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Adoption and Assurances

44 Code of Federal Regulations (CFR) Requirement

Adoption by the State

Requirement 8201.4(c)(6): The plan must be formally adopted by the State prior to submittal to
[FEMA] for final review and approval.

Requirement 8201.4(c)(7): The plan must include assurances that the State will comply with all
applicable Federal statutes and regulations in effect with respect to the periods for which it receives
grant funding, in compliance with 44 CFR 13.11(c). The State will amend its plan whenever necessary
to reflect changes in State or Federal laws and statutes as required in 44 CFR 13.11(d).

The Rhode Island State Hazard Mitigation Plan was approved by FEMA and adopted by the
State in April 2005, April 2008, and in April 2011. This 2014 plan update was developed during
the time period of February 2013 and November 2013 in accordance with federal regulations
and adopted on April 4, 2014 by Governor Lincoln D. Chafee.

Executive Summary Page 1
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State of Rhode Island and Providence Plantations
State House, Room 224
Providence, Rhode Island 02903
401-222-2080

Lincoln D. Chafee

Governor

April 4,2014

Paul Ford, Acting Regional Administrator
FEMA Region 1

99 High Street, 6th Floor

Boston, MA 02110

Re: Rhode Island State Hazard Mitigation Plan Adoption
Dear Mr. Ford:

Please find enclosed, for your review and formal approval, the Rhode Island Hazard Mitigation
Plan 2014 Update. Through this letter, as Governor, I hereby adopt this plan on behalf of the
State of Rhode Island. The Update is consistent with the mission of our state hazard mitigation
program and has been prepared pursuant to the Disaster Mitigation Act (DMA) of 2000.

This Update was led by the Rhode Island Emergency Management Agency and representatives
from the State Interagency Hazard Mitigation Committee. The coordinated effort represents a
commitment by numerous state agencies, public and private stakeholders and local governments
involved in pre-disaster mitigation, emergency response efforts, and post-disaster recovery
following a major natural disaster. The plan is a comprehensive document describing the
assessed risks associated with natural disasters in Rhode Island and the existing mitigation
measures our state has taken, and is planning to undertake, in the future to minimize the damage
and disruption caused by these natural disasters. The adoption of the plan authorizes the State to
implement the strategies outlined in this Update.

The Update is in full compliance with the planning requirements of the DMA 2000 and the Final
Rule, Title 44 of the Code of Federal Regulations (CFR), parts 201 and 206, thus keeping the
State of Rhode Island qualified to receive funding under all FEMA disaster assistance and hazard

Executive Summary Page 3
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Paul Ford, Acting Regional Administrator
April 4,2014
Page 2

mitigation programs. Please accept our assurances that the State of Rhode Island will comply
with all applicable Federal statutes and regulations in effect with respect to the periods in which
it receives grant funding, in compliance with 44 CFR 13.11(c). Furthermore, the State of Rhode
Island will amend its plan whenever necessary to reflect changes in State and Federal laws and
statutes as required in 44 CFR 13.11(d).

In closing, the implementation of the Rhode Island Hazard Mitigation Plan 2014 Update will
further complement our State’s existing mitigation programs and encourage resiliency to natural
hazards and climate change.

Sincerely,

Lincoln D. Chafee

Governor

enclosure

Executive Summary Page 4
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TU.S. Department of Homeland Security

FEMA Fegion I
90 High Street, Sixth Floor
Py RARTir, Boston, MA 02110-2132
BN/ FEMA
\2 )
& s/

H.n-‘\'IL

Lincoln D. Chafee, Governor
State of Rhode Island

State House, Room 224

82 Smith Street

Providence. RI 02903

Dear Governor Chafee:

Thank vou for the opporfunity to review the Rhode Island 2014 Hazard Mitigation Plan

Update. The Department of Homeland Security (DHS), Federal Emergency Management Agency
(FEMA) Region [ has evaluated the plan for compliance with 44 C.F.R. Pt. 201. The plan
satisfactorily meets all of the mandatory requirements set forth by the regulations.

