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Executi ve Summary

The transportation infrastructure of Rhode Island is at peril due to climate change and extreme weather events like sea level rise, powerful storms, and
flooding both inland and along the shore. They lead to damage to infrastructure, increased maintenance and repair expenses, interruptions of routine
transportation system operations, and challenges for transportation project decisions about assets that could potentially be submerged under water or
structurally compromised in the next decades. With global temperatures rising and extreme weather occurring more frequently than previously projected,

Rhode I sl andbds coast al geography is bReomgmigzimgrehhsesi eagsgnpiraher tloerefl at e e

system in providing accessibility, mobility, and economic viability for residents of Rhode Island, Rhode Island Department of Transportation (RIDOT) is
taking extensive and proactive approaches in planning for the impact of c¢c | i mat e ¢ h a n gneltimodal transpertater sydteen&csensure

infrastructure investment decision are made methodically, scientifically, and cost-effectively.

In 2021, Congress passed the Infrastructure Investment and Jobs Act (IIJA) transportation funding bill, which established the Promoting Resilient
Operations for Transformative, Efficient, and Cost-Saving Transportation (PROTECT) Program. The objective of this new program is to help make surface
transportation more resilient to natural hazards, including climate change, sea level rise, flooding, extreme weather events, and other natural disasters
through support of planning activities, resilience improvements, community resilience and evacuation routes, and at-risk coastal infrastructure. For
RIDOT, this provides the opportunity to leverage additional resources to develop a comprehensive policy for managing and integrating resilience into

operations .

Building upon the previous effort made by the state and partner agencies in Rhode Island, the Rhode Island Transportation Resilience Improvement Plan
(RIP) is designed to fulfill the requirements of the PROTECT program (Table ES.1.1) and it is developed to evaluate transportation infrastructure
vulnerabilities and risks to natural and climate stressors, establish resilience strategies, and guide the implementation of resilien ce projects. The RIP
formally establishes a definition for resilience and introduces a framework to guideresi | i ence planning efforts. RI

follows:
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Leveraging the latest climate science and data and guided by the risk matrix in the Transportation Asset Management Plan (TAMP), the RIP includes an

in-depth criticality assessment and a risk-base vulnerability assessment of the transportation infrastructure owned and/or maintained by RIDOT. The RIP
assessed six major asset categoriesd i mp o to tha unienpeded operation of the transportation system in Rhode Island and evaluates their current

and future vulnerabilities to three types of natural hazards determined to pose the greatest risk in Rhode Island by the State Hazard Mitigation Plan
(SHMP)and TAMP.The purpose of this process is to identify the most cri structuee] and
setting the stage to identify targeted adaptation strategies and implementation needs. As shown in Figure ES.2, the criticality and risk information are
combinedtohel p deter mine where resilience investments are most needed across

To support decision making, the RIP provides a planning-level estimation of monetized risk of no-action values for each study asset across three different
time horizons: 2035, 2050, and 2100.

Study Assets Study Hazards
dr Roads
% Shared-Use Paths 1
L 1 A
m —— — —_—

Bridges * Drainage Pipes

) Stormwater
= Sidewalks ““ Treatment Units

How they are addressed in the RIP 12 [3fafs[e |7

The plan shall é
Demonstrate a system-wi d e a p pr oThe RIP analyzes six types of multimodal transportation assets owned and/or maintained by RIDOT IIII

Storm Surge Sea Level Rise Flooding

<

Encompass immediate and long-range The RIP evaluates current (2024) and future (2035, 2050 and 2100) resilience needs and provides
pl anning activities uggestionsand guidance on incorporating resilience into the State LRTP and STIP, as well as
investments coordinating with other state plans and planning activities.
2
ltransportation system resilience transportation system, including roads, bridges, sidewalks, bike paths and drainage infrastructure.
<f Consistent with and complement State and The RIP reviewed the SHMP and uses its hazard priority rankings to guide study hazard selection.
| ocal hazard mitigat:i
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T 115 3lalslo 7o

Include a risk-based assessment of The RIP includes a risk-based assessment of transportation assets to storm surge, sea level, rise,
vulnerability to current and future and flooding under current (2024) and future (2035, 2050 and 2100) conditions. It considers
eat her events and n ulnerability, likelihood, and consequence of potential impact and provides a planning-level
estimation of monetized risk of no-action values.

Shall, as appropriateée

Describe ways to improve response to TheRIPi denti fi es adaptation strategies to help

C onsi der benefit of iNature-based/natural solutions are highlighted and discussed as part of the list of strategies.

impacts and changes weather events, natural disasters and is prepared for changing conditions

Describe the codes, standards, and Upon acceptance of FHWA, the RIP will be submitted to the State LRTP as an Appendix. The RIP
regulatory framework to ensure discusses approaches to incorporate resilience into STIP, TAMP, and other state plans.
improvements

Assess communi ty i nf rCommunityresilienceis assessed by including drainage pipelines, and storm water treatments units
as part of the study assets, and considering access to health facilities, schools, amongst others in
the criticality assessment.

HUse a long-term planning period The Plan assesses the vulnerability and risk of assets to hazards for a long-term planning period of

2050 and 2100.

May al soé
Designate evacuation routes and strategies Evacuation routes are included in Usage and Operational Importance Criticality Factor.

Describe the resilience improvement The RIP descri bes RI Qr@Tidimportarcs forlrasikence ienplgnentation.y
policies

I nclude invest ment plTheplanincludes a project priority list and identifies resilience needs in current STIP projects.

Plan for response to anticipated Adaptation strategies are identified to improve operations and emergency Management
emergencies

U se science and dat a The assessmentin RIP is based on the latest climate science and data.
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illustrates the combined risk on roads and bridges from three study hazards by 2100 if no action is taken to

improve resilience.

The RIP also identifies potential adaptation strategies, including nature-based solutions, as well as a framework
for evaluating potential projects, and a project list with potential adaptation strategies. These resilience strategies
will be integrated into the State Transportation Improvement Program (STIP), State Long Range Transportation
Plan (LRTP), and functional thematic areas of RIDOT.

RIDOT recognizes the on-going efforts by municipalities and partner agencies and seeks to collaborate with the
appropriate agencies and organizations for information sharing and alignment of resilience strategies. The
development of the Rhode Island RIP was supported and guided by targeted and informative stakeholder
engagement and communication, including inputs from RIDOT cross-functional team, peer agencies, Federal
Highway Administration(FHWA) Division Office, partner agencies such as Rhode Island Emergency Management
Agency (RIEMA), Rhode Island Division of Statewide Planning (RIDSP), Rhode Island Public Transit Authority
(RIPTA), and Rhode Island Department of Environmental Management (RIDEM), as well as the general public.

As the initial RIP developed by RIDOT, this plan aims to provide a broad yet comprehensive foundation for future
resilience planning efforts. For future resilience efforts, RIDOT plans to update the RIP as appropriate on a
periodic basis, potentially to coincide with future State LRTP, TAMP, and other relevant plan development
processes, and in accordance with FHWA guidelines and recommendations. Ultimately, and through
collaboration with other agencies, including the Rhode Island State Planning Council, the RIP can be used to
guide additional resilience efforts at the local, regional, and statewide scale.

Upon acceptance of FHWA, the RIP will be submitted to the Statewide Planning for incorporation into the State
LRTP as an Appendix along with other statewide plans adopted under the umbrella of Moving Forward Rhode
Island 2040.

RI
reclor
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Table ES.1.1PROTECT Requirements Addressed in RIP

T

The plan shall é
Encompass immediate and long-range The RIP evaluates current (2024) and future (2035, 2050 and 2100) resilience needs and provides IIIIII I

1
pl anning activities uggestionsand guidance on incorporating resilience into the State LRTP and STIP, as well as

investments coordinating with other state plans and planning activities.

Demonstrate a system-wi d e a p pr o The RIP analyzes six types of multimodal transportation assets owned and/or maintained by RIDOT
transportation system resilience transportation system, including roads, bridges, sidewalks, bike paths and drainage infrastructure.

Consistent with and complement State and The RIP reviewed the SHMP and uses its hazard priority rankings to guide study hazard selection.
ocal hazard mitigat.i

Include a risk-based assessment of The RIP includes a risk-based assessment of transportation assets to storm surge, sea level, rise,
vulnerability to current and future and flooding under current (2024) and future (2035, 2050 and 2100) conditions. It considers

eat her events and n ulnerability, likelihood, and consequence of potential impact and provides a planning-level
estimation of monetized risk of no-action values.

Shall, as appropriateé

<) Describe ways to improve response to TheRIPi denti fies adaptation strategies to help

impacts and changes weather events, natural disasters and is prepared for changing conditions

Describe the codes, standards, and Upon acceptance of FHWA, the RIP will be submitted to the State LRTP as an Appendix. The RIP

2

8

G

regulatory framework to ensure discusses approaches to incorporate resilience into STIP, TAMP, and other state plans.
improvements
C onsider benefit of Nature-based/natural solutions are highlighted and discussed as part of the list of strategies. .

Assess communi ty i nf rCommunityresilienceis assessed by including drainage pipelines, and storm water treatments units
as part of the study assets, and considering access to health facilities, schools, amongst others in
the criticality assessment.

Use a long-term planning period The Plan assesses the vulnerability and risk of assets to hazards for a long-term planning period of II I
2050 and 2100.

May al soé
Designate evacuation routes and strategies Evacuation routes are included in Usage and Operational Importance Criticality Factor.

