including the potential elimination of FEMA.16 President 

Trump and allies have consistently criticized FEMA’s eƯiciency and suggested that states 

should independently manage disaster responses without direct federal funding. Although 

there is significant push for such reforms, these suggestions have met much resistance 

from advocates and lawmakers across the political spectrum, particularly those 

representing disaster-prone regions who express concerns about states’ capacities to 

handle large-scale disasters without federal support.17 

State Policies, Actors, and Climate Impacts 

While federal agencies and programs such as FEMA, NFIP, and BRIC play a crucial 

role in disaster preparedness, North Carolina also implements and runs their own agencies 

and policies to address resilience, emergency management, and long-term recovery 

eƯorts. 

 The North Carolina Department of Environmental Quality (NCDEQ) oversees 

environmental regulations that influence disaster resilience, including water management, 

wetland conservation, and coastal protection programs. The NCDEQ also enforces policies 

that mitigate flood risks, including restrictions on development in flood-prone areas and 

stormwater management requirements to reduce runoƯ. Additionally, the department 

plays a crucial role in disaster recovery by assessing environmental damage, overseeing 

hazardous waste cleanup after storms, and administering grants for green infrastructure 

projects that enhance resilience.18 

The North Carolina Division of Emergency Management (NCEM) operates under 

the North Carolina Department of Public Safety. The NCEM frequently collaborates with 

FEMA to administer federal aid but is also charged with developing state-specific 

 
16 Perls, Hannah. “Proposed Changes to FEMA and the Future of Federal Disaster Response .” Environmental 

and Energy Law Program, February 27, 2025. https://eelp.law.harvard.edu/proposed-changes-to-
fema-and-the-future-of-federal-disaster-response/. 

17 Colman, Zack. “Trump’s Talking about Shutting down FEMA. Republicans Hate That Idea.” Politico, February 
2, 2025. https://www.politico.com/news/2025/02/02/republicans-trump-fema-disasters-00201983. 

18 “NC DEQ Strategic Plan 2023-25.” OƯice of State Budget and Management. Accessed March 5, 2025. 
https://www.osbm.nc.gov/strategic-plan-deq/download. 
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emergency response plans, providing hazard mitigation grants, and overseeing the state’s 

floodplain management programs. The agency plays a critical role in coordinating 

resources during hurricanes, flooding, and other natural disasters to ensure local 

governments receive the necessary support.19 

 The North Carolina Disaster Recovery Act, enacted after severe storms such as 

Hurricane Matthew and Hurricane Florence, provides state-level funding for rebuilding 

eƯorts when federal assistance falls short. This legislation supports housing recovery, 

infrastructure repairs, and economic revitalization in communities hit hardest by 

disasters.20 Additionally, the North Carolina OƯice of Recovery and Resiliency (NCORR) 

manages long-term resilience projects, including buyout programs for repeatedly flooded 

properties and grants for local mitigation eƯorts.21 

The North Carolina Building Code Council (NCBCC) is responsible for establishing 

and updating the state’s building codes, ensuring that construction standards align with 

modern safety and resilience practices. These regulations dictate requirements for 

structural integrity, wind resistance, and flood mitigation, particularly in hurricane-prone 

and coastal areas. By enforcing stringent building codes, the council plays a key role in 

minimizing property damage and loss of life during disasters.22 However, eƯorts to 

strengthen building codes often face resistance from developers and political leaders 

concerned about rising construction costs. Balancing economic considerations with 

disaster resilience remains a key challenge for the council. 

As climate risks intensify, North Carolina faces growing pressure to strengthen 

building codes, zoning regulations, and resilience policies. The state’s approach to disaster 

preparedness relies on a combination of improved building standards, floodplain 

 
19 “Disaster Recovery.” NC DPS. Accessed March 5, 2025. https://www.ncdps.gov/our-

organization/emergency-management/disaster-recovery. 
20 “Hurricane Matthew Resilient Redevelopment Plans.” Resiliency | ReBuild NC. Accessed March 5, 2025. 

https://www.rebuild.nc.gov/resiliency/hurricane-matthew-resilient-redevelopment-
plans#:~:text=The%20Disaster%20Recovery%20Act%20of%202016%20tasked%20North,50%20fed
erally%20declared%20counties%20impacted%20by%20Hurricane%20Matthew. 

21 “About Us.” ReBuild NC. Accessed March 5, 2025. https://www.rebuild.nc.gov/about-us.  
22 “Building Code Council (BCC).” OSFM. Accessed March 5, 2025. https://www.ncosfm.gov/codes/building-

code-council-bcc. 
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management, and mitigation initiatives. Key stakeholders such as the NCBCC, DEQ, and 

local governments play a crucial role in shaping and enforcing those policies. However, 

shifting political leadership often carriers shifting amounts of political and industry-based 

resistance, complicating eƯorts to implement stronger regulations. To ensure disaster 

mitigation eƯorts keep pace with increasing climate risks, governments and other critical 

stakeholders must maintain continued policy innovation, infrastructural investment, and 

collaboration across all levels of government. 23 24 

Hurricane Helene Impacts 

Counties in West North Carolina aƯected by Hurricane Helene include the below. 

