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Chapter 1: Introduction

Chapter 1
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1.1: RESILIENCE & THE TRANSPORTATION SYSTEM

1.1.1: BENEFITS OF RESILIENCE NATURAL AND HUMAN�MADE DISASTERS AFFECT 
TRANSPORTATION INFRASTRUCTURE, OPERATIONS, 
SAFETY, AND LIMIT MOBILITY, CREATING ECONOMIC 
IMPACTS.

	» Increased frequency and cost of maintenance and 
repairs

	» More complex and demanding operational 
considerations

INFRASTRUCTURE /OPERATIONAL IMPACTS

	» Potential increase crash risk due to road conditions.

	» Disruptions and reduced access to evacuation 
routes

	» Increased emergency response times

	» Potential elevated safety risk for field staff

SAFETY IMPACTS

	» Travel delays due to detours and rerouting 

	» Disrupted access to destinations, especially in 
cases where detours become inaccessible 

	» Interruptions in the movement of goods and the 
facilitation of services, leading to financial losses for 
businesses and workers

MOBILITY AND ECONOMIC IMPACTS

Understanding the importance of resilience in 
transportation infrastructure is vital for the safety and 
well-being of Kentucky’s residents. By building resilience 
into the framework of the transportation system, Kentucky 
is not only safeguarding roads and bridges but also 
ensuring that communities remain connected and 
accessible during times of crisis. 

The resilience of the transportation network goes beyond 
merely designing and constructing physical structures 
to withstand extreme weather events and natural 
hazards; it encompasses the entire spectrum of KYTC’s 
operations, from planning and strategic maintenance to 
effective emergency response and recovery. By adopting 
a comprehensive approach, KYTC can better anticipate 
potential disruptions, reduce vulnerabilities, and enhance 
the overall functionality of the transportation network.

KYTC is prepared to respond to impacts of weather 
events, natural disasters and changing conditions through 
coordination with other agencies, mitigation strategies, 
preparedness, and emergency response and recovery 
efforts. KYTC is a first response partner with Kentucky 
Emergency Management (KYEM) and local governments 
to deploy resources including personnel and equipment 
during impactful events. KYTC has significant planning 
and statewide communication experience, including 
year-round emergency response partner outreach and 
participation in emergency drills. After initial response, 
KYTC uses the impacts of weather and climate events 
to guide strategies and investment for the reconstruction 
and future operation of transportation infrastructure with 
consideration of resilience and potential future risk.

� A full description of the agency�s response roles and responsibilities 
can be found in the Kentucky Transportation Cabinet All Hazards 
Response Plan developed by the Division of Incident Management.

Resilience is the ability to anticipate, prepare for, and adapt to changing conditions and 
withstand, respond to, and recover rapidly from disruptions. For Kentucky’s transportation system, 
resilience translates into the ability to keep roads open and functional when unexpected, challenging conditions 
occur – including natural and human-caused disasters. Transportation resilience is a key component of the Kentucky 
Transportation Cabinet’s (KYTC) mission, and KYTC has been investing in resilience efforts for many years.¹
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KYTC MISSION

The Kentucky Transportation Cabinet’s mission is to provide a 
safe, efficient, environmentally sound, and fiscally responsible 
transportation system that delivers economic opportunity and 
enhances the quality of life in Kentucky.
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1.2: EXTREME WEATHER AND 
NATURAL HAZARDS IN KENTUCKY
In recent years, Kentucky has experienced an array 
of natural disasters that have tested infrastructure and 
community resilience. The impacts of these events have 
underscored the necessity of integrating resilience into 
every facet of transportation planning and execution. 
By doing so, KYTC can mitigate the impacts of future 
hazards, ensuring that Kentucky’s roads remain 
accessible and safe for all users. 

Climate models predict conditions that will gradually 
change over the coming decades, compared to those 
encountered historically. For Kentucky, these models 
predict a warmer and wetter environment. While 
Kentucky’s transportation infrastructure has been 
designed to handle a broad range of climate impacts 
based on historic observations and trends, there are 
questions about how the system will perform amid these 
environmental changes and the associated increased 
frequency of extreme weather events. 

In December 2021, western Kentucky was struck by a 
severe tornado outbreak that killed eighty people and 
destroyed or badly damaged more than fifteen thousand 
homes and businesses, resulting in damages estimated 
at upwards of four billion dollars. Cities such as Mayfield, 
Princeton, and Dawson Springs suffered catastrophic 
damage (Figure 2).

Recent events in Kentucky have demonstrated 
the devastating power of extreme weather 
events and natural hazards.