Plan for response to anticipated Adaptation strategies are identified to improve operations and emergency Management
emergencies
Describe the resilience improvement The RIP descri bes RI Rr@Tidimportaecs forlresikence ienplgmentation.y

policies
I nclude i nvest ment plTheplanincludes a project priority list and identifies resilience needs in current STIP projects.
U se science and dat a Theassessmentin RIP is based on the latest climate science and data. III.
R RESILIENCE IMPROVEMENT PLAN | 2
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Figure ES.2 Criticality & Risk Through 2100
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1.0 INTRODUCTION

1.1  Background and Purpose

Transportation assets in Rhode Island face many current and future climate stressors such as sea level rise,
storm surge, flooding, coastal erosion, and other extreme weather events. According to the National Oceanic and
Atmospheric Administration (NOAA) National Centers for Environmental Information, Rhode Island is projected
to experience continued increases in frequency and intensity of extreme precipitation events, sea level rise, and
coastal flooding.! Sea levels are projected to rise in the state from one to four feet by 21002 and more extreme
and intense precipitation events are expected to increase between 5 to 10%2 by the middle of the 21rst century
compared to the late 20t century under a high emission pathway. These hazards could damage infrastructure,
increase repair and maintenance costs, and disrupt normal operations of transportation systems across the state.

Resilience needs for Rhode | slandbés multi modadthretughanspor

previous studies. The State LRTP, Moving Rhode Island 2040, identifies coastal resiliency as a concern for the
stateds coast al counti es, and highlights the need

Improving asset resilience to climate change, storm surge, and sea level rise is also a key component of asset
management and a priority focus of the STIP. In addition, RIDOT has conducted several studies and
assessments to understand transportation assets @ulnerability to sea level rise and storm surge, and to develop

strategies to incorporate resilience into project planning.

To further its effort to improve resilience of transportation assets and processes within the agency, RIDOT has
developed a RIP to evaluate transportation infrastructure vulnerabilities and risks to natural and climate stressors,
establish resilience strategies, and guide the implementation of resilient projects. The recent passing of the [IJA
transportation funding bill in 2021 provides RIDOT an opportunity to leverage additional funding when integrating
resilience. As part of the IIJA, by developing RIPs, DOTs and metropolitan planning organizations (MPOs) can
reduce local funding match requirements by up to 10% for PROTECT Formula and Discretionary Program

applications.*

! https://climatechange.ri.gov/sites/g/files/xkgbur481/files/documents/noaa-climate-rhode-island-state-summary.pdf

2 https://riema.ecms.ri.gov/sites/g/files/xkgbur671/files/2024-
02/2024%20R1%20Hazard%20Mitigation%20Plan%20FINAL%20 Reduced%?20size.pdf

Shttps://statesummaries.ncics.org/chapter/ri/#:~:text=In%20Providence%2C%20average%20temperatures%20in,inches%20of
%20precipitation)%20was%201972.

4 Applicants are typically required to account for a 20% non-federal match for capital projects. Through the development of a
RIP however, for state DOTs and MPOs this non-federal match can drop to 13%. Furthermore, if the RIP is integrated into the
a g e n ART®,she non-federal match drops to 10%.

('RdIOT RESILIENCE IMPROVEMENT PLAN |5
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https://statesummaries.ncics.org/chapter/ri/#:~:text=In%20Providence%2C%20average%20temperatures%20in,inches%20of%20precipitation)%20was%201972

At a minimum, RIPs must accomplish the following

objectives®:

1 Define the objectives and scope of the RIP by
taking a long-term planning and a system wide
approach to achieving system resilience.

1 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 failure,
wildfire, rockslides, mudslides, sea-level rise,
extreme weather, extreme temperatures, and

earthquakes.

1 Develop strategies that include both immediate
and long-range planning activities and
resilience investments. These strategies could
include the benefits of natural infrastructure.

1 Ensure that the RIP is ready for integration and
implementation, consistent with and
complements state and local hazard mitigation
plans and incorporates codes, standards, and

regulatory framework to ensure improvements.

Tasked with maintaining the transportation
infrastructure network of coastal and dense state,
the development of a RIP will allow RIDOT to best
position itself to address resilience needs.

5 https://uscode.house.gov/view.xhtml|?
req=(title:23%20section:176%20edition:prelim)

ceclor
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Table 1.1  Resilience Improvement

Plan Components

PROTECT i Resilience Improvement Plan
The Plan Shall...

Encompass immediate and long-range planning
activities and resilience investments

Demonstrate a system-wide approach to
transportation system resilience

Consistent with and complement State and local
hazard mitigation plans

Include a risk-based assessment of vulnerability
to current and future weather events and natural
disasters

Shall, as appropriate...

Describe ways to improve response to impacts
and changes

Describe the codes, standards, and regulatory
framework to ensure improvements

Consider benefit of natural Infrastructure

nAssess community infrastructure resilience

nUse a long-term planning period

May also...

Designate evacuation routes and strategies

Plan for response to anticipated emergencies
Describe the resilience improvement policies

IncIude investment plan & priority projects

Use science and data

RESILIENCE IMPROVEMENT PLAN | 6
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1.2  Framework and Compliance with PROTECT
Requirements

Following the review of general approaches, including through internal and peer agency documentation, the
project team proceeded with the development of the RIP framework. The purpose of this process is to provide
an initial architecture for the RIP document, based on best available practices, including from national sources.

In consideration of the requirements for the RIP in the PROTECT Funding Implementation Guidance, existing

RIDOT documentation, and based on peer agency and national best practices in RIP development, resilience
management , and framewor k des i grhas beeradevelppadnasvsioowrkin Figore
1.1. The RIP Framework is designed to enable RIDOT to address the RIP requirements to be eligible for in the
PROTECT Formula and Discretionary Funds. The orange circles on the framework are the connections of each
step of the framework with the required and optional elements of a RIP. This is detailed in Figure 1.2. Additionally,
the RIP identifies where and how each required and optional element of the RIP is satisfied.

Framework development was guided based on insight from the following sources:

T NCHRP Project 23-09 i Developing a Highway Framework to Conduct an All-Hazards Risk and

Resilience Analysis (2023)

1 EHWA Vulnerability Assessment and Adaptation Framework, 3rd Edition

1 Forest Research Resilience Implementation Framework

M Cybersecurity & Infrastructure Security Agency Infrastructure Resilience Planning Framework

R,
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https://www.trb.org/Publications/Blurbs/182926.aspx
https://www.trb.org/Publications/Blurbs/182926.aspx
https://www.fhwa.dot.gov/environment/sustainability/resilience/adaptation_framework/index.cfm
https://www.forestresearch.gov.uk/tools-and-resources/fthr/resilience-implementation-framework/
https://www.cisa.gov/resources-tools/resources/infrastructure-resilience-planning-framework-irpf

Figure 1.1 Resilience Improvement Plan Framework
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nce Improvement Plan Conten

The Plan Shall..
Encompass immediate and long-range planning activities and (A) shall be for the immediate and long-range planning activities and investments of the State or metropolitan planning organization with respect to
resilience investments resilience of the surface transportation system within the boundaries of the State or metropolitan planning organization, as applicable

Demonstrate a system-wide approach to transportation system
(B) shall demonstrate a systemic approach to surface transportation system resilience, and
resilience

Consistent with and complement State and local hazard mitigation (B) ...be consistent with and complementary of the State and local mitigation plans required under section 322 of the Robert T. Stafford Disaster Relief
plans and Emergency Assistance Act (42 U.5.C. 5165)

. . C) shall include a risk-based assessment of vulnerabilities of fransportation assets and systems to current and future weather events and natural
Include a risk-based assessment of vulnerability to current and future 2 L =

disasters, such as severe storms, flooding, drought, levee and dam failures, wildfire, rockslides, mudslides, sea level rise, exireme weather, including
weather events and natural disasters n and earthquakes (23 U S C 176(e)(2)(A-C)).

P 5

Shall, as appropriate..

. . . ...Include a description of how the agency is prepared to respond to the impacts of weather events, nafural disasters and is prepared for changing
Describe ways to improve response to impacts and changes

conditions;
Describe the codes, standards, and regulatory framework to ensure  ...Describe the codes, standards, and regulatory framework, adopted and enforced by the agencies, to ensure that resilience improvements within the
improvements 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

Consider benefit of natural Infrastructure e e S
L . ...Assess the resilience of other community assets, including buildings and housing, emergency management assets, and energy, water, and
Assess community infrastructure resilience I
communication infrastructure;

U | " | . iod ...use a long-term planning period.. A Resilience Improvement Plan should cover a period at least as long as the relevant SLRTP, MTP, or asset
Se a long-term plannin erl
9 P 9P management plan. A longer period that considers the service lives of relevant assets is recommended.

Other ...Include such other information as the State or metropolitan planning organization considers appropriate

May also..