Note that the table below is a non-exhaustive list of impacts on North Carolina from 

Hurricane Helene.25 

 

County Name Impact(s) 

Buncombe 

At least 40 deaths due to landslides and major flooding. Over 

13,000 structural damage observations, including damage to 

water treatment and distribution systems. 

Catawba 
100+ homes impacted by river flooding, and 50+ impacted by 

storm-related damage 

Eastern Band of 

Cherokee Indians 

Destruction of fish hatcheries and surrounding roads, including 

loss of their entire Fall stock of rainbow trout.  

Haywood 

Over five confirmed storm-related deaths. Several severe 

instances of sever infrastructural impacts, requiring more than 

$2,500,000 in disaster relief funds from the HUD and Natural 

Disaster Fund 

 
23 “Building Code Council Meetings.” OSFM. Accessed November 1, 2024. 

https://www.ncosfm.gov/codes/building-code-council-bcc. 
24 “Environmental Education.” NC Dept. of Environmental Quality. Accessed November 1, 2024. 

https://www.deq.nc.gov/. 
25 Reports, StaƯ. “Two Weeks Later. Taking Stock of Storm Recovery across Western NC, County-by-County.” 

Carolina Public Press, October 12, 2024. https://carolinapublicpress.org/66403/two-weeks-later-
taking-stock-of-storm-recovery-across-western-nc-county-by-county/. 
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The NCCEF can provide the financial support necessary to overcome the political 

and implementation barriers by oƯering low-interest loans, loan guarantees, and grants 

specifically for resilience-focused projects. By addressing the financial gaps in state and 

local resilience eƯorts, NCCEF can encourage communities to adopt enhanced building 

standards, restore natural flood defenses, and implement proactive zoning policies that 

prioritize sustainable and resilient development. 

Methodology 
This project will employ a mixed-methods approach to gather learnings from regions 

with comparable climate vulnerabilities and experiences. The qualitative component will 

focus on case studies, identifying successful implementations that may translate into 

viable strategies in North Carolina. Meanwhile, the quantitative analysis will incorporate 

spatial assessments at the county and census tract levels, examining key trends related to 

demographics, income distribution, or FEMA response patterns. This integrated approach 

will provide a comprehensive understanding of both policy eƯectiveness and the socio-

economic factors that influence disaster impacts and resilience. 

Qualitative Methods 

Literature review of similar outcomes in heavily impacted states including Florida, 

Louisiana, and New York City will be utilized to identify previously implemented build code 

enhancements and infrastructural improvements. These areas have notable and well-

documented histories of climate resilience measures due to similar exposure to 

hurricanes, flooding, and other extreme weather events. Findings will be compared to 

current North Carolina building codes and resiliency measures to construct a resiliency 

standards gap analysis to highlight specific areas where enhancements are needed and 

where NCCEF can support. 

Case study evaluation will yield policy recommendations based on the following 

criteria: 
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1. Positive Economic Outcomes and Translatability: Case studies can highlight how 

resilience investments reduced disaster-related costs (which may include recovery 

expenses, lost economic value from displacement / job loss, and insurance claims). 

Recommendations should also consider how NCCEF can potentially create new 

financial products that can encourage investment in more resilient infrastructure. 

2. Technical Translatability: Evaluate whether the technical aspects of each policy or 

resilience measure can be realistically implemented in North Carolina, considering 

regional diƯerences in infrastructure, climate, and geography. 

3. Political Feasibility: Assess whether policy changes align with North Carolina 

politics. This considers the balance between regulatory adjustments and support 

from local stakeholders, property developers, and lawmakers. Political risk should 

be mitigated to isolate NCCEF from unnecessary political pressure. 

Recommendations should also ensure that communications are adapted to 

emphasize economic benefits. 

Quantitative Methods 

 FEMA data will be utilized to support a cost-benefit analysis and measure the 

tradeoƯ between the costs of disaster relief funds and increased resiliency measures 

borne from building beyond code. National Oceanic and Atmospheric Administration 

(NOAA) data describes Hurricane Helene flight path, providing a direct view of all aƯected 

North Carolina counties aƯected. Lastly, the Climate & Economic Justice Tool (CEJST) will 

supplement FEMA and applicable county data to enable a granular view of aƯected 

counties’ demographics at the census tract level. 

Data Set Name Description Source Field Definitions 

Climate & 

Economic Justice 

Tool26 

Environmental Justice mapping 

tool developed by the White 

House Council on Environmental 

Quality to identify disadvantaged 

CEJST See Appendix XX 

 
26 “Explore the Map.” Climate and Economic Justice Screening Tool. Accessed March 5, 2025. https://edgi-

govdata-archiving.github.io/j40-cejst-2/en/#3/33.47/-97.5. 
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communities overburdened by 

environmental and 

socioeconomic issues. 

