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This study develops a resource and decision guide to support Georgia’s local governments in 

enhancing infrastructure resilience, focusing on the barriers and needs unique to cities and counties 

within the state. Through a comprehensive literature review, an analysis of survey data from local 

government representatives, and structured interviews, this research identifies barriers to resilience 

implementation and infrastructure challenges experienced by small and large local governments. 

The resilience implementation barriers, including funding limitations, lack of data and technical 

expertise, and limited resilience planning resources, are explored to inform actionable strategies 

for addressing these issues. The resulting guide aligns with common local government needs, 

offering practical solutions for resilience planning, funding access, and technical support. By 

presenting resilience opportunities with different levels of cost and implementation efforts, the 

guide aims to equip Georgia's local governments with the tools to better withstand climate-related 

impacts and ensure the longevity of critical public services.  
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1.0 Introduction 

Infrastructure and Resilience 

The American Society of Civil Engineers (ASCE) defines critical infrastructure as the physical 

assets and associated social systems that are so crucial to society that their failure would have 

extreme consequences to the economy, national security, and/or public safety, health, and welfare 

(ASCE, 2021). The International City/County Management Association (ICMA) acknowledges 

that infrastructure can include both economic and social infrastructure assets (Chen & Bartle, 

2017). Examples of economic infrastructure managed by a local city or county government include 

roads and bridges, water supply, sanitary sewer systems, and natural gas lines. Examples of social 

infrastructure managed locally are schools, hospitals, correctional facilities, government offices, 

libraries, and parks. 

Resiliency in critical infrastructure refers to the capacity to plan for, prepare for, mitigate, 

and adapt to evolving conditions caused by hazards, allowing for the swift recovery of physical, 

social, economic, and ecological systems (ASCE, 2021). Enhancing resilience involves instilling 

the physical infrastructure and social systems with the capacity to change and adapt at a moment’s 

notice while working interdependently with one another. 

Comparing Sustainability and Resilience 

Sustainability is often used synonymously with resilience, and while there is some shared meaning 

in the definitions, it is important to decouple their use. Sustainability in critical infrastructure is 

defined by ASCE as infrastructure that is planned, designed, and constructed in a manner that 
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balances environmental, social, and economic benefits through the project’s life cycle (ASCE, 

2023). The three spheres of sustainability, environmental (planet), social (people), and economic 

(profit), combine into what is known as the “Triple Bottom Line”. The Triple Bottom Line overlaps 

in ASCE’s definitions of resilience and sustainability, but the two concepts are ultimately different 

from one another. Resilience is event-driven, focusing on the response to an event (preparation for 

the short-term), and sustainability is resource-driven, focusing on resource conservation and 

management (endurance for the long-term). Figure 1.1 shows the Triple Bottom Line and 

sustainability as a function of resilience, where the more sustainable system is the one that loses 

less critical functionality during an economic, environmental, or social disturbance.  

 

Figure 1.1. Sustainability as a component of resilience, from Marchese et al. (2018). 

Posing resilience in this way puts functionality during and after a disturbance as the primary 

objective. Increases in economic, environmental, or social wellbeing will increase the resilience 

of the system’s functionality. In this framing, increasing system sustainability will increase system 
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resilience, but increasing system resilience will not necessarily increase system sustainability 

(Marchese et al., 2018).  

 

 Resilience and Non-Stationarity 

Historically, if infrastructure has been designed with resilience in mind, it has been under the 

assumption that future conditions will be the same as the past. This “stationary” resilience 

approach has been implemented with well-researched, well-quantified hazards, such as 

earthquakes and large temperature fluctuations (Reid, 2022; Hill & Ayyub, 2019), and is aimed at 

enabling infrastructure systems to return to their previous state following a disruption or hazard. 

Designing, maintaining, and operating infrastructure to account for “non-stationarity” is 

addressing uncertain factors that are not fully quantified yet in a multidimensional context, like 

the increasing intensity of weather hazards, the acceleration of technology advancements and 

associated demand on natural resources, and urbanization (Sarhadi et al., 2018; Hill & Ayyub, 

2019). Planning for non-stationarity allows infrastructure the flexibility to respond to varying 

conditions to be successful, which is what resilience demands (Chester & Allenby, 2019). The 

question that engineers, policymakers, city planners, and government officials continue to ask is 

which non-stationary factors or conditions, such as the level of climate change risk, should or can 

be considered when implementing resilience strategies. 

 The Significance of Resilient Infrastructure in Local Governments 

Mayors across the U.S. have stated the importance of infrastructure improvements and developing 

plans for “climate-ready infrastructure” (National League of Cities, 2023), because infrastructure 

success directly relates to economic development, public health, and government budgets. The top 

three infrastructure areas that U.S. municipalities are most focused on are streets and roads, water, 
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sewer, and reclamation systems, and finally, power utility systems (National League of Cities, 

2022). In a 2019 national survey, researchers found that COVID-19 pushed local government 

officials to adopt an adaptive management approach that led to decisiveness and efficiency of 

government operations (Dzigbed et al., 2020). Weather-related natural disasters require an 

efficient emergency response and economic recovery, which necessitates financial resources and 

a disaster mitigation plan in place before disaster strikes. However, the research shows that local 

governments with a budget of less than $100 million are generally less prepared for weather-related 

disasters (3.1 out of 7) than governments with a budget greater than $100 million (4.8 out of 7).  

 Structure of Thesis Chapters 

This thesis consists of seven chapters that explain the development of the Guide and Matrix for 

local governments in Georgia to use to incorporate resilience in their infrastructure portfolio. 

Chapter 2 provides background on the state of infrastructure resilience in Georgia. Chapter 3 

contains a broader, national review of the current state of U.S. infrastructure, the state of resilience 

in infrastructure, and various guides and frameworks that support resilience implementation. 

Chapter 4 explains this thesis’s research objectives and significance. Chapter 5 details the research 

methodology used to conduct and create the survey, interviews, and resource guide. Chapter 6 

discusses research findings and outcomes, and Chapter 7 contains the conclusion and further fields 

of study within this research area. The appendices contain supplementary material used to develop 

this research, as well as the Guide and Matrix for the Georgia Chapter of the American Public 

Works Association (APWA) and Georgia’s local governments. 
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Background 

Economics of Infrastructure 

It is important to distinguish between the different types of goods and services that the public 

sector provides, as each is financed differently. While private business and governments can offer 

similar types of goods and services, the management approaches of those products differ. For 

example, government services are difficult to assign direct value to, since, in most cases, the 

community does not complete a direct transaction for the service. On the other hand, the private 

sector must assign a price to their goods and services to derive a profit.  

Economic goods can be measured in two dimensions: exclusivity and exhaustibility. An 

exclusive good requires consumers to pay for its use, whereas a non-exclusive good is available 

free of charge. An exhaustible good is one that comes in limited supply or capacity, whereas a 

non-exhaustible good can be used by all without restricting its core function. Table 2.1 presents 

the four types of economic goods with examples relevant to the scope of this document. 
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Table 2.1. Four Categories of Economic Goods in the Context of Infrastructure, Occupancy 

Considerations Forgone, adapted from “The Elements of Nonappropriability” from Mikesell, 

2010. 

 Exclusive Non-Exclusive 

Exhaustive Private Good 

• Power 

• Residential Drinking Water from 

City Supply 

Common Good 

• Groundwater 

Non-Exhaustive Toll Good 

• Toll Roads & Bridges 

• Sanitation Services 

• Stormwater System with Rates or 

Fees 

• Sanitary Sewer System with Rates 

or Fees 

Public Good 

• Public Roads & Bridges 

• Public Parks 

• Public Buildings 

• Free-use Stormwater 

System 

• Free-use Sanitary Sewer 

System 
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Many different arguments can be applied to the categorization of infrastructure goods and services, 

such as public/private water use (Goodwin et al., 2023) and the production/provision dichotomy 

(Mikesell, 2011). 

 Accounting Mechanisms of Public Goods 

Local governments operate using various types of funds: governmental funds, proprietary funds, 

and fiduciary funds (Reed & Swain, 1997). It is important to clarify these terms and mechanisms 

in order to gain a better understanding of the financial structures relevant to infrastructure projects. 

Governmental funds include the general fund, special revenues, capital projects, and debt service 

funds. Proprietary funds consist of enterprise funds and internal service funds. Fiduciary funds 

consist of agency funds and trust funds. Public infrastructure is typically financed/accounted for 

through governmental funds, like special-purpose local-option sales taxes (SPLOST), grants, the 

general fund, or proprietary/enterprise funds. Governments follow the Generally Accepted 

Accounting Principles (GAAP) as the financial reporting standard, but the way in which 

governments prepare their budgets varies from city to city, under the assumption that it is a legal 

process. 

A local government does not seek to profit from direct user fees for non-exclusive, 

inexhaustible goods, like a public pool. While citizens might contribute indirectly to these public 

goods through income, sales, and property taxes, which are directed to the governmental fund, 

they are not paying directly for the operational costs of a public good. This structure creates 

competition for funding, which may come from federal infrastructure grants or be allocated 

amongst other public goods within the same government. Publicly provided “private goods”, like 

water, sanitary sewer, and storm sewer are usually accounted for in an enterprise fund. Enterprise 

funds have distinct financial reporting and accounting tools from other government expenditures, 



8 
 

which outline direct and indirect costs to customers. This allows governments to set service prices 

that reflect the significant capital investments made in these systems (Reed & Swain, 1997). 

 Special-Purpose Local-Option Sales Tax (SPLOST) 

Since 1985, Georgia counties can vote on the adoption of a special-purpose local-option sales tax 

(SPLOST) to fund specific capital projects in a district (ACCG, 2016). A SPLOST is a one percent 

county sales tax imposed on items in a special district, which is defined by the municipalities or 

counties that choose to participate and receive funding. All counties and eligible municipalities 

can receive SPLOST funds. SPLOST revenue can be used to fund long-term capital improvement 

plans (CIPs), such as road construction, bridge repairs, sidewalk installations, surface/stormwater 

drainage improvements, and public buildings or facilities, or to pay off general obligation debt. In 

addition, Georgia offers transportation-SPLOST (TSPLOST) and education-SPLOST (ESPLOST) 

as specialized options to fund transportation and educational infrastructure improvements within 

a special district. SPLOST funds can also be used to repair CIPs damaged by natural disasters, 

providing cities and counties with an infrastructure resilience opportunity.  

 Current State of Infrastructure in Georgia 

ASCE publishes an infrastructure report card for each U.S. state that grades infrastructure based 

on the factors of capacity, condition, funding, future need, operation and maintenance (O&M), 

public safety, innovation, and resilience. In 2024, Georgia received a “mediocre” C+, which it 

maintained from the previous report card in 2021, meaning that the infrastructure within the system 

is in “fair to good condition” and shows “general signs of deterioration and requires attention”, 

with some elements exhibiting “deficiencies in conditions and functionality, increasing 

vulnerability to risk” (ASCE, 2021). Figures 2.1 and 2.2 show the 2024 and 2021 grades in Georgia 

broken down by category.  
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Figure 2.1. Georgia’s 2024 Infrastructure Report Card by Category, from ASCE (2024). 

 

Figure 2.2. Georgia’s 2021 Infrastructure Report Card by Category, from ASCE (2021). 

According to ASCE, Georgia's nearly 11 million residents continue to benefit from increasing 

infrastructure investments, attracting businesses due to expanding airports, improved road 
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networks, and a diverse energy portfolio. Improvements have been made in the transit, port, and 

dam infrastructure categories, but rapid growth brings challenges. Atlanta is still the 10th most 

congested city in the U.S., transit costs are higher than transit revenue, and utility rates have not 

kept up with national cost increases. Road fatalities have also increased, reflecting ongoing 

infrastructure and safety issues. 

 State of Resilience in Georgia  

The Hazards Vulnerability & Resilience Institute at the University of South Carolina published 

the Baseline Resilience Indicators for Communities (BRIC) Index in 2010, 2015, and 2020 for the 

continental U.S. While multidimensional frameworks are a more accurate and nuance-permitting 

method to measure resilience over composite resilience indicators (South et al., 2018), the BRIC 

index is a mature and replicable methodology that makes the concept more digestible and easier 

to understand (Bakkensen et al., 2016). The BRIC Index (not affiliated with the BRIC funding 

program) quantitatively assesses community resilience across six categories: Human Well-

Being/Social, Economic/Financial, Infrastructure/Housing, Institutional/Governance, Community 

Capacity, and Environmental (Cutter et al., 2014). The categories most associated with physical 

infrastructure assets are Housing/Infrastructure, which measures variables like sturdier housing 

types, high-speed internet infrastructure, and housing stock construction quality; 

Institutional/Governance, which measures variables such as mitigation spending, flood insurance 

coverage, and population stability; and Environmental/Natural, which measures variables like 

efficient energy and water use and pervious surfaces. The index data is sourced from federal 

databases and standardized to create the resilience scores (0 being low resilience to 6 being high 

resilience) for each county. Figures 2.3 and 2.4 show Georgia’s BRIC indices in 2015 and 2020 in 

comparison with the nation and within the state. 
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Figure 2.3. Community Resilience BRIC Indices for 2015 for each county in the State of 

Georgia, in comparison with the rest of the Nation and within the State, from the University of 

South Carolina (2015a).  
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Figure 2.4. Community Resilience BRIC Indices for 2020 for each county in the State of 

Georgia, in comparison with the rest of the Nation and within the State, from the University of 

South Carolina (2020b).  

Areas around Atlanta, Macon, and Augusta, have the highest BRIC indices. Coastal Georgia 

counties have high indices, which showcases the effectiveness of their infrastructure amidst the 

frequent and intense hazards they experience. When looking at the county comparison within the 

Nation, most of the counties in Georgia move down an index (High to Medium-High, Medium-

Low to Low), demonstrating that, on average, Georgia’s overall community resilience falls behind 

that of the rest of the country. When comparing the 2015 and 2020 BRIC Indices, twenty-six 
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counties increased their index in the Housing/Infrastructure category, 13 counties increased their 

index in the Institutional Category, and only all but one decreased their Environmental index. 

Every county in Georgia, except for McDuffie County, decreased its overall resiliency score. 

When looking at the national BRIC scores between 2015 and 2020, 94.5% of counties decreased 

their total resiliency score. The average 2020 BRIC score in Georgia and the nation is 2.508 and 

2.592, respectively. 

Georgia's resilience to hazards like flooding, drought, and environmental stressors has 

declined in recent years, with many counties falling behind national averages in key areas such as 

infrastructure, governance, and environmental sustainability. While there have been some 

improvements in housing and institutional resilience, the overall trend points to a need for greater 

investment and coordination. Measuring resilience both quantitatively, through indices that assess 

infrastructure and environmental factors, and qualitatively, through stakeholder engagement, 

reveals the importance of bridging gaps between planning and implementation to strengthen the 

state's hazard preparedness. 

 State of Infrastructure Resilience in Georgia 

 At UGA 

The UGA Institute for Resilient Infrastructure Systems (IRIS) expands the traditional definition of 

infrastructure to include natural infrastructure that provides public goods and services, like air and 

water purification from forests, flood storage and carbon sequestration from marshes and wetlands, 

and protection for communities against natural disasters from shorelines and barrier islands 

(Stanford et al., 2024).  IRIS’s action items include research, outreach, practice, education, and 

community partnerships to advance resilience through the integration of natural and conventional 

infrastructure systems. IRIS collaborates on research and implementation projects with a myriad 
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of organizations, such as Ducks Unlimited, the U.S. Army Corps of Engineers (USACE), ASCE, 

and over a dozen local communities and military installations.  

Recent research includes a 2023 IRIS collaboration publication in the Journal of the 

American Water Resources Association that offered recommendations for improving water 

infrastructure resilience along the I-85 corridor, addressing challenges despite reduced per capita 

consumption (Jackson et al., 2023). The research explored various strategies, such as enhancing 

water-use efficiency, implementing closed-loop systems like Clayton County’s wastewater 

treatment for drinking water, adopting green infrastructure, and utilizing inter-basin transfers, 

while acknowledging the associated environmental, political, and social challenges. Additionally, 

a 2024 IRIS Legal, Regulatory, and Policy primer on levee setbacks explained their 

implementation in government agencies, various funding opportunities, and their regulatory 

considerations (Huang & Shudtz, 2023). IRIS has also implemented a natural stormwater 

infrastructure feature in Hinesville, GA’s downtown park, which delivers extensive social, 

economic, educational, and environmental advantages (IRIS, n.d.).  

 In the State of Georgia 

IRIS and the Pew Charitable Trusts hosted the Georgia Resilience Roundtable at the Atlanta 

Regional Commission in December 2023. The event brought together stakeholders from state 

agencies, city planners, Georgia Power, private companies, and the US DOT to discuss advancing 

resilience efforts across Georgia. Consensus points included the importance of engaging 

communities in hazard mitigation planning, bridging the gap between planning and 

implementation, and promoting cross-disciplinary partnerships, especially to address the challenge 

of organizational turnover (IRIS, 2023). 
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Georgia’s progress in resilience demonstrates local support, various funding pathways, and 

evolving approaches to defining and implementing resilience. The Georgia Environmental Finance 

Authority (GEFA) and the Family of Companies are spearheading a $507 million initiative to 

enhance grid resilience and clean energy development in Georgia (DOE, 2023). This 

transformative project focuses on upgrading smart grid infrastructure, including the installation of 

80 miles of new transmission lines to connect communities, advanced grid control systems, and 

substantial investments in battery storage and local microgrids, which will improve reliability and 

service in remote and underserved communities. 

In 2013, St. Marys, Georgia, was selected for coastal flooding resiliency planning by 

NOAA’s National Sea Grant Program, with support from the University of Georgia and Georgia 

Sea Grant (Gambill et al., 2017). The city had experienced severe flooding from tidal surges, 

highlighting the need for enhanced flood management. As part of its response, St. Marys joined 

the Community Rating System (CRS) in 2016—a voluntary FEMA program that rewards 

communities for exceeding minimum floodplain management standards, leading to reduced flood 

insurance premiums for high-risk areas. By October 2023, the city had improved its CRS rating 

from Class 7 to Class 6, increasing premium savings to 20% and saving residents nearly $87,000 

annually, while also focusing on preserving open space, enforcing construction standards, and 

providing flood information. In 2024, 90% of Georgia’s 655 communities participated in the 

National Flood Insurance Program, and 58% of those communities also participated in the CRS 

(ASCE, 2024). 