X i i ...Designate evacuation routes and strategies, including multimodal facilities, designated with consideration for individuals without access to personal
Designate evacuation routes and strategies ——

Plan f : ticinated ) _..Plan for response to anticipated emergencies, including plans for the mobility of emergency response personnel and equipment and access to
an Tor response 1o anticipated emergencies
P P 9 emergency services, including for vulnerable or disadvantaged populations;

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

Include i " tol & oriorit iect _.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
nciude invesiment plan riorm rojects
P P! Y Proj by a grant under the PROTECT program would be invested and matched, which shall not be subject fo fiscal constraint requirements;

Use science and data __Use science and data and indicate the source of data and methodologies

Sources: PROTECT Formula Funding Implementation Guidance, AASHTO Informal Worksheet with RIP Checklist

0
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The rest of the RIP is laid out following the structure of the RIP framework as follows:

Chapter 2 - Organization

Chapter 2, reviews R | D @iBgios and vision and develops a resilience definition, objectives policy. This

definition and policy ar e missioomandaignwithbguRDOT envision3 sEBystem ov er a

and provision of service will be. This step also establishes the goals, objectives, and performance measures for
the RIP, which each encompass immediate and long-rang planning activities and investments with respect to the
resilience of RI DOTO PRATEGTRequicementa#l)i on system (

Chapter 3 - Identify Study Assets and Criticality

Guided by the resilience goal, policy, and objectives established in the previous chapter, Chapter 3 begins the
vulnerability and risk assessment process by identifying the six categories of assets to be evaluated. The study
assets were identified using a systemic approach and include six categories of multimodal infrastructure
(PROTECT Requirement #2): Roads, Bridges, Sidewalks, Shared-Use Paths, Stormwater Pipes, and Stormwater
Treatment Units. Levels of criticality are assigned for each asset, leveraging previous studies and regulatory
frameworks (PROTECT Requirement #6), and through the consideration of importance with respect to usage
and operation, socioeconomic characteristics, as well as health and safety (PROTECT Requirement #8 / #10,
#11).

Chapter 4 - Assess systemwide vulnerability and risk

Chapter 4 includes assesses the vulnerabilities and risks of the six categories of Rhode | s | teamspottadgion
assets to current and future weather events and natural disasters (PROTECT Requirement #4). This includes
identifying potential impacts from three categories of high priority natural hazards (sea level rise, storm surge,
and flooding). Based on thereviewof Rh od e | s | a fRROBECBSRe{Rement #3), history records, and
field observation from RIDOT internal staff and external stakeholders, these hazards are expected to impact
Rhode | s Insportdtidrsinfrastruature through inundation.

The vulnerability assessment evaluates the exposure, sensitivity, and adaptive capacity of each asset in relation
to the three types of hazards identified. The risk assessment considers the vulnerability of different assets to the
impacts of a hazard, the likelihood of that hazard event occurring, and the consequences that may result from
that hazard should it occur, with a time horizon of through 2100 (PROTECT Requirement #9). The assessment
also uses the best available science and data (PROTECT Requirement #14) and leverages state and local hazard
mitigation plans to obtain information about the likelihood and consequence of hazards impacting the study area,
and their impacts to transportation system resilience and other community assets, including buildings and

housing, emergency management assets, and energy, water, and communication infrastructure.

C'RdIOT RESILIENCE IMPROVEMENT PLAN | 10
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Chapter 5 - Determine Level of Acceptable Change

With the potential impact from hazards identified previously, Chapter 5 considers at what point do the key assets
or functional areas of RIDOT become threatened and require actions. The level of acceptable change, or risk
thresholds, are often different for different assets. RIDOT considers the criticality of each of the study assets for
supporting its missions and for achieving its visions when determining their risk thresholds. The level of
acceptable change, or risk thresholds, is also used to inform the pathways to improve assets and system
resilience in the next chapter, including the selection of adaptation strategies and the minimum resilience design
standard to which a asset must be protected against.

Chapter 6 - Develop Desired Pathways and Related Actions

Based on the resilience needs identified, Chapter 6 identifies adaptation strategies to help prepare RIDOTO s
response to the impacts of weather events, natural disasters and is prepared for changing conditions (PROTECT
Requirement #5). This includes assessing, wherever possible, the benefits of combining hard surface
transportation assets, and natural infrastructure, through coordinated efforts by the Federal Government and the
States (PROTECT Requirement #7).

This chapter also develops a framework to evaluate the benefits of resilience improvements, including through
the weighing of costs and benefits, as well as the cost of no-action. The cost of no action assists in project
prioritization, project benefit and cost evaluation, and selection of strategies. RIDOT worked with its stakeholders
to develop criteria to prioritize resilience improvements, taking into account both the quantitative results from the
risk-based vulnerability assessment, and other measures that reflects the agencies priorities, such as equity,
safety, and mobility (PROTECT Requirement #13). Optionally, an investment plan was developed to 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.

Chapter 7- Implement Resilience Improvements

Chapter 7 discusses RIDOT6 s approach to i mpl e me sbyincoepsratihg insightfemithenpr ov e
RIP into the State LRTP and STIP. Chapter 7 also includes strategies for integrating resilience into various core

thematic areas of RIDOT, including agency-wide operations, planning, project development & environmental

permitting, design, as well as operations & emergency management. Lastly, strategies are discussed for
integratingr esi | i ence i nt o RI Dibglpdosesses; ihctuding itsaTAMR, FreightaPfan, Carbon

Reduction Plan(CRP), and Congestion Management Plan(CMP), while setting a foundation for future resilience

efforts. This integration into major functional plans and core thematic areas of the agency will help RIDOT
comprehensively consider and implement resilience, including in accordance with its resilience policy.

C o RESILIENCE IMPROVEMENT PLAN | 11
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This steps also describes the potential 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 Rhode Island with the goal of increasing resilience (PROTECT Requirement #12).

Chapter 8 - Stakeholder Engagement and Communication

Chapter 8 summarizes the methods of stakeholder which guided the development of the RIP. RIDOT used six
methods of stakeholder engagement to verify results, garner further insight, and tailor the plan to best meet the
a g e n crgsilience needs. These six methods of engagement include peer agency interviews, interactive
workshops, internal working group meetings, community engagement, coordination with ongoing resilience-
oriented planning processes, and additional stakeholder meetings that include participation in national level
communities of practice such as the American Association of State Highway and Transportation Officials
(AASHTO) and the Transportation Research Board (TRB).

Chapter 9 - Monitor, Evaluate, and Adjust the Plan

The final chapter provides RIDOT with a roadmap for furthering resilience efforts by establishing a monitoring
and evaluation process by recommending performance measures for implementation. Chapter 9 also establishes
guidelines for updating the resilience planning process, for identifying when the RIP will need to be updated, and
for identifying when a review by FHWA Division Office is warranted.

R,

RESILIENCE IMPROVEMENT PLAN | 12
[ Driven fo get you there



| Requiemems | vowtheyaeasressedinterr  ljojgllslelrk

The plan shall

i Encompass immediate and long-range The RIP evaluates current (2024) and future (2035, 2050 and 2100) resilience needs and
pl anning activiti es provides suggestions and guidance on incorporating resilience into the State LRTP and STIP,

investments as well as coordinating with other state plans and planning activities.
72 |Demonstrate a system-wi d e a p p r The RIP analyzes six types of multimodal transportation assets owned and/or maintained by
transportation system resilience RIDOT transportation system, including roads, bridges, sidewalks, bike paths and drainage
infrastructure.

3 Consistent with and complement State The RIP reviewed the SHMP and uses its hazard priority rankings to guide study hazard
and |l ocal hazard mi tselection.

Include a risk-based assessment of The RIP includes a risk-based assessment of transportation assets to storm surge, sea level,
vulnerability to current and future rise, and flooding under current (2024) and future (2035, 2050 and 2100) conditions. It
eat her events and Iconsiders vulnerability, likelihood, and consequence of potential impact and provides a
planning-level estimation of monetized risk of no-action values.

Shal as appropriateé
Descrlbewaysto|mproveresponseto TheRIPi denti fi es adaptation strategies to hel
impacts and changes weather events, natural disasters and is prepared for changing conditions
Describe the codes, standards, and Upon acceptance of FHWA, the RIP will be submitted to the State LRTP as an Appendix. The
regulatory framework to ensure RIP discusses approaches to incorporate resilience into STIP, TAMP, and other state plans.
improvements
.C onsider benefit of Nature-based/natural solutions are highlighted and discussed as part of the list of strategies. l

Assess community Community resilience is assessed by including drainage pipelines, and storm water treatments
infrastructure r esi lunitsas partof the study assets, and considering access to health facilities, schools, amongst
others in the criticality assessment.

Use a long-term planning period The Plan assesses the vulnerability and risk of assets to hazards for a long-term planning
period of 2050 and 2100.

IERY | soé

|

il Designate evacuation routes and Evacuation routes are included in Usage and Operational Importance Criticality Factor.
strategies
ililPlan for response to anticipated Adaptation strategies are identified to improve operations and emergency Management
emergencies
1”2 Describe the resilience improvement The RIP descri bes RI b@Tirmportaecs forlresikence ienplgmenitation.y
policies
I nclude i nvest ment |Theplanincludes a project priority list and identifies resilience needs in current STIP projects. lI
U se science and dat {Theassessmentin RIP is based on the latest climate science and data. III.
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2.0 ORGANIZATION

2.1 Review of RIDOT6 Mission and Vision

RIDOT has set its mission to design, construct, and maintain the state's surface transportation system for a vision
of creating a multimodal transportation network that connects people, places and goods in a safe and resilient
manner by providing effective and affordable transportation choices that are supportive of healthy communities,
provide access to jobs and services, and promote a sustainable and competitive Rhode Island economy .

This is further described by the goals in the State LRTP, Moving Rhode Island 2040:
Support Economic Growth through transportation connectivity and choices to attract employers and employees.

Promote Environmental Sustainability by prioritizing non-single occupancy vehicle focused strategies and
investments.

Strengthen Communities through the local transportation network to enhance travel, place, and quality of life.

Maintain Transportation Infrastructure to create a reliable network providing adequate travel choices Connect
People & Places across all modes and options for more efficient and effective travel.