FEMA Spend27 

Used to identify FEMA request 

amounts due to Hurricane 

Helene. 

FEMA See Appendix XX 

Hurricane Helene 

Path28 

Hurricane Helene GIS flight path 

data. Used to spatially intersect 

flight path over North Carolina 

county data. 

NOAA See Appendix XX 

Table 1:  

While the case study analyses inform the policies that may translate well to North 

Carolina, quantitative analysis will inform how these policies may need to be translated 

based on economic viability, infrastructural diƯerences, or demographic diƯerences.  

 Average costs of disaster relief funds 

 Costs associated with resilience measures 

 Projected savings from reduced property damage 

 Project savings from reduced economic loss as a result of displacement, job loss, 

etc. 

 

 

  

 
27 “OpenFEMA Data Sets.” FEMA.gov. Accessed March 5, 2025. https://www.fema.gov/about/openfema/data-

sets. 
28 “NHC Data in GIS Formats.” National Hurricane Center and Central Pacific Hurricane Center. Accessed 

March 5, 2025. https://www.nhc.noaa.gov/gis/. 
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Case Study 1: Hurricane Sandy – New York City, NY 

Case Background 

Hurricane Sandy struck the northeastern United States in October 2012, causing 

storm surges that inundated New York City and coastal areas. The storm resulted in over 

$70 billion in damages, flooding 51 square miles of the city, displacing thousands of 

residents, and shutting down vital infrastructure such as subways, power grids, and 

hospitals. The failure of flood defenses, along with the inadequacy of outdated building 

codes and zoning laws, exacerbated this disaster.29 Hurricane Sandy prompted one of the 

most extensive resilience-building eƯorts in urban U.S. history. 

Improvements & Results 

Hurricane Sandy exposed major vulnerabilities in New York City’s coastal 

infrastructure, particularly in lower Manhattan and waterfront communities where storm 

surges exceeded 14 feet.30 The city’s response involved not only strengthening individual 

buildings but also implementing large-scale zoning and infrastructure reforms to improve 

overall resilience. The 2013 NYC Building Code Updates introduced stringent flood-

resistant design requirements, including mandates for elevating new buildings above 

FEMA’s 100-year floodplain levels and incorporating floodproofing technologies.31 Unlike 

prior standards, which allowed for minimal flood protection measures, the new code 

required that critical building systems (electrical panels, generators, and fuel tanks) be 

installed above flood levels to ensure operational integrity during extreme weather events. 

In addition to stricter floodproofing measures, the city mandated wind-resistant 

upgrades in alignment with updated International Building Code (IBC) standards, ensuring 

that new structures could withstand hurricane-force winds.32 Another significant reform 

 
29 RaƯerty, John P. “Superstorm Sandy.” Encyclopædia Britannica, January 31, 2025. 

https://www.britannica.com/event/Superstorm-Sandy. 
30 RaƯerty, John P. “Superstorm Sandy.” Encyclopædia Britannica, January 31, 2025. 

https://www.britannica.com/event/Superstorm-Sandy. 
31 “Rebuildings NYC after Hurricane Sandy.” NYC  Buildings, February 2015. 

https://www.nyc.gov/assets/buildings/pdf/rebuilding_after_hurricane_sandy.pdf. 
32 “Rating the States: 2021 Edition.” Insurance Institute for Business & Society, June 2021. https://ibhs.org/wp-

content/uploads/RatingtheStates_2021.pdf.  
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was the introduction of mandatory resilient roofs, which required either green roofs or 

reflective white roofs for large new developments. These measures not only improve 

stormwater retention but also mitigate the urban heat island eƯect, making the city more 

climate-resilient overall.33 

Beyond individual building improvements, NYC adopted the Special Coastal 

Resilience Districts (SCRD) zoning laws, which restrict new development in the highest-risk 

flood zones while requiring that new constructions integrate storm surge protections.34 The 

city also launched buyout programs in Staten Island’s Oakwood Beach, where severely 

damaged homes were demolished, and the land was converted into storm surge buƯers.35 

These zoning and policy changes have had measurable success: Hurricane Isaias (2020) 

caused significantly less damage to newly constructed or retrofitted buildings compared to 

older ones. 

However, these improvements come with considerable costs. Elevating a single-

family home to comply with post-Sandy regulations can cost $50,000 to $150,000, while 

floodproofing commercial buildings often exceeds $100,000.36 Despite these high initial 

costs, the long-term savings are significant: studies by the National Institute of Building 

Sciences indicate that every $1 spent on coastal resilience yields at least $6 in disaster 

recovery savings, reinforcing the economic rationale for stringent building codes.37 

 
33 “Green Roofs.” Green Roofs - Buildings. Accessed March 5, 2025. 

https://www.nyc.gov/site/buildings/codes/green-roofs.page. 
34 “Recovery for All of Us: New York City Adopts New Zoning Rules to Protect Coastal Areas from Climate.” The 

OƯicial Website of the City of New York, May 12, 2021. https://www.nyc.gov/oƯice-of-the-
mayor/news/356-21/recovery-all-us-new-york-city-adopts-new-zoning-rules-protect-coastal-areas-
climate. 