Examples of projects in transportation resilience include August-Richmond County being 

awarded $1.7 million to plan a new bus transfer facility for August Transit, replacing the current 
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facility and enhancing it with electric vehicle charging infrastructure and improved safety (Georgia 

Municipal Association, 2024).  

 Infrastructure Funding Opportunities in Georgia 

In Georgia, infrastructure improvements are supported by a combination of federal, state, and local 

funding programs. The funding opportunities in this section were chosen to be highlighted based 

on their relevance to infrastructure resilience and their demonstrated impact in Georgia, 

particularly following the passage of the Infrastructure Investment and Jobs Act (IIJA). Priority 

was given to programs that provide substantial or targeted support for local governments, 

especially those focused on resilience adaptation and equity. 

Since 1970, the share of U.S. state and local spending dedicated to capital investment in 

infrastructure has significantly decreased, dropping from around 24% to 16%, with the lowest 

point reached during the COVID-19 pandemic (U.S. Department of the Treasury, 2024). The 

passing of IIJA in 2021, which allocates $1.2 trillion of federal funding to energy, transportation, 

and climate infrastructure projects, has increased this share by 1.6 percentage points in the past 

two years. As of March 2024, $10.2 billion is being directed toward 473 specific projects in 

Georgia (The White House, 2024). The announced funding includes, but is not limited to, $5.6 

billion for roads, bridges, and roadway safety, $486 million for water infrastructure improvements, 

$692 million for public transportation improvements, $706 million for clean energy, energy 

efficiency, and power, and $304 million for infrastructure resilience, including $96 million for 

flood mitigation through the USACE. 

There are several federally funded programs specifically targeted at increasing 

infrastructure resiliency in America. The Building Resilient Infrastructure & Communities (BRIC) 

program was created through the Disaster Recovery Reform Act of 2018 and awards grants to 
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communities through FEMA for capacity and capability building (Georgia Emergency 

Management and Homeland Security Agency). The Rebuilding American Infrastructure with 

Sustainability and Equity (RAISE) program splits its funding between rural and urban areas and 

has provided significant funding to persistently disadvantaged areas. The grant allocated $29 

million dollars to six Georgia cities for various infrastructure projects, some projected to begin in 

2026, at the earliest. Most of the projects awarded in Georgia are for neighborhood connectivity, 

street improvements, and transit efficiency (Georgia Municipal Association, 2024).  

For large-scale capital improvements in stormwater systems, municipalities and state 

entities often rely on enterprise fund revenue, general obligation bonds, and federal resources 

(ASCE, 2024). One key federal resource is the Environmental Protection Agency’s (EPA) Clean 

Water State Revolving Fund (CWSRF), which has been instrumental in financing over $2.2 billion 

in national stormwater projects since its inception in 1987. CWSRF funding has increased 

dramatically, from $58 million in 2012 to $387 million in 2019, with a growing focus on green 

infrastructure. The FY24 CWSRF allocated over $95 million to the state of Georgia. The EPA’s 

Water Infrastructure and Finance Innovation Act is another critical federal mechanism, with 

significant loans provided to stormwater infrastructure projects. The Community Development 

Block Grant (CDBG) is a grant program through the Department of Housing and Urban 

Development that targets cities and counties to develop urban communities. This includes funding 

for the construction of water and sewer facilities that help expand the capacity of a growing city 

or county (HUD). 

The Georgia Department of Transportation (GDOT) budget is funded through federal and 

state resources (ASCE, 2024). Federal transportation funding primarily comes from the Highway 

Trust Fund, which has benefitted from recent infusions from the IIJA. The IIJA will provide stable 
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funding through 2026, ensuring the continuation of vital roadway projects. State funding is 

supported by the Transportation Funding Act of 2015 and the Transportation Investment Act, 

which have collectively provided billions of dollars for transportation projects across Georgia. 

GDOT's Statewide Strategic Transportation Plan and the Major Mobility Investment Program are 

key initiatives that benefit from this funding, helping the state to tackle critical projects like the I-

285/I-85 bottleneck and the I-85 widening projects. The Local Maintenance and Improvement 

Grant (LMIG) is a state-level program that allocates funding based on total centerline road miles, 

providing financial assistance to 576 projects in FY23 (GDOT, 2024).  

Wastewater infrastructure funding largely comes from sewer user fees and connection fees 

and is supplemented by federal programs like the CWSRF (ASCE, 2024). GEFA is also key in 

financing wastewater projects by offering low-interest loans and leveraging federal funds to 

support over $4 billion in stormwater and sanitary sewer improvements since 1985. 

Bridge maintenance and replacement in Georgia are also heavily reliant on federal funding, 

primarily through the Highway Trust Fund and additional allocations from the IIJA (ASCE, 2024). 

The IIJA will direct, at a minimum, $45 million annually to each state for bridge replacement and 

rehabilitation, which will be distributed through the Bridge Formula Program (BFP). The Bridge 

Investment Program (BIP) is a competitive grant option for bridges on the National Bridge 

Inventory. The Promoting Resilient Operations for Transformative, Efficient, and Cost-saving 

Transportation (PROTECT) Program and Rural Surface Transportation Grants can also be used to 

fund bridge resilience projects.  

Public buildings and facility improvements, such as those in parks and schools, can be 

funded from sources like SPLOST, federal grants, and state grants. Public parks in Georgia benefit 

from federal grants such as those from the National Land and Water Conservation Fund and 
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projects funded by the Trust for Public Land. These programs have supported the development of 

public spaces, contributing to the state's commitment to preserving green spaces and providing 

recreational areas for residents. For K-12 schools, Georgia’s 2024 budget allocated $13.1 billion 

to the Quality Basic Education program, though inflation and cost-of-living increases present 

ongoing challenges. Local property taxes play a significant role in supplementing state funding, 

but disparities in local tax revenues can lead to varying levels of support across districts, impacting 

the quality and availability of educational facilities (ASCE, 2024). 

Grid transmission and distribution (T&D) systems are undergoing significant upgrades to 

enhance reliability and resilience in Georgia. Georgia Power Company's recent Grid Investment 

Program, supported by $1.3 billion from 2020-22 and an additional $7 billion planned for 2023-

25, focuses on improving distribution and substation assets (ASCE, 2024). The Inflation Reduction 

Act (IRA) of 2022 and federal programs like the Grid Resilience and Innovation Partnerships 

further support these efforts, offering loans and grants for renewable energy projects and grid 

improvements, particularly in disadvantaged areas. 
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Literature Review 

This literature review began by examining the evolution of resilience in infrastructure and the 

increasing volume of resilience literature. The next step was to assess the state of U.S. 

infrastructure using the ASCE National Report Card and supporting resources. The review then 

analyzed resilience definitions and practices within each infrastructure sector, including real-world 

examples and case studies that display the efficacy of resilient infrastructure. Finally, an analysis 

of current resilience-focused guides and frameworks and the visualizations they provide to 

communicate resilience opportunities was conducted. Many papers were found based on searches 

in Google Scholar and UGA Libraries using the keywords Resilient infrastructure, Local 

government, Infrastructure financing mechanisms, Resilience decision-making, Public works, and 

Climate change impact. The case studies and resilience guides for this literature review were 

selected using local government websites and databases from reputable sources that apply 

engineering strategies to tackle climate resilience, such as the EPA’s Creating Water Resilient 

Utilities database, American Society of Landscape Architects case study database, and the NOAA 

Climate Resilience Toolkit. The purpose of synthesizing this literature is to inform the 

development of a comprehensive resilience resource guide.  

History of Infrastructure Resiliency in the U.S. 

Infrastructure resilience in the United States began to evolve in the late 1980s (Fisher et al., 2018). 

Figure 3.1 shows the progression of the focus phrases during the resilience evolution in the U.S. 

The gradual thickening of the dashed line across the top of the figure represents the attention 

growing for infrastructure resilience through time. 
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Figure 3.1. Progression of the Phrases of Focus in Resiliency in the United States, from Fisher et 

al. (2018). 

U.S. resilience policies have evolved, starting with cybersecurity and critical infrastructure 

protection in the 1990s, and then expanding to include national disasters after 9/11 and Hurricane 

Katrina. The current "Holistic Resilience" period emphasizes a comprehensive approach, 

integrating community, organizational, social, and personal resilience perspectives. The U.S. 

formally recognized the importance of resilience in its 2010 National Security Strategy, expanding 

its focus from physical and cyber threats to a broader range of disruptions.  

Liu et al. (2022), a comprehensive literature review of infrastructure research published on 

the Web of Science and Scopus, shows that the frequency of publications over infrastructure 

resilience dramatically increased from 2011 to 2021 (see Figure 3.2). Nearly half of all selected 

studies, drawn from a diverse array of journals, concentrated on the issue of resilience and how it 

pertains to critical infrastructure and interconnected systems broadly. The remaining half focused 

on specific infrastructure types, such as power systems, transportation services, and roadways. 
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Figure 3.2. Number of Publications on the topic of Infrastructure Resilience over time, from Liu 

et al. (2022). 

The paper notes that one of the most probable reasons for the large uptick in publications in 2020 

is the large number of natural disasters that have sparked a frenzy of studies in the research 

community. 

 Current State of Infrastructure in the U.S. 

ASCE publishes a nationwide scorecard every four years for each infrastructure sector. In 2021, 

the nation received an overall letter grade of C-, meaning the general state of infrastructure was 

“mediocre and showed general signs of deterioration that require attention”. ASCE recommends a 

strong focus on resilience to raise the national infrastructure grade, The following sections explain 

the nationwide grades received by ASCE in 2021 for specific infrastructure categories that are 

generally provided, operated, and/or maintained by local governments (Chen & Bartle, 2017). 

 Stormwater Systems 

ASCE graded stormwater systems a D, meaning “Poor, At Risk” and “approaching the end of their 

lifespan” (ASCE, 2024). Traditional concrete structures, like drains and ditches, green 
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infrastructure, and natural riverine systems are examples of what ASCE classifies as stormwater 

infrastructure. ASCE estimated that there are 3.5 million miles of storm sewers and 270 million 

storm drains, though national stormwater system record-keeping is poor; only 40% of stormwater 

utilities had mapped their systems as of 2018. From 2004 to 2014, the average cost of damages 

from urban flooding was $9 billion in direct damages. The typical lifespan of detention and 

retention ponds ranges from 20 to 30 years, and conveyance systems range from 50 to 100 years. 

Systems that were constructed in 1970 or prior have met or exceeded their usable lifespan.  

 Drinking Water Distribution Systems 

Drinking water infrastructure received a C- on the 2021 ASCE Report Card. ASCE’s analysis 

covers drinking water distribution pipes but does not analyze the state of water treatment plants 

(WTP). The average American uses 82 gallons of water per day, totaling approximately 39 billion 

gallons of water withdrawn daily from surface water and groundwater bodies. Efficiency 

improvements are helping to reduce water consumption; from 2010 to 2015, water usage declined 

by 3% even with a 4% increase in the U.S. population. The U.S. distribution system includes over 

2 million miles of pipe, much of which is aging and deteriorating, experiencing a water main break 

every two minutes. Water utilities have increased the annual rate of pipe replacement from 0.5% 

in 2015 to between 1% and 4.8% in 2019. However, the nation still loses at least 6 billion gallons 

of water daily due to leaks, which cost approximately $7.6 billion in 2019 (ASCE, 2021). 

 Wastewater Systems 

Wastewater systems, including wastewater treatment plants (WWTP) and sanitary sewers, 

received a D+ from ASCE. Publicly owned WWTPs serve 80% of Americans, while the other 

20% rely on smaller-scale services, like septic tanks. WWTPs across America are, on average and 

regardless of size, operating at 81% of their total capacity and 15% of plants are exceeding 81%. 
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Wastewater pipe maintenance is performed following a system failure 38% of the time, with the 

other 62% of maintenance performed preemptively before a failure. The average age of drinking 

water and wastewater pipes in the U.S. is 45 years, with some exceeding 100 years old. These 

aging systems, expected to last between 50 and 100 years, often experience problems like inflow 

and infiltration, which can result in combined sewer overflows (CSO). Spending on WWTP O&M 

nationwide has increased by 4% annually from 1993 to 2017, but the replacement of sanitary sewer 

pipes has remained steady since 2017 (ASCE, 2021). 

 Levees 

ASCE gave the nation’s coastal and inland levee system a grade of D. Twenty-three million people, 

seven million buildings, five million acres of farmland, and two trillion dollars’ worth of property 

are protected by levees in the USACE (USACE National Levee Database).  This does not include 

the estimated 10,000 miles of levees outside the purview of USACE, whose exact conditions and 

locations are unknown due to varying ownership. According to the National Levee Database, the 

average age of U.S. levees is sixty years old. As of March 2019, three-quarters of levees in the 

USACE portfolio have undergone risk assessments, revealing that while most levees are low risk, 

about 45% of the population lives behind high- or very high-risk levees, and approximately 30% 

of FEMA-accredited levees in the USACE portfolio are classified as moderate, high, or very high 

risk (ASCE, 2021).  

 Roads 

The ASCE Report Card scored roads a D. With vehicle miles traveled surpassing 3.2 trillion in 

2019, an 18% increase since 2000, these roads face the consequences of growing traffic volumes 

(ASCE, 2021). As displayed in Figure 3.3, 43% of public roadways are in poor or mediocre 

condition, which has remained steady over the past several years (TRIP, 2021). 
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Figure 3.3. Proportion of Roadways Conditions of all U.S. Roads, from TRIP (2021). 

This proportion of roadways tends to affect urban and rural collector roads more than the non-

interstate system, which is in comparatively better condition. Additionally, vehicle miles traveled 

on roads in poor condition have increased from 15% to over 17% in the past decade (ASCE, 2021) 

Underfunded roadway maintenance and construction have caused a backlog of capital needs 

totaling $786 billion, including $435 billion for existing road repair and $105 billion for safety, 

operational, and environmental improvements. Current spending levels would have to be raised by 

29% to close this investment gap.  

 Bridges 

Bridges scored a C on the ASCE report card. Over the past decade, government efforts have 

significantly reduced the number of structurally deficient bridges in the U.S., at 7.5% in 2019 

compared to 12.1% ten years ago (ASCE, 2021). A “structurally deficient” bridge is one that has 

a key element, either the deck, superstructure, substructure, or culvert, in poor condition. Despite 
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this progress, nearly 231,000 bridges still need repairs, and the annual reduction rate has slowed 

to 0.1%. In 2023, there were 42,400 structurally deficient bridges supporting over 167 million 

daily trips. At the current pace, it will take over 50 years to repair all deficient bridges, which is 

currently unachievable given the increasing rate of deterioration and lack of sufficient funding. 

Challenges in bridge maintenance vary across states, with structurally deficient bridges 

ranging from 1% in Nevada to 22% in Rhode Island in 2019. Additionally, 42% of the nation’s 

bridges are over 50 years old, with 12% of bridges at 80 years or more of operation. Many bridges 

will soon need significant replacement or rehabilitation as they reach or exceed their 50-year 

service lifetime (ASCE, 2021). 

 Energy Systems 

Energy received a C- in the ASCE Report Card, noting the need for more funding, planning, and 

reliability to match the growing demand from a constantly changing energy sector (ASCE, 2021). 

T&D systems in the U.S. struggle with reliability. The nation’s grid is aging, with many 

components, including 70% of T&D power lines, creeping towards the end of their 50-year 

lifespan and in need of refurbishment or replacement. The aging distribution system is the source 

of 92% of all electrical outages and must face damage from weather events and vandalism. 

Increased use of renewable energy and natural gas sources requires T&D system construction and 

integration to connect the electricity to the customer.  

Yearly transmission spending on high voltage lines surged by 40% from 2012 to 2017, 

from $15.6 billion to $21.9 billion. Meanwhile, yearly distribution spending increased 54% from 

2001 to 2021, from $31 billion to $51 billion. The IIJA dedicates billions of dollars to programs 

within the Department of Energy that are focused on hazard hardening, grid resilience, and 

incentives for renewable energy generation (U.S. Department of Energy Grid Deployment Office). 
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Despite this funding, the investment gap for generation, transmission, and distribution continues 

to grow and tracks to reach $197 billion by 2029.  

 Public Facilities 

Public facilities, such as parks, libraries, schools, government buildings, and community centers, 

are recognized by 83% of Americans as a part of a community’s infrastructure, and in the same 

poll, 83% of survey respondents argued that investment in public buildings is as crucial as 

investment in bridges and roads (American Institute of Architects, 2017). Public parks and public 

schools both received a D+ on ASCE’s 2021 Report Card (ASCE, 2021). Local parks and 

recreation facilities in America collectively generate hundreds of billions of dollars of economic 

activity, but in the past decade, public parks have seen a 9% increase in maintenance backlog due 

to aging facilities and limited resources. Schools are the second largest sector of public 

infrastructure spending, behind highways, and yet there is still a $38 billion annual funding gap 

that has caused over a third of the nation’s schools to employ portable buildings/trailers due to 

capacity constraints. There is no formal database on K-12 public school infrastructure. 

 Resilient Infrastructure in the U.S. 

 Stormwater Systems 

Cities and counties are incorporating resilience to increase the lifespan and efficiency of their 

stormwater systems. A resilient stormwater system, according to ASCE, can adapt to climate 

change effects by integrating grey infrastructure (pipes, drains, gutters, etc.) and green 

infrastructure (rain gardens, green roofs, permeable pavement, natural areas) that is supported by 

real-time data and innovative practices. Resilient stormwater infrastructure should be designed and 



28 
 

maintained keeping in mind future growth, asset management protocols, and potential reuse of 

stormwater (ASCE, 2021). 

Flood Action Alexandria is an initiative in Alexandria, VA as part of their resilience plan 

designed to protect residents from flooding through various programs and actions. It includes 

storm sewer capacity projects identified in a 2016 analysis, which prioritized the top 11 projects 

for funding to address significant flooding issues. “Spot improvement” projects are funded as part 

of the initiative to manage localized flooding and contribute to the resilience of the entire 

stormwater system. Additionally, the initiative focuses on public outreach, educating residents on 

best practices to prevent sewer backups, and includes an Emergency Operations Plan for major 

emergencies (City of Alexandria, 2021). 