Connect People & Places across all modes and options for more efficient and effective travel.

Resilience as a concept spans from planning and design through construction to operations and maintenance of
the transportation system, and therefore cuts across all these goals that are criticaltoac hi evi ng RI DOT®&6 s

and vision.

Transportation assets in Rhode Island face many current and future climate stressors such as sea level rise,
storm surge, flooding, coastal erosion, and other extreme weather events. These hazards could damage
infrastructure, increase repair and maintenance costs, and disrupt normal operations of transportation systems
across the state. Developing a RIP will enable a cohesive approach to incorporating resilience throughout the
agency and provide the framework for RIDOT to collaborate with local, regional, and statewide partners to reduce
or minimize potential impacts from extreme weather and climate events on transportation system and the

community.

RI
reclor
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2.2

Defining Resilience

RIDOT has established the importance of resiliency across the statewide transportation network, based on

reference to the topic/term across multiple planning efforts. This reference is further strengthened by recent

Executive Orders aiming to advance resiliency and sustainability. Given its demonstrated importance, the RIP

established a formal definition for resilience by reviewing guidelines from national and state resources and

considering stakeholder inputs. A review of the definition of resilience as defined by national resources as well

a review of existing mentions of resilience across RIDOT publications can be found in Appendix C: Review of

Resilience definitions and Existing RIDOT Literature Where Resilience is Mentioned

Building upon the national and state resources, the RIP defines Resilience for RIDOT as follows:

Resilience is defined by RIDOT as the ability of the Rhode Island transportation system to anticipate,
prepare for, and adapt to changing conditions; and withstand, respond to, and recover rapidly from any

disruptions.

This definition of resilience is also intended to connect and further R1 D O T 6 s estaldishédsn the State LRTP.

Figure 2.1 below shows how the RIP is in alignment with the LRTP goals.

Figure 2.1 Resilience Supports the State LRTP Goals
[ wet D21
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2.3  Establish Goals, Objectives, and Measures

The goal of the RIP is to support RIDOT in improving the resiliency and reliability of its transportation system
through assessing risk to RIDOT transportation infrastructure, identifying resilience improvement opportunities,
providing a framework to guide the implementation of resilience projects, and setting them up for PROTECT
funding eligibility.

Figure 2.2 RIP Goals

ASSESS RISK
TO RIDOT
TRANSPORTATION
INFRASTRUCTURE

Support RIDOT
mission and
vision

RESILIENCE |y

LEVERAGE

PROTECT [P Ll RESILIENCE
FUNDING
OPPORTUNITIES

Coordinate with
other plans

GUIDE
IMPLEMENTATION
OF RESILIENT
PROJECTS

The RIP has the following objectives:

i1 Identify high priority hazards to the state transportation assets.

1 Conduct a risk-based vulnerability assessment of the state transportation assets in Rhode Island to
understand the current and future risk.

1 Identify resilience needs by considering the acceptable risk tolerances for vulnerable assets.

1 Develop resilience strategies for RIDOT to prepare for, respond to, and recovery from the impacts of high
priority hazards and changing conditions.

i1 Create a prioritized implementation check list with actionable resilience opportunities.
i1 Establish methodology to evaluate resilience investments by their benefits and costs.

RESILIENCE IMPROVEMENT PLAN | 16



i1 Provide recommendationstoi nt egr ate resilience into RIDOTé6és project

across departments.
1 Engage stakeholders and the public in the process of improving resilience in RIDOT.

The RIP also supports the integration of resilience into other key statewide plans, such as the SHMP, TAMP,
STIP, and CRP, by providing cross-cutting resilience strategies and measures to key topic areas of challenges
and opportunities, including safety, congestion management, aging infrastructure, freight movement, stormwater
management, smart growth, shared mobility, active transportation, and economic development.

Performance measures play an important role in tracking progress, and further assessing resilience needs. The
following performance measures are proposed to help guide the development and implementation of the RIP:

1 Number of resilience-themed projects proposed or implemented

1 Percentage of road and transportation network in locations of high exposure, sensitivity

RI
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3.0 IDENTIFY STUDY ASSETS AND
DETERMINE CRITICALITY

Having previously identified R 1 D O §dals, objectives, and an overall definition for resilience, Chapter 3 provides

the next step in the resilience planning process which consists of identifying transportation assets and

determining criticality considerations for each asset. This provides a foundation for assessing immediate and

long-term risk from future weather events and natural disasters, and identifying necessary strategies, planning

activities, and investments in the next sections.

3.1  Study Overview

Building upon the previous resilience work undertaken by
RIDOT and its agency partners in Rhode Island, the RIP
conducted a systemwide criticality assessment and a risk-
based vulnerability assessment to identify and prioritize, and
select appropriate strategies for at-risk RIDOT transportation
assets for potential resilience improvement. The assessments
analyzed risk for a range of multimodal transportation assets
in three time-horizons, 2035, 2050, and 2100, and focused on
the impact from high priority hazards, sea level rise, storm
surge, and sea level rise, as they were identified as having
among the highest risk by the SHMP and RIDOT6 $AMP. The
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assessment framework established through this plan can apply to assessing risk from other hazardous events

and other types of assets in future updates of RIP.
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Figure 3.1 Methodology Overview

Resilience
Improvement
Plan Analysis

Risk-Base
Vulnerability
Assessment

Criticality
Assessment

Criticality

Risk-Based Vulnerability B

The degree to which a given asset  The degree to which a system is susceptible

is important to the unimpeded to, or unable to cope with adverse effects of
operation of the transportation climate change or extreme weather events,
system in Rhode Island. incorporating the likelihood of negative impact

and the consequence should the impact occur.

3.2 ldentify Study Assets

RIDOT leveraged previous studies and regulatory
frameworks to guide the identification of asset classes
and effectively assess the criticality of each asset and
asset class. This included best practices on how to
consider the importance of key asset classes in relation
to key functional and societal needs.

The initial step in the RIP is to identify which assets will

be included in the analysis. Rhode | sl andds

S i

Addressing PRC
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X key asset cate
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transportation

mu |l t i mdsdamprised rofatme sngtworktofa t i o n

roads, bridges, pedestrian infrastructure, railroads, pipelines, freight and passenger facilities, and other

supporting facilities and systems including stormwater treatment units. This p | a aséessment primarily focuses

on transportation assets owned or operated by RIDOT. As a result, the RIP directly considers the following assets:

roads, bridges, sidewalks, shared-use paths, drainage pipelines, and stormwater treatment units.

These assets are shown in Figure 3.2.°

% The information for each of these assets was generated from the asset shapefiles downloaded from https://www.rigis.org/.

Data downloaded in April 2023
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Figure 3.2 Vulnerability & Risk Assessment Assets
- Roads ‘Ia Shared use paths
“ (1,930 miles) OO (395 miles)

Bridges * Drainage pipelines

(1,358) (34,480)

9 Sidewalks Stormwater
‘ treatment units

(6,929 miles) e (1,942)

i

The inclusion of these primary six asset classes in this risk-informed vulnerability assessment satisfies the
requirements of the PROTECT program which calls for a systemic approach to improving the resilience of surface
transportation assets. Toget her , these six asset classes compris
transportation system and its supporting infrastructure components which are important for evaluating system
interdependencies. This includes infrastructure related to drainage where asset failure could impact the entire
multimodal transportation system.

Key transportation and civic asset classes not directly owned or operated by RIDOT are primarily considered in
the criticality assessments undertaken for the six asset classes by measure of proximity. The proximity of a
primary asset to one or more additional civic and transportation asset classes outside the ownership or operation
of RIDOT, including the rail network, transit network, and other major freight and civic facilities, increases the
criticality of that particular primary asset. The access provided by the transportation assets to the civic
infrastructure and other critical non transportation assets indicates the system interdependency of the
transportation assets and other infrastructure. The process to assign criticality, resulting in part from this system
interdependency, for each primary asset class, is described in the following section.

RI
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3.3  Assess Criticality of Community Infrastructure

The RIP formally defines criticality as the degree to which a given asset is important to the unimpeded operation

of the transportation system in Rhode Island.” Broadly, criticality can be thought of as an initial prioritization

construct for RIDOT. It serves as the foundation for prioritization and allocation of resources by helping to
determine the overall importance of each asset. This level of importance, customizable across each agency or

operation, is typically developed based on key priorities and agency objectives. RI DOTés proposed c
approach is informed by experience leveraged from transportation criticality assessments successfully completed
across the U.S., t hrough t he dev erdohpugh additionmaf reldfeH SWAlidss r e s i
Based on these considerations, criticality, identified for each asset, is comprised of three indicator categories that

signify the importance of each transportation asset:

1 Usage & Operational Importance: A measure of how important Criticality Definition:

the asset is to the overall function of the transportation system.

The degree to which a given asset

1 Socioeconomic Importance: A measure of the extent to which an _ .
is important to the unimpeded

asset serves people and businesses in Rhode Island, including

operation of the transportation

underserved or disadvantaged communities. :
system in Rhode Island.

1 Health & Safety Importance: A measure of the access provided
-- RIDOT.

by an asset to essential locations and services related to health
and safety, including emergency response and healthcare facilities.

The relationships amongst these indicator categories are visualized in Figure 3.3.

" The definition of criticality stems from a review of FHWAG® sriticality definition, and other relevant state and national best
practice sources. It was then tailored to fit the needs of RIDOT and th
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Figure 3.3 Ciriticality Components

The degree of importance
that an asset is to the
overall function of the
transportation system.