35 Maldonado, Samantha, and Christopher  Alvarez. “City Eyes New Push to Buy Out Flood-Prone Houses as 
Climate Change Hits Home.” THE CITY - NYC News, June 10, 2024. 
https://www.thecity.nyc/2021/10/26/nyc-buy-out-flood-prone-homes-climate-change-sandy-ida/. 

36 Elevating your House. Accessed March 6, 2025. https://www.fema.gov/pdf/rebuild/mat/sec5.pdf.  
37 Lightbody, Laura, and Matthew Fuchs. “Every $1 Invested in Disaster Mitigation Saves $6.” The Pew 

Charitable Trusts, January 11, 2018. https://www.pewtrusts.org/en/research-and-
analysis/articles/2018/01/11/every-$1-invested-in-disaster-mitigation-saves-$6. 



15 
 

Case Study 2: Hurricane Katrina – New Orleans, LA 

Case Background 

Hurricane Katrina made landfall in August 2005 as a Category 3 storm that 

developed into a Category 5 storm, devastating the Gulf Coast and overwhelming New 

Orleans’ levee system. The storm caused over $160 billion in damage, flooding 80% of the 

city and leading to over 1,800 deaths. The failure of federal flood protection systems, poorly 

enforced building codes, and a lack of coordinated emergency response amplified the 

disaster.38 

Improvements & Results 

The failure of New Orleans’ levee system, combined with outdated building 

standards, resulted in massive structural losses. In response, Louisiana adopted 

significant elevation and floodproofing requirements that reshaped building practices in 

flood-prone areas. The most impactful change was the Base Flood Elevation (BFE) plus 

freeboard rule, which mandates that all new structures be elevated above the FEMA-

determined flood level to mitigate future flood risks.39 This policy has been particularly 

eƯective in mitigating damage; based on a study done on homes built based on this new 

standard in JeƯerson Parish, Louisiana, newer homes suƯered little to no damage during 

Hurricane Isaac. With an initial investment of over $2.4MM and a loss avoidance of $2.2MM 

in just one flooding, the results show promise of long-term savings.40 

To further enhance flood resilience, Louisiana introduced wet and dry floodproofing 

requirements. Wet floodproofing strategies involve using water-resistant materials (such as 

mold-resistant drywall, treated lumber, and waterproof insulation) on lower building levels 

to minimize damage in the event of flooding.41 Dry floodproofing measures, such as 

 
38 “Hurricane Katrina.” Encyclopædia Britannica. Accessed March 5, 2025. 

https://www.britannica.com/event/Hurricane-Katrina. 
39 “Introduction Advisory Base Flood Elevations.” FEMA. Accessed March 6, 2025. 

https://www.fema.gov/pdf/hazard/flood/recoverydata/abfe_faqs_la_leveeparishes.pdf. 
40 “Loss Avoidance Study: JeƯerson Parish, LA.” FEMA, February 11, 2021. https://www.fema.gov/case-

study/loss-avoidance-study-jeƯerson-parish-la. 
41 Wet Floodproofing. Accessed March 6, 2025. https://www.fema.gov/pdf/rebuild/mat/sec6.pdf. 
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elevated HVAC and electrical systems, prevent critical infrastructure from being 

compromised during storms.42 Additionally, stricter roofing and wind standards were 

implemented, bringing Louisiana’s codes closer to Florida’s post-Andrew regulations. 

Beyond building code updates, zoning and land-use policies were restructured to 

restrict redevelopment in high-risk flood zones. FEMA, in collaboration with state agencies, 

revised flood maps to reflect updated risk assessments, leading to mandatory relocations 

in some areas.43 The Road Home program, a federally funded initiative, provided buyouts to 

homeowners in extreme flood zones, encouraging migration to safer areas.44 While 

elevating a home under these new regulations costs between $30,000 and $100,000, 

homeowners benefit from significantly reduced flood insurance premiums.45 

Case Study 3: Hurricane Andrew – Bahamas, FL 

Case Background 

Hurricane Andrew made landfall in August 1992 as a Category 5 storm, devastating 

South Florida with sustained winds of 165 mph. The hurricane caused $27 billion in 

damages, destroying over 25,000 homes and leaving 250,000 people homeless. The 

widespread structural failure exposed severe deficiencies in Florida’s building codes, 

including poor enforcement and outdated wind-resistance standards.46 

Improvements & Results 

Investigations revealed that many homes suƯered catastrophic damage due to 

weak connections between roofs, walls, and foundations, as well as the use of 

substandard materials.47 In response, Florida enacted sweeping changes that culminated 

 
42 “Fundamentals of Resilient Design: Dry Floodproofing.” resilientdesign.org, February 24, 2023. 