From 1980 to 1999, Kentucky averaged 0.7 presidentially 
declared disasters per year. Since 2000, that average 
has increased to 2.35 presidentially declared disasters 
per year. In 2024 and 2025 (through September) alone, 
there have been three and five presidentially declared 
disasters, respectively (Figure 1). 
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FIGURE 1: DISASTER DECLARATIONS IN KENTUCKY, 
1980-2025

FIGURE 2: TORNADO DAMAGE IN MAYFIELD, KY

Source: OpenFEMA, FEMA web disaster summaries, Federal Emergency Management Agency. Data analysis and processing by USAFacts. Retrieved on 
September 3, 2025. https://usafacts.org/answers/how-many-disasters-are-declared-in-the-us/state/kentucky/ 
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The disaster in western Kentucky was followed in July 
2022 by catastrophic flash flooding in eastern Kentucky. 
Up to sixteen inches of rain fell over the rugged terrain of 
Breathitt, Clay, Knott, Letcher, and Perry Counties, causing 
water to rise rapidly and violently in communities located 
along streams in low-lying areas (Figure 3). The flash 
flooding killed forty-four people, damaged or destroyed 
over thirteen thousand homes, and critically damaged 
infrastructure such as roads, bridges, water supply, and 
power lines. 

Additional flooding events have taken place since the major 
flooding in July 2022. In February 2025, certain areas 
such as Martin County received over nine inches of rainfall 
within several days. Over 300 roads were closed in Eastern 
Kentucky and numerous residents were displaced. In April 
2025, ten inches of rain fell across Central and Northern 
Kentucky, causing rivers, including the Ohio River, to 
rise and overflow their banks. Cities and towns including 
Frankfort, Butler, Falmouth, and Louisville were among 
those affected during this flooding.

Winter storms have also impacted Kentucky communities, 
including the January 2025 storm that brought snow and 
ice across the Commonwealth. Snowfall began early on 
the 5th with rates up to 1 inch per hour, while freezing rain 
later caused severe icing—up to 0.75 inches—especially 
along the US-460 corridor. The storm led to extensive 
power outages across Menifee, Morgan, Johnson, and 
Martin counties, with restoration taking until January 11. 
Snow accumulations ranged from 3–7 inches northeast of 
US-421, and significant tree damage occurred due to ice. 
Trees and fallen powerlines affected road access and travel 
(Figure 4).2

FIGURE 3: FLOODING IN JACKSON, KY FIGURE 4: FALLEN TREE AND POWERLINES OVER 
ROAD IN WOLFE COUNTY

2 National Weather Service. (2025, January 6). Eastern Kentucky�s first winter 
storm of 2025. Weather.gov. https://www.weather.gov/jkl/2025-01-05-06-
EasternKentucky-FirstWinterStorm2025 

INCREASING NATURAL HAZARDS

These events are part of an ongoing pattern of 
more frequent extreme weather events affecting 
Kentucky communities and placing additional 
demands on public agency resources. Each of 
these events has presented unique challenges 
to the safety, reliability, effectiveness, and 
sustainability of transportation infrastructure 
and operations.
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1.3: PURPOSE AND 
REQUIREMENTS OF A 
RESILIENCE IMPROVEMENT 
PLAN  
A Resilience Improvement Plan (RIP) is 
meant to address surface transportation 
system resilience to current and future 
weather events and natural disasters.  The 
goal of this Resilience Improvement Plan 
is to better prepare Kentucky to respond to 
and withstand future extreme weather and 
natural hazard events in order to provide 
a more resilient transportation system. 
RIPs are not a federal requirement for 
transportation agencies. However, agencies 
are encouraged to develop a RIP in 
accordance with 23 U.S.C. Section 176(e) – 
Promoting Resilient Operations for 
Transformative, Efficient, and Cost-
saving Transportation (PROTECT) 
program. The PROTECT program 
provides grants for resilience improvements 
through formula funding distributed to 
states and discretionary competitive 
grants. Agencies that have developed an 
eligible plan qualify for a lower non-federal 
match from the FHWA PROTECT Formula 
Program.

RIPs include a vulnerability assessment of 
transportation assets to potential natural 
hazard risks and strategies to address 
the risks identified. The Infrastructure 
Investment and Jobs Act (IIJA), the federal 
legislation that established RIPs, identifies 
the criteria as requirements for an eligible 
RIP in 23 USC §176.

This RIP demonstrates KYTC’s 
proactive commitment to safeguarding 
the Commonwealth’s transportation 
infrastructure by identifying system 
vulnerabilities, applying risk-informed 
strategies, and prioritizing targeted 
improvements. It meets all the FHWA 
requirements, as well as several optional 
elements (except those noted at the right). 
Serving as both a strategic framework and 
a catalyst for action, this Plan consolidates 
the agency’s resilience initiatives and charts 
a path toward a more adaptive, integrated, 
and forward-looking resilience planning 
program. 