FEMA approval and the State of Rhode Island’s adoption of the Standard State Mitigation Plan
confirms the continued availability within your State of non-emergency Stafford Act funding (Pre-
Disaster Mitigation planning and project grants, Hazard Mitigation Grant Program planning and
project grants, Fire Management Assistance, and Public Assistance categories C-G).

It 15 important to recognize that all requests for fufure funding through these programs will be
evaluated individually according to the specific eligibility and other requirements of the particular
program under which the application 1s submutted. For example, a mitigation activity or project
identified in the plan may not meet the eligibility requirements for FEMA funding, and even eligible
mitigation activifies or projects are not automatically approved for FEMA funding under anv of the
programs listed abowve.

The Rhode Island 2014 Hazard Mitigation Plan Update must be reviewed, revised as appropriate,
and resubmitted to FEMA for approval within three vears of the plan approval date of

March 28, 2014. We encourage the State to confinually update the plan’s assessment of
vulnerability, adhere fo 1ts maintenance schedule, and implement, when possible, the mitigation

actions proposed in the plan.

Executive Summary Page 5
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Lincoln D. Chafee
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Onee again, thank you for your continued dedication to public service demonstrated by
preparing and adopting this superior strategy for redueing future disaster losses. Should vou
have any questions, please do not hesitate to contact Marilyn Hilliard at (617) 956-7336.

e,

-l
Paul F. Ford
Acting Regional Administrator

rely,

PFF:mh
ce: Jamia McDonald, Executive Director, RIEMA

Jessica Stimson, Rhode [sland State Hazard Mitigation Officer
Michelle Burnett, Rhode [sland NFIP Coordinator

Enclosure

Page 6
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Executive Summary

Plan Purpose

The purpose of the Rhode Island SHMP (hereinafter referred to as “Plan”) is to provide
comprehensive guidance for hazard mitigation in the State of Rhode Island. Rhode Island has
experienced its share of natural disasters in recent years with four (4) federal disaster
declarations, in as many years, starting in 2010. This Plan serves the people of Rhode Island by
providing the impetus for making homes, businesses and communities more resilient to the
impacts of hurricanes, floods, tornadoes, earthquakes, winter storms, wildfires and other natural
hazards. In response to these multiple events, hazard mitigation actions are designed and
implemented to reduce or eliminate long-term risk from hazards and their effects. The Plan also
provides the people of the State with information regarding the overall capabilities of the State
and local governments to reduce or eliminate threats and vulnerabilities.

Hazard Mitigation Planning in Rhode Island

Rhode Island completed its initial Plan in April 2005, followed by updates in 2008 and 2011.
This Plan update was guided by the RIEMA and representatives from the State Interagency
Hazard Mitigation Committee (SIHMC). Future iterations of this Plan will seek to attract
additional stakeholders in order to increase participation in hazard mitigation efforts statewide.

Plan Format

The State Hazard Mitigation Plan is divided up into seven (7) Sections followed by Appendices

Section 1 Introduces the reader to the plan.

Section 2 Provides the reader with an overview of the planning process, including stakeholders who
participated in the process and key planning steps.

Section 3 Presents the reader with the hazard identification and risk assessment that includes hazard
descriptions, an assessment of the geographic extent of hazards, and hazard specific loss
estimates for State facilities.

Section 4 Provides the reader with a capability assessment of the State, including resources and
assistance that can be used for mitigation activities.

Section 5 Offers the reader information on local mitigation plans, and local programs to implement
mitigation projects.

Section 6 Highlights the hazard mitigation goals, objectives and recommended actions and initiatives
for State government that will reduce injury and damage from natural hazards for the
reader.

Section 7 Outlines the implementation of the Plan and processes for updating the Plan for the reader.