https://www.resilientdesign.org/fundamentals-of-resilient-design-dry-floodproofing/. 
43 “Community Members’ Guide to Initiating Map Revisions.” FEMA.gov. Accessed March 5, 2025. 

https://www.fema.gov/flood-maps/change-your-flood-zone/guide-community-members. 
44 “The Road Home.” www.Road2La.org. Accessed March 5, 2025. 

https://www.road2la.org/HAP/Default.aspx. 
45 “About Us.” ReBuild NC. Accessed March 5, 2025. https://www.rebuild.nc.gov/about-us. 
46 RaƯerty, John P. “Hurricane Andrew.” Encyclopædia Britannica, January 24, 2025. 

https://www.britannica.com/event/Hurricane-Andrew. 
47 Marshall, Tim. (2012). Hurricane Andrew: 20 years later: What have we learned ?. 
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in the Florida Building Code (FBC) of 2002, which remains one of the most stringent in the 

United States. The updated code mandated that homes in high-risk areas withstand wind 

speeds up to 175 mph, a significant increase from the previous standards. Additionally, 

continuous load path requirements were introduced, ensuring that roofs, walls, and 

foundations are structurally tied together to prevent uplift and collapse during extreme 

wind events.48 

Another major advancement in Florida’s post-Andrew building code was the 

requirement for impact-resistant windows and doors, capable of withstanding projectile 

impacts at hurricane-force speeds. This measure was implemented after studies found 

that wind-driven debris was a major cause of structural failures and interior pressurization, 

leading to roof detachments. The secondary water barrier requirement was also 

introduced, mandating that all new roofing systems include an additional layer of 

protection to prevent leaks in the event of shingle loss.49 These updates significantly 

reduced hurricane damage in later storms, such as Hurricane Irma, where homes built to 

post-Andrew standards experienced 50% less damage than older structures.50  

Geospatial Analysis 
 To assess the distribution of climate vulnerability, recovery funding, and community 

need across North Carolina, I conducted a multi-layered geospatial analysis focused on 

counties impacted by Hurricane Helene. The analysis incorporates data from FEMA 

Individual and Housing Assistance (IHP) grants, CJEST vulnerability indicators, and spatial 

hurricane impact swath, utilizing both census tract and county boundaries. 

 
48 Florida Building Commission, Florida Building Code Report to the 2003 Legislature (Tallahassee, FL: Florida 

Building Commission, 2003) 
49 Editor, News. “30 Years Later: Hurricane Andrew Redesigned Modern Building Codes.” USGlass Magazine & 

USGNN News, August 25, 2022. https://www.usglassmag.com/30-years-later-hurricane-andrew-
redesigned-modern-building-codes/. 

50 “Damage Assessment from Hurricanes Harvey and Irma.” NAHB. Accessed March 5, 2025. 
https://www.nahb.org/advocacy/top-priorities/building-codes/construction-codes-standards-
research/damage-assessment-from-hurricanes-harvey-and-irma. 
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Figure 1 was created in GIS software using data obtained from NOAA. The curved 

shape indicates Hurricane Helene’s approximate flight path and extent of wind swath. The 

highlighted red areas represent all census tracts that fell within the radius of the 

hurricane’s wind swath. Moving forward, all maps will focus on the impacted regions. 

 
Figure 1 Map portraying census tracts that fell within the 2024 Hurricane Helene wind swath and flight path. 

Understanding the population distribution across western North Carolina is critical 

for interpreting the spatial patterns of risk exposure, disaster recovery funding, and climate 

vulnerability. Population density directly influences the scale of need during and after 

climate events, as well as the way federal relief, such as FEMA Individual Assistance (IA), is 

allocated. 

The population distribution map (see Figure 2) illustrates where residents are most 

concentrated across census tracts. Urban and suburban counties such as Mecklenburg, 

Gaston, and Buncombe contain the highest total populations per tract. These areas 

naturally emerge as high-priority regions in population-weighted risk indices and typically 
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receive a greater share of FEMA aid due to the scale of potential impact and damage 

reporting capacity. 

In contrast, many rural and mountainous counties — including Swain, Graham, 

Clay, and Cherokee — show low total population per tract. These communities often 

experience disproportionately high vulnerability at the individual level, particularly in 

energy burden, housing insecurity, and climate thresholds. Without normalization for 

population, such areas risk being overlooked in resilience funding decisions. To address 

these potential issues, I focused on creating a dual-analysis approach that accounts for 

both total population as well as on a per-capita basis.  

 
Figure 2 Baseline distribution of population in impacted regions within western North Carolina. 