A RIP Shall...
	» Be for the immediate and long-range planning activities and investments 

of the State with respect to transportation system resilience.

	» Demonstrate a systemic approach to surface transportation system 
resilience and be consistent  with and complementary of the State 
and local mitigation plans required under section 322 of the Robert T. 
Stafford Disaster Relief and Emergency Assistance Act (42 U.S.C. 5165) 

	» Include a risk-based assessment of vulnerabilities of transportation 
assets and systems to current and future weather events and natural 
disasters, such as severe storms, flooding, drought, levee and dam 
failures, wildfire, rockslides, mudslides, sea level rise, extreme weather 
(including extreme temperatures), and earthquakes. The risk-based 
assessment should consider both the probability of assets being affected 
by future weather and disasters as well as the consequences of those 
events.

Shall, as appropriate…
	» Include a description of how the agency is prepared to respond to 

the impacts of weather events, natural disasters and is prepared for 
changing conditions.

	» Describe the codes, standards, and regulatory framework, adopted and 
enforced by the agencies, to ensure that resilience improvements within 
the impacted area of proposed projects that are included in the plan.

	» Consider the benefits of combining hard surface transportation assets, 
and natural infrastructure, through coordinated efforts by the Federal 
Government and the States.

	» Assess the resilience of other community assets, including buildings 
and housing, emergency management assets, and energy, water, and 
communication infrastructure.

A RIP may…
	» Designate evacuation routes and strategies, including multimodal 

facilities, designated with consideration for individuals without access to 
personal vehicles. (Not included in KYTC’s RIP)

	» Plan for response to anticipated emergencies, including plans for the 
mobility of emergency response personnel and equipment and access 
to emergency services, including for vulnerable or disadvantaged 
populations.

	» Describe the resilience improvement policies, including strategies, 
land-use and zoning changes, investments in natural infrastructure, or 
performance measures that will inform the transportation investment 
decisions of the State or metropolitan planning organization with the goal 
of increasing resilience.

	» Include an investment plan that includes a list of priority projects and 
describes how funds apportioned to the State under section 104(b)
(8) or provided by a grant under the PROTECT program would be 
invested and matched, which shall not be subject to fiscal constraint 
requirements. (Not included in KYTC’s RIP)

	» Use science and data and indicate the source of data and 
methodologies.

RIP CRITERIA 
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INFORM...
Cabinet resiliency policy to 
ensure alignment across departments and 
initiatives.

GUIDE...
Resilience investment strategy 
for planning, design, and asset management, 
enabling data-driven prioritization of 
infrastructure improvements. 

PROVIDE...
References for resilience 
planning and response efforts within 
other agency plans.

OUTLINE ...
Resilience research roadmap for 
the Cabinet. 

Specifically,

Be updated as ongoing and future 
resilience planning activities are 

completed, including the identification 
and documentation of specific projects 
that advance KYTC’s resilience goals. 

THE PLAN WILL:
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1.4: RIP ORGANIZATION
The RIP aligns itself with other KYTC plans (Chapter 2) 
and identifies the climate and geologic hazards affecting 
Kentucky (Chapter 3). It then highlights the actions 
and initiatives KYTC has in place to support resilience 
(Chapter 4), followed by a discussion of potential 
future strategies (Chapter 5). The plan concludes 
with recommended next steps for implementing these 
strategies and updating the RIP (Chapter 6). Below is an 
overview of each chapter. Key points are also listed at the 
beginning of each chapter.

Description of Kentucky’s vulnerability to natural hazards—such as flooding, severe storms, 
landslides, and earthquakes and sinkholes—paired with a risk-based assessment approach used 
to guide resilience planning.

CLIMATE AND GEOLOGIC HAZARDS:

Discussion of KYTC’s database of damages, emergency response coordination, and ongoing 
research and asset management planning. 

RESILIENCE IN ACTION:

Summary of adaptation strategies for climate and extreme weather risks, including natural 
infrastructure solutions, design standards, and ongoing research efforts. 

FUTURE RESILIENCE STRATEGIES:

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

Outline of KYTC’s future policy development, performance measures, cost modeling and plans to 
expand resilience efforts to other transportation modes and critical assets.

CONCLUSION:

Overview of how resilience is integrated into KYTC’s existing plans and operations, including 
coordination with the Transportation Asset Management Plan (TAMP), Long Range Statewide 
Transportation Plan (LRSTP), Freight Plan, Enhanced Hazard Mitigation Plan (EHMP), and related 
research and studies.