HEALTH AND
SAFETY
IMPORTANCE

The degree of importance
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safety facilities in Rhode

Island.

USAGE AND
_  OPERATIONAL
IMPORTANCE

ECONOMIC
IMPORTANCE

The degree of
importance that an
asset is to serving
people and
businesses in Rhode
Island, including
underserved or
disadvantaged

| communities.

SOCIO-

3.3.1 Description of Criticality Indicators

The three categories of criticality indicators are further described below. Each category includes a set of individual

indicators identified, and proposed weighting and scoring for each. The criticality scores of each asset are the

sum of its scores for all individual indicators, which feed into a defined ranking of each asset by overall criticality.

For each category, criticality identified for each individual indicator can be found in Appendix D: Criticality

Components.
Usage & Operational Importance

Usage and operational importance incorporates the
importance of the asset, primarily roads, to the overall use,
designation and operation of the asset as part of the
transportation system. The category contains six individual

factors, including the following:
1 Functional system of the road,

1 Average Annual Daily Traffic (AADT)

1 Designation of the road as part of the National

Highway Freight Network

ceclor
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1 Proximity within half a mile of the Northeast Corridor rail line
1 Designation as an evacuation route or a lifeline connection to a community
1 Presence of a broadband network along the road right-of-way (ROW)

Functional system, AADT and National Highway Freight Network designation reflect the core usage of the
transportation system and the characteristics of the vehicular traffic carried along the road. Evacuation and lifeline
connection roadways are included as a factor given their importance in the event of natural disaster or other
significant disruption. Similarly, proximity to the Northeast Corridor rail network, operating between Washington,
D.C. and Boston, is important in Rhode Island as this link serves the most densely populated heavily used
passenger rail network in the U.S. Electric grid and various communication infrastructure were not directly
evaluated, rather, the presence of broadband network on RIDOT roadways is included as a criticality factor to
reflect their importance for communication and emergency management, especially during hazardous events.
Table 3.1 provides the scoring of the usage and operation factors.

Table 3.1  Scoring Scheme for Usage and Operational Factors

Factor Status Score Max Score
Not evacuation routes or lifelines 0

Evacuation Routes or Lifelines 2
Evacuation routes or lifelines 2
Local, Major and Minor Collector 0

Functional System Principal Arterial, Minor Arterial 1 2
Interstate, Expressway 2
< =26,300 0

AADT 26,300 - 84,000 1 2
>84,000 2
Not on the freight network 0

Freight Network 2
On the freight network 2
Not within a %2 -mile buffer of the Northeast

; Corridor 0

Northeast Corridor 1
Within a % -mile buffer of the Northeast Corridor 1
Without broadband network in the right of way 0

Broadband Network 1
With broadband network in the right of way 1

Usage and Operational Score 10
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reclor

RESILIENCE IMPROVEMENT PLAN | 23



Socioeconomic Importance

Socioeconomic importance reflects the importance of an asset to the population within the study area, including
underserved and disadvantaged communities. This includes three individual indicators:

1 Equity areas
1 Population density
1 Employment density

The presence of an asset in an equity area, measured by location within eligible census tract, considers socially
vulnerable communitiesi dent i fi ed by USDOT6és transportation disadvan
Screening Tool (CEJST), or RIDOT EJ areas . The population and employment density were calculated by taking
the population and employment at the census tract level and dividing it by the area and then assigning it to the
roads that were intersected by it. Scoring breaks for population and employment density are based off quantile

classification of each asset. Table 3.2 provides the scoring of the socioeconomic indicators.

Table 3.2  Factors and Scoring Scheme for Socioeconomic Indicators

Factor Status Score Max Score
Not in a equity area. 0
Equity Areas Within equity areasi denti fi ed by USDOT 4
disadvantaged tool, Climate and Economic Justice 4

Screening Tool (CEJST), or RIDOT EJ areas.
<= 1,100 person/sg. mi.
1,100 - 5,000 person/sq. mi.
Population Density
5,000 17,000 person/sg. mi.
> 17,000 person/sqg. mi.
<= 300 jobs/sqg. mi.
300 - 2,000 jobs/sq. mi.

Employment Density
2,000 7,000 jobs/sg. mi.

Ww N PO W N P O

> 7,000 jobs/sq. mi.

Socio Economic Score 10

Health & Safety Importance

Health and Safety Importance factors assess the degree of importance of an asset, measured by distance, to
providing access to facilities indispensable for the health and safety of Rhode Island, including in relation to

emergency response. This includes the following eleven broad categories of facilities:

RI
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1 Transit Centers 1 Emergency Shelters
1 Airports i1 Fire or Police Stations
1 Seaports 1 Hospitals
1 Maintenance Facilities 1 Dams
1 Power Plants 1 Military Bases
1 Schools

The distance of an asset to these facilities was calculated using the Network Analyst tool in ArcMap, which
calculates the approximate distance along a network that it takes to reach a facility. It uses the centroid of each
roadway asset as the origin and each facility as the destination. Table 3.3 provides the scoring of the health &

safety indicators.
Table 3.3  Factors and Scoring Scheme for Health and Safety Indicators

Factor ’ Scoring N{ Max Score

Not within a one-

mile buffer T score
Access to Transit centers of 0 1

Within a one-mile

buffer - score of 1

Access to Airport

Access to Seaports

Access to Maintenance Facilities
Access to Power Plants

Access to Schools

Access to Emergency Shelters
Access to Fire or Police Stations
Access to Hospitals

Access to Dams

S S S N

Access to Military Bases

=
[N

Health and Safety Score
3.3.2 Computing Asset Criticality

To compute criticality scores for each asset, the individual indicators comprising each category of importance

were summed to generate a value for that particular criticality factor. These factors are shown in Figure 3.4.
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Figure 3.4 Criticality Factors

Usage and Operational Socioeconomic Health and Safety
Importance Importance Importance

Evacuation Routes / Lifelines (2) Accessto Dam (1)
: Equity Areas (4) Access to Fire or Police Stations (1)
Functional Class (2) Access to Hospitals (1)
AADT (2) Accessto Schools (1)
Access to Emergency Shelters (1)
Freight Network (2) Population Density (3) Access to Power plants (1)
: Access to Transit Centers (1)
Transit Network (2) Access  Arport (1)
Northeast Corridor (1) . Access to Seaports (1)
Employment Density (3) Access to Maintenance Facilities(1)
Broadband Network (1) Access to Military Installations(1)

Next, each of the three criticality factors were assigned a different weighting to directly influence overall criticality
levels. As visualized in Figure 3.5, three combinations of weighting were considered:

1 Option 11 Equal Weighting: Usage and Operational Importance i 33.3%, Socioeconomic Importance i
33.3%, Health and Safety Importance i 33.3%

1 Option 21 dHigh-to-LowdWeighting: Usage and Operational Importance i 50%, Socioeconomic
Importance i 30%, Health and Safety Importance i 20%

1 Option 37 Functionality Priority Weighting: Usage and Operational Importance i 60%, Socioeconomic
Importance i 20%, Health and Safety Importance 1 20%

Figure 3.5 Criticality Scoring Options

Option 1 33.30% 33.30% 33.30%
Option 2 50% 30% 20%
Option 3 60% 20% 20%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Usage & Operational Importance m Socioeconomic Importance m Health & Safety Importance

RI
reclor

RESILIENCE IMPROVEMENT PLAN | 26



The three options for weighing criticality factors were identified based on discussions with RIDOT staff, and

subsequent feedback provided at workshops hosted by RIDOT as part of the RIP development process. This
included feedback from the RIDOT&6s Asset Management Divi
Management, the University of Rhode Island , and Rhode I slandds Trans(pAC) .t ati o
Ultimately, based on feedback received, RIDOT selected the third option for determining criticality:

Criticality Score = Usage and Operational Importance * 60% + Socioeconomic Importance * 20%
+ Health and Safety Importance * 20%

After reviewing the range of scores, the results were assigned to three broad categories: High Criticality, Medium

Criticality and Low criticality, based on percentile. Overall criticality across the entire Rhode Island road network

is shown in Figure 3.6. Based on the third option of criticality weighting, the highest degree of criticality is assigned
tomanyof Rhode | sl andds maj or t hthe entirggyhof |95, £295, USFIh RI414,iRrX38, ud e s
and RI-146. This also includes the major thoroughfares connecting Rhode | slando6s ¢
Additional portions of the road network designated as high criticality include arterials in and around Point Judith,

Warwick, Cranston, and Pawtucket.

With usage & operational importance comprising over half of the total criticality score, overall criticality assigns
strong weightingt o many of majér¢horaughtatee Soxioeconomic importance as well as health &
safety indicators each assign additional localized high criticality scores to additional locations, particularly in
urbanized portions of the state and select other communities discussed above. Ultimately, the criticality of each
road asset, as identified in this chapter, will feed into the full vulnerability and risk assessment to follow in
Chapters 4 and 5.
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Figure 3.6 Transportation Network Criticality
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4.0 ASSESS SYSTEMWIDE
VULNERABILITY AND RISK

With criticality assigned for each asset, and in accordance with PROTECT Formula Funding Implementation
Guidance, Chapter 4 provides an assessment of vulnerabilities and risk to current and future weather events and
natural disasters. This process is important to determine the magnitude of threatsforRhode | sl anddés mos
transportation assets. It also sets the stage for identifying physical strategies and implementation mechanisms.