Using population distribution as the baseline map, the CJEST data was utilized to 

develop a composite climate risk idnex using indicators for povery (households under the 

federal poverty line, energy burden, housing vulnerability, and climatea thresholds. This 

index was calculated using two weighted approaches, as shown in Figure 3. 
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The population-weighted approach identifies counties with the largest total aƯected 

populations. The formula for this approach is as follows: 

([% 𝑈𝑛𝑑𝑒𝑟 𝑃𝑜𝑣𝑒𝑟𝑡𝑦 𝐿𝑖𝑛𝑒 ∗ 0.4] + [𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝐵𝑢𝑟𝑑𝑒𝑛 ∗ 0.2] + [𝐶𝑙𝑖𝑚𝑎𝑡𝑒 𝐵𝑢𝑟𝑑𝑒𝑛 ∗ 0.2]

+[𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝐵𝑢𝑟𝑑𝑒𝑛 ∗ 0.2]) ∗ 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 

The per-capita approach highlights counties and census tracts where individual 

vulernability was most acute. The formula afor this approach is as follows: 

([% 𝑈𝑛𝑑𝑒𝑟 𝑃𝑜𝑣𝑒𝑟𝑡𝑦 𝐿𝑖𝑛𝑒 ∗ 0.4] + [𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝐵𝑢𝑟𝑑𝑒𝑛 ∗ 0.2] + [𝐶𝑙𝑖𝑚𝑎𝑡𝑒 𝐵𝑢𝑟𝑑𝑒𝑛 ∗ 0.2]

+[𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝐵𝑢𝑟𝑑𝑒𝑛 ∗ 0.2])

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 

This dual approach revealed key disparities. Urban counties such as Mecklenburg 

and Buncombe scored highg in population-weighted risk due to high density, while rural 

counties such as Swain, Clay, and Graham ranked significantly higher in per-capita risk. 

This highlights localized vulnerabilities that might otherwise be overlooked in aggregate 

analyses. 

 
Figure 3 Side-by-side comparison of census tract risk levels. Top: Risk index weighted by population (absolute number of 
individuals impacted based on risk weights). Bottom: Census tract risk levels based on a per-capita basis. 

By mapping FEMA IHP grants against aƯected areas in Figure 4, notable gaps in 

funding coverage were identified. Several eastern and western counties were within the 
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impact zone, but received little to no FEMA assistance for housing. This suggests a 

mismatch between impact and recovery support, possibly due to underreporting of 

damage, eligibility limitations tied to FEMA policy thresholds, or lower application rates 

among disadvantaged communities. 

 
Figure 4 Side-by-side comparison of impacted regions according to IHP FEMA grants (top) and Rental FEMA grants 
(bottom) received. 

Lastly, by mapping FEMA IHP grants against aƯected areas, we identified notable 

gaps in funding coverage, as seen in Figure 5. Several eastern and western counties were 

within the hurricane impact zone but received little to no FEMA assistance for housing. This 

suggests a mismatch between impact and recovery support, possibly due to 

underreporting of damage, eligibility limitations tied to FEMA policy thresholds, or lower 

application rates among disadvantaged communities. Without data, not only can we not 

determine with certainty the amount of aid that is necessary in aƯlicted areas, but we 

cannot accurately measure how much work is necessary to build beyond building code. 

These data limitations may also be partially caused by other confounding factors such as 
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distrust of political institutions providing funds to individuals, or issues with retrieving land 

titles, which are necessary for receiving FEMA grants.

 
Figure 5 Map highlighting energy burden, disadvantaged, and total public assistance given by FEMA. 

This geospatial analysis highlights several counties where climate vulnerability is 

high, FEMA support is limited, and structural disadvantages persist. These areas present 

critical opportunities for NCCEF to deploy resilience financing, energy eƯiciency retrofits, 

and technical assistance to fill institutional gaps in disaster preparedness and recovery. 

North Carolina Building & Zoning Regulations and 
Recommendations 

Current Regulations 

North Carolina’s building codes are governed by the 2018 North Carolina State 

Building Code, which is based on the 2015 International Residential Code (IRC) with state-

specific amendments. The most recent comprehensive update became eƯective on 
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January 1, 2019. The 2024 North Carolina State Building Code is scheduled for 

implementation on July 1, 2025, but a legislative moratorium passed in 2023 will prevent 

further updates until at least 2031.51 This moratorium means North Carolina will continue 

to operate under building standards that are already outdated compared to states with 

more frequent updates, such as Florida and Louisiana. 

The state’s building code includes general provisions for wind resistance, flood 

mitigation, and energy conservation, but these regulations are less stringent than those in 

the hurricane-prone regions. Wind design requirements follow 2015 IRC standards (which 

specify 130-140 mph wind resistance in coastal areas) but lack enforcement and material 

requirements seen in Florida’s post-Hurricane Andrew codes. Floodplain management 

policies incorporate FEMA’s Base Flood Elevation standards, but unlike Louisiana’s post-

Katrina elevation mandates, North Carolina does not require buildings to exceed BFE by 

additional feet to compensate for future flood risks. Energy conservation regulations follow 

outdated eƯiciency standards from 2018; the 2024 North Carolina Energy Conservation 

Code is currently stalled under legislative review.52 

Gap Analysis 

1. Code Update Frequency and Modernization 

Gap: North Carolina’s decision to impose a moratorium on building code updates 

until 2031 prevents the incorporation of new research, technological advancements, and 

climate adaptation strategies. This delay places the state’s building standards nearly a 

decade behind states with more proactive policies. 