The Green City, Clean Waters initiative in Philadelphia is a comprehensive plan launched 

in 2011 to improve the city's stormwater management through green stormwater infrastructure 

(GSI) solutions and low-impact development. Since its inception, the program has successfully 

implemented over 10,000 green stormwater management practices, such as rain gardens, green 

roofs, and permeable pavements, which have collectively kept nearly three billion gallons of 

stormwater runoff and sewer overflow out of surface water bodies. This initiative uses 

decentralized, nature-based solutions that are adaptable, reduce flood risk, and improve water 

quality, therefore increasing Philadelphia’s stormwater infrastructure resilience (Philadelphia 

Water Department, 2024). 

GSI can also be used to reduce the need for traditional flow detention/retention methods. 

The EPA shows that green roofs on existing NYC building roofs had effective rainfall retention; 

vegetated mats, built-up systems, and modular tray systems demonstrated 37-60%, 49-66%, and 

47-61% rainfall capture, respectively (U.S. EPA, 2015). Data from green roofs at Pennsylvania 



29 
 

State University demonstrated that a 3.5-4-inch-deep green roof can retain over half of the annual 

precipitation in the Northeast (U.S. EPA, 2015). A combination of GSI at Elmhurst College in 

Elmhurst, IL were designed together to help store flows for the 100-year storm event (ASLA, 

2012). Performance analysis from the combination of porous pavement, a rain garden, a bioswale, 

and a 35,000-gallon underground shows that the ~$1,000,000 project successfully stores the 2-

year storm event, where the water can infiltrate into the soil and become a source for the nearby 

Salt Creek. Similarly, after a devastating flood in 1999, Two Harbors, Minnesota, sought to reduce 

future flood damage and water pollution entering Lake Superior by implementing a resilient 

stormwater management plan. The city invested $80,000 in three flood control basins, two 

streambank stabilization projects, and a rain garden to manage runoff. As a result, Two Harbors 

sustained only minor damage during the 2012 "Solstice Flood" while surrounding areas faced $100 

million in damage, and remained mostly unscathed during a 2018 storm that caused $18.4 million 

in damage to nearby communities (Alvis et al., 2024). 

Another way to improve stormwater resilience is through floodplain reconnection and 

restoration. Nashville, Tennessee’s Metro Water Services’ Stormwater Division manages a 

voluntary Home Buyout Program that identifies flood-vulnerable homes and offers homeowners 

fair market value to relocate, returning the land to its natural floodplain and reducing flood risk. 

This program, funded by FEMA, TEMA, and USACE, saw increased participation after severe 

flooding events in 2010 and 2021. In total, the program has bought out 421 homes and 470 parcels 

to improve the community’s resilience (EPA Creating Resilient Water Utilities, 2024). 

 Drinking Water Treatment and Distribution Systems 

Resilience within a drinking water system is essential to maintaining the most essential resource 

for public health, water, in both day-to-day operations and emergency situations. Water treatment 
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and distribution systems should be able to withstand and quickly recover from emergencies while 

ensuring a level of water service suitable for human consumption (EPA, 2024). Examples of 

resilience measures in drinking water infrastructure are installing backup power at water treatment 

facilities, weatherizing residential water connections with meter keys and hose covers, deploying 

advancement metering infrastructure, and regularly servicing and checking equipment (Tiedmann 

et al., 2023). Following the Texas Winter Storm Uri, more than 50% of drinking water utilities 

noted frozen infrastructure, facility power outages, and generator problems as a gap in resilience 

at their plants. Fifty percent or more of water utilities identified backup power, 

treatment/operational changes (use of alternative chemicals for treatment, thoughtful adjustments 

to valves and pumps), Supervisory Control and Data Acquisition (SCADA) systems, and/or 

sufficient chemical inventories as a source of resilience at their plants. While many utilities did 

not observe significant effects on wastewater infrastructure, the resilience strategies could also be 

effectively applied to wastewater systems.  

 Resilience can also be implemented throughout stages of the treatment and distribution 

process. In South Burlington, VT, the Champlain Water District (CWD) provides drinking water 

to 83,500 people through 56 miles of distribution lines. With concerns over rising water 

temperatures in their sole water source increasing the presence of nitrifying bacteria in the 

distribution system, CWD has implemented and iterated on a Clean Water Resiliency Plan. This 

plan has included projects like increasing chloramine dosages during summer months to maintain 

a higher disinfection residual, increasing tank sampling frequency to detect nitrifying bacteria, and 

adjusting system operation and management to ensure more effective tank turnover (EPA Creating 

Resilient Water Utilities, 2023). 
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Supply chain resilience is also a way to ensure proper levels of treatment when certain 

treatment chemicals are not available. The Poarch Creek Indians Utility Authority in Alabama is 

frequently impacted by hurricanes, so increased chemical storage is necessary to ensure service in 

an emergency. During the COVID-19 pandemic, the utility faced the strain of chemical shortages 

in chlorine and soda ash. Through lessons from the pandemic and the threat of hurricanes, the 

utility enhanced its supply chain resilience by increasing storage even more, adjusting order 

frequency, and collaborating with neighboring utilities. During the pandemic, the utility was able 

to implement operational changes, such as leveraging UV disinfection to reduce chlorine use while 

still maintaining regulations (EPA Creating Resilient Water Utilities, 2022).  

 Wastewater Treatment and Collection Systems 

According to the CWSRF, wastewater system resilience means the uninterrupted operation of 

collection systems, “integrity of the treatment train”, and protection of the treatment facility during 

and after hazard events (EPA, 2021). Managing and building out system components to meet the 

projected needs of the community for the future is key to enhancing resilience in this sector while 

still ensuring environmental regulatory compliance. 

Wastewater CSO abatement strategies improve water quality, reduce flows to treatment 

plants, and manage stormwater and wastewater more effectively. The Lick Run combined sewer 

system in Cincinnati, OH underwent a daylighting project from 2009 to 2021 to separate the 

stormwater and wastewater streams, improve water quality, and provide recreation and activity for 

a challenged community (ASLA, 2021). Along with the stream daylighting, the engineering team 

used a wide variety of GSI to eliminate 1.26 billion gallons of stormwater from entering the CSO 

and preventing 800 million gallons of CSO annually. The total project cost was $122 million 

dollars, significantly less than the alternative $245 million gray infrastructure project that planned 
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to tunnel deep from the wastewater plant to the CSO outfall to convey large flows. A project in 

Indianapolis retrofitted an existing plaza with bump-out rain gardens, porous pavers, and curb cuts 

to reduce the effects of CSO. The site retains all water from the 2-year storm event and saves over 

100,000 gallons per year from entering the flow of runoff. The $52,000 project was funded through 

the EPA Sustainable Skylines Grant and provides economic and social benefits to the community 

(ASLA, 2023). 

 Coastal and Riverine Protection 

In 2020, every mile of the mainland Atlantic coast was subject to watches or warnings from 

tropical storms, tropical depressions, hurricanes, and major hurricanes. Nearly all coastal counties, 

except for five, experienced tropical-storm-force winds during that year (FEMA, 2023). Investing 

in resilience for coastal and inland communities can include projects such as updating zoning 

policies and building codes, incorporating natural infrastructure, reinforcing or elevating 

infrastructure, and improving floodwater storage (U.S. Climate Resilience Toolkit, 2020). These 

investments can speed up and strengthen the response of American coastal and inland communities 

to the devastating natural disasters experienced year after year, while saving significant sums in 

the process. For example, building new coastal homes 2 feet above the 100-year flood level saves 

$17 in losses for every $1 invested. Regarding nature-based solutions, a study found that natural 

shoreline protection in North Carolina was not damaged by Hurricane Irene, while 76% of 

bulkheads experienced damage from the storm. In Texas, buildings that were constructed using 

the most recent version of the International Residential Code and International Building Code were 

stronger in facing Hurricane Harvey and had insurance claims half of those of buildings 

constructed using previous codes (FEMA, 2023). 
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Grand Isle serves as a crucial barrier against coastal flooding for New Orleans and inland 

Louisiana cities, featuring a series of breakwaters installed just offshore, which absorb the impact 

of waves before they can reach the beach, providing effective protection for the area. The 

breakwaters and levees, built by the USACE, slow down major storms that brew in the Gulf before 

they make landfall in major Louisiana cities (U.S. Climate Resilience Toolkit, 2024). Pensacola, 

Florida, launched Project GreenShores in 2000 with a $6 million investment to enhance coastal 

resilience through living breakwaters and shorelines. The project involved constructing 

breakwaters with 14,000 tons of limestone and 6,000 tons of recycled concrete, creating five 

offshore islands, and planting 41,000 native cordgrasses, which provided significant protection 

against storm surges and effectively reduced storm damage to roads and buildings on Bayfront 

Parkway during Hurricanes Ivan and Dennis (Florida Department of Environmental Protection).  

Inland flooding poses significant risks to inland community infrastructure. In 2011, 

Tropical Storm Irene caused severe flooding and damage in Vermont, but the town of Middlebury 

was largely saved due to its upstream floodplain and wetland conservation efforts. The town 

benefited from a network of 23 conservation easements protecting over 2,000 acres of wetlands, 

which reduced flood damage by an estimated $1.8 million during Irene and $126,000 to $450,000 

annually from other flood events. The success at Middlebury sparked other cities to remove berms 

and increase natural floodwater storage, which contributed to nutrient filtration and ecosystem 

restoration in the area (Naturally Resilient Communities, 2017). The Johnson Creek Restoration 

project in Portland, Oregon, tackled chronic flooding in the Foster Road area by purchasing at-risk 

properties, removing berms, and restoring 63 acres of wetlands and floodplains. The $20 million 

project effectively mitigated flood damage during heavy rains in January 2012 when Johnson 
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Creek flooded two feet over the record stage and the restored floodplain protected Foster Road and 

its businesses from damage (Naturally Resilient Communities, 2017). 

 Surface Transportation 

A “resilience improvement” for surface transportation projects, as defined by the PROTECT Grant 

program, involves using materials, structural or nonstructural techniques, or natural infrastructure 

to help a project better prepare for, withstand, and recover from weather hazards (U.S. FHWA). 

This includes ensuring the project functions throughout its lifespan, reducing the impact and 

duration of hazards, and enhancing recovery capabilities. Examples include building natural 

infrastructure, flood prevention for roads, stabilization, riprap installation, and bridge scour 

prevention.  

 Roads  

The federal government has acted to incorporate resilience into roadway planning and 

maintenance. For example, the Federal Highway Administration mandates state-level roadway 

planners and departments of transportation to consider resilience in their planning and asset 

management plans. Additionally, every state must develop an asset management plan for their 

roads in the National Highway System to acquire federal funding; this requirement helps states 

establish priorities and timelines for roadway maintenance and construction.  

A case study examined the rapid reconstruction of Iowa's interstates after two flood events 

in Spring 2019 undermined sections of the roadway and the shoulders (Bowers & Gu, 2021). Key 

innovations included using flexible concrete geomats anchored with an asphalt wedge to prevent 

overtopping (see Figure 3.4) and adding an extended shoulder to protect against future failures 

(see Figure 3.5). These measures helped reopen the roads quickly and enhance their resilience 

against future flooding. 
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Figure 3.4. (Left to right) Failed Flood Protection Geomats, Asphalt Wedge Working to Maintain 

Geomat Stability, from Bowers & Gu (2021). 

 

Figure 3.5. Additional Shoulder to Bear Most of the Damage and to Leave the True Shoulder 

Unaffected, from Bowers & Gu (2021). 

A 2023 case study from the Asphalt Pavement Alliance highlights how the Alaska DOT 

incorporated resiliency into road design to address challenges with thawing permafrost. To restore 

Chena Hot Springs Road, which had been repeatedly patched since 1998, ADOT used a polymer-

modified binder and geogrid layers to improve pavement flexibility, which reduced thermal 
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cracking and maintenance needs in the face of future permafrost thawing (National Asphalt 

Pavement Association, 2022). Temperature changes due to climate change will also impact the 

future of roadway design. Marath et al. (2023) researched modified asphalt mixtures to enhance 

pavement durability in New Jersey. Their study revealed that climate change led to a 43% increase 

in rutting for flexible pavements and a 10% increase for composite pavements. The research found 

that using modified asphalt mixtures, including fiber-reinforced asphalt, binder-rich intermediate 

course mix, and 9.5 ME Superpave mix, improved rut resistance in both flexible and composite 

pavements. Additionally, the 9.5 ME Superpave and fiber-reinforced asphalt mixtures helped 

reduce reflective cracking in composite pavements. 

Permeable pavement is a green roadway infrastructure practice that can reduce stormwater 

runoff and vehicular hydroplaning and increase groundwater infiltration and driver safety. Porous 

asphalt pavement (PAP) is one of the most common types of permeable pavements and has many 

case studies that show its efficiency and practicality as a surface for vehicles and pedestrians. Case 

studies from New Hampshire and Minnesota concluded that, generally, PAP has a lower risk of 

frost damage compared to impervious pavement due to shallower frost penetration and a quicker 

response to warming temperatures (Zhang & Kevern, 2021). In regions with a high risk of frost 

damage, the PAP thickness should be equal to the local frost penetration depth and frost heave. In 

regions with a low risk of frost damage, the PAP thickness should be 65% greater than the local 

frost penetration depth. The same case studies also found that snowplowed PAP requires 64-77% 

less salt for de-icing than plowed typical asphalt concrete requires to maintain the same or better 

surface conditions, measured by traction and the surface area of snow and ice. 
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 Bridges 

Bridges are essential to transportation systems and face various hazards throughout their lifetime, 

such as deterioration due to aging, flooding, seismic activities, and vehicle-induced disasters. 

Resilience improvements to bridges enhance their structural safety, economic performance, 

environmental sustainability, and longevity.  

In April 2018, severe flooding on Kauaʻi damaged three historic bridges along Kūhiō 

Highway, including scour and debris buildup that compromised their structural integrity. In 

response, the Waikoko and Waipā bridges were replaced to meet the current HDOT load and 

hydraulic standards and the Waiʻoli bridge was refurbished and reinforced with new concrete, 

rebar, and fiber-reinforced polymer. These resilience measures have since protected the bridges 

from damage during subsequent storms, maintaining community safety and emergency access 

(FHWA, 2018). The Guy Ford Road Bridge in Watauga County, NC, was severely damaged by 

floods in 2004, with nearly $700,000 in estimated repair costs to the bridge surface, securing 

cables, and asphalt scours. The county used FEMA Public Assistance to receive emergency 

funding to repair, restore, and re-open the major roadway. To prevent future damage, the bridge 

was reconstructed with redesigned approaches to allow water flow and a concrete overlay to 

replace the asphalt, completed in 2005. These mitigation efforts are estimated to have saved over 

$1 million in potential future repair costs (FEMA, 2021). 

A study in the Journal of Structural Engineering presented a multi-hazard resistant 

concrete-filled fiber-reinforced polymer tube (CFFT) column system as a more resilient alternative 

to the conventional reinforced concrete (RC) system (Echevarria et al., 2016). The CFFT and RC 

systems both endured blast, fire, and seismic hazards, and the results show the performance 

favorability of CFFT during and after the hazards. The restoration time and repair costs as a 
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percentage of bridge replacement costs were much less for CFFT than for RC. The column 

performance data is shown in Figure 3.6. 

 

Figure 3.6. Bridge Restoration Time and Repair Cost Based on Hazard Type and Column 

Performance, from Echevarria et al. (2016). 

Eighty percent of failure for bridges over water in the United States is due to scour, which is caused 

by scouring vortices that erode sand and sediment from bridge or pier footings (Simpson & Byun, 

2019). Research from Simpson & Byun (2019) demonstrates that scouring vortices can be 

prevented with a stainless-steel retrofit that changes the approach and tail flow patterns, which is 

more economical and less burdensome on the existing structure than concrete. Additionally, the 

research found that the present value of cost savings over the useful life of the bridge with the 

vortex-prevention devices is an order of magnitude cheaper than the commonly used scour 

countermeasures (Simpson & Byun, 2017). Effective scour countermeasures to reduce the effects 

of scour include armoring bridge piers with partially or fully grouted riprap, articulated concrete 

block systems, and gabion mattresses (Lagasse, 2007). While modifying the channel/field of flow 

upstream of a river crossing is an effective measure, this method brings about many environmental 

concerns and does not inherently contribute to the resilience of the bridge or river infrastructure. 
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 Energy Systems 

A resilient power system can withstand disturbances and continue delivering energy, with specific 

emphasis on high-impact, low-frequency events. Resilience before this kind of event can be 

achieved by hardening infrastructure, such as using stronger poles or underground cables, and 

adopting pre-emptive strategies like increasing distances between conductors, vegetation 

management, and routine distribution inspection programs. Additionally, redundant designs like 

parallel circuits and backup transformers can enhance resilience, although these solutions are 

costly and require a longer implementation horizon.  

Transmission hardening and distribution hardening are both important aspects of creating 

more resilient infrastructure. A transmission-related outage, however, affects significantly more 

customers than a distribution outage does (Hanus, 2023). Transmission hardening in Florida Power 

& Light (FPL) reduced line section outages in the aftermaths of Hurricane Wilma (2005) to 

Hurricane Irma (2017) by 38%, transmission structure failures by 95%, and de-energized 

transmission substations by 62%. FPL’s goal with transmission hardening was to replace all 

wooden transmission structures (70%) with steel or concrete structures and to implement an 

effective transmission inspection program (FPL, 2022). The program requires all transmission 

structures to be inspected on a six-year cycle and wooden and steel structures to undergo climbing 

inspections on a six and ten-year cycle, respectively. FPL’s distribution hardening program, which 

focused on undergrounding laterals and feeders, has had enormous success in the wake of the 

devastating hurricanes Matthew and Irma (see Figure 3.7).  
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Figure 3.7. FPL analysis of overhead (OH) and underground (UG) lateral line outages following 

hurricanes Matthew and Irma, from Florida Power & Light (2022). 

The distribution hardening program also includes an inspection program, where poles are inspected 

on an eight-year cycle. 

 Microgrids can enhance community energy resilience and reliability by allowing 

independent operation during outages and reducing strain on the main grid. Kaiser Permanente’s 

Richmond, CA, Medical Center, the West Coast's second-largest renewable energy microgrid, has 

generated 153 MW off-site, 30 MW on-site, and reduced peak loads by 20-25%, saving an 

estimated $394,000 annually. With hospitals' high energy demands, this setup decreases 

environmental impact, provides three hours of backup power, and minimizes care disruptions. 

Supported by a $4.77 million grant from the California Energy Commission, the project aligns 

with state energy resilience and climate goals. (U.S. Department of Energy). 