4.1 Identify Hazards and Scenarios

Driven in large part by climate change, the U.S. and its extensive network of transportation assets are becoming
increasingly vulnerable to various forms of extreme weather, ranging from floods and hurricanes, to wildfires and
droughts. Nicknamed the 6éOcean Stated, Rhode I slandds co
hazardous effects of climate change, with the risks expected to grow in the upcoming decades. The next step in

the vulnerability and risk assessment, following the assignment of criticality, is to identify the most significant and

relevant hazards and threats to the Rhode Island multimodal transportation system.

As the initial RIP to be developed addressing the needs of

Addressing PRI
Gui daBlcement s

Rhode Il sl andods mul ti modal t his

vulnerability and risk analysis examined the impacts from

sea level rise, storm surge, and flooding. These three T h i's section sati
Gui dance 3| eargedmrte s(

hazards were identified given that they pose the greatest . .
g yP g consistency with,

physical t hr eatportaiion d&sefs @nd ére existingf fSHMPs whi
identified as high-priority and impactful events. R1 DOT and analyze key h

TAMP ranked climate change as the highest risk to RIDOT Rhode I sl and.

assets with the highest likelihood and impact among other

analyzed risks as it contributes to more significant coastal sea-level rise, riverine flooding, drainage issues, and
accelerated asset deterioration. In turn, these threats are expected to produce potentially significant impacts to
houses, businesses, and multiple infrastructure components including emergency management assets, energy,
and water, as highlighted in the SHMP. Although only three threats (sea level rise (SLR), storm surge, and
flooding) are analyzed in the RIP, this analysis will set the foundation and framework for future RIP iterations to
assess additional hazards, such as extreme temperatures, severe winter weather amongst others, as identified
i n Rhode | s | Fgord4lssho®sitMeFhazards that were selected for the RIP based on critical SHMP
and TAMP hazards.
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Figure 4.1

Hierarchy of Hazards for the RIP

ALL HAZARD MITIGATION PLAN HAZARDS

= Biological Incident = Earthquake *  Radiological Incident = Tornado
= Civil Disorder = Extreme Temperature »  Sealevel Rise = Transmissible Disease
= Cybersecurity Incident *  Flooding = Severe Thunderstorms = Tropical/Extratropical
= Dam Failure = Hazardous Materials Incident = Severe Winter Weather Storms
Drought Infrastructure Failure Terrorism * Wildfire

e e ————
HIGH PRIORITY HAZARDS IN HAZARD MITIGATION PLAN OR TAMP

= Extreme Temperature

= Flooding

= Severe Winter Weather

= Sealevel Rise
= Riverine Flooding
= Storm Surge

= Tropical/Extratropical Storms

e —
RIP HAZARDS

= Flooding
= Sea Level Rise
= Storm Surge

For each hazard, multiple scenarios were analyzed to determine the risk across a range of possibilities. The risk

of all the analyzed hazard scenarios were combined to estimate a composite risk for 2035, 2050, and 2100,

taking

into

account

e a ¢ hof tceumiagrantl impacetotlze transportatpm sydbean iniedch t y

of these years. Figure 4.2 shows the study hazards and associated scenarios for the risk-based vulnerability

assessment.

Figure 4.2 Hazards and Scenarios

Year: 2035, 2050, 2100

Hazards:

!

|
]
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4.2

Assess Vulnerability of Assets

With the three hazards of sea level rise, storm surge, and flooding identified, the next step is to evaluate the

vulnerability of each asset. RIDOT adopted FHWAS s

d enffdr wlnerdbility as the degree to which a system

is susceptible to, or unable to cope with adverse effects of climate change or extreme weather events.® The

vulnerability of an asset is directly is a factor of three components:

1 Exposure: Identified whether an asset or system is located in
an area experiencing direct effects of current or future extreme
weather.

VULNERABILITY Definition:

The degree to which a system is

susceptible to, or unable to cope with

1 Sensitivity: Refers to how the asset or system fares when

exposed to the current or future extreme weather.

1 Adaptive Capacity: The degree to which the asset can adjust
or mitigate damage or disruption caused by a hazard or threat.

These components are explained in further detail below in Figure 4.3.

Figure 4.3 Vulnerability Components

Whether an asset or system
is located in an area

\

experiencing direct effects
of current or future extreme
weather (FHWA, 2017).

EXPOSURE

Example:

A bridge within category
3 storm surge zone is
exposed to storm surge
impact

ADAPTIVE
CAPACITY /

How the asset or system
fares when exposed to the

current or future extreme
weather (FHWA, 2017).

Example:

A road with poor pavement
condition is more sensitive to
flooding damage than those
with good pavement condition.

8 Vulnerability Assessment and Adaptation Framework, 3rd Edition
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extreme weather events.

-- FHWA.

The degree to which
the system containing
the asset (road,
bridge, etc.) can

adjust or mitigate the
potential for damage
or service interruption
caused by the
hazards (FHWA, 2023).

Example:

Dense street network in
downtown has higher
adaptative capacity
than dispersed roads in
the suburbs.



The RIP employed an indicator-based desktop approach to evaluate vulnerabilities of transportation assets
across the state using the Vulnerability Assessment Scoring Tool (VAST) developed by U.S. Department of

Transportation. The tool measures vulnerability as a function of exposure, sensitivity, and adaptive capacity and
uses certain characteristics of transportation assets as indicatorst o r ef | ect dexpodure, rsensitivity,a s s et s

or adaptive capacity, and operationalizes this information into relative vulnerability scores. This was done for the
combination of study hazards and asset types within this Microsoft Excel®-based tool (with macros).

Figure 4.4 identifies how exposure, sensitivity, and adaptive capacity are measured across the six asset classes.
The three components of vulnerability are each explained in further detail to follow.

Figure 4.4 Indicators of Exposure, Sensitivity & Adaptive Capacity by Asset Type

Exposure Indicators Sensitivity Indicators Adaptive Capacity Indicators

Roads: Inundation Depth Roads: Pavement Condition Roads: Network Density
Bridges: Inundation Depth Bridges: Condition Rating Bridges: Network Density
Sidewalks: Inundation Depth Sidewalks: Condition Sidewalks

Shared-use Paths: Inundation Depth Shared-use Paths: Condition Shared-use Paths: Network Density

. . Stormwater Pipes: Stormwater Pipes: Pipe Diameter +
St ter Pipes: Inundation Depth P
ormwater Pipes: Inundation Dep Last Cleaning Dates Position

Stormwater Treatment Units: Inundation Stormwater Treatment Units: Inspection Stormwater Treatment Units: Ratio of
Depth Scores Catchment Size to Volume

4.2.1 EXposure

Exposure refers to the geographic location of an asset in

relation to a hazard or threat. As defined by FHWA, exposure is Addressin 9 PF

determined by whether an asset or system is located in an area Guidance El e

experiencing direct effects of current or future extreme weather. This section sat
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As part of this vulnerability and risk assessment, exposure for
each of the six asset classes is derived from impacts from each

hazard, across three scenarios of inundation:
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f SealLevel Rise Exposure: Measured by the inundation depth of the mean higher high water (MMHW)?°

level plus 1 foot, 2 feet, or 7 feet of sea level rise. Data for sea level rise exposure is derived from NOAAS s
sea level rise dataset for Rhode Island.™
I Storm Surge Exposure: Measured by the inundation depth of the 100-year storm plus 1 foot, 2 feet, or 7
feet of sea level rise. Data for storm surge exposure is derived fromt he Uni ver sity of Rhode
STORMTOOLS website, with location data transferred for each asset. **

1 Flooding Exposure: Measured by whether the asset is located in a current floodway, 100-year floodplain,
or 500-year floodplain. Data for flooding exposure is derived from the Federal Emergency Management
Agency (FEMA) National Flood Hazard Layer geospatial database, with location data transferred for each
asset.” For some locations where base flood elevation (BFE) data was also available, the elevation of the
asset was subtracted from the flooding depth to better identify which assets would be inundated. BFE and
asset height data where available was derived from digital elevation model (DEM) datasets in NOAA North
American Vertical Datum of 1988 (NAVDS).

The results of the process to assign exposure scores for each asset class is provided below:
Exposure for Roads

As described above, exposure for each asset class is identified for the three hazards of sea level rise, storm
surge, and flooding. To determine exposure scores for sea level rise and storm surge, inundation depths across
all three scenarios were applied for each asset, with data classification breaks developed based on Jenks natural
breaks optimization. Each road asset is assigned a corresponding value between (1) and (4) based on sea level
rise and storm surge in Table 4.1 and Table 4.2. Given that inundation depth was not available for approximately
95% of roads, scoring for flooding exposure is based on the presence of each road in a floodplain, ranging from
(0) for those roads not in a floodplain to (4) for those roads located in a current floodplain. Flooding exposure
scoring for roads is shown in Table 4.3.

® MMHW is defined by NOAA as the average of the higher high water height of each tidal day observed over the
National Tidal Datum Epoch.

10 hitps://coast.noaa.gov/sIrdata/

11 hitps://stormtools-mainpage-crc-uri.hub.arcgis.com/

2 https://www.fema.gov/flood-maps/national-flood-hazard-layer
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Table 4.1  Sealevel Rise Exposure Scoring for Roads

Inundation Depth Score

07 0.5ft 1
057 1ft 2
17 2ft 3
27 111t 4

Table 4.2  Storm Surge Exposure Scoring for Roads

Inundation Depth Score

07 2ft 1
27 51t 2
571 10 ft 3
107 30 ft 4

Table 4.3  Flooding Exposure Scoring for Roads

Location Relative to Floodplains Score

Not in Floodplain 0
Within 500-year Floodplain 2
Within 100-year Floodplain 3

4

Within Floodway or inundated by Base Flood Elevation

Exposure for Bridges

For bridges, a similar desktop exercise was conducted to determine how the approaches of the bridges are
exposed to sea level rise, storm surge, or flooding. The overall scoring approach as explained for the roads above

was replicated for the bridges.