Recommendation: North Carolina should implement a rolling update cycle similar 

to Florida’s three-year update process, allowing for periodic code revisions that integrate 

the latest disaster resilience research. Legislative action should be taken to lift the 

 
51 Ferri, Alexandra E. “Decoding the Recent Changes to North Carolina Code and Zoning Regulations.” Ward 

and Smith, P.A., April 12, 2024. https://www.wardandsmith.com/articles/decoding-the-recent-
changes-to-north-carolina-code-and-zoning-regulations. 

52 “Code Change Central.” Code Enforcement. Accessed March 5, 2025. https://code.mecknc.gov/code-
change-central. 
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moratorium and enable the adoption of modernized standards that reflect climate risks 

and structural vulnerabilities. 

2. Wind Resistance Standards 

Gap: North Carolina’s wind resistance requirements are based on the 2015 IRC, 

which does not mandate impact-resistant windows or reinforced roofing attachments for 

homes outside the most extreme coastal zones. These standards are significantly weaker 

than Florida’s post-Andrew codes, which require 175 mph wind resistance, hurricane clips, 

and impact-resistant materials in high-risk areas. 

Recommendation: The state should update its wind design codes to require 

hurricane ties, impact-resistant windows, reinforced garage doors, and secondary water 

barriers on roofs, particularly in Tier 1 and Tier 2 coastal zones. These measures have been 

shown to reduce hurricane damage by 50% and could significantly lower insurance costs 

for homeowners. 

3. Flood Mitigation and Elevation Requirements 

Gap: North Carolina follows FEMA’s Base Flood Elevation (BFE) standards but does 

not require buildings to be elevated beyond BFE, even in flood-prone areas. Louisiana’s 

post-Katrina policies mandate an additional 3-foot elevation requirement above BFE, 

which has shown reductions in flood damage and led to lower insurance costs. 

Recommendation: North Carolina should adopt a BFE plus 2 to 3 feet requirement 

in flood zones, following Louisiana’s model. Additionally, building codes should mandate 

the use of flood-resistant materials (e.g., mold-resistant drywall, waterproof insulation) in 

all construction below BFE. This change would reduce long-term flood damage costs and 

lower NFIP insurance premiums for compliant homeowners. 

4. Energy Conservation and Sustainability Standards 

Gap: North Carolina’s 2024 Energy Conservation Code is currently stalled, delaying 

the adoption of modern insulation, HVAC eƯiciency, and sustainable building practices. 

Many states have already integrated updated energy codes that improve resilience and 
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long-term cost savings, while North Carolina continues to operate under outdated 

regulations. 

Recommendation: The state should expedite the adoption of modern energy 

eƯiciency standards, including stricter insulation requirements, solar-ready infrastructure, 

and high-wind-rated roofing materials. Investing in sustainable building practices can yield 

a 6:1 return in long-term energy savings while also improving resilience against extreme 

weather events. 

Recommendations for NCCEF 
The North Carolina Clean Energy Fund (NCCEF), as a nonprofit green bank, has a 

unique opportunity to address critical gaps in the state’s building resilience policies while 

promoting sustainable development. Given North Carolina’s building code moratorium 

until 2031, new construction will continue to follow outdated energy eƯiciency, wind 

resistance, and floodproofing standards, increasing the state’s vulnerability to extreme 

weather events. NCCEF can play a pivotal role in mitigating these risks by expanding 

financing for resilient and energy-eƯicient buildings, implementing climate resilience grant 

programs, promoting green mortgages, supporting municipal infrastructure projects, and 

advocating for stronger policies. Through targeted investments, NCCEF can help reduce 

long-term disaster recovery costs, lower insurance premiums, and increase energy 

security, ultimately strengthening North Carolina’s climate resilience. 

Based on the geospatial analysis, there are opportunities to work with counties that 

are not only high-population but also experience higher risk on a per-capita basis. This 

dual-risk profile is especially apparent in areas such as Mecklenburg, Buncombe, and 

Gaston counties, where large populations coincide with measurable burdens related to 

poverty, housing insecurity, and energy costs. These counties represent valuable 

opportunities for scalable climate resilience investments that can reach a high number of 

individuals while also addressing structural vulnerability. 

At the same time, rural western counties such as Swain, Graham, and Clay display 

high per-capita risk despite smaller populations. These communities often fall below the 
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thresholds for major federal relief programs but face acute exposure to climate and 

housing pressures. As such, they represent ideal targets for equity-centered interventions, 

such as small-scale retrofit financing, technical assistance programs, or partnerships with 

local governments to build resilience capacity. 