Advanced metering infrastructure for distribution systems allows utilities to record live 

power consumption data and manage services remotely. Benefits of advanced metering include 

reduced meter reading costs, improved customer support, better and more resilient distribution 

management, potential for dynamic pricing, and remote service management capabilities (MIT, 

2011). Conservation Voltage Reduction is a way to reduce peak electricity demand, decrease 

overall power consumption, delay capacity expansion projects, and enhance the efficiency of the 
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system using advanced metering. Conservation voltage reduction is accomplished through voltage 

control sensors on the line, which lowers feeder voltage within the minimum acceptable range. 

Thirteen utilities in the Pacific Northwest, serving 30,000 customers, yielded 2% annual savings 

in energy delivered by substations when maintaining the voltage service level between 114 – 120 

volts every other day (Massachusetts Institute of Technology, 2011). The Electric Power Board of 

Chattanooga used federal grant funding to also implement smart grid improvements, such as 

automated circuit switches and sensors, which reduced its system average interruption duration by 

45% and system average interruption frequency by 51%. The estimated value of service reliability 

to these improvements was about $26.8 million annually (U.S. Department of Energy Office of 

Energy Policy and Systems Analysis, 2016). 

 Public Buildings 

FEMA defines the goal of a disaster-resilient structure as the capability to withstand and limit the 

effects of disasters, like erosion, high winds, flooding, or fire, on the structure beyond the minimum 

standards (FEMA, 2023). This definition can be expanded on by being resilient during less 

dramatic effects like aging and general use.  

FEMA advocates for modern building codes as a low-cost method of incorporating resiliency 

into building design. As of 2020, 65% of cities, towns, and counties in the U.S. had not adopted 

up-to-date building codes. The added cost of resilient building features, such as roof tie-downs and 

coverings, strengthened walls, and window protection, makes up, on average, 1-2% of total 

construction costs on a building, and with every $1 invested in construction under new codes, $11 

is saved in recovery and repair costs (FEMA, 2023). A custom builder in Louisiana shared his 

experience with Hurricane Ida’s impact on roofing and structural resilience. Roofs over five years 

old suffered significant damage, leading him to install an “ice and water shield” and waterproof 
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tape on decking joints to prevent water infiltration. He noted improvements in structures built to 

post-Katrina codes, which resisted structural damage in Ida (National Association of Home 

Builders). 

Hurricane Sandy had drastic impacts on cities close to the ocean. Many buildings could not 

withstand the flooding, costing owners billions of dollars to repair the damage. Buildings that 

complied with building code requirements for flood-resistant construction, like the Seagate 

Rehabilitation & Nursing Center in Brooklyn, NY, were able to still perform and carry out their 

function without any disruption. Seagate’s building was raised thirty feet above the ground and 

the vital areas and power equipment were elevated, as well, to protect from floodwaters (U.S. 

Climate Resilience Toolkit, 2024). The Spaulding Rehabilitation Center in Boston had similar 

design considerations and decided to promote flood resilience by raising their first-floor elevation 

thirty inches above the FEMA 500-year floodplain, which exceeds code requirements. The 

building will avoid major flooding consequences since its mechanical and electrical equipment is 

located on the roof and all critical patient care functions are located on the upper floors (U.S. 

Climate Resilience Toolkit, 2024).  

 Public Parks 

Without the integration of resilient infrastructure practices, public parks are vulnerable to the 

relentless forces of nature. However, by implementing strategies like green stormwater 

infrastructure, parks can play a vital role in fostering climate-resilient communities. They can 

mitigate the urban heat island effect and enhance stormwater management, contributing to a 

healthier and more sustainable urban environment. 

Hoboken, NJ received $10 million in BRIC funding to help design and construct 

ResilienCity Park, a multi-functional space that mitigates flooding while providing public 
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amenities. Retrofitted from an old industrial site, the park includes athletic fields, playgrounds, 

community spaces, and a basketball court that also serves as a stormwater detention area, along 

with underground stormwater storage tanks. A 30-million-gallon-per-day pump helps control 

stormwater discharge and prevents combined sewer overflows. During Tropical Storm Ophelia in 

September 2023, the park successfully managed heavy rainfall by pumping 17 million gallons of 

stormwater out of the city, demonstrating its effectiveness in reducing flood duration (Accelerator 

for America, 2023).  South Waterfront Park in Queens, NY also tolerated and attenuated the storm 

surge brought by Hurricane Sandy using green stormwater infrastructure. The Park produces a 

myriad of co-benefits like wildlife habitat, water quality improvements, and social enjoyment 

(National Recreation and Park Association, 2017).  

 Economic Significance of Resilient Infrastructure 

Resilient infrastructure can hold significant inherent economic value by reducing the long-term 

costs associated with natural disasters, system failures, and climate impacts. Benefit-cost ratio 

(BCR) is a metric commonly used in infrastructure project evaluation, measured by the fraction of 

the economic value of outcomes from an infrastructure project, such as safety, travel time, health 

benefits, wildlife impacts, and effects on other infrastructure systems, over the economic value of 

building or maintaining a new or improved infrastructure asset over the course of the project (U.S. 

DOT, 2024). A benefit-cost analysis (BCA), which produces a BCR score, is a common 

requirement in applications for hazard mitigation and infrastructure grant programs to demonstrate 

a project’s cost-effectiveness. For FEMA grant applications, a project is considered economical if 

the BCR is greater than or equal to 1.0 at a 3.1% interest rate (FEMA, 2024).  

The World Bank published policy research that gives a BCR analysis of strengthening 

exposed infrastructure assets in developing countries. Using 3,000 compiled scenarios and the 
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uncertainty demonstrated from each scenario, the research found that 96% of scenarios had a BCR 

greater than 1, 77% of scenarios had a BCR greater than 2, and 50% of scenarios had a BCR greater 

than 4 (Hallegatte et al., 2019). When climate change is considered, the median BCR doubles, and 

the percent of scenarios that make infrastructure more resilient is non-profitable reduces from 14 

to 4%. The net present cost of these investments in 75% of scenarios, if they were to be made now, 

is greater than $2 million (see Figure 3.8), and the cost of waiting to make these investments until 

2030 increases in 93% of scenarios (see Figure 3.9). 

 

Figure 3.8. Histogram of the net present value of investing in resilience with infrastructure in 

developing countries now, from Hallegatte et al. (2019). 
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Figure 3.9. Histogram of the net present value if investing in resilience with infrastructure is 

delayed until 2030 in developing countries, from Hallegatte et al. (2019). 

Many project awards and proposals are influenced by BCA. USACE plays a significant 

role in providing public engineering services that bolster national security and reduce natural 

disaster risks. In coastal resilience planning, for instance, the assessed value of a project—often 

calculated by comparing the cost of construction to the value of the structures it protects—tends 

to favor higher-value properties, such as million-dollar homes, over those valued at hundreds of 

thousands of dollars (Bresette et al., 2023). This approach can overlook the social justice 

implications of project selection. Using equity-weighting in BCA, which adjusts benefits and costs 

relative to the incomes of the community, would promote equitable distribution of benefits in 

USACE projects (DeJong et al., 2024).  
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 State and Federal Resilience Guides and Toolkits 

The GA Department of Community Affairs’ (GA DCA) guidebook (2014) provides best practices 

for ensuring community resilience through disasters like flooding, severe storms, and tornado 

events. The best practices are categorized by types of hazards, and the recommendations for 

policies, maintenance procedures, and engineering design are based on hazard mitigation. The 

guidebook also contains a resource guide with a compiled list of technical and planning references. 

The cards used in GA DCA (2014), as seen in Figure 3.10, synthesize the best management 

practice (BMP) benefits effectively while also providing key concepts and example infrastructure 

modifications. 

 

Figure 3.10. Recommended Practices for Flood Resilient Stormwater Management, from GA 

DCA (2014). 
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The condensed format (17 pages total) is likely intentional to hold the attention of the intended 

audience, emphasizing brevity without sacrificing substance. 

The Resilient Design Guidelines document from the Department of Energy & Environment 

in the District of Columbia (2021) focuses on enhancing the resilience of buildings and 

site/landscape design. The guide aims to equip DC city planning teams with strategies to 

incorporate future climate conditions into urban planning, surpassing baseline codes and 

regulations for climate readiness. It organizes strategies by design themes (flooding, heat, outage, 

waterfront), project type (new construction or existing building), cost, O&M impact, and relevant 

regulations. Figure 3.11 displays a matrix within the guidebook that compares each resilient design 

strategy for extreme heat using the project consideration categories. Tennakoon (2023) produced 

similar matrix visualizations for a climate adaptation guidebook for transportation but categorized 

resilience opportunities by “failure mechanisms” and “adaptation options”.  
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Figure 3.11. Resilient Design Strategies Matrix compares the merits of many building strategies 

to design for extreme heat, from the Department of Energy & Environment in District of 

Columbia (2021). 

The use of pictograms and recognizable symbols in the matrix format makes the document 

understandable and clear for the audience.  

The coastal resilience guide authored by GADNR, NOAA, & UGA Carl Vinson Institute 

of Government (CVIOG) (2020) focuses on mitigating flood and wind impacts in coastal Georgia 

using modeled flood and wind scenarios from Hinesville and Tybee Island to select effective green 

infrastructure practices and advise communities on changing or adopting certain flood-related 

policies. It provides clear guidance on implementing these strategies, including how to earn credits 

from the Community Rating System and how to use the Georgia Stormwater Management Manual. 
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The guide also includes "policy and BMP summary cards," outlining specific actions, related 

ordinances, and technical resources (see Figure 3.12). 

  

Figure 3.12. BMP Card for Limiting Impervious Cover with site design considerations and 

relevant references, from GA DNR, NOAA, & CVIOG (2020). 

The guide addresses the concept of non-stationarity and helps communities factor changing 

environmental conditions into their planning. The effect of urbanization and imperviousness is 

reflected in the BMP Cards through before and after visuals, which is a useful way to communicate 

the benefits of resilience implementation.  

 The U.S. Climate Resilience Toolkit is a comprehensive database that provides guidance 

on resilience planning, implementation, reporting, training courses, and over 1,000 specific options 

for building community and asset resilience against hazards (Climate.gov, 2024). Information in 
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the Toolkit is categorized by geographical regions and topics, which enhances site navigability 

and clarity for the user. An economic analysis of the Toolkit’s efficacy in the southeastern U.S., 

performed by the National Environmental Modeling and Analysis Center found that the Toolkit 

has a BCR of 5.44, primarily through loss avoidance and capacity building (Fox et al., 2020). This 

BCR estimate is based on case studies from cities like Asheville, Charleston, and Tallahassee, 

where resilience planning helped mitigate the financial and operational impacts of climate-related 

disasters, such as flooding. A similar database developed by the EPA called Creating Resilient 

Water Utilities (CRWU) provides tools, technical assistance, and training to enhance resilience in 

water, wastewater, and stormwater utility’s approaches to planning, design, construction, and 

maintenance. The “Resilient Strategies Guide” within the database breaks down resilience 

practices by funding opportunities, assets, population size, planning stages, and types of strategies 

(planning, operational, and capital/infrastructure). The database also contains a map of case studies 

of utilities in the U.S. that used technical assistance from the CRWU program to advance their 

resilience, as well as a training and engagement center, a climate resilience evaluation and 

awareness tool, and a list of federal funding opportunities for adaptation and resilience (CRWU, 

2024). 

A resilience planning guide developed by the U.S. Department of Energy in 2016 provides 

detailed direction to power system planners and decision-makers in assessing vulnerabilities in 

their current electrical infrastructure and providing them with specific resilient solutions to prepare 

for and adapt to hazard events. The guide helps to scope their resilience plan, develop and execute 

a vulnerability assessment, estimate costs, implement resilience measures for energy systems such 

as system hardening or risk mitigation actions, analyze costs and benefits of implementation, and 

evaluate and reassess their resilience portfolio. The guidebook is not tailored to a specific area of 
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the U.S. but contains several case studies that support many of the recommendations. Risk 

categories, shown in Figure 3.13, were used to analyze hazards and their effect on infrastructure. 

The categories are broken down into the likelihood of a climate condition and the consequence of 

that condition, each with a low, medium, and high risk. 

 

Figure 3.13. Categories of Risk by Likelihood and Consequence, from U.S. Department of 

Energy (2016). 

This method of risk categorization could be expanded upon in the development of the framework 

to include avoided risk, which would help with “making the case” for resilient infrastructure. 

Another method of visualizing hazard risk is on a graph, as shown in Figure 3.14. Northern 

Powergrid in the UK developed a risk graph/matrix that assessed the likelihood of a climate event 

and the corresponding severity of the consequence (Northern Powergrid, 2015). The utility created 

13 assessed risks and plotted them on the graph to have a visual understanding of their priorities. 

Examples of risks include overhead power line conductors having reduced rating and ground 

clearance due to temperature rise (AR1) and overhead power lines being affected by ground 

movement due to drought (AR2).  
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Figure 3.14. Risk Assessment Graph for Northern Powergrid (2015). 

Giunta (2017) highlights the need to jointly assess sustainability and resilience when 

choosing rehabilitation alternatives following an extreme event that impacts critical road 

infrastructures. The approach quantifies the net present value of sustainability and resilience for 

each rehabilitation alternative and sums their score to determine the most effective alternative. 

Important considerations when using this approach are determining the probability of occurrence 

of an extreme event, which depends on the structural integrity and design of the infrastructure, as 

well as identifying the scope of environmental effects to include in each calculation, such as carbon 

dioxide emissions and/or loss of habitat. Resilient environmental costs are costs specific to 

reconstruction, and sustainable environmental costs are those associated with the construction and 

maintenance of the alternative. This mathematical approach, as seen in Figure 3.15, could be an 

option for local governments as a decision-making method for resilience opportunities, evaluating 

multiple realms of cost, including environmental and construction costs. 



53 
 

 

Figure 3.15. Diagram of Approach to Determining Optimal Rehabilitation Alternative based on 

Costs Associated with Sustainability and Resilience, from Giunta (2017). 

BCR was used by Entergy Corporation when creating a study that compared solutions to 

make the U.S. Gulf Coast more resilient. The study identified cost-to-benefit ratios, factoring in 

both social and environmental co-benefits, and plotted them (see Figure 3.16) where the width of 

each bar is how much cost in losses that measure expects to avert by 2030, and the height is the 

cost/benefit (Entergy, 2010). BCR must be carefully considered in resilience decision methods due 

to cost savings inaccuracies and uncertainty from quantifying the economic impact of 

environmental co-benefits. 
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Figure 3.16. Economic Benefit/Cost Ratio of Resiliency Measures in the U.S. Gulf Coast, from 

Entergy (2010). 

The Department of City Planning of NYC published a guide in 2014 titled “Retrofitting 

Buildings for Flood Risk” directed toward building professionals, architectural and structural 

communities, and citizens that provides a step-by-step method to approach retrofitting buildings 

for flood resiliency in order to reduce hazard risk and qualify them for reduced National Flood 

Insurance Program premiums (NYC Department of City Planning, 2014). The guide covers a range 

of buildings, from bungalows to mixed-use buildings, with strategies like elevating critical systems 

(mechanical, electrical, and plumbing systems) in each building and installing flood vents for wet 

floodproofing. The guidebook uses images that are highlighted to physically demonstrate where 

the resilience improvement is taking place on the building, as seen in Figure 3.17 (NYC-DCP, 

2014).  
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Figure 3.17. Resilience Improvements with Mechanical Equipment Relocation in NYC, from 

NYC-DCP (2014). 

Arup, RPA, & Siemens (2022) recognize that in cities with mature infrastructure networks, actions 

will generally focus on retrofit and renewal that overlay resiliency components to the existing 

infrastructure, such as leak detection sensors that alert the appropriate personnel to mitigate the 

issue. Similarly, this guidebook also shows images with certain parts highlighted to show where 

the resilience improvements are taking place, like general locations of sophisticated fire safety 

systems components. This could be used in the development of the guide to create visual 

representations of a physical end-to-end infrastructure system, like a water treatment and 

distribution system, and to identify resilience opportunities in the image. 

 Knowledge Gaps 

This research contributes to the infrastructure resilience discourse by creating a Georgia-specific 

framework that moves beyond traditional disaster response approaches. It will recognize that 

resilience is not merely a reaction to crises but can be integrated into the everyday infrastructure 
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planning and funding processes of Georgia’s cities and counties. Case studies from around the 

U.S. have demonstrated various ways resilience can be incorporated into infrastructure. While 

there is guidance on integrated planning methods and engineering techniques that promote 

resilience, many public works employees, city managers, and county administrators in the State of 

Georgia lack resources catered to their roles that identify potential roadblocks and strategies to 

overcome them during resilience implementation. Guidance on navigating the funding landscape 

to secure financial support for projects that further infrastructure resilience is lacking, particularly 

given the challenge of organizational turnover in both the public and private sectors. Developing 

a framework that considers these roadblocks and local stakeholder dynamics would enhance the 

relevance and applicability of existing guidance available to Georgia cities and counties.  
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 Problem Statement 

 Research Objectives 

This research seeks to create a practical and scalable guide for local governments to implement 

resilience in their infrastructure design, construction, and maintenance processes. The research 

will focus on resilience opportunities for infrastructure that has the greatest impact on community 

safety, operations, economics, and public services, including, but not limited to, storm and sanitary 

sewer systems, WWTP and WTP, roads, bridges, public buildings and parks, and energy systems. 

The guide will categorize resilience opportunities based on factors like cost and value, hazard, and 

ease of implementation, and will provide a decision-making tool to help governments prioritize 

investments.  

The approach includes a comprehensive literature review of resilient infrastructure case 

studies and frameworks/manuals/guidelines on resilient infrastructure design, construction, and 

maintenance, a survey of Georgia local governments to gather data on current practices and 

challenges involving infrastructure resilience, interviews of government employees that manage 

their city/county’s infrastructure portfolio to investigate and expand on their survey responses, as 

well as an evaluation process to gain feedback and improve upon the resulting guide. The literature 

review analyzes the gaps in this research area and evaluates the effectiveness of various resilience 

strategies by analyzing performance data from existing infrastructure projects. The main goals of 

the survey and interviews are to identify common challenges that many local governments face 

across their infrastructure portfolio and to gauge the uncertainty, willingness, and/or capacity to 

incorporate resilient design, maintenance, and construction into their infrastructure.  
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 Research Significance 

This research helps to bridge the gap between the planning process and implementation of resilient 

infrastructure. There are many extensive, process-oriented guidelines on the method of designing 

and implementing resilient infrastructure. The research field on stakeholder management and the 

importance of interdisciplinary collaboration regarding infrastructure improvements is well-

established. However, there often lies a disconnect between the principles, mandates, and research 

published by public and private organizations, and the understanding of the specific actions, 

resources, and/or resilience opportunities that are achievable, impactful to communities, and 

proven to be resilient in local contexts. There is also a gap in understanding the roadblocks that 

cities and counties in Georgia experience when pursuing resilience opportunities. 