COORDINATION WITH OTHER PLANS:

RIP OUTLINE 
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Chapter 2: Coordination with Other Plans

Chapter 2
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U.S. 460 CORRIDOR RIBBON CUTTING

Celebrating one of the region’s most transformative 
infrastructure investments: the U.S. 460 Corridor 
in Pike County. This project connects U.S. 23 to 
Virginia, enhancing 16.7 miles of roadway with 22 
bridges, 5 interchanges; a milestone in coordination 
and progress for Eastern Kentucky.

Source: KYTC
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2.1: KYTC TRANSPORTATION ASSET MANAGEMENT PLAN

KEY POINTS OF CHAPTER 2:

	» The RIP does not exist in a vacuum – resilience is embedded in many of KYTC’s 
existing plans and operations. 

	» �7�K�H���5�,�3���R�‡�H�U�V���D�Q���R�S�S�R�U�W�X�Q�L�W�\���W�R���H�[�D�P�L�Q�H���K�R�Z���U�H�V�L�O�L�H�Q�F�H���L�V���L�Q�F�O�X�G�H�G���L�Q���G�D�L�O�\��
�R�S�H�U�D�W�L�R�Q�V���D�Q�G���S�O�D�Q�Q�L�Q�J���D�Q�G���R�‡�H�U���S�R�V�V�L�E�L�O�L�W�L�H�V���W�R���H�[�S�D�Q�G��

KYTC takes a holistic approach to building a 
resilient transportation network by integrating 
resilience strategies into the TAMP. 

Examples include:

	» Adapting pavement friction design to address 
increased precipitation during pavement life cycle. 

	» Prioritizing bridge asset management projects 
using an index that factors in scour risk and flood 
vulnerability.

This approach aims to reduce potential damage from 
environmental events and strengthen the overall 
resilience of Kentucky’s transportation system.

KYTC’s Transportation Asset Management Plan (TAMP) 
and program incorporate resilience-related objectives 
into agency decision-making. The TAMP, most recently 
updated in 2022, serves as a central resource for 
information on assets, management strategies, long-term 
expenditure forecasts, and business processes. The 
KYTC TAMP aligns with the Cabinet’s policy directions 
and uses risk-based, performance-oriented analysis to 
deliver the most cost-effective investment strategy for 
the Commonwealth. These efforts support the Cabinet’s 
mission, vision, goals, and accountability by:

	» Minimizing annual system preservation costs.

	» Maximizing system performance within budget 
constraints.

	» Supporting objective, data-driven decision-making.

	» Balancing expectations with available funding.

The KYTC Resilience Improvement Plan has been developed and will be implemented in coordination with other agency-
wide planning efforts, including the following plans: 
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Seek fairness in mobility and accessibility to meet the needs of all community members.
EQUITY:

ADAPTABILITY/SUSTAINABILITY:
Develop and operate a system that can adjust to the potentially disruptive forces of advances in 
technology, funding challenges, or human-made and natural disasters.

Integrate connectivity across all modes to provide reliable trip choices for people and freight.
SEAMLESSNESS:

Deliver and operate a system that improves the ability of the Commonwealth to provide 
employment and market opportunities.

ECONOMIC VITALITY:

Create a clean and efficient system that promotes healthy and fully engaged lifestyles while 
protecting the natural and human environment. 

QUALITY OF LIFE:

2.2: KYTC LONG-RANGE STATEWIDE TRANSPORTATION PLAN

The 2022-2045 Long-Range Statewide Transportation Plan (LRSTP) is a multimodal plan for the next 20+ years, 
developed by KYTC as required by federal transportation reauthorization acts. The importance of having a resilient 
transportation system to the Commonwealth is apparent throughout the plan. The LRSTP’s vision is to ensure “a viable, 
reliable, and resilient multimodal transportation system to provide access and mobility for all users for the safe movement 
of people and goods."

To achieve this vision, the LRSTP outlines five goals aligned with the seven national performance goals established in 
federal legislation: 

	» Enhance safety

	» Deliver a high level of maintenance and resiliency

	» Establish a reliable flow of people and freight

	» Provide local, regional, and global connectivity for communities

	» Deliver and operate a system that protects or enhances the natural and human environment

The plan also defines five guiding principles, each connected to resilience. One principle—adaptability/sustainability—
explicitly addresses resilience. The LRSTP identifies challenges and vulnerable assets consistent with the RIP. Both direct 
and indirect transportation impacts are considered. The 2022-2045 LRSTP Climate Change Overview cites the RIP as the 
baseline document for resilience planning efforts and references its data and methodologies for analyzing climate trends 
and potential impacts.

FIVE GUIDING PRINCIPLES OF THE LRSTP
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2.3: KYTC FREIGHT PLAN
One of KYTC’s goals is to provide a safe, reliable, 
efficient, and effective transportation system for the 
movement of freight within the Commonwealth while 
connecting Kentucky to domestic and international 
markets. The 2022 Kentucky Freight Plan defines 
how KYTC will achieve that goal and emphasizes that 
an effective multimodal freight system must consider 
resilience to minimize economic disruptions and 
contributing to economic development. 