Executive Summary Page 7
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Scope of the Plan

The Plan addresses all natural hazards which pose significant risks to Rhode Island. Each
hazard has been assessed using the same methodology, and information including the
historical significance, vulnerability, exposure and potential losses, as available, for all hazards
identified in the Plan. The following types of hazards are analyzed and discussed in the Plan:

Wind Related Winter Related Flood Related Geologic Related Additional
Hazards Hazards Hazards Hazards Hazards
Storm Surge Snow Riverine Flooding Earthquakes Wildfire
Hurricanes Ice Flash Flooding Drought
Tornadoes Extreme Cold Urban Flooding Extreme Heat
High Winds Coastal Flooding

Climate Change
and Sea Level
Rise

Coastal Erosion

Dam Breach

Additional information about these hazards, the potential impacts to the State and critical
facilities can be found in Section 3. Hazards identified in specific communities, including local
municipalities and Counties can be found in Section 5.

The Mitigation Strategy for the State is driven by the following vision statement and goals
developed by the SIHMC.

Vision Statement Rhode Island is resilient to natural hazards and climate change.

Goal 1 Rhode Island has the capacity to promote and implement projects, programs, plans,
policies, and legislative actions to reduce vulnerability to natural hazards, in particular for
properties with repetitive and severe repetitive losses due to flooding.

Goal 2 Statewide coordination with organizations, agencies, and stakeholders.

Goal 3 Local communities address natural hazards and long-term risk reduction in local decision
making and planning.

Goal 4 The public understands, supports, and acknowledges the need for hazard mitigation.

Goal 5 The built environment and infrastructure are resilient to the impacts of natural hazards.

Mitigation Actions

Review Appendix 6: Mitigation Strategy for a matrix of mitigation actions and activities that will
be implemented by the State of Rhode Island and it's communities to increase resiliency against
all hazards. The implementation timelines for these activities are divided into short, medium and
long-term time periods. These different time period provide an implementation timeline for the
State to prioritize projects, activities and funding for mitigation.

Executive Summary Page 8
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Section 1: Introduction

The purpose of the Rhode Island SHMP (hereinafter referred to as “Plan”) is to provide
comprehensive guidance for hazard mitigation in the State of Rhode Island. This Plan has been
developed to help serve the people of Rhode Island by providing the impetus for making our
homes, businesses, and communities as safe as possible against the impacts of hurricanes,
floods, tornadoes, earthquakes, winter storms, wildfires and other natural hazards. It contains a
wealth of geographic and demographic information, along with a thorough assessment of the
natural hazards faced throughout the state. It also addresses the overall capability of State and
local governments to reduce or eliminate the vulnerability of our communities to these natural
hazards.

This Plan identifies an overall hazard mitigation vision, goals, objectives and recommended
actions and initiatives for state government that will reduce injury and damage from natural
hazards. Most importantly, the Plan outlines a coordinated “Mitigation Strategy” adopted by the
Rhode Island SIHMC, which includes long-term goals, short-term objectives and the assignment
of specific, measurable tasks or actions. Therefore, this Plan is designed to be (1) informative,
(2) strategic and (3) functional in nature. Through routine monitoring and updating, this Plan will
remain the guide for the SIHMC to follow in accomplishing its vision of a safe and sustainable
future for Rhode Island.

Mitigation actions help safeguard personal and public safety. Retrofitting bridges, for example,
can help keep them from being washed out, which means they will be available to fire trucks
and ambulances in the event of a storm. Installing hurricane clips and fasteners can reduce
personal and real property losses for individuals and reduce the need for public assistance in
the event of a hurricane. Increasing coastal setbacks reduce the risk of deaths and property
losses from tsunamis and storm surge. Increased setbacks also reduce the risk of property
losses from coastal erosion.

Another important benefit of hazard mitigation is that money spent today on preventative
measures can significantly reduce the impact of disasters in the future, including the cost of
emergency response and post-disaster cleanup.