Table 4.4  Sea Level Rise Exposure Scoring for Bridges

07 0.5ft 1
057 1ft 2
17 21t 3
27 111t 4
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Table 4.5  Storm Surge Exposure Scoring for Bridges

Inundation Depth of Bridge Approaches Score

07 2ft 1
27 51t 2
571 10 ft 3
107 30 ft 4

Table 4.6  Flooding Exposure Scoring for Bridges

Location Relative to Floodplains Score

Not in Floodplain 0
Within 500-year Floodplain 2
Within 100-year Floodplain 3

4

Within Floodway or inundated by Base Flood Elevation

Exposure for Sidewalks

Similarly, to determine exposure scores for sea level rise and storm surge, inundation depths across all three
scenarios were applied for sidewalks, with data classification breaks developed based on Jenks natural breaks
optimization, as shown in Table 4.7 and Table 4.8. For sea level rise the inundation depth of water above just
under 5 inches (0.4 ft) is assigned the highest exposure score. At this approximate level of inundation the ability
of a pedestrian of average strength and build to walk becomes cumbersome. Flooding exposure scoring breaks

are shown in Table 4.9.

Table 4.7  SealLevel Rise Exposure Scoring for Sidewalks

Inundation Depth (in feet) Score
0.0017 2 1
2.01i 5 2
5.017 10 3
10.017 30 4
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Table 4.8  Storm Surge Exposure Scoring for Sidewalks

071 0.1 1

0.17 0.13
0.137 0.4
04171 25

A WN

Table 4.9  Flooding Exposure Scoring for Sidewalks

Location Relative to Floodplains Score
Not in Floodplain
Within 500-year Floodplain
Within 100-year Floodplain
Within Floodway

A W N

Exposure for Shared- Use Paths

For shared-use paths/bikeways, a similar desktop exercise was conducted to determine exposure to sea level
rise, storm surge, or flooding based on inundation depths. The scoring approach as explained for the roads above
was replicated for the shared-use paths/bikeways. See Table 4.10 to Table 4.12 for exposure scoring for shared-

use paths/bikeways for sea level rise, storm surge, and flooding.

Table 4.10 Sea Level Rise Exposure Scoring for Shared-Use Paths

Inundation Depth Score

07 051t 1
057 1ft 2
17 2ft 3
27 111t 4

Table 4.11 Storm Surge Exposure Scoring for Shared-Use Paths

07 2ft 1
27 51t
571 10 ft

A W N

107 30 ft
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Table 4.12 Flooding Exposure Scoring for Shared-Use Paths

Location Relative to Floodplains Score

Not in Floodplain

Within 500-year Floodplain 2
Within 100-year Floodplain 3
Within Floodway or inundated by Base Flood Elevation 4

Exposure for Stormwater Pipes

The exposure of stormwater pipes was measured by the inundation depths of stormwater to the three hazards.
The analysis used the elevation of the ground from the Digital Elevation Model (DEM) as a proximity to the
elevations of stormwater pipes. The inundation depths and their associated scores for sea level rise and storm
surge, are shown in Table 4.13 and Table 4.14. For flooding, the same values and scores as those for roads

were used, as shown in Table 4.15.

Table 4.13 Sea Level Rise Exposure Scoring for Stormwater Pipes

Inundation Depth (in feet) Score
07 0.1 1
0.17 0.5 2
057 1 3
17 12 4

Table 4.14 Storm Surge Exposure Scoring for Stormwater Pipes

Inundation Depth (in feet) Score
0.00017 2 1
2i 4 2
4i 10 3
101 30 4

Table 4.15 Flooding Exposure Scoring for Stormwater Pipes

Location Relative to Floodplains Score

Not in Floodplain
Within 500-year Floodplain 2
Within 100-year Floodplain 3
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Exposure for Stormwater Treatment Units

The exposure of stormwater treatment units was measured by the inundation depths of stormwater treatment
units to the three hazards. The analysis used the elevation of the ground from the DEM as a proximity to the
elevation of the stormwater treatment unites. The inundation depths and their associated scores for sea level rise
and storm surge, are shown in Table 4.16 and Table 4.17. For flooding, the same values and scores as those for

roads were used, as shown in Table 4.18.

Table 4.16 Sea Level Rise Exposure Scoring for Stormwater Treatment Units

Inundation Depth (in feet) Score

071 0.05 1
0.051 0.3 2
0.37 0.5 3
0.57 6.5 4

Table 4.17 Storm Surge Exposure Scoring for Stormwater Treatment Units

Inundation Depth (in feet) Score

0.00017 2 1
2i 4 2
4i 10 3
101 26 4

Table 4.18 Flooding Exposure Scoring for Stormwater Treatment Units

Location Relative to Floodplains Score

Not in Floodplain 0
Within 500-year Floodplain 2
Within 100-year Floodplain 3
Within Floodway or inundated by Base Flood Elevation 4

4.2.2 Sensitivity

As defined by FHWA, sensitivity refers to how the asset or system fares when exposed to the current or future
extreme weather. A highly sensitive asset will experience a large degree of impact even from a relatively minor
hazard or climate variation, whereas a less sensitive asset could withstand relatively higher levels of hazard or
climate variation before exhibiting any degree of deterioration. As an example, a road with poor pavement
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condition is considered more sensitive to flooding damage than a road whose pavement condition is rated well.

The process to assign sensitivity scores for each asset class is provided below.
Sensitivity of Roads

The sensitivity of roads is measured by its pavement condition. To visualize this information geographically,
pavement condition data was spatially joined to the roa
TAMP, pavement condition is measured through the Pavement Structural Health Index which assigns values to

each road asset based on factors of cracking, patching, rutting, and roughness. To develop data classification

breaks and the scoring methodology for road asset sensitivity, each asset is assigned a value between 1 and 4

according to the Pavement Structural Health Index value, as shown in Table 4.19.

Table 4.19 Sensitivity Scoring for Road (Pavement) Condition

Pavement Structural Health Index Condition Score
90 - 100 Excellent 1
80171 89 Good 2
7071 79 Fair 3
07 69 Poor or Failed 4

These Pavement Structural Health Index and the corresponding scoring system are visualized across the Rhode

Island network in Figure 4.5 for arterials, interstates, and expressways. The majority of the road network
generates a sensitivity score of 2 or 3, horatiend witha pave
sensitivity score of 4, based o foundin gcatterednaecastof titeostatd int i o n
segments. These segments are most concentrated in the northern half of the state, in addition to coastal Rhode

Island. Especially the case with coastal Rhode Island, these areas to tend to generate the highest exposure and

criticality scores as well.

RI
reclor

RESILIENCE IMPROVEMENT PLAN | 39



X !
PA
{-:f-‘

Sy
-"-@Eé

?l‘?}a’j “(I:S“t MASSACHUSETTS
> o BRRIN TN
i 7 58
i S
v, § |
@L’.“i ia

2

ST
DENCE

CONNECTICUT

RRENDY
\Se

SIS

WEST
GREENWICH

Sensitivity Scores - Pavement
Condition

e 4 (Poor & Failed)

s 3 (Faiir)
w2 (Good)
w1 (Excellent)

RI
reclor

RESILIENCE IMPROVEMENT PLAN | 40



Sensitivity of Bridges

The sensitivity of bridges is measured by the bridge condition ratings. Table 4.20 shows how bridge condition
data was classified into four breaks and the scores that were assigned to these dates in the VAST.

Table 4.20 Sensitivity Scoring for Road (Pavement) Condition

Bridge Condition Score

Good 1
Fair 3
Poor 4

Sensitivity of Sidewalks

The sidewalks dataset does not contain infrastructure condition information. As a result, pavement condition for

roads is assumed to be apply for sidewalks, and was spatially applied to the sidewalks layer in ArcMap.

Table 4.21 Sensitivity Scoring for Sidewalks

Pavement Structural Health Index Condition Score
90 - 100 Excellent 1
8071 89 Good 2
707 79 Fair 3
07 69 Poor and Failed 4

Sensitivity of Shared-Use Paths

The shared-use path dataset does not contain infrastructure condition information. As a result, pavement
condition for roads is assumed to apply for shared-use paths, and was spatially applied to the shared-use paths
layer in ArcMap. Only shared-use paths along the road network were selected for the analysis.

Table 4.22 Sensitivity Scoring for Shared-Use Paths

Pavement Structural Health Index Condition Score
90 - 100 Excellent 1
80171 89 Good 2
707 79 Fair 3
07 69 Poor and Failed 4
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Sensitivity of Stormwater Pipelines

The sensitivity of stormwater pipes is measured by their last cleaning dates. Pipes that have not been cleaned
and flushed in a long time are more susceptible to the impacts of the three hazards of sea level rise, storm surge
or flooding. For records thatdidn6t have a | ast c¢cl eaning daTade4.2shavstmowe of
the cleaning dates were classified into four breaks and the scores that were assigned to these dates in the VAST.