Serving as a supplement to the LRSTP, the Freight Plan 
works in coordination with the RIP to ensure freight 
strategies align with broader resilience objectives. One 
goal specifically references resilience – “Improve the 
safety, security, and resilience of the national freight 
system.”

MOBILITY:
The routes identified as critical freight corridors are within KYTC’s span of control and should become a known 
part of the planning process.

The amount of freight moving through Kentucky is anticipated to continue to increase; without intervention the 
emissions from this movement will also continue to increase. There is a need for enhanced efficiency across 
all modes of freight movement to reduce these environmental impacts including climate change, air pollution, 
stormwater runoff, and wildlife habitat preservation.  

ENVIRONMENTAL IMPACT:

Build resiliency and redundancy into the freight transportation system to protect current and future investments 
and to maintain safe operational capabilities during and after extreme weather events or earthquakes. Adaptation 
of vulnerable freight transportation infrastructure and facilities will require policy changes and investment.   

REDUNDANCY/RESILIENCY:

THE FREIGHT PLAN DRIVES THESE EFFORTS BY:

	» Documenting freight assets

	» Identifying future needs

	» Recommending strategic initiatives

	» Devising implementation strategies

RESILIENCE IS ALSO IDENTIFIED IN THE FUTURE NEEDS OF THE FREIGHT SYSTEM:
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2.4: COMMONWEALTH OF KENTUCKY ENHANCED HAZARD MITIGATION PLAN

Hazard mitigation planning reduces loss of 
life and property by minimizing the impact of 
disasters. It begins with state, tribal, and local 
governments identifying natural disaster risks 
and vulnerabilities that are common in their area 
and documenting them in a hazard mitigation 
plan.  Kentucky’s latest hazard mitigation plan 
dates from 2023 and is called the Enhanced 
Hazard Mitigation Plan (EHMP).

Kentucky is one of only fifteen states to earn 
FEMA approval for an EHMP. To receive 
approval of an enhanced plan, a state must 
show that it has developed a comprehensive 
mitigation program and can manage increased 
funding for its mitigation goals. 

The EHMP develops long-term strategies to 
protect people and property and break the 
cycle of disaster damage and reconstruction. It 
covers community infrastructure, agriculture, and 
population, which falls outside the initial scope 
of the RIP, which focuses primarily on major 
transportation assets.

The EHMP hazard identification and repeated 
loss assessments use data sets and 
methodologies that are consistent with those 
in the RIP.  This shared analytical foundation 
enables resiliency strategies to be applied to 
local assets through regional planning districts 
and mitigation programs, in coordination with 
Emergency Management. 

While the RIP concentrates on natural hazards 
with higher probability and robust data for risk 
assessment, the EHMP addresses additional 
hazards such as dam failure and mine 
subsidence. Despite these differences, mitigation 
strategies identified in both plans align closely, 
ensuring a unified approach to reducing risk and 
enhancing resilience.

THE PLAN ADDRESSES A WIDE RANGE OF HAZARDS, 
INCLUDING: 

	» Dam failure

	» Drought

	» Earthquakes

	» Extreme temperatures 

	» Flooding

	» Karst/Sinkholes 

	» Landslides

	» Mine subsidence

	» Wildfires 

	» Wind 

	» Winter storms

EXTREME 
TEMPERATURES

EARTHQUAKES FLOODING 

WILDFIRES SINKHOLES

LANDSLIDES SEVERE 
THUNDERSTORMS  
(WIND, HAIL, AND 

TORNADOES) 

 SEVERE  
WINTER STORMS  
(SNOW AND ICE)
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THE LATEST PLAN REINFORCES KYTC’S... 

Commitment to a risk-based asset management 
approach, stating: “This approach reflects the 
Cabinets strong commitment to its Transportation 
Asset Management (TAM) framework, which:

	» Links planned investments to performance 
expectations

	» Extends the service life of the transportation 
system economically using low-cost treatment 
early in an asset’s service life

	» Reduces agency risk and exposure from 
unplanned events such as flooding

	» Enhances system resilience

2.5: CURRENT AND FUTURE ENACTED 
HIGHWAY PLANS
The Enacted Highway Plan is Kentucky’s official six-
year roadmap for transportation investments. It includes 
the Biennial Highway Plan for the upcoming two years 
and recommended projects for the following four years. 
Projects are prioritized using asset management and 
performance measures for pavement, bridges, and 
guardrails, along with considerations for safety, economic 
growth, congestion relief, and connectivity. The plan is 
fiscally balanced against anticipated state and federal 
funding. In accordance with state law, the Governor 
submits a Recommended Highway Plan to the General 
Assembly in January of each even-numbered year, and 
the legislature enacts the final plan by April 15. KYTC 
publishes the official version in June.