Funding for this Plan was provided to RIEMA through a Federal Emergency Management
Agency (FEMA) Hazard Mitigation Grant Program (HMGP) sub-grant (FEMA-DR-1894). The
areas of focus for the updated 2014 Plan include:

e Update the existing Plan to the standards contained within Section 322 of Disaster
Mitigation Act of 2000 (DMA 2000) for a standard state mitigation plan;

e Expand and modify the previous HIRA section of the Plan, including the addition of
analysis using state owned and critical facility data and updated vulnerability
methodology;

Section 1: Introduction Page 9
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o Expand the Capabilities Assessment to include state agencies and additional
stakeholders involved with hazard mitigation and the addition of numerous new
initiatives;

e Expand the discussion on potential impacts due to climate change with regards to
natural hazard mitigation in applicable hazard risk assessment sections;

¢ Inclusion of updated information within all chapters of the Plan and Plan reformatting;

o Reassessment of the goals, objectives, and activities presented in the 2011 Plan; and

e Increase State agency and other stakeholder participation.

1.1 Federal Authorities

In October 2000, the United State Congress recognized that the Nation as a whole was ill-
prepared to handle the risks and damages associated with natural hazards by adopting DMA
2000 (Public Law (PL) 106-390). The law amended the existing 1988 Robert T. Stafford
Disaster Relief and Emergency Assistance Act (Stafford Act), defining language for 44 CFR
Section 201.4. DMA 2000 reinforced the importance of mitigation planning, emphasizing
planning before disasters occur. It set an initial standard for a SHMP. The standard was further
defined by FEMA on February 26, 2002. FEMA published an Interim Rule that modified §201
and 8206 in the Federal Register; the Final Rule was published in October 2009. The Guidance
and Standard Plan Crosswalk were revised on November 4, 2006 and further updated to
include requirements for 90-10 Federal funding for the Severe Repetitive Loss (SRL) and Flood
Mitigation Assistance (FMA) grant programs in January 2009.

Mitigation planning is specifically addressed at the State and local levels under the Stafford Act,
Section 322 (42 USC 5165). Adherence to the requirements and criteria set forth in Section 322
of the Act qualifies Rhode Island to utilize disaster-related assistance, including Categories C
through G of the PA Program, an essential component of disaster recovery. In addition, the
State will remain eligible for Hazard Mitigation Assistance (HMA) program funds: HMGP, FMA
and Pre-disaster Mitigation Program (PDM) grants. The state also participates in the Community
Assistance Program — State Support Services Element (CAP-SSSE) program and the
Cooperating Technical partners (CTP).

Since 2005, Rhode Island has been eligible to receive non-emergency Stafford Act assistance
and Federal mitigation pre-disaster assistance by maintaining an approved Standard SHMP
compliant with 44 CFR 8201.4 and related FEMA mitigation planning guidance. The 2014
Rhode Island SHMP Update is a standard plan meeting the requirements for a Standard State
Plan detailed in Interim Rule 44 CRF 201.4, published by FEMA February 28, 2004 and revised
November 2, 2006.

Appendix 1: Introduction includes descriptions of the Federal regulations that have an impact on
mitigation and mitigation planning in the United States.

Section 1: Introduction Page 10
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1.2 Mitigation Planning in Rhode Island

Rhode Island completed its initial standard SHMP document, meeting the requirements of 44
CFR 8§ 201.4, in April 2005, followed by an updated plan in the spring of 2008 and 2011. The
first plan focused on the creation of plans for localities and was developed under the authority of
RIEMA. The Executive Director of RIEMA is authorized to adopt the SHMP.

The 2014 Rhode Island SHMP represents the fourth update of this Plan. The preparation of the
update was overseen by RIEMA and features a revised vulnerability analysis, comprehensive
compilation of mitigation actions and status into one centralized document, and mitigation
tracking methodology. The plan also includes a robust Repetitive Loss (RL) and SRL property
analysis and strategy which will result in a reduced cost share for grants awarded under the
FMA programs for mitigation of FEMA-listed SRL properties.