The recent increase in available funding for resilient infrastructure projects, particularly 

from the Infrastructure Investment and Jobs Act, presents a significant opportunity for local 

governments to enhance their infrastructure assets. Georgia’s infrastructure is aging and 

susceptible to damage from natural hazards, and, in this moment of need, Georgia’s cities and 

counties need to weigh their options on infrastructure improvements to maximize the impact of 

available funds in addressing these challenges. The framework will be organized into a decision-

making tool based on the type of infrastructure and city/county size, and will provide information 

on resources for resilience implementation. This will provide more flexibility to the end-user, since 

every organization has different budget allocations and methods of funding. The framework may 

provide small governments with the foundational knowledge to navigate integrating resilient 

practices into their normal infrastructure practices and large governments the insights into 

achieving advanced resilient design and practices that will strengthen their infrastructure systems 

even further. 
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 Research Methodology 

To develop a guide for improving infrastructure resilience in Georgia’s cities and counties, it was 

essential to first gain a thorough understanding of their unique challenges. These challenges differ 

based on factors such as population size, budget, geography, and political climate, all of which are 

interconnected. Smaller cities often have limited budgets and government resources, which can 

hinder their progress in advanced infrastructure improvements. In contrast, larger cities and 

counties tend to have more complex infrastructure strategies in place. The political climate of a 

community can significantly impact budget decisions, particularly during election years, and 

influence tax policies that fund local infrastructure. Geographic differences also lead to varying 

infrastructure priorities. Given these considerations, data collection methods included a survey on 

resilience and follow-up interviews to accurately reflect these diverse factors in the resilience 

guide, as well as an evaluation survey and discussion process to assess the effectiveness of the 

guide. 

 Survey 

A survey was developed using Qualtrics to collect quantitative and qualitative data from local 

governments of various sizes and geographical regions in the state of Georgia. A full list of the 

survey questions is located in Appendix A. The survey questions were created within certain 

categories: general information, infrastructure budget/financing, resilience preparedness, and 

specific infrastructure issues. The survey began by asking the respondents questions regarding 

their role and their city. One of the main grouping factors for cities and counties was four brackets 

of population sizes. This methodology was informed by the research from Caroline Dickey’s 
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Thesis in 2019 from the University of Georgia, “Effective Approaches to the Development of 

Asset Management Programs for Small Scale Local Governments”. This bracket method maintains 

the continuity of previous theses completed at UGA in partnership with CVIOG and APWA: 

• Rural: <2,500 people 

• Small: 2,500 – 20,000 people 

• Mid-Sized: 20,000 – 75,000 people 

• Large: >75,000 people 

Within the budget/financing categories, respondents were asked about their annual 

government budget allocated for infrastructure design, maintenance, and construction. Another 

important question explored was whether respondents received funding grants related to 

infrastructure resilience. This set of questions aims to identify budget trends among cities and 

projects receiving funding, assess whether external funding is supplementing their annual budgets, 

and determine which cities are actively pursuing projects related to resilience. 

Another key category was whether the respondents’ cities and counties currently have a 

resilience plan and feel equipped to manage resilience in infrastructure. This question was essential 

in selecting respondents for follow-up interviews, ensuring a representative sample of those with 

and without resilience plans. The survey also captured the hurdles communities face in 

incorporating resilience, which will help pinpoint focus areas for the final framework. 

The survey also addressed the top issues each respondent encounters within their 

infrastructure sectors, if any. This question identified the common challenges among cities and 

counties with similar budgets or levels of resilience integration. The ranking options were based 

on a thorough literature review and background research on common themes they face in each 

infrastructure sector. However, bridges were excluded from the ranking options because the 
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primary concern highlighted in the ASCE report card was the large number of bridges in “poor 

condition” or classified as “structurally deficient.” The emphasis is on bringing these bridges up 

to GDOT standards, which are defined by the percentage of deficient bridges. 

The survey was sent out using several methods. The survey was distributed three times 

through email to the Georgia APWA Chapter contact list, which was received by public works 

employees, city and county leaders, and private vendors. The survey was emailed once to the UGA 

Archway Partner communities and promoted once through the Georgia City-County Management 

Association (GCCMA) newsletter, which is distributed to Georgia city and county managers and 

administrators, directors of regional development centers, and representatives from the 

Association of County Commissioners of Georgia and the Georgia Municipal Association. The 

devastation caused by Hurricane Helene on Friday, September 27th, resulting in loss of life, power 

outages, internet disruptions, and widespread structural damage across Florida, Georgia, and North 

Carolina, likely contributed to a slow survey response rate. For this reason, the survey was sent 

individually to local officials, requesting their participation in the survey, with careful 

consideration given to Georgia cities impacted by Hurricane Helene. These individual emails were 

sent to individuals from cities and counties whose population brackets were underrepresented in 

survey responses at that point in time, as well as individuals and governments recommended by 

employees of CVIOG and members of APWA. Follow-up emails were sent to individuals who 

had begun but not finished the survey, inviting them to complete their initial responses. The 

individual email addresses were compiled through online research and through the GCCMA 

Directory.  
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 Interviews 

The interview questions were developed to build from the survey responses and provide more 

context using the general interview guide approach, ensuring that similar lines of questioning are 

followed in each interview (Patton, 2002). The interview questions were aimed at gaining more 

background on the governments’ infrastructure issues, views and challenges surrounding resilient 

infrastructure, financial structures, motivations for pursuing certain funding opportunities like 

SPLOST or state/federal grants, and current or projected infrastructure projects. The questions 

were proofed and edited by individuals from CVIOG and the College of Engineering. The full list 

of interview questions is located in Appendix B.  

The interviews were conducted within the sample of survey respondents and selected based on 

ensuring diversity in population size, resilience preparedness, government structure (city versus 

county), and infrastructure funding sources. Some officials that were interviewed were 

recommended by individuals from CVIOG and APWA. Their recommendations focused on 

officials who were likely to be responsive and cities and counties that represented a range of 

governmental sophistication and geographic regions across the state. The same number of 

interviews were conducted between rural/small government sizes and medium/large government 

sizes.  

Each interview was scheduled for 30 minutes on Zoom. Interview scheduling was done both 

via email and phone call. Due to persistent scheduling challenges with rural and small 

governments, the final interview was conducted well outside of the initial data-collection window, 

in March 2025. These challenges were compounded by the requirement that governments complete 

the survey before the interview, and the disproportionately low response rates from smaller 

governments necessitated numerous follow-up emails and calls to many different governments. 
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Responses from the survey and planned interview questions were distributed to each interviewee 

1-2 days prior to the scheduled interview time to allow them to prepare and to create a fully 

transparent interview environment. Each meeting was recorded for transcription purposes with the 

interviewee’s permission.  

 Product Development 

The first drafts of the Resilient Infrastructure Resource and Decision Guide for Local Georgia 

Governments and the associated Resilience Decision Matrix Excel Spreadsheet were developed to 

address the key challenges and roadblocks that local governments indicated that they experienced 

in their efforts to strengthen infrastructure resilience based on the survey and interviews conducted. 

Certain infrastructure sectors were focused on more closely as dictated by feedback elucidated 

from survey questions. Financing and funding tools were included based on information gathered 

in the interviews on reliant and novel resources, as well as through discussions with the EPA 

Resource for Assistance and Community Training in Region 4 (REACT4), a Thriving 

Communities Technical Assistance Center (federal initiative). Formatting for Chapter 2 and 

Chapter 4 of the Guide was influenced by the Coastal Resilience Guide BMP cards, seen in Figure 

3.12, authored by GA DNR, NOAA, & CVIOG (2020), and from the Guide for Retrofitting for 

Flood Risk, seen in Figure 3.17, authored by the NYC Department of City Planning (2014). The 

resilience strategies within the Guide (see Appendix E) were compiled for each infrastructure 

category based on the most significant issues that survey respondents identified. The formatting of 

the strategy tables was influenced by the Climate Ready DC Resilient Design Guidelines, seen in 

Figure 3.11 (Department of Energy & Environment in District of Columbia, 2021). The Decision 

Matrix was developed using Microsoft Excel and was aimed at quantifying resilience in a way that 

made it comparable to more traditional and well-established strategies. The Matrix was influenced 
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by the rehabilitation alternatives matrix from Giunta (2017), as seen Figure 3.15, and its ability to 

effectively quantify resilience. 

 Product Evaluation Survey 

Upon completion of the Guide and Matrix, a survey was created to assess the Guide’s usability, 

ability to address gaps in resilience, and novel information. The survey questions were influenced 

by the thesis “Development Of An Asset Management Framework For Local Roadway 

Maintenance And Repair Within The State Of Georgia” by Natalie Branand from the University 

of Georgia (Branand, 2024) and were proofed and edited by a representative in the College of 

Engineering. Interest in the survey to evaluate the Guide and Matrix was assessed via QR code 

during a presentation to local officials at the Public Works Winter Conference on January 31, 2025, 

in Athens, GA. Survey questions are located in Appendix C. 

 Product Evaluation Discussion 

Using results from the evaluation survey, two respondents were selected for a meeting to discuss 

their survey answers, how the Guide can be improved upon, and to provide use case validation for 

the Matrix spreadsheet. The participants were selected to gain perspectives from both city and 

county officials, and from those who had provided in-depth feedback in the survey, because they 

were likely to have stronger opinions when sitting down for an interview. The discussions were 

conducted for 30 minutes via Zoom, and guiding questions were developed and distributed to the 

interview participants before the interview (see Appendix D), along with their survey answers. The 

guiding questions were developed based on gaining more information from the survey responses 
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received and were intended to walk through a use case of Matrix with the participants to assess its 

organization and usability.  

 Product Iteration 

Insights from the evaluation process were used in the refinement of both the Guide and Matrix into 

their final forms. Chapter-specific feedback was incorporated to enhance the clarity, relevance, 

and applicability of the content within the Guide. Findings from the evaluation discussions directly 

informed improvements to the Decision Matrix, ensuring that the tool is intuitive, accessible, and 

well-suited for use by local government officials across Georgia.   
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 Research Findings 

This chapter summarizes and analyzes results from resilience survey responses, interviews with 

local government officials, Guide evaluation survey responses, and evaluation discussions with 

local government officials. The findings from all four research methods were used to inform and 

develop the Guide for Georgia’s local governments. 

 Survey Results  

The survey responses were collected for 67 days, from September to November 2024, and within 

that time, the survey received 66 total responses. Forty-six responses were incomplete when they 

were submitted, which is primarily because the survey settings were set to automatically record 

responses after one week of the response start. Two complete responses were received from the 

same city, Marietta. In this case, the two respondents were contacted to find out how to proceed, 

at which point the Public Works Director indicated that his response should be the sole response 

on behalf of Marietta. After these corrections, nineteen responses were deemed acceptable to 

include in the final sample size, all with 100% completion and with uniquely represented Georgia 

governments, resulting in a 28.8% completed response rate out of the 66 responses started. The 

responses received from each population category can be seen below: 

• Rural (<2,500 people): 2 responses 

• Small (2,500 – 20,000 people): 4 responses 

• Mid-Sized (20,000 – 75,000 people): 10 responses 

• Large (>75,000 people): 3 responses 
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The survey results were statistically analyzed and graphically represented in RStudio using the R 

programming language. 

 Summary Statistics 

The top three categories that respondents ranked as their governments’ most critical infrastructure, 

as seen in Figure 6.1, were roads, stormwater and sanitary sewer systems, and WTP & WWTP. 

 

Figure 6.1. Average Value Rankings. 

While most cities and counties are responsible for maintaining their own roadway systems, they 

may not all manage or maintain their bridges. Some cities, especially rural and small cities, do not 

have their own dedicated WTP or WWTPs. T&D was ranked last in priority, likely due to the 

privatization of electrical services in most areas, leaving project oversight in the hands of Georgia 

Power or a local EMC.  
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Every respondent, except for Dawson County and Gainesville, both with mid-sized 

populations, indicated funding limitations as their main roadblock for implementing resilience to 

their infrastructure systems, ranking this limitation more significant than the others by more than 

2 points on average. Lack of data/information of resilience strategies and lack of technical 

expertise on resilience implementation were the two roadblocks that followed funding. Figure 6.2 

summarizes these resilience roadblock data points.  

 

Figure 6.2. Average Value Rankings. 

Four survey respondents out of 19 (21%) said that their government did have a plan for resilience, 

and all who had a plan said the plan did not receive regular updates. The average ranking of how 

informed the respondents felt their government was on how to incorporate resilience to their 

infrastructure was 5.1/10, with no significant difference found in the distribution of those values 

amongst the difference in city/county size. 
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Figures 6.3, 6.4, 6.5, and 6.6 display the mean rankings of the significance of challenges 

that cities and counties face with certain physical infrastructure systems. Figure 6.3 displays the 

top three issues faced by local Georgia governments in their stormwater and sanitary sewer 

systems as insufficient funding for repairs, outdated systems, and inflow and infiltration. 

 

 

Figure 6.3. Average Value Rankings. 

Tidal backflow was ranked last due to low representation from coastal communities in the survey. 

Insufficient funding for repairs directly aligns with the top ranked resilience roadblock, funding 

limitations, which in of itself stresses the importance of presenting diverse and accessible funding 

opportunities in the resource guide.  

Figure 6.4 shows that the top three issues faced by local Georgia governments with their 

WTP and WWTP systems were aging systems, handling peak flows, and deteriorating drinking 

water distribution pipes. These issues can be addressed in the guide by presenting resources for 
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cost-effective modernization opportunities in WTPs/WWTPs and demonstrating the cost 

effectiveness of various storage solutions to handle peak flows. 

 

Figure 6.4. Average Value Rankings. 

Figure 6.5 displays cracked pavement and potholes equally as the top two issues, which 

were ranked almost 2 points lower, and therefore more significant, than the rest of the issues. These 

issues can be reflected in the resource guide with recommendations for resilient strategies that 

solve these issues while providing co-benefits to other infrastructure sectors or roadway assets. 

Insufficient lighting will take less focus in the resource guide since respondents ranked this issue 

as the least significant. 
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Figure 6.5. Average Value Rankings. 

Figure 6.6 indicates that leaky roofs and windows, insufficient space, and outdated 

HVAC/electrical plumbing units are the top three issues respondents face within their public 

buildings. References for incorporating resilience into facilities management maintenance 

practices, and how to create a resilience plan for public buildings, are strategies that can address 

these issues in the resource guide.  
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Figure 6.6. Average Value Rankings. 

Figure 6.7 shows the ranked significance for issues experienced in public parks, with poor 

drainage in wet conditions being the most significant issue, followed by aging amenities and 

insufficient lighting. Strategies to alleviate these issues can be recommended in the resource guide, 

coupled with images that showcase examples of the strategies in action.  
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Figure 6.7. Average Value Rankings. 

The main issues faced by local governments in each infrastructure sector can only be tended 

to when the resilience roadblocks are addressed first. If the resource guide’s aim is to identify 

resilience opportunities, then those opportunities should align with the issues they experience 

most. For example, identifying easily accessible and diverse grant opportunities for roadway 

resilience, while explaining its benefits towards fixing cracked pavement would help local 

governments address their most significant issue in their top-ranked infrastructure category. This 

would also help to close the gap in the top-ranked resilience roadblock, funding. Providing 

technical examples and resources for helpful organizations would help to close the gap on the 

technical expertise roadblock.  

 Wilcoxon Rank Sum Test 

The Wilcoxon Rank Sum Text, also known as the Mann-Whitney U Test, was conducted to 

determine significant relationships between two groups of independent qualitative values and their 
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associated quantitative values amongst the non-normally distributed survey data. This non-

parametric test assumes a small sample size, independent sampling, and continuous data (LaMorte, 

2017). In this case, data has already been ranked by the respondents to become discrete, which 

completes the first step in the analysis process. The Wilcoxon test produces a test statistic, W, that 

represents the number of times observations from one group precede observations from another 

group when ranked across both groups. It measures whether the ranks of one group tend to be 

higher or lower than the ranks of the other group, testing for differences in their distributions. If 

the resulting W test-statistic value is less than or equal to the corresponding W value in the table, 

then the null hypothesis can be rejected. The following are the general null and alternative 

hypotheses used for the Wilcoxon Rank Sum Test (LaMorte, 2017): 

H0: There is not a difference between the two populations. 

H1: There is a difference between the two populations. 

1. Infrastructure Challenges vs. Population Categories 

Due to the low survey response rate, there was an insufficient number of responses to warrant each 

population bracket being analyzed against one another. For this reason, the two lower and two 

upper brackets were combined to encompass the “Rural-Small” category (<20,000 people) and the 

“Mid-Large” category (>=20,000 people). The rural-small category had 6 total responses (n = 6: 

rural = 2, small = 4) and the mid-large category had 13 responses (n = 13: mid-sized = 10, large = 

3). 

 Every infrastructure challenge that respondents were asked to rank in the survey was 

analyzed based on their groupings into the two new population categories. In addition, the ranking 

of infrastructure categories in need of rehabilitation and the scoring of the respondents’ level of 
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knowledge regarding resilience implementation were both analyzed in these population categories. 

The Wilcoxon Rank Sum Test found one significant relationship. 

 One significant relationship (p = 0.003547, W = 5) was found between the ranked urgency 

of potholes on roadway infrastructure and rural-small and mid-large sized governments (1 = high 

priority issue; 8 = low priority issue). All respondents provided rankings for this question in the 

survey, making a total sample of 19 for this analysis. The critical W value for n1 = 6 and n2 = 13 

at an a = 0.05 significance is 16. Figure 6.8 displays this relationship graphically using a boxplot. 

 

Figure 6.8. Wilcoxon Rank Sum Test Results. 

Since the p-value of 0. 003547 is less than the a = 0.05 significance level, and W = 5 is less than 

the critical value of 16, H0 can be rejected in favor of H1. This indicates a significant difference in 

the urgency regarding the issue of roadway potholes between rural-small governments and mid-

large governments, indicating that rural-small governments hold potholes at a higher priority 

compared to larger governments. This is likely due to their lower budget and fewer staff available 

at their disposal. To reflect this finding in the resource guide, recommendations will be tailored to 
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fit each group’s needs. Rural-small governments may benefit from an abundance of resilient 

pothole repair and mitigation strategies in the guide that are cost-effective, whereas mid-large 

governments might benefit from purely preventive maintenance strategies. 