The 2024-2030 Enacted Highway Plan plays a critical 
role in addressing resilience concerns focusing especially 
on highway damage and service disruptions. Of the three 
major investment categories recommended in the plan, 
two – asset management and capacity improvements – 
explicitly note the concern for resilience in the investment 
descriptions.
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THE OPERATIONAL PLAN RECOGNIZES ... 

Delivering a safe, resilient transportation network 
and innovative practices is closely linked to the 
five KYTC values. The importance of a resilient 
transportation network is acknowledged in  
Goal 3: Deliver Economic Opportunities and 
Enhance Quality of Life.  
 
Strategies to achieve Goal 3 include:

	» Improving mobility and access

	» Invest in improvements across all modes of 
transportation

	» Pursue methods of modernizing revenue

2.6: OPERATIONAL PLAN    

The Kentucky Transportation Cabinet (KYTC) Operational 
Plan outlines a clear vision to improve transportation 
systems, foster economic growth, and enhance the quality 
of life for Kentuckians. The plan focuses on five key goals: 
prioritizing safety, strengthening stakeholder relationships, 
delivering economic opportunities, optimizing performance 
through innovation, and nurturing a culture where every 
voice matters. 

Establishing tangible goals forms the backbone of their 
strategic blueprint. The framework established in the KYTC 
Operations Strategic Planning document allows the agency 
to successfully navigate anticipated challenges that may 
reshape Kentucky’s transportation system, such as the 
increased use of new technologies in the transportation 
sector, increased traffic volumes, and uncertainty related to 
asset resilience. 

The Operational Plan is a dynamic document that is 
periodically revised to maintain the agency's effective 
response to new and unexpected challenges. 

INVEST IN IMPROVEMENTS ACROSS ALL 
MODES OF TRANSPORTATION:

The tactics identified under this strategy align with the desire 
to improve coordination on resilience needs and emergency 
management during disasters. Improving local coordination 
and restoring collaboration with local emergency and incident 
management officieals are two of the tactics identified.
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2.7: RELATED RESEARCH AND STUDIES

2.7.1: KENTUCKY TRANSPORTATION 
CENTER RESEARCH
KYTC has been a national leader in studying potential 
natural hazard risks to state transportation systems. In 
partnership with the Kentucky Transportation Center 
(KTC)—the research arm of the University of Kentucky—
KYTC has undertaken several significant research 
initiatives to advance resilience planning and risk 
management. These are listed below and described in 
more detail in later sections as noted in each summary.

KTC is developing a proposed risk-based vulnerability 
assessment approach that assigns monetary values 
to asset risks. This method will equip KYTC officials 
with a more effective tool for comparing the relative 
resilience benefits of different projects. It will also provide 
a clear, quantifiable metric for communicating the 
value of resilience-related investments to key external 
stakeholders and the general public.

Transportation System Vulnerability and 
Resilience to Extreme Weather Events and 
other Natural Hazards, Pilot Project — KYTC 
District 1 (2016) — This study provided an initial 
framework for vulnerability assessments and documented 
natural hazards likely to affect Kentucky’s National 
Highway System (NHS) in District 1 (Western Kentucky). 
For more information see Section 3.2.1. 

Transportation System Vulnerability and 
Resilience to Extreme Weather Events 
and Other Natural Hazards - Final Results 
of Vulnerability Assessment of National 
Highway System for All KYTC Districts (2018) 
— Building on the pilot in District 1, KYTC conducted 
a comprehensive statewide study to evaluate NHS 
vulnerabilities across all districts. For more information 
see Section 3.2.1.

Asset Management, Extreme Weather, and 
Proxy Indicators (2019) – This pilot study focused 
on establishing a framework to identify asset risks related 
to natural hazards and incorporate such information 
into the KYTC asset management system. The intent 
was to support the identification of mitigation strategies 
that could prolong the useful life of NHS assets, and 
develop a risk-based asset management program as 
required by federal regulations. The study examined 
two major climate threats—higher temperatures and 
more precipitation—and their potential impacts on two 
major asset types—pavements and bridges. Three 
research efforts were conducted to provide the basis 
for developing the desired framework. The first was 
the development of a screening tool that leveraged 
National Bridge Inventory (NBI) data fields for identifying 
bridge and large culvert sensitivity to flooding. The 
second research effort developed a methodology for 
using temperature projections from climate models 
for pavement design with the Mechanistic Empirical 
Pavement Design (PME) software. The third research 
effort assessed current KYTC asset management 
processes to identify areas where the consideration of 
resilience concerns could be enhanced. 
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2.7.2: RIP TRANSFORMATION PROJECT     
In 2024-2025, KYTC undertook a study to evaluate how 
resilience is embedded in its daily operations and to identify 
opportunities for strengthening those efforts. The study 
included five tasks: 