By analyzing counties from both a total population and per-capita basis, NCCEF can 

develop a tiered investment strategy that allows them to mobilize both population-scale 

and place-based impact. NCCEF can target counties with high-population centers to 

maximize impact based on number of individuals; as this audience segment continues 

their work with NCCEF, the organization can redirect extra funds towards activating 

products in rural communities. 

NCCEF can implement expanding financing options for resilient and energy-

eƯicient buildings. Homeowners and developers often hesitate to incorporate advanced 

flood mitigation, hurricane resistance, and energy eƯiciency measures due to the high 

upfront costs. To address this, NCCEF could provide low-interest loans and loan 

guarantees for projects that integrate either individual or a portfolio of home resiliency 

projects. These products can include anything from a range of impact-resistant windows, 

stormproof roofing, floodproofing measures, and high-wind-rated solar energy systems. 

Additionally, NCCEF could oƯer rebates or forgivable loans for climate resilience 

improvements in low-to-moderate-income (LMI) communities, where access to financing 

remains a major barrier to disaster preparedness. By prioritizing solar and battery 

microgrids for aƯordable housing projects, NCCEF could also enhance grid resilience in 

hurricane-prone areas, ensuring that vulnerable populations retain power during extreme 

weather events. 

In addition to direct financing, NCCEF could establish a Climate Resilience Grant 

Program to provide targeted funding for high-risk communities. Many LMI homeowners and 

small business owners lack suƯicient capital to invest in floodproofing and wind-resistant 

construction, leaving them disproportionately aƯected by climate disasters. A state-

administered resilience grant program could oƯer matching funds for home elevation, 

floodproof materials, and storm-resistant retrofits, significantly reducing long-term 
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disaster damages. NCCEF could also collaborate with FEMA’s Hazard Mitigation Grant 

Program (HMGP) and the North Carolina Housing Finance Agency (NCHFA) to integrate 

climate resilience funding into aƯordable housing projects. Similar programs in Louisiana 

and New York City have successfully lowered flood insurance costs and reduced the 

economic burden of climate adaptation on low-income households. 

Beyond individual resilience projects, NCCEF could support local governments in 

financing resilient infrastructure. North Carolina municipalities, particularly in coastal and 

flood-prone regions, often struggle to secure funding for large-scale resilience projects, 

such as stormwater management systems, flood-retention basins, and reinforced 

seawalls. NCCEF could provide low-interest loans or blended financing solutions to 

municipalities for storm-resilient infrastructure upgrades, while leveraging federal funding 

sources such as the EPA’s Clean Water State Revolving Fund. Additionally, NCCEF could 

advocate for climate-conscious zoning and development regulations that require the 

integration of green infrastructure, permeable pavements, and bioswales in new 

construction projects, further reducing flood risks. 

A key financial barrier to resilient construction is the lack of mortgage and insurance 

incentives for homeowners who implement disaster-resistant upgrades. Traditional 

mortgage lenders often fail to account for climate risk and energy eƯiciency improvements, 

making it diƯicult for homeowners to finance upgrades that would enhance their long-term 

resilience. To address this, NCCEF could develop a Green Mortgage Program in 

collaboration with credit unions and community banks, oƯering discounted mortgage rates 

for homes that meet flood, wind, and energy eƯiciency standards. Additionally, NCCEF 

could work with state insurance regulators to push for premium discounts on wind- and 

flood-resistant homes, following the model implemented in Florida’s post-Hurricane 

Andrew insurance reforms. These eƯorts would provide direct financial benefits to 

homeowners while reducing the economic burden of future disasters on both property 

owners and insurers. 

Finally, NCCEF could play a crucial advocacy role in pushing for policy reforms and 

voluntary resilience standards to compensate for North Carolina’s building code 
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moratorium. Unlike Florida and Louisiana, which have three-year building code review 

cycles, North Carolina will remain locked into outdated standards until at least 2031, 

increasing the state’s exposure to hurricane, flooding, and extreme heat risks. NCCEF 

could work with policymakers, FEMA, and the North Carolina OƯice of the State Fire 

Marshal to advocate for an interim update schedule that allows voluntary adoption of 

above-code resilience measures. Additionally, NCCEF could oƯer financial products that 

could financial incentivize developers to voluntarily meet FORTIFIED Home, LEED, or 

Passive House standards. 

By expanding financing options, launching resilience grant programs, supporting 

municipal infrastructure investments, promoting insurance and mortgage incentives, and 

advocating for stronger building codes, NCCEF could play a transformative role in 

strengthening North Carolina’s climate resilience strategy. Given that FEMA estimates 

every $1 spent on disaster resilience can yield $6 to $8 in future savings, proactive 

investments in wind resistance, flood mitigation, and energy eƯiciency would not only 

protect communities from extreme weather events but also generate long-term economic 

benefits for homeowners, businesses, and local governments. Through strategic financial 

and policy interventions, NCCEF could help bridge the resilience gap while working with 

other environmental advocate groups and policymakers in North Carolina to prepare for 

the escalating impacts of climate change. 
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