Table 4.23 Sensitivity Scoring for Stormwater Pipelines

Last Cleaned Dates Score

2017 and earlier 4
2018 - 2019 3
2020 - 2021 2
2022 and later 1

Sensitivity of Stormwater Treatment Units

The sensitivity of stormwater treatment units is measured by the stormwater treatment condition. Table 4.24
shows how stormwater treatment unit condition data from RIDOT was classified into four breaks and the scores

that were assigned to these dates in the VAST.

Table 4.24 Sensitivity Scoring for Stormwater Treatment Units

Stormwater Treatment Condition Score

>0 and <= 30 4
30 - 60 3
60- 90 & No Data 2
90-100 1

4.2.3 Adaptive Capacity

As defined by FHWA, adaptive capacity refers to the ability of a transportation asset or system to adjust, repair,
or flexibly respond to damage caused by climate variability or extreme weather. As an example, if an asset is
closed or restricted due to a hazard, adaptive capacity would measure how detrimental this closure would be to
the functionality of the entire transportation network. The process to assign adaptive capacity scores for each
asset class is provided below:

RI
reclor

RESILIENCE IMPROVEMENT PLAN | 42



Adaptive Capacity for Roads

The adaptive capacity of road assets is measured by network density, identified by the number of roadway links
per square mile, calculated around each asset. A higher degree of network density would indicate a higher level
of adaptive capacity for a particular road, given the likelihood that more detour options would likely be possible
in the event of disruption to one or more parts of the network. Inversely, a road with a lower degree of network
density, such as rural or exurban link, would have less detour options in the event of disruption.

To visualize this information geographically, the Kernel Density Spatial Analyst Tool of ArcMap is utilized.
Subsequently, the Zonal Statistics tool is used to transfer the resulting raster data into the primary feature class
data layer. Lastly, summary statistics are calculated to help identify meaningful data classification breaks,
measured by the number of roads per square mile. Each road asset is assigned a corresponding value between
(1) and (4) based on network density as shown in Table 4.25.

Table 4.25 Adaptive Capacity Scoring for Roads

Network Density

(Number of Roads per Square Miles) Score
0.17 1 4
1.017 2 3
20171 3 2
3.017V 5 1

Network density is visualized on the road network in Figure 4.6. Network density is highest in and around
Providence and Cranston. This is expected given that these are the most urbanized portions of the state. Although
most of coastal Rhode Island has a relatively dense population density, the comparatively smaller number of
thoroughfares into and out of these area limits total network density.

RI
reclor

RESILIENCE IMPROVEMENT PLAN | 43



Figure 4.6 Network Density of Roads
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Adaptive Capacity for Bridges

The adaptive capacity for bridges is also measured by network density, identified by the number of bridge links
per square mile. The methodology and resulting dataset generated for roads was subsequently applied to the
bridge dataset. As a result, the adaptive capacity scoring for roads, shown in Table 4.26 is applied for bridges as
well.

Table 4.26 Adaptive Capacity Scoring for Bridges

Network Density

(Number of Roads per Square Miles) Score
0.17 1 4
1.0171 2 3
2.0171 3 2
3.017V 5 1

Adaptive Capacity for Sidewalks

The adaptive capacity for sidewalks is also measured by network density, identified by the number of sidewalk
links per square mile. The methodology and resulting dataset generated for roads was subsequently applied to
the sidewalk dataset. As a result, the adaptive capacity scoring for roads, shown in Table 4.27, is applied for
sidewalks as well.

Table 4.27 Adaptive Capacity Scoring for Sidewalks

Network Density

(Number of Roads per Square Miles)

0171 4
1.017 2 3
2017 3 2
3.0171 5 1

Adaptive Capacity for Shared-Use Paths

The adaptive capacity for shared-use paths is also measured by network density, identified by the number of
shared-use path links per square mile. Using the same methodology for roads, a separate network density
analysis was conducted for the shared-use path network. Each bike lane asset is assigned a corresponding value
between (1) and (4) based on network density as shown in Table 4.28.
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Table 4.28 Adaptive Capacity Scoring for Shared-Use Paths

Network Density (Number of Bike Lanes per Square Miles)

0.17 0.3 4
0.3017 0.5 3
0.50171 0.8 2
0.8017 1.3 1

Adaptive Capacity for Drainage Pipelines

The adaptive capacity of stormwater pipes is measured by the location of the stormwater pipes, specifically
whether it is upstream or downstream. Pipes that are located upstream will have better adaptive capacity (thus
lower adaptive capacity scores) than those that are downstream due to downstream pipes becoming increasingly
inundated from upstream flow. The Digital Elevation Model was used to find the locations of these stormwater
pipes and the following scoring approach as shown in Table 4.29 was applied for the VAST.

Table 4.29 Adaptive Capacity Scoring for Stormwater Pipes

Value (DEM) Score

07 95 Downstream 4
95.1 - 200 3
200.1 - 335 Upstream 2
335.1-611 1

Adaptive Capacity for Stormwater Treatment Units

The adaptive capacity of stormwater treatment units is measured by the treatment depth or the Stormwater
Treatment Unit Volume/ Catchment Area. A treatment depth of an STU greater than 7.3 will be able to capture
the entirety of a 50 year storm whereas a stormwater treatment unit with a treatment depth less than 2.7 will only
be able to capture a <1 year storm event. The adaptive capacity of the former is better (thus with lower scores
contributing for vulnerability) because it will be able to withstand stronger storms and will take less time and
resources for repair if it gets damaged because of these storm events.

Table 4.30 Adaptive Capacity Scoring for Stormwater Treatment Units

24 hour (Type Ill) Rainfall Amount (inches) Score

07 2.7 (< 1yrstorm) 4
277 49 (17 10 yr storm) 3
497 7.3 (107 50 yr storm) 2
>7.3 (>50 yr storm) 1
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4.2.4 Visualization of Vulnerability

Vulnerability, as a factor of exposure, sensitivity, and adaptive capacity combined, is described in the following
sub-sections, primarily for the most serious scenarios of 7-foot sea level rise, and 100-year storm overlaid to 7-
foot sea level rise, as well as inland flooding. For each asset type, additional vulnerability maps for the lesser 1-
foot and 2-foot sea level rise, and 1-foot sea level rise, and 100-year storm plus 2-foot sea level rise can be found
in in Appendix F: Vulnerability Outputs.

Roads & Bridges

The overall vulnerability of roads & bridges up to 7-foot sea level rise scenarios is shown in Figure 4.7. Under
scenarios of 1-foot and 2-foot sea level rise, total vulnerability is isolated to a few portions of coastal Rhode
Island, primarily in Narragansett, Newport, and Portsmouth. Under a 7-foot sea level rise, total vulnerability is
expanded to include additional portions of coastal Rhode Island, including scattered portions of the RI-114
corridor. Arterials within these locations are expected to have the highest total vulnerability.

Figure 4.8 assess total vulnerability across the multiple scenarios of storm surge overlaid to sea level rise.
Overall, the addition of, and progressive increase in storm surge produces gradual increases in vulnerability
across most portions of coastal Rhode Island between Point Judith and Providence. Under a scenario of a 100-
year storm overlaid to 7-foot sea level rise, the majority of coastal Rhode Island, including a sizable portion of
the areabds art etofalbundertre categoeyofphigltviuleedability.

Lastly, vulnerability to inland flooding is shown in Figure 4.9. Overall, scattered arterials throughout Rhode Island
are expected to have a high degree of vulnerability to inland flooding. This includes portions of a number of
arterials across inland and western Rhode Island, as well as a higher concentration of arterials and thoroughfares
in and around Newport, the RI-114 corridor, and other portions of coastal Rhode Island.
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Figure 4.7 Vulnerability of Roads & Bridges to 7-Foot Sea Level Rise Scenario
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Figure 4.8 Vulnerability of Roads & Bridges: Inundation of 100-Year Storm + 7 Foot

Sea Level Rise Scenario
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Figure 4.9 Vulnerability of Roads & Bridges to Inland Flooding
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Sidewalks

The overall vulnerability of sidewalks to 7-foot sea level rise scenarios is shown in Figure 4.10. Under scenarios
of 1-foot and 2-foot sea level rise, total vulnerability is isolated to a few portions of coastal Rhode Island, primarily
in Central Falls, Providence. Under a 7-foot sea level rise, total vulnerability is expanded to include additional
portions of coastal Rhode Island, including scattered portions of the RI-114 corridor, sidewalks in Middletown,

New Shoreham and south of Narragansett.

Figure 4.11 assesses total vulnerability across the multiple scenarios of storm surge overlaid to sea level rise.
As these three figures show, the addition of, and progressive increase in storm surge produces gradual increases
in vulnerability across most portions of coastal Rhode Island between Bristol and Providence and in Middletown
and Jamestown. Under a scenario of a 100-year storm overlaid to 7-foot sea level rise, the majority of coastal
Rhode Island, i ncl udi ng a sizable portion of the areadés arter:i

vulnerability.

Lastly, vulnerability to inland flooding is shown in Figure 4.12. Overall, sidewalks scattered throughout the inland
areas and at the coast of Rhode Island are expected to have a high degree of vulnerability to inland flooding.
This includes portions of sidewalks across inland and western Rhode Island, as well as a higher concentration
of sidewalks along arterials and thoroughfares in and around Newport, the RI-114 corridor, and other portions of

coastal Rhode Island.
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Figure 4.10 Vulnerability of Sidewalks to 7-Foot Sea Level Rise Scenario
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Figure 4.11 Vulnerability of Sidewalks: Inundation of 100-Year Storm + 7 Foot Sea Level
Rise Scenario

Note: Storm Surge data is not available for New Shoreham
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