1.	 Examine the current status of resilience efforts 
within KYTC; 

2.	 Identify potential resilience goals, objectives, and 
performance measures; 

3.	 Identify resilience strategies and design solutions; 

4.	 Develop an approach for identifying resilience-
oriented projects from existing project lists; and 

5.	 Propose guidance on preparing technical analyses 
in support of future KYTC assistance applications 
to the Federal Highway Administration’s (FHWA’s) 
Emergency Relief (ER) program3.  

KYTC and the consultant team held numerous meetings 
with staff, reviewed current legislation and technical 
guidance, and assessed existing plans and programs. 
Coordination with KTC —whose staff conducted 
complementary resilience studies and research—also 
informed the process. These efforts culminated in a set 
of recommendations to strengthen KYTC’s resilience 
practices. This version of KYTC’s RIP reflects updates 
based on the findings of the RIP Transformation Project.

3 The FHWA ER Program provides federal funding to repair or reconstruct 
highways and bridges damaged by natural disasters or catastrophic 
events. It helps restore essential transportation services and supports 
quick recovery while ensuring repairs meet current standards.
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Chapter 3: Climate and Geologic Hazards

Chapter 3
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Kentucky’s natural beauty and geographic diversity come 
with unique natural hazard risks. Severe weather events 
have become increasingly frequent and destructive, 
resulting in a troubling trend in disaster occurrence. 
From 1980 to 1999, the state averaged less than 
one presidentially declared disaster per year. Since 
2000, Kentucky has averaged more than two annual 
disaster occurrences with recent years seeing even 
higher numbers, including three in 2024 and five in 
2025. These disasters are primarily caused by severe 
weather conditions: heavy precipitation leading to floods 
and landslides; high winds including tornadoes and 
straight-line gusts; damaging winter storms such as ice 
storms; and episodes of extreme heat. This escalation 
underscores the vulnerability of Kentucky’s communities 
and infrastructure to climate variability and intensifying 
weather patterns.

Understanding Kentucky’s past, present, and future 
natural hazards is essential for the effective management 
of the state’s transportation system. This chapter 
explores natural hazards specific to Kentucky’s climate, 
providing a foundation for assessing environmental 
challenges and strategies for adaptation in the years 
ahead.

Kentucky’s geographic position at the heart of the eastern 
United States profoundly shapes its climate, landforms, 
and environmental challenges. The state experiences 
sharp seasonal contrasts, with hot, humid summers and 
cold winters. Its annual mean temperature is just above 
56°F, and precipitation averages fifty inches per year.

Kentucky’s terrain unfolds along a clear east-west 
gradient, offering striking contrasts across its regions. In 
the east, the Appalachian Mountains and Cumberland 
Plateau, characterized by steep slopes and rugged 
elevations, dominate roughly one-quarter of the state. 
The Bluegrass Region is known for its gently rolling hills, 
fertile soil, and extensive karst formations, including 
sinkholes and caves. These features define the 
landscape of north-central Kentucky. This region hosts 
the state’s three largest urban areas and serves as an 
economic and cultural hub. Southward and westward of 
the Bluegrass Region lies the Pennyroyal, another karst-
rich area, while the Western Kentucky Coalfield occupies 
land adjacent to the Ohio River and is encircled by the 
Mississippian Plateau. At Kentucky’s far western edge 
lies the Mississippi Embayment, a low-lying extension of 
the Gulf Coastal Plain that marks the state’s transition 
to the Mississippi River basin. Across these landscapes, 
surface streams generally flow west or northwest, with 
major tributaries such as the Licking, Kentucky, Green, 
Tennessee, and Cumberland Rivers feeding into the Ohio 
River system.

Key Points of Chapter 3:

	» Kentucky’s geography and climate make the state vulnerable to hazards, such as 
�À�R�R�G�L�Q�J�����V�H�Y�H�U�H���V�W�R�U�P�V�����O�D�Q�G�V�O�L�G�H�V�����H�D�U�W�K�T�X�D�N�H�V�����D�Q�G���V�L�Q�N�K�R�O�H�V�� 

	» KYTC has developed a risk-based vulnerability assessment to identify which 
transportation assets are most at risk, guiding proactive resilience planning and 
resource allocation.