1.2.1 Organization of the 2014 Plan Update

Each section of the 2014 Plan begins with a brief introduction followed by relevant information,
tables, and maps, which fulfill regulation requirements. The main sections of the plan follow
primary requirements of the hazard mitigation planning law and are as follows:

Acknowledgements identifies parties that were involved in developing and updating the
plan.

Adoption and Assurances identifies the formal adoption of the plan.
Executive Summary provides a high level overview of the plan.

Section 1: Introduction describes the background and authorities governing the update
of the plan.

Section 2. Planning Process describes the update of the plan, activities and work of
the RIEMA, SIHMC, stakeholders invited to participate in the process, the primary
consultant, Hagerty Consulting, and sub-contractor, Dewberry. The plan participants,
planning process, planning products and relevance to other related plans or state
functions is described.

Section 3. Hazard Identification and Risk Assessment has three primary
components. A description of Rhode Island is provided that includes: Identification, Risk
Assessment and Vulnerability Analysis with the impacts of climate change discussed
where appropriate. Natural hazards affecting the state are identified, including:

1. Descriptions and histories of hazards;
2. Assessment of geographic extent and risk of hazards; and

3. Hazard specific loss estimation for state facilities, where appropriate.

Section 1: Introduction Page 11
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During the early formation of the 2014 plan update process it was decided to focus only
on natural hazards. These were condensed into fewer categories, based on SIHMC
feedback, to enable use of best available data. A new vulnerability assessment was
initiated in February 2013 with the objective of gathering and incorporating, where
usable, data from local and regional plan HIRAs. The current municipal plans were
analyzed and hazard rankings were captured. These were used in the state plan hazard
ranking formula. Hazard information from the local plans was archived using a newly
developed tracking spreadsheet. This tracker will be maintained by RIEMA as local
plans are updated to facilitate the 2017 Rhode Island SHMP plan revision.

The new plan HIRA and associated vulnerability analysis now provides a more
comprehensive look at natural hazards challenging Rhode Island’s people, property,
critical facilities, and natural resources. Where data allowed, hazards were ranked
comparatively on a county basis using algorithm-based evaluation methods using
parameters such as population, population projections, building permit, hazard
occurrence, probability, and local hazard mitigation plan scores. Where data was
insufficient to provide a formula-based analysis a detailed hazard description is provided,
the hazard is characterized geographically to the extent practicable. Data gaps are listed
as mitigation actions to continue to develop analytical data sets for the hazards which
require a more analytical analysis.

Section 4. State Capability Assessment combines the previous Capability
Assessment and ongoing Mitigation Programs into one section. This section significantly
expands on the capabilities and initiatives for State, Federal, non-state and local
programs have in terms of mitigation planning. There is also emphasis on programs
available for technical assistance and funding of mitigation actions.

Section 5. Local Mitigation Plan Incorporation describes a comprehensive process to
engage all Rhode Island communities in hazard mitigation planning. It summarizes the
status of plans in Rhode Island, projects that have been implemented or funded by
FEMA grant programs, and the process by which the State of Rhode Island provides
financial and technical assistance for local planning, as well as its review and approval
process. A summary of vulnerability identified from rolling up the local plans is provided
in this section and Appendix 5: Local Plan Integration in the form of the Local Mitigation
Tracker Tool. Details on vulnerability data derived from the local plans is discussed in
Section 6.

Section 6. Plan Update presents the mitigation goals, objectives, strategies and
associated actions identified to reduce the risk from hazards across the state. The
section presents the program actions with complete rankings for importance to reduce
exposure to hazards, along with an analysis of their feasibility using the Social,
Technical, Administrative, Political, Legal, Economic and Environmental (STAPLEE)
criteria. The table of identified actions further includes project leads, cost estimates and
other information. A complete listing of evaluated 2011 actions is also presented. The

Section 1: Introduction Page 12
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evaluation includes the status of the 2011 actions with explanations on progress. Many
actions that were determined to be ongoing capabilities or standard operating activities
were moved to Section 7. Emphasis was placed on diversifying the actions to meet
changing vulnerabilities and on expanding the entities involved in “owning” actions to a
more diverse range of state agencies and others. A plan to address Repetitive and SRL
properties is included in Section 6 HIRA with related strategies included in this section.