2. Infrastructure Challenges vs. Resilience Contact 

Every infrastructure challenge that respondents were asked to rank and the barriers to incorporating 

resilience were analyzed against whether the respondent left contact information for someone 

knowledgeable about their government’s approach to resilience, or a “resilience representative”, 

at the end of the survey. The Wilcoxon Rank Sum Test found one significant relationship.  

The significant relationship (p = 0. 04167, W = 11) was found between the urgency of 

aging stormwater and sanitary sewer pipe infrastructure (1 = high priority issue; 8 = low priority 

issue) and the mention of a resilience representative. Three respondents did not rank the storm and 

sewer issues, dropping the sample size to 16 for this analysis. After eliminating those responses, 

six respondents whose governments employ resilience in their infrastructure left contact 

information, and ten governments did not leave contact information. The critical W value for n1 = 

6 and n2 = 10 at an a = 0.05 significance is 11. This relationship is shown graphically in Figure 

6.9. 



77 
 

 

Figure 6.9. Wilcoxon Rank Sum Test Results. 

Since the p-value of 0.04167 is less than the a = 0.05 significance level, and W = 11 is equal to the 

critical value of 11, H0 can be rejected in favor of H1. This indicates a significant difference in the 

urgency of aging stormwater and sanitary sewer infrastructure and whether the respondent left 

contact information for a resilience representative, demonstrating that respondents who did not 

provide contact information for a resilience representative perceived aging stormwater and sanitary 

sewer infrastructure as a significantly more urgent concern. This suggests that without a designated 

resilience contact, local governments may lack the critical oversight needed to keep their 

maintenance and rehabilitation strategies up to date. The guide will include organizational contacts 

that can serve as external resilience representatives, ensuring that local governments have the 

necessary resources to maintain and upgrade their critical infrastructure effectively. Delegating an 

external representative is important in the context of high organizational turnover within local 

governments. 
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3. Priority of Infrastructure Categories vs. Grant Applications 

Priority rankings of the seven infrastructure categories were analyzed against whether those 

governments had applied to specific grant opportunities. The Wilcoxon Rank Sum Test found two 

significant relationships.  

 The first significant relationship found (W = 2, p = 0.002464) was between the priority 

ranking of a city/county’s water and wastewater treatment plants (1 = high priority; 7 = low 

priority) and whether the city/county had applied for funding through the Community 

Development Block Grant (CDBG) distributed by the Department of Housing and Urban 

Development (HUD). Fifteen total responses contributed to this analysis. Two responses listed “I 

don’t know” as to whether their city/county had applied for resilience funding and one response 

was unsure of the specific grants their city/county had applied to. Seven cities and counties had 

applied to receive funding through CDBG, and eight cities/counties had not. The critical W value 

for n1 = 8 and n2 = 7 at an a = 0.05 significance is 10. Figure 6.10 displays this relationship between 

the two variables graphically. 

 

Figure 6.10. Wilcoxon Rank Sum Test Results. 
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Since the p-value of 0.002464 is less than the a = 0.05 significance level, and W = 2 is less than 

the critical value of 10, H0 can be rejected in favor of H1. This indicates a significant difference 

between the ranked priority of WTP/WWTP and whether the city/county has applied to funding 

through CDBG, indicating that those who ranked rehabilitation of WTP/WWTP as a high priority 

were more likely to have applied to the CDBG. This insight will inform the resource guide by 

focusing on targeting recommendations for access to funding opportunities, especially for 

cities/counties focused on upgrading critical water infrastructure. Strategies will include guidance 

on navigating the CDBG application process, resources on incorporating resilient practices to 

CDBG funding awards, identifying other potential funding sources that might be easy to apply to 

and/or receive for water infrastructure, and resources to help grant applicants attract financial 

support within a grant application lifecycle. 

 The second significant relationship found (W = 7, p = 0.01522) was between the priority 

ranking of a city/county’s stormwater and sewer collection systems 9 (1 = high priority; 7 = low 

priority) and whether the city/county had applied for funding with CDBG. Again, the critical W 

value for n1 = 8 and n2 = 7 at an a = 0.05 significance is 10. Figure 6.11 displays this relationship. 
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Figure 6.11. Wilcoxon Rank Sum Test Results. 

Since the p-value of 0.01522 is less than the a = 0.05 significance level, and W = 7 is less than the 

critical value of 10, H0 can be rejected in favor of H1. This indicates a significant difference 

between the ranked priority of stormwater and sewer systems and whether the city/county has 

applied for funding through CDBG, indicating that those who ranked rehabilitation of stormwater 

and sewer systems as a high priority were more likely to have applied to the CDBG. This furthers 

the point of highlighting grant and other funding opportunities in the guide that are targeted 

towards critical water and wastewater infrastructure and providing resources to assist with the 

CDBG and HUD application and administration process.  

 Key Survey Findings 

The survey results reveal key priorities and shared challenges amongst local Georgia governments 

in furthering resilient infrastructure. Priority infrastructure sectors identified by respondents 

include roads and stormwater & sewer systems, indicating a focus on transportation and essential 

conveyance infrastructure. A lack of funding emerged as the top roadblock to resilience, while 
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gaps in information on resilience opportunities and technical expertise also limit planning efforts. 

One response was received from a coastal community, indicating that their most pressing issues in 

coastal infrastructure were flooding during high tides and storm surges, tidal backflow into storm 

and sewer systems, and a loss of natural buffers, in that order. 

Significant differences were found amongst the categories of government size, designation 

of a resilience representative, and storm/sewer and WTP/WWTP grant applications. Smaller 

governments placed a higher priority on pothole maintenance, likely due to lower budgets and 

fewer staff. Respondents without a dedicated resilience representative indicated that aging 

stormwater and sewer infrastructure was a higher priority than those who did list a representative, 

suggesting that resilience-focused expertise plays a role in educating others and promoting 

resilience in their government’s infrastructure design, construction, and maintenance. 

Governments that prioritized the rehabilitation of stormwater & sewer systems and WTP/WWTPs 

were more likely to have applied for CDBG funding, highlighting the importance of specific grant 

guidance in the resource guide and guidance on incorporating resilient practices with the allocated 

CDBG funding. 

These survey findings will drive the creation of a resource guide aimed at equipping 

Georgia’s local governments with the tools to help overcome their financial, technical, and data-

related barriers to resilient infrastructure. 

 Interview Responses 

As of March 2025, eight interviews were completed out of sixteen total requests sent to survey 

participants. These included representatives from one rural city, three small cities, three mid-sized 

cities, and one large county.  

1. Rural Governments: 
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a. City of Wadley 

Wadley was recommended to participate in the interview process due to their involvement 

with GCCMA. Their representation of rural governments also made Wadley an excellent 

interview candidate. The representative’s survey response demonstrated the city’s 

experience with grant writing and prioritized government buildings third when ranking 

infrastructure sectors, which was a unique prioritization from the rest of the survey 

respondents.  

2. Small Governments: 

a.  City of Hawkinsville 

Hawkinsville was selected to participate in interviews due to the government’s established 

partnerships with UGA as an Archway Partner Community through CVIOG and the 

College of Engineering. The city was one of six rural and small cities to respond to the 

survey, so their participation was essential to a well-represented rural-small community 

category. The survey response noted the city had applied to grants specifically for 

resilience, but did not have a resilience plan and did not list contact information for a 

resilience representative, making Hawkinsville a unique interview candidate. 

b. City of Alma 

Alma was recommended by a representative from the APWA, which highlighted their 

potential interest in participating in APWA-funded research. In their detailed survey 

response, the Alma representative expressed a strong interest in resilience and provided 

contact information for a resilience representative when most respondents did not. As 

previously mentioned, the rural and small cities/counties were a much smaller sample than 
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the mid-sized and large cities/counties, meaning their participation was vital in the 

interview process. 

c. City of St. Marys 

St. Marys was the only coastal government to respond to the survey. While one city cannot 

represent all coastal communities, its participation provided valuable insight and ensured 

that Georgia’s coastal region was represented in the interview process. Due to scheduling 

issues, the initial survey respondent recommended another St. Marys representative to 

participate in the interview process. The survey response indicated St. Marys’ pursuit of a 

variety of resilience grant funding opportunities and noted their in-house bridge 

management operations, making the city a unique candidate. 

3. Mid-Sized Governments: 

a. City of Statesboro 

Statesboro was one of the first responses to the survey, signaling responsiveness to email 

and a proactive interest in resilience topics. The response noted that the Statesboro Public 

Works Department has applied for numerous grants with a high success rate, indicating the 

department’s capability to secure funding. An interview would have been able to further 

understand their grant writing process and how it is so effective, a skill that would be useful 

for the resource guide. The respondent provided a resilience contact in their response and 

rated the department's resilience knowledge as a 7 out of 10, which demonstrates a great 

foundational understanding that could serve as a benchmark for others. 

b. City of Dalton 

Dalton was recommended for participation by a representative from CVIOG. The city also 

operates its own utility company, setting it apart from other Georgia cities and counties. 
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Dalton is geographically unique by being at the foothills of the Appalachian Mountains. 

After the initial email correspondence with the survey respondent, they recommended 

including two additional public works officials from the city in the interview conversation 

to provide a more comprehensive insight. 

c. City of Gainesville 

Gainesville was selected to participate in the interview process due to the survey 

respondent’s wide-ranging involvement in the city’s infrastructure operations that would a 

comprehensive overview of many infrastructure sectors. Gainesville also represented a 

unique geographic region of northeast Georgia that had not been interviewed yet. 

Gainesville’s representative scored their resilience understanding a 2 out of 10, which was 

lower than the average score from the total response pool and contributes a unique 

perspective that would help cater the guide to those in government with a lower 

understanding of resilience. 

4. Large Governments:  

a. Fayette County 

Fayette County was recommended for an interview due to its history with stormwater 

infrastructure financing, transitioning from a dedicated stormwater fund to SPLOST. The 

respondent’s position in the Environmental Management Department would have provided 

diversity in the response pool, which primarily consists of city managers, city 

administrators, and public works directors. Fayette County was one of four counties to 

respond out of the nineteen total respondents, making their feedback particularly valuable 

in this process. 
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 Interview Summaries 

1. City of Hawkinsville – In October 2024, the City Manager of Hawkinsville was interviewed to 

understand resilient infrastructure from the perspective of a small-sized city. Hawkinsville is the 

seat of Pulaski County and has a population of 3,980 as of 2020 (U.S. Census Bureau, 2021). The 

physical infrastructure assets and systems managed by the city, as described by the City Manager, 

include two wastewater and two water treatment facilities, an animal control facility, a public 

works facility, stormwater systems, sanitary sewer systems, roads, sidewalks, a natural gas facility 

and associated gas infrastructure, community buildings, a horse track, and various small parks. 

The City Manager explained that while there is no regular maintenance schedule for public works 

infrastructure like roads, stormwater, and sanitary sewer systems, their water and wastewater 

facilities, as well as associated pump stations and lift stations, are inspected and maintained 

regularly. This is due to the city’s recent decision to outsource these services to a third-party 

contractor. The motivation for this switch from in-house to contracted maintenance was due to a 

lack of internal staff with proper operational training and expertise.  

When asked to define a resilient infrastructure asset, the City Manager described it as 

“infrastructure that’s able to sustain the needs of the community without interruption.” They noted 

that a big challenge is convincing elected officials to approve long-term investments for 

infrastructure that may not provide immediate, visible benefits, such as stormwater and sanitary 

sewer, which makes it difficult to prioritize these projects. This is reflected in the 35% of 

Hawkinsville’s budget that is dedicated towards infrastructure, generally for maintenance and 

repairs. The city typically allocates funds for infrastructure based on immediate needs or specific, 

anticipated events. For instance, since 2020, Hawkinsville has been under a consent order from 

the Public Service Commission to replace two miles of steel gas mains each year. These types of 
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required projects are included in the budget. Recently, the city received a grant from the U.S. 

Department of Transportation to complete the remaining gas main replacements at no cost to the 

city. 

Hawkinsville’s preparedness for disasters has improved significantly since the hurricanes 

of 2018. The city nearly ran out of water during one storm due to a lack of backup power, 

prompting the installation of generators at essential facilities. The City Manager shared that 

through funding from the American Rescue Plan and SPLOST, the city was able to invest in 

generators, emergency pumps, and communication systems that have improved its ability to 

maintain essential services during hurricanes and other natural disasters.  

The city is proactive in seeking external funding through grants to address water, sanitary 

sewer, and stormwater challenges. Hawkinsville relies on the Middle Georgia Regional 

Commission to write grant applications for projects like CDBG, which they have received over 

$1,800,000 from in the past five years. Currently, the city is pursuing a Congressionally Directed 

Spending grant to fund a new water tower and additional water plant capacity. The City Manager 

described this expansion as necessary to accommodate current residential growth and future 

industrial expansion in Hawkinsville that is currently limited by its existing infrastructure capacity. 

Hawkinsville has implemented an enterprise fund supported by its gas, water, sanitary sewer, 

garbage services, and mosquito spraying, but all profit from this revenue is being allocated toward 

the general fund, further limiting the availability of funds for infrastructure improvements. 

2. City of Alma – Alma’s City Manager was interviewed in October of 2024. The city falls into the 

small-sized bracket with a population of 3,433 as of 2020 (U.S. Census, 2021). The physical 

infrastructure assets and systems managed and maintained by the city include water distribution, 
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stormwater and sanitary sewer systems, a WWTP, five parks, 15 acres of cemetery, a solid waste 

collection service, streets, sidewalks, right-of-ways, government buildings, and a theater.  

The City Manager defined resilient infrastructure as a multi-layered approach, starting with 

a solid foundation of a comprehensive database of infrastructure assets. Updates in Alma include 

recently digitizing maps of water and sanitary sewer lines from the 1970s to align with modern 

geographic standards. This foundational information supports effective planning, the use of high-

quality construction materials, and sustained funding. Without this solid knowledge base, 

resilience becomes unstable, akin to a “honeycomb base—taking shortcuts makes things sticky.” 

The City Manager has prioritized material selection in Alma’s infrastructure projects, noting that 

resilient infrastructure depends on using quality materials and changing outdated construction 

standards, as older materials like asbestos cement pipes are prone to brittleness. They noted that a 

main barrier to implementing resilience is getting “buy-in” from elected officials, whose shorter-

term outlooks prevent them from focusing on long-term success. Their strategy for educating these 

officials includes using APWA resources to familiarize board members with resilience priorities 

and taking officials to field sites to see infrastructure challenges first-hand. 

Alma’s infrastructure has grown gradually, adapting to modernization needs, including a 

$1 million CDBG award in 2023 used to slip-line and seal the aging terracotta sewer lines to 

improve resilience by reducing inflow and infiltration. Alma’s funding model includes Local 

Option Sales Tax (LOST) and SPLOST initiatives, which help to fund capital improvements. 

SPLOST has enabled the city to invest in vital transportation projects, water and sewer upgrades, 

and other community infrastructure. Alma’s 8% sales tax allocation has significantly supported 

improvements, including urban park developments and a “linear park” along the former railroad 

line, which reflects Alma’s move towards urban renewal. 
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Alma’s experience with natural disasters, particularly hurricanes, has led to critical 

investments in emergency preparedness. In 2018, the city used funds from the general fund and 

water fund to switch to a central generator with a three-day fuel supply for backup power and 

emergency preparedness, as well as fiber optic for communications. Hurricane Helene’s eye came 

within 35 miles of the city, resulting in widespread power outages and severe damage to forests. 

However, the city did not lose access to its water supply due to investments and planning done six 

years ago. 

3.   City of Wadley – The City Administrator of Wadley was interviewed in March of 2025. Wadley 

lies in Jefferson County, roughly 50 miles southeast of Augusta, and falls into the “rural” 

community size with a population of 2,050 people as of 2020 (U.S. Census Bureau, 2020). The 

local government manages ten lift stations, two water wells, and an oxidation pond that discharges 

treated water into a nearby creek. The city is actively transitioning from the aging oxidation pond 

system to a modern MBR-style wastewater treatment plant, a move driven by the growing needs 

of local industry. In addition to water infrastructure, Wadley is responsible for maintaining local 

roads, streets, and public facilities, including an elementary school and a recreation department. 

With recurring challenges such as inflow/infiltration issues and significant water main breaks 

(which, when fixed, have saved over 100,000 gallons per month), proactive maintenance is crucial. 

For example, when valve malfunctions were identified at lift stations, the city implemented a 

structured maintenance program to replace three valves in lift stations every year to ensure 

consistent reliable water infrastructure operations. 

Disaster resilience in Wadley is built on the premise of being perpetually ready to act, 

because “if something fails, we overcome it immediately.” The City Administrator’s approach is 

preventative and draws on experiences from past emergencies, such as Hurricane Helene which 
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led to a complete water outage for 13 days. Helene was an “eye-opener” for many in Wadley’s 

government operations and led to more buy-in for resilient infrastructure. The cost of waiting until 

systems break down far outweighs the investment in regular, preventive maintenance. Routine 

exercises, such as testing every valve and lift station board and having clear maintenance cycles 

in place, help ensure that the city's water and wastewater systems remain operational. This 

proactive mindset extends to all areas of the city's operations, emphasizing that resilient 

infrastructure is as much about long-term planning and preparedness as it is about immediate fixes. 

Funding remains one of the toughest challenges for Wadley as the city works to balance 

essential repairs with limited local resources. To stretch its budget, the city has effectively tapped 

into available funds like American Rescue Plan money, which has been used for water meter and 

valve replacements. Additionally, Wadley actively pursues external funding through a mix of grant 

opportunities. The Regional Commission has been instrumental in securing CDBG awards in 2022 

and is assisting the city with securing the next round of funds for stormwater and sewer 

improvements. The city also targets smaller, more accessible grants that are considered “low-

hanging fruit” and can be secured without the Regional Commissions’ grant-writing assistance. 

Their needs-based approach to funding, like prioritizing water system expansions before applying 

for housing development grants, allows Wadley to address both immediate challenges and invest 

in long-term resilience. 