	» �8�Q�G�H�U�V�W�D�Q�G�L�Q�J���V�S�H�F�L�¿�F���K�D�]�D�U�G�V�����H�V�S�H�F�L�D�O�O�\���À�R�R�G�L�Q�J�����O�D�Q�G�V�O�L�G�H�V�����D�Q�G���H�[�W�U�H�P�H���Z�H�D�W�K�H�U����
is critical for protecting infrastructure and informing future adaptation strategies.
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3.1: NATURAL HAZARDS
3.1.1: FLOODING 

Flooding is Kentucky’s most common and costly natural 
hazard, causing an average annual loss of $40 million. With 
90,000 miles of rivers and streams, the state is especially 
prone to flooding. Flooding events can be grouped into two 
types: (1) regional/riverine flooding and (2) flash flooding.

Flooding can damage pavement and erode embankments 
essential to the success of the transportation infrastructure 
system. Furthermore, bridges can be severely impacted 
�E�\���V�F�R�X�U�¾�������D�Q�G���F�X�O�Y�H�U�W�V���F�D�Q���E�H���G�D�P�D�J�H�G���D�Q�G���G�H�V�W�U�R�\�H�G���L�I��
their capacity is inadequate for the flows experienced. High 
water can disrupt transportation system operations and 
travel, causing mobility and safety concerns.

The spatial patterns of precipitation data illustrate western 
parts of the Commonwealth experience greater average 
annual days greater than 3" of precipitation than eastern 
areas of the state (Figure 5).

2 Results from excessive rainfall in a short amount 
of time, causing water levels to rapidly rise and 
torrents of water to exceed stream channels. Flash 
flooding impacts areas across the state but is 
especially problematic in eastern Kentucky, where 
rugged terrain funnels water down slopes and into 
stream channels in valleys or “hollers.” Such rapid 
rises in water levels coupled with swift currents can 
threaten communities and their infrastructure. Flash 
flooding can also result from dam failure.

FLASH FLOODING ...

1 Results from heavy, persistent rainfall, sometimes 
coupled with melting snow. These events saturate 
the soil and cause excess runoff that can lead to 
flooding. The nature of riverine flooding can differ 
depending on the topography. Flooding on the Ohio 
River and Mississippi River, which encompass large 
drainage areas across the central United States, 
tends to occur slowly but tends to be more long 
lasting. Flooding on upper stretches of the Kentucky 
River and Licking River tends to occur more quickly 
and with faster currents, but the duration of the 
flooding is often shorter.

REGIONAL OR RIVERINE FLOODING...

4 �Scour occurs when water erodes the sediments that surround the base or support structures for bridges, roads, and other man-made buildings. Scour is 
often caused by fast-moving water, so scour often occurs during floods.� -- U.S. Geological Survey. (n.d.). EarthWord: Scour. U.S. Geological Survey. https://
www.usgs.gov/news/science-snippet/earthword-scour

FIGURE 5: AVERAGE ANNUAL DAYS WITH >3" PRECIPITATION 
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3.1.2: 	SEVERE STORMS & 
EXTREME WINDS

Severe storms encompass tornadoes, high winds, and 
hail experienced through thunderstorms. On average, 
Kentucky encounters twenty tornadoes per year, the 
majority of which tend to be of low intensity on the 
Enhanced Fujita (EF) scale. Since 1950, Kentucky 
has experienced only one EF5 tornado and 20 EF4 
tornadoes, including the long track tornadoes that 
caused destruction to western Kentucky communities 
in December 2021 and to Somerset and London in May 
2025.  Although tornadoes can cause significant damage, 
their effects on the transportation system are generally 
minor and short-lived. Damage or destruction of highway 
signage, lighting, and traffic signals are the most common 
impacts. Debris in the roadway from structures, utilities, 
and trees may temporarily disrupt traffic.   

Straight-line wind events in Kentucky can occur in 
conjunction with broader severe weather events. 
Examples include severe thunderstorms, derechos, or 
hurricane remnants that have moved inland. Damage to 
transportation infrastructure from straight-line winds is 
comparable to that from tornadoes. 

Hail is a type of precipitation that occurs with severe 
thunderstorms where updrafts of air drive precipitation 
to higher levels of the atmosphere where it cools, 
freezes, and then falls as ice. While severe hail can 
damage vehicles, structures, crops, and livestock, public 
infrastructure damage is generally limited to roadway 
signage and traffic signals.

The May 16, 2025 Somerset–London tornado 
outbreak, which included an EF4 tornado 
damaging homes in London, KY, demonstrates 
the severe risk that extreme wind events pose 
to Kentucky’s transportation system. Tornadoes 
can destroy roadway infrastructure, signage, 
and utilities, creating hazardous debris and 
prolonged closures. KYTC’s resilience planning 
is critical to address these impacts and ensure 
rapid recovery and continuity of travel during 
such catastrophic events.

Source: National Weather Service
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