4.  City of St. Marys – In November 2024, the Assistant Director of Public Works was interviewed 

on behalf of St. Marys in coastal Georgia. St. Marys falls into the “small” community size, with a 

population of 18,469 as of 2020 (U.S. Census Bureau, 2021). St. Marys manages a diverse range 

of infrastructure assets including WTP and WWTPs (owned by the city but operated by contractors 

with daily coordination meetings), roads, bridges, stormwater systems, right-of-ways, city 
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buildings, and several parks. They use tools such as Cartograph for tracking routine and emergency 

work orders and use ArcGIS for underground mapping, though not without challenges of manually 

locating buried assets. Additional maintenance efforts also include, but are not limited to, an EPA-

mandated lead service line inventory and pipe relining projects to address inflow and infiltration 

issues.  

 The Assistant Director defined resilience as having infrastructure that is designed for ease 

of maintenance, rapid repair, or quick replacement with minimal disruption to the community and 

the environment. An example in St. Marys is their WTPs, which are considered their most resilient 

assets due to built-in redundancy so that if one plant is offline, residents will not notice a drop in 

pressure or firefighting capability. Efforts to standardize equipment, like addressing the challenges 

posed by using three different pump models, further underscore their commitment to creating a 

robust, long-lasting system. 

Given its coastal location, St. Marys must always be on alert during hurricane season, from 

March through November. The Assistant Director described a proactive approach where the city 

prepositions equipment like backhoes, chainsaws, and other essential tools at flood-prone areas 

such as the causeway and Cumberland Harbor development. The city has not experienced a 

catastrophic water loss, and its emergency response is coordinated, with clear teams from fire, 

police, and public works. For example, during Hurricane Helene, a pump failure was quickly 

mitigated with a portable generator. St. Marys often faces unique challenges like natural blockages; 

for example, beaver dams sometimes obstruct drainage, forcing crews to manually clear ditches. 

Funding remains a challenge in St. Marys. The city transitioned from in-house management 

of its water and wastewater systems to contracting services around the 2008 recession due to 

staffing and budget constraints. Today, they actively pursue a range of external funding 
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opportunities, including Transportation Alternatives Program grants, CDBG, ARP, and a relief 

grant that will fund an effort to increase the urban canopy. The Assistant Director notes that they 

and their Director of Public Works are “equal opportunists” when it comes to state or federal 

grants, and they usually search for grants that directly align with the city’s needs rather than 

chasing funding for its own sake. However, navigating cost-share requirements (often demanding 

20–30% local contributions) and educating council members on the financial implications of 

bundling projects, like combined park maintenance and landscaping initiatives, continues to 

challenge their city.  

5.  City of Statesboro – In October 2024, the Public Works Director of Statesboro was interviewed 

to gain a better perspective on Statesboro’s infrastructure challenges, their approach to resilience, 

and their challenges with implementing resilience. Statesboro falls in the “mid-sized” range, with 

a population of 33,434 as of 2020 (U.S. Census Bureau, 2021). The physical infrastructure assets 

and services that fall under the Public Works & Engineering Department are streets, sidewalks, 

right-of-ways, street lighting, stormwater systems, cemeteries, solid waste collection systems, a 

transfer station, an inert landfill, the maintenance of passive parks, and mosquito control. The city 

manages government/public buildings and has a Public Utilities Division that manages the WTP, 

water storage, water distribution, sanitary sewer conveyance, a WWTP, and natural gas pipelines. 

Power is managed by Georgia Power and Excelsior EMC, and parks and recreation fall under 

Bulloch County's jurisdiction. The Director revealed that the city is preparing to be designated as 

a Municipal Separate Storm Sewer System (MS4) site by the Georgia EPD, which will require 

compliance with parts of the Georgia Stormwater Management Manual, or “Blue Book”. The 

Director stated that there has been resistance from local developers regarding the future 

development costs of implementing Blue Book practices to new development, but with the MS4 
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permitting, the Blue Book adoption will happen eventually. The city has encouraged developers 

to incorporate amenity areas and has amended ordinances to ensure long-term stormwater system 

maintenance by the city, which will relieve homeowner’s associations of that responsibility. 

The Director stated that in general, the government and academic community with Georgia 

Southern University supports and advances resilience in Statesboro. They defined resilience in 

terms of conscientious planning and sustainability and emphasized that providing community 

amenities such as green spaces and recreational areas contributes to overall resilience by enhancing 

neighborhood sustainability. In their view, resilience can involve minimizing disruption during 

construction, such as using perimeter roads to avoid the need for future demolition and reducing 

environmental impact by preserving natural features like trees. 

Regarding disaster preparedness, the city has learned from past experiences. Statesboro’s 

infrastructure faced minimal damage during Hurricane Helene, with the city's proactive planning 

playing a significant role in mitigating potential impacts. The Public Works Department had 

backup generators running continuously, handheld radios for communication when other systems 

failed, and a FEMA-certified contractor ready to collect debris. Lessons from Hurricane Matthew 

influenced the city’s response to Helene in their ability to quickly convert traffic signals to four-

way stops and to manage storm debris, ensuring that the city remained functional and safe during 

the event. 

The Director expressed concerns about the process of securing federal grants, noting that 

they generally prefer to apply for state funding mechanisms, such as the Local Maintenance 

Improvement Grant through GDOT. They emphasized that state officials tend to be more 

conscientious of and responsive to local needs, while federal grants are often cumbersome to apply 

for and less receptive to local government feedback. Although the Director currently writes the 
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grant applications for their department, they stressed the importance of having a dedicated grant 

writer—a role that Statesboro lacks. To support their infrastructure initiatives, the city has 

implemented a strategic funding plan, leveraging an enterprise fund to raise capital for essential 

projects. The city has developed a Long-Range Transportation Master Plan extending to 2045, and 

the TSPLOST passed for the 2023-2028 period is being managed by a recently hired consultant.  

6. City of Dalton – In November 2024, an interview was conducted with the Dalton City 

Administrator, the Director of Public Works, and a Project Engineer in Public Works. Dalton is 

the seat of Whitfield County and has a population of 34,457 people as of 2020 (U.S. Census 

Bureau, 2021). The physical infrastructure assets that the city manages and/or maintains are the 

streets, sidewalks, traffic signals and signage, garbage and recycling collection, stormwater 

infrastructure, parks and recreation facilities, cemetery and chapel, airport, golf course, and 

government buildings. Electricity, natural gas, water, wastewater, internet, and cable television 

services are all provided by Dalton Utilities through an enterprise fund, which is managed by the 

Water, Light & Sinking Fund Commission. Regarding maintenance, the costliest item in the 

budget is the annual asphalt resurfacing, followed by curb and gutter maintenance, and then storm 

drain maintenance. The City Administrator highlighted Dalton’s worker order/maintenance 

request system adopted in 2018 called “SeeClickFix”, an online service that allows citizens to 

easily report maintenance issues with Public Works infrastructure. 

 According to the team, resilience refers to preparing infrastructure to withstand and quickly 

recover from catastrophic events, such as storms or hurricanes, by mitigating damage and ensuring 

continuity. For example, the city is incorporating nature-based solutions into stormwater projects 

and using in-situ pipe-lining techniques to rehabilitate critical pipes under roads. They prioritize 

sustainable materials for repairs, avoiding "band-aid" fixes to ensure long-term durability and 
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reduce the need for frequent repairs. The city has been expanding its expertise with resilience 

through participation in APWA conferences and through meetings with industry practitioners. The 

City Administrator highlighted the creation of a 21st-century stormwater master plan, recognizing 

the city’s historical lack of stormwater management (no ordinance until 2006). The city hired an 

outside engineering firm to create a comprehensive plan that includes flood abatement strategies 

and capital projects to help them “move the needle” in addressing stormwater management 

deficiencies. Now, traditional gray infrastructure is being supplemented with nature-based 

solutions, such as regenerative stormwater conveyance projects, streambank restoration, and 

floodplain reconnection. This shift also aims to manage Dalton’s issue with steep slopes and high 

imperviousness that leads to high-velocity runoff. 

 Funding is a barrier to implementing infrastructure improvement projects, but Dalton has 

still managed to secure substantial resources, especially for stormwater initiatives. They 

emphasized that although more funding would allow for faster projects, their question is not “if” 

the projects will be implemented, but “when”. Dalton has received a $20 million revenue bond to 

kickstart capital projects and has spent nearly $10 million on stormwater projects so far. Other 

grants from the IIJA, GDOT, and the Federal Aviation Administration have helped Dalton with 

upgrading infrastructure at their municipal airport, an asset that contributes significantly to the 

local economy.  With the FY2025 SPLOST ballot referendum passing recently, funding for more 

public works and infrastructure-centric projects will become available. Dalton has made steady 

projects on the master plan project list, completing about a third of the items so far. The team 

stressed the importance of public support and involvement, as it influences future funding approval 

by elected officials.  
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7. City of Gainesville – In November 2024, the Deputy Director of Public Services in Gainesville 

was interviewed. Gainesville falls into the category of a “mid-sized” government with a population 

of 42,348 as of 2020 (U.S. Census Bureau, 2021). The participant’s role falls within Gainesville’s 

Public Works department, acting as the operations side of the division. Public Services includes 

solid waste, streets, sidewalks, cemeteries, public buildings, and vehicle services. The management 

of water and sewer falls under the city’s Department of Water Resources, an enterprise fund 

distinct from Public Works. The Deputy Director explained that a proposed stormwater utility, an 

initiative that aimed at improving stormwater management, was considered but ultimately not 

implemented due to public opposition. 

The Deputy Director described resilient infrastructure as assets that can withstand and 

recover quickly from disasters. They highlighted challenges in maintaining resilience, particularly 

with limited funding, and that this limits them from doing more preventative maintenance. For 

example, they noted that Gainesville’s budget of $1 million annually for stormwater is insufficient, 

given the scope of maintenance needs. Another challenge is political pressure, especially regarding 

the allocation of resources for maintenance across different wards. While some stretches of roads 

might need more investment than others, in order to meet council member expectations, they do 

their best to ensure even distribution of investments. In terms of resilience planning, the Deputy 

Director rated their understanding of resilience low in the survey but acknowledged the city’s 

improvements in mapping critical infrastructure, like water lines, storm sewers, and traffic signals, 

through the Department of Water Resources and other departments. After the discussion and 

gaining an understanding of the scope of this research, they rated their understanding as an 8 out 

of 10. They emphasized that Gainesville is committed to understanding and tracking its assets, 

improving preventative maintenance, and planning collaboratively for future challenges. 
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A dedicated program tracks the maintenance and replacement cycles for equipment, yet 

budgeting for upkeep is determined more reactively as assets wear down. Road maintenance 

involves evaluating conditions annually through services like “Roadbotics” and street scanning, 

focusing funding on the city’s most deteriorated roads. Funding for infrastructure upkeep often 

comes from grants, including the LMIG through the state. The Deputy Director said LMIG is 

relatively easy to secure and helps maintain the city’s 152 miles of paved roads. The budgeting for 

upkeep is not automated and is an “address it as it wears” approach. The city has a grant writer in 

the city’s Planning Department, but Public Works benefits from the funding they receive. The 

Deputy Director noted that federal funding requires more reporting and record-keeping, making it 

more difficult to acquire.  

They added that the city’s streets and utilities have fared well in recent storms like 

Hurricane Helene. Gainesville’s Public Works team has emergency response plans for those types 

of events to ensure a rapid response after the fact. 

8. Fayette County – In October 2024, the Director of the Environmental Management Department 

was interviewed. Fayette County was the largest government interviewed, with a population of 

119,181 (U.S. Census Bureau, 2021). Their department handles stormwater infrastructure 

development and project management, including asset management for roads and assisting with 

water system needs. The department conducts a mandatory asset inventory every five years to 

assess stormwater management facilities and address issues like clogged culverts or failing pipes. 

They manage replacements, either in-house or through contractors, depending on the project's 

complexity. 

The Director described their personal definition of resilient infrastructure, stating, “My 

predecessor and their predecessor won’t have to worry about it." They questioned whether the 
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investments made today would last for the next 100 to 150 years. This includes future floodplain 

modeling, considering upcoming developments, and opting for durable materials like concrete 

over plastic or metal for underground pipes and culverts to prevent failures. Their department 

adopts GDOT standards and seeks innovative methods to enhance resilience while minimizing 

costs but does not use any formal resilience policies. The Director explained that internally, the 

commitment to resilience is a 5 to 6 out of 10 and noted that while it is not always a priority, 

federal grant funding is increasing their focus on the subject. The Director is the grant writer for 

their department and picked up the skill during their tenure with Fayette County. They focus on 

applying for federal grants distributed through the state and noted the State’s helpful assistance in 

the application process by ensuring that all requirements are met and that everything is properly 

documented. They mentioned applying for the LMIG and Hazard Mitigation Grant Program 

(HMGP through FEMA), which are easy grants to apply for and receive. The Director went on to 

explain that Fayette County is proactive in identifying its infrastructure problems before a disaster 

so that they can include that cost in their hazard mitigation plan and receive funding through 

HMGP.  

The Director noted the shift from a stormwater utility to a SPLOST funding model. The 

implementation of a stormwater utility in Fayette County faced challenges due to inadequate public 

education. The transition to SPLOST funding allowed for substantial investment in stormwater 

infrastructure, with ongoing capital projects supported by an annual maintenance budget. 

The Director described Fayette County’s preparedness for catastrophic events, specifically 

Hurricane Helene, and how prior flooding events in 2015 led to improvements in his department’s 

inventory and mapping systems. They emphasized the importance of having a disaster response 

plan and tools to track potential emergencies. When asked about additional challenges in 
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incorporating resilience into infrastructure management, the Director highlighted a general lack of 

public education on resilience, particularly in a rural-urban context. They noted that public interest 

in resilience measures often wanes during economic downturns when immediate needs take 

precedence. 

 Key Interview Findings 

Interviews with local government officials provided key insights into how infrastructure resilience 

is currently understood and implemented at the local level. While officials often described 

resilience in terms of emergency preparedness and disaster recovery, their actions frequently 

aligned with long-term resilience strategies, even if they did not explicitly label them that way. 

Many officials noted recent investments in redundant systems, infrastructure mapping, and nature-

based solutions and highlighted how these long-term measures had improved their ability to 

respond to short-term extreme weather events, like Hurricane Helene. However, funding 

constraints and limited technical expertise remained persistent barriers, particularly for smaller 

governments that struggle to implement proactive resilience measures beyond routine 

maintenance. 

One of the most consistent themes across the interviews was the challenge of securing and 

managing funding for resilience projects. While federally administered grants were seen as 

valuable, some officials found them to be overly complex and restrictive, leading to a preference 

for state-level funding mechanisms such as LMIG from GDOT and locally funded SPLOST. 

Additionally, officials expressed concerns about political friction in securing funding for long-

term infrastructure projects, which often results in deferred maintenance and missed opportunities 

for resilience improvements. To address these challenges, some governments have turned to 
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external consultants for grant writing and project management, though this is not always feasible 

for smaller governments with limited budgets, who often rely on their Regional Commission. 

Another key takeaway was that most local governments rely on a mix of engineering 

documents, state guidelines, and professional organization resources, and there is no single, widely 

adopted resilience planning framework. This lack of standardization has led to inconsistent 

implementation and a reliance on informal knowledge-sharing among public works professionals. 

Several officials emphasized the need for clearer guidance on resilience strategies, particularly 

those that could be incorporated into existing capital improvement plans with minimal additional 

costs.  

 Product Development 

The development of the resource guide followed a structured, chapter-based outline approach. The 

four chapters and three appendices include a chapter introducing resilience, a chapter exploring 

resilience deeper within the context of eight infrastructure sectors, a chapter dedicated to resilience 

implementation, and a final chapter on financial and organizational resources to support resilience 

initiatives. 

Chapter 1 establishes the purpose of the guide and underscores its significance in the face 

of climate change and the increasing frequency of natural disasters. A section of this chapter was 

designed to decouple the use of resilience and sustainability while acknowledging their areas of 

overlap (see Figure 6.12). Interview data revealed that these terms were commonly used 

interchangeably, leading to confusion on their use.  
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Figure 6.12. Sections 1.2 and 1.3 from Chapter 1: “Introduction” from the Resilience Resource 

and Decision Guide. 

Chapter 2 examines resilience in the context of each infrastructure sector: roadways, 

stormwater, bridges, public buildings, public parks, drinking water treatment and distribution, 

wastewater treatment and collection, and coastal and riverine protection. Survey responses 

identified a lack of information on resilience opportunities and limited technical expertise as two 

of the top barriers besides funding, so specific engineering strategies are presented in Chapter 2 

for all sizes of local governments. Based on survey feedback, the Transmission and Distribution 

category was eliminated from the original nine infrastructure categories, resulting in an analysis 

of eight sectors. Although stormwater and sewer systems were initially grouped together, they 
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were later separated; sanitary sewer systems were combined with wastewater treatment due to their 

shared infrastructure, while stormwater was treated as an independent category. This decision 

reflects common local government practices, as many have dedicated stormwater departments, and 

recognizes that advancing stormwater resilience increasingly involves the separation of storm and 

sewer systems for improved environmental outcomes.  

The interviews highlighted that many capital improvement plans and engineering designs 

incorporated resilient practices that were not explicitly recognized. To address this, the Resilience 

Strategy Tables were developed for Chapter 2. The initial Tables outlined six to ten strategies that 

address the top challenges identified by survey responses for each infrastructure category, focused 

on the planning, preparation, mitigation, and recovery tenants of the ASCE resilience definition 

(ASCE, 2021). Many of the strategies used in the Tables come from case studies located in the 

Literature Review, such as using “Green Infrastructure for CSO control” in the wastewater 

treatment and collection category (ASLA, 2023) and “Column reinforcement with glass FRP 

wrap” in the bridge category (Echevarria et al., 2016). Statistical analysis showed that smaller 

governments prioritize issues like pothole repairs, suggesting that larger governments might focus 

more on preventative maintenance. Therefore, the Tables offer differentiated strategies to address 

these distinct needs. Other strategies came from specific examples mentioned in the interview 

process that were noticed as resilience bright spots. For example, “Trenchless lateral repairs for 

stormwater pipes” was mentioned in the Fayette County interview as a resilience strategy used to 

avoid environmental and traffic disruptions. Another strategy, “Minor grading/re-grading of areas 

and trails with poor drainage in public parks”, is used as a low-cost resilient nature trail 

rehabilitation strategy in National Park Service lands (National Park Service). Strategies were also 

adapted from state and federal organization resilience materials, such as the EPA’s Flood 
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Resilience Guide for Water and Wastewater Utilities (EPA, 2014) and NOAA’s U.S. Climate 

Resilience Toolkit (Climate.gov, 2024). Strategies were evaluated on factors of project cost, 

savings, construction, and O&M. Table 6.1 contains rationales for these four factors.  

Table 6.1. Rationales and Methods of Development for Factors in Resilient Strategy Tables. 

Factor Rationale Method of Development 

Project Cost 

 
$: Little to no cost. Can be completed with 
internal resources and staff without a 
contractor. 

 
$$: Moderate cost and intricacy. May 
require external funding and contractor 
assistance for implementation. 

 
$$$: High cost and intricacy. Requires 
significant funding and contractors to 
complete. 
 

 
From EPA Flood Resilience 
Guide for Water and 
Wastewater Utilities (EPA, 
2014). 

Project 
Savings 

 
$: Minimal cost savings. Any financial 
benefits are small or take a long time to 
materialize. 
 
$$: Moderate cost savings. Some reductions 
in long-term expenses, but upfront costs 
may still be significant. 
 
$$$: Significant cost savings. Leads to 
substantial long-term financial benefits, such 
as reduced maintenance, lower operational 
costs, or avoided major expenses. 
 

Developed based on the 
expected lifespan of each given 
strategy in comparison with a 
traditional benchmark strategy.  
 
Considers the reduction in 
maintenance costs, frequency of 
new construction, and reduction 
in labor required. 
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Table 6.1 (Continued). 
 

Level of 
Construction 
Required 

 
Low: Minimal labor and expertise. Uses 
common technologies. Has little impact on 
the natural environment. Implementation is 
straightforward. 
 
Medium: Moderate level of labor that may 
require some specialized knowledge. Some 
natural disturbances. Remains feasible for 
most communities. 
 
High: Requires significant labor, advanced 
technologies, and specialized expertise. May 
involve major natural disturbances. 
Complex implementation with many 
potential challenges. 
 

Adapted from construction 
rationales the Climate Ready 
DC Resilient Design Guidelines 
(Department of Energy & 
Environment in the District of 
Columbia, 2021).  
 
Considers levels of natural 
disturbance, community 
operations disturbances, and 
labor requirements. 

O&M 

 
Low: Minimal labor and routine 
maintenance using readily available 
materials or technologies. Low-cost and 
simple to sustain. 
 
Medium: Moderate upkeep with some 
specialized skills or materials. Maintenance 
is more frequent but manageable. 
 
High: Significant labor, expertise, and costly 
materials required. Maintenance is frequent 
and resource intensive. 
 

Adapted from O&M rationales 
for resilience strategies from the 
Climate Ready DC Resilient 
Design Guidelines (Department 
of Energy & Environment in the 
District of Columbia, 2021).  

 

Each strategy was accompanied by descriptions of its potential resilience benefits, with co-benefit 

check boxes on the right side of the table highlighting issues that were most pertinent in survey 

feedback, as seen in Figure 6.13. 
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Figure 6.13. Excerpt of Initial Resilient Strategy Table for Roadways. 

Interviewees noted improvements to their community with investments in emergency 

preparedness, nature-based solutions, and durable/resilient building materials, so specific 

strategies from each of these categories were included in the Tables.  

Chapter 3 focused on the implementation of resilience measures introduced in Chapter 2. A 

supplemental Decision Matrix Excel Spreadsheet is provided in Appendix E to assist the Guide’s 

users in the resilience decision-making process. The Matrix was developed as a more concise 

alternative to a decision tree, offering a structured method to quantify resilience factors for local 

governments. The cover page of the Excel File is shown in Figure 6.14. 
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Figure 6.14. Cover Sheet of Resilience Decision Matrix. 

The Matrix was designed with a numbering system to standardize assessments across up to five 

diverse resilience strategies in various sectors. Project cost and savings, categorized into low, 

medium, and high levels, were assigned numerical values (1, 2, or 3) to provide a direct 

comparison. The “time to implement” factor was segmented into three timeline categories (<1 

year, 1–3 years, and 3+ years) with corresponding scores (1, 3, or 5), and “expected lifespan” was 

divided into 0–3, 3–10, and 10+ years with the same corresponding scores (1, 3, or 5). The options 

were designed to give the Matrix’s users a chance to think of the strategy in terms of their 

government’s operational capacity and its realistic timelines. These individual scores combine to 

form a cost-effectiveness score, which is the financial aspect of the Matrix. Figure 6.15 shows the 

formula and explanation of the score in the Guide. 
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Figure 6.15. Cost Effectiveness Metric Explanation in the Guide. 

To quantify the benefits of resilience and demonstrate its value, a Resilience Impact Score and a 

Community Impact Score were developed. The Resilience Impact Score enables users to assess 

the direct benefits and co-benefits of resilience strategies from the Tables, rating their potential 

effect on the community on a scale from low to excellent. Likewise, the Community Impact Score 

evaluates how both intended and unintended stakeholders are affected by a project, considering 

local conditions, implementation timelines, expected lifespan, construction complexity, and other 

relevant factors. Finally, a weighting system was developed to allow local governments to reflect 

their own priorities in the final decision, making the Matrix scalable and more relevant to a range 

of governments. The final score is calculated by multiplying each factor’s score by its assigned 

weight, and then summing the weighted values. See Appendix E to see the Guide’s example use 

case of the Matrix in detailed description. 

Chapter 4 was developed to directly address the challenges and opportunities identified 

through the survey and interview research. Key findings, especially funding limitations, gaps in 
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technical expertise, and the need for accessible resilience guidance, shaped the content of this 

chapter. For example, survey data consistently pointed to inadequate funding as the primary barrier 

to implementing resilient infrastructure. Interviews further revealed that federal grants can be seen 

as complex and state funding channels are viewed as more accessible and aligned with local needs. 

Based on these insights, organizational profiles, funding profiles, and training opportunities were 

compiled to directly target the barriers identified. Practical tools and actionable guidance, like both 

traditional and unique funding opportunities (see Figure 6.16), and funding training seminars, were 

compiled based on research and recommendations from members of REACT4. 

 

Figure 6.16. Funding Profiles from the Resilience Resource and Decision Guide. 
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The interview process demonstrated there is no “one-stop shop” for infrastructure resilience for 

local government use, so Chapter 4 acts as a directory for information on how to secure the 

necessary resources to address their resilience needs.  

 Product Evaluation Survey Results 

Nine participants accessed the evaluation survey QR code, and all received the guide, spreadsheet, 

and a follow-up survey link. The survey remained open for thirteen days, yielding seven responses, 

five of which were fully completed. The survey was mistakenly published with the incorrect 

questions initially, but seeing as the point of the survey was to gather concrete feedback and iterate 

the guide, rather than to provide statistical significance to the data, the survey was simply re-

published with the corrected questions.  

The survey feedback was generally positive, with many respondents commending the 

Guide as a comprehensive and informative introduction to resilient infrastructure that is valuable 

for both city and county management. The average score for the Guide’s general organization was 

9 out of 10, and the comments did not point out any changes to make on this front. The average 

usefulness score was 8.2 out of 10, ranging from scores 6-10. Respondents particularly appreciated 

how Chapter 2 covered a range of topics relevant to daily operations and noted that the sections 

on resilient bridges, fault trees, and defensible spaces in public buildings were useful. Chapter 3’s 

Decision Matrix was seen as a promising tool for assessing project resilience, and the resource 

listings in Chapter 4 were well-received for both familiar and new funding sources. The Tables 

were also validated for their clarity and usefulness. 

Some areas for improvement were identified. One respondent felt that certain graphics in 

Chapter 2, such as the roadway cross section and transit options, seemed better suited to larger 

urban settings rather than for smaller governments. In Chapter 3, reviewers suggested introducing 
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the weighting process earlier in the chapter to better address the varied priorities of different local 

governments. Respondents also raised concerns about justifying the Matrix’s overall value to 

decision-makers. Feedback for Chapter 4 emphasized the need to include funding sources 

commonly used by smaller governments, such as LMIG, SPLOST, and TSPLOST, and 

recommended incorporating numerical estimates in the strategy tables to enhance clarity. 

 Product Evaluation Discussion Findings 

Based on feedback from the five responses, two participants were reached out to participate in 

discussions that gauged their opinions on the Guide and Decision Matrix and to create use cases 

for the matrix and demonstrate its usability. 

1. Fayette County 

A discussion with the Assistant Director of the Road Department was held in February 2025 via 

Zoom. This participant was chosen for the evaluation process due to their extremely thorough 

survey feedback. Their critiques of the Guide were to make it more relatable to smaller 

governments through the graphics and the blurbs. The Assistant Director said they even distributed 

the survey, Guide, and Matrix to another member of the Fayette County Road Department as a 

“training exercise” to get them acquainted with resilience in public works. They noted that this 

person thought the Guide was an excellent introduction to infrastructure resilience and learned a 

lot through its contents.  

When initially using the Decision Matrix, the Assistant Director expressed their confusion 

with how to effectively use the tool. Without having benchmark/traditional strategies in each 

infrastructure table, there is nothing to compare each resilience strategy against to grasp the 

resilience concept. They also noted the specific goal of each strategy should be more clearly 

communicated so that the comparison process is more straightforward. Other feedback was that 
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some of the strategy descriptions were not completely clear in what they did, such as the “Extended 

Shoulder Lane” in the Roadways Table. They recommended removing or editing specific 

strategies in the Roadways Table based on his expertise in the field. During the discussion, it 

became evident that the tool was unusable in its existing form for the Assistant Director’s day-to-

day use. However, the full review of the sequencing, formatting, and articulation of the tool was 

invaluable to refining and revising the guide for the following discussion meeting. 

2. Athens-Clarke County 

Another evaluation discussion was held with a Senior Transportation Planner with Athens-Clarke 

County in March of 2025 via Zoom. The original survey respondent was the Engineering 

Administrator with ACC, but they were unable to participate due to scheduling and availability 

issues. The participant highlighted that the guide had presented resilience and associated 

management strategies in an accessible manner for individuals without a public works background. 

They noted that the Guide had addressed challenges related to budget deficits and had provided 

clear, digestible strategies for communicating with elected officials. One recommendation was to 

incorporate real field photographs of deteriorating infrastructure in Chapter 2 to demonstrate the 

improvement, and hence the value of resilience, in infrastructure. Furthermore, they emphasized 

the importance of clearly presenting funding sources like LMIG, SPLOST, and federal grants (e.g., 

the PROTECT grant), which had proven critical for smaller governments.  

 During the Matrix evaluation, the participant, being a Transportation Planner, identified 

one benchmark strategy that Athens-Clarke County uses, “Mill-and-fill road resurfacing”, and two 

other resilient strategies, “Using a rejuvenator for pavement preservation” and “Reinforcement 

with advanced polymer-modified asphalt”, that their department may be interested in exploring. 

The targeted benefit of the chosen strategy options was to reduce pothole maintenance on their 
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county’s roads. Figures 6.17, 6.18, and 6.19 display the options they chose for each strategy and 

the resulting score.  

 

Figure 6.17. Steps 1 and 2: Infrastructure Sector and Individual Strategy Choices. 

 

Figure 6.18. Steps 3, 4, 5, and 6: Cost Effectiveness Calculation, Resilience Benefit Scoring, and 
Community Impact Scoring. 

 

Figure 6.19. Step 7: Final Weighting and Resulting Rankings of the Strategies. 
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While the traditional mill-and-fill resurfacing option scored the highest, they explained the value 

of stepping through this process as someone who is usually not in a decision-making role. They 

mentioned that the tool will be very helpful in facilitating future discussions amongst a diverse 

team with differing opinions and priorities that will reflect in the scoring of each strategy.  

 Resource Guide and Matrix Iteration 

Based on feedback from survey respondents and discussions, revisions were made to improve the 

Guide, Tables, and Matrix. A new section was added to Chapter 1 to introduce the concept of BCR 

in order to prompt the audience’s early consideration of cost-effectiveness. A key takeaway from 

the survey and discussions was to make the Guide and its images more relatable to small 

governments, so more rural-focused content with imagery from out in the field tailored to smaller 

governments was added to Chapter 2. Figure 6.20 shows imagery that was added to the Guide 

during its iteration to improve its relatability. 
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Figure 6.20. Addition of Resilient Strategy Images Geared Towards Small Communities. 

 Chapter 3 was restructured to lead with the weighting process, acknowledging the varying 

priorities of local governments. Chapter 4 was expanded to include SPLOST and TSPLOST 

funding opportunities, additional grant administration trainings, and resources covering all 

infrastructure sectors. Significant modifications were made to the Resilience Strategy Tables. A 

new column was introduced to allow categorization of strategies by new or existing asset, which 

provides more consistency with the Guide in using the term “asset” (see Figure 6.21). 

 

Figure 6.21. New Column Addition to Categorize by New or Existing Asset. 
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New rows containing benchmark strategies, sourced from current Georgia and federal standards 

(e.g., GDOT, EPA, GA DNR) and established best practices, were added beneath the traditional 

resilience strategies, in accordance with recommendations from the evaluation discussions. Figure 

6.22 shows an example of the benchmark strategies added to the Guide. 

 

Figure 6.22. Addition of Benchmark Strategies to Provide Direct Comparison to Resilient 

Strategies. 

The table layout was reconfigured so that the “Benefits of Strategy” appears immediately to the 

right of the strategy description, thereby facilitating easier comparison of strategies with similar 

goals. Additionally, strategy titles were refined for clarity (e.g., “Extended Shoulder Lane” was 

revised to “Extended Shoulder Lane to protect main roadway against flooding”), and certain 

strategies that were deemed inapplicable to Georgia’s current practices, such as pavement sensors, 

were removed. A new column was introduced to allow filtering by asset type, reinforcing 

consistency in terminology with the decision matrix in using the term “asset”. The Decision Matrix 

was improved with an annotated table key, which aimed to reduce the need for users to cross-

reference the guide, creating a more user-friendly experience. Collectively, these refinements 

significantly strengthened the guide’s coherence and usability. 
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 Resource Guide and Matrix Distribution 

Upon approval of this thesis from the University of Georgia graduate program, the Guide and 

Matrix will be distributed to the Georgia Chapter of the APWA for local governments to use and 

integrate into their infrastructure management operations. 
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 Conclusion 

This research reiterates the fact that building resilience into local government infrastructure is not 

merely a technical challenge, but a grand challenge with funding constraints, political frictions, 

and a rapidly changing climate. Smaller and rural cities and counties tend to struggle more with 

these constraints when planning infrastructure projects than a larger city or county with more 

resources. There is a gap in translating broad resilience concepts and planning frameworks into 

actionable, cost-effective strategies, and many local governments lack the resources or data 

necessary to investigate resilience options and prioritize investments. The literature review found 

that there were no resources or guides available with the capability to address technical resilience 

at all community scales in Georgia. 

To address this gap, the Resilient Infrastructure Resource and Decision Guide for Local 

Georgia Governments and the accompanying Resilience Decision Matrix Excel Spreadsheet were 

created based on the insights gained from research conducted through surveys, interviews, and an 

evaluation process. Both qualitative and quantitative analyses informed the selection of strategies, 

funding opportunities, infrastructure priorities, and organizational partnerships that were 

ultimately incorporated. Supplementing the literature review with an in-depth exploration of 

technical resilience strategies allowed the guide to offer a comprehensive suite of 

recommendations for infrastructure improvements. The Decision Matrix simplifies the investment 

prioritization process to cost, community, and resilience and ensures that even those with limited 

technical expertise can access well-researched, actionable strategies.  
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Future research could explore how the Decision Matrix is used over time by local 

governments. By following select cities and counties over the course of a year, researchers could 

track changes in infrastructure planning, investment decisions, and interdepartmental coordination 

as a result of using the Matrix for their decision-making processes. Another potential field of study 

is to further explore resilience applications for each of the eight infrastructure sectors and how to 

best incorporate those applications into capital improvement plans for Georgia local governments. 

In conclusion, this thesis demonstrates that infrastructure resilience is not an abstract, 

unapproachable concept, but a term that describes infrastructure that is built to endure and adapt 

over time. Ultimately, the value of the Guide and Matrix lies in its ability to inform the resilience 

decision-making process and to serve as a resource for educating others beyond its intended 

audience. 
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Appendix B: Interview Guide 
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1. How would you describe a resilient physical infrastructure asset to a friend? 

2. What physical infrastructure assets and systems does your government manage? 

3. Tell me about the maintenance and upkeep of the infrastructure systems your government 

manages. 

4. Tell me about the process of developing your annual government budget and the allocation of 

funding directed towards your infrastructure systems. 

5. In your survey response, you indicated you applied for external funding. Why did you select 

those particular opportunities?  

6. In your survey response, you indicated you did not apply for external funding. Why not? 

7. Of your physical infrastructure assets, tell me about the asset or system that you feel is the most 

resilient. How has your local government maintained that asset’s strength over the years? 

8. In your survey response, you scored your local government’s understanding of resilience a * out 

of 10. How would you describe your government’s level of commitment to incorporating 

resilience to your infrastructure planning? 

9. If a neighboring city or county reached out to you for resources to use for resilient infrastructure 

planning, what would you recommend?  

10. In your survey response, you ranked challenges of incorporating resilience into your 

infrastructure design and management. Could you share specific examples of how your 

government has experienced these challenges? Are there any additional challenges you've 

encountered that weren't listed?  

11. Were you directly affected by Hurricane Helene? If not, have you experienced a catastrophic 

event that tested your infrastructure? How did your planning and preparation impact the outcome 

and the extent of damage to your infrastructure? 

Zoom Information 

Ella Terrell is inviting you to a scheduled Zoom meeting. 

Topic: Ella Terrell's Personal Meeting Room 

Join Zoom Meeting 

https://zoom.us/j/2895349185 

Meeting ID: 289 534 9185 



140 
 

Appendix C: Evaluation Survey Questions 
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Appendix D: Evaluation Discussion Guide 
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Appendix E: Resilience Decision Matrix Excel Spreadsheet 
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OneDrive Link to Spreadsheet: Resilience Decision Matrix Excel Spreadsheet  

https://outlookuga-my.sharepoint.com/:f:/g/personal/elt70605_uga_edu/Em8VXRVzeaVKvyjcErJe1R0B2kVI4Xs2MfUjb36K6wo9mg?e=HLfGPj
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Appendix F: Resilient Infrastructure Resource and Decision Guide for Local Georgia 

Governments 
















































































































