Section 7. Plan Maintenance outlines implementation of the plan and development of
the anticipated 2017 plan revision. Processes used to maintain and update data and
information contained in the hazard identification and vulnerability assessment are
described, as are implementation progress review and reporting techniques. This section
has been expanded to detail progress reviews and to provide a detailed schedule for
monitoring maintenance, implementation and revision.

Appendices may be found immediately following the plan. These provide detailed
listings and agendas from each plan update meeting that was held, new MS Excel
tracking tools, results from the surveys and other outreach, and other relevant
documents supporting the plan or its production.

Section 1: Introduction Page 13
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Section 2: Planning Process

44 CFR Requirement

Planning Process

Requirement §8201.4(b): An effective planning process is essential in developing and maintaining a
good plan.

Federal regulations require that planning process participants represent a cross-section of
relevant State and Federal agencies as well as organizations. The Rhode Island 2014 Plan
Update meets this requirement through the engagement of the SIHMC. A diverse group of
stakeholders invited initially provided a representative cross-section of State and Federal
agencies as well as other organizations detailed below. The SIHMC remained active throughout
the planning process by providing data and expertise and making decisions. RIEMA staff
contributed expertise in natural resources, weather forecasting, data and Geographical
Information Systems (GIS) development, hydrology, emergency services, transportation, health,
public safety, and higher education. Appendix 2: Planning Process includes the SIHMC
members, participation and roles throughout the 2014 Plan Update.

The Rhode Island SHMP was approved by FEMA and adopted by the State in April 2005, 2008,
and 2011. This 2014 plan update was developed during the period of February and November
2013 in accordance with federal regulations. For the 2014 update, each chapter was reviewed
and reinvigorated to highlight progress since the 2011 plan adoption. Many portions of the plan
were reorganized and combined. All of the sections were re-formatted, new data integrated into
the risk assessment, and the overall plan was re-organized to better meet the needs of the
state. Mitigation measures, actions taken as well as other weather related information included
in local hazard mitigation plans have been incorporated in multiple sections of this update.

The importance of mitigation planning is the process itself. It involves the collaboration of
groups, individuals, perceptions, perspectives and priorities. By including these planning
process results in meaningful mitigation strategies that effectively reduce the impact of hazards.
This section details the process for the 2014 Update. The process spanned nearly a year prior
to plan adoption. It included meetings between representatives of various Federal, State, and
local agencies, and organizations. The update process also involved the review of existing
programs, plans, policies, statutes, and historical hazard data. The planning team reviewed this
information in the early stages of plan development and remained supportive throughout the
planning process in order to better inform decisions on potential mitigation actions.

To facilitate statewide collaboration, the update process engaged the SIHMC, which was
established in 2003 for the initial plan creation. The SIHMC includes representatives from a
wide array of State agencies, departments, and offices, whose participation is an important part
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of the planning process. Contributions from each of these agencies, departments, and offices
not only ensures that a wide variety of perspectives and interests are represented in the plan,
but also allows for mitigation actions to be developed, adopted, and enacted by agencies with a
wide variety of skill sets and resources. This ensures that the many resources available
throughout Rhode Island are fully used. Documentation of each meeting can be found in
Appendix 2: Planning Process.

Many of the planning activities were completed concurrently throughout the spring and summer
of 2013. Datasets from RIGIS, RIEMA, SIHMC and national open sources were gathered and
databases to support GIS mapping were developed. Continued development of an inventory of
state and critical facilities, analysis of the recorded history of damage impacts due to natural
hazards and synthesis of GIS layers for hazards led to the prediction of probability for incurred
damages to facilities from identified natural hazards.

Funding assistance for the preparation and printing of this plan was provided by FEMA through
a HMA grant and was prepared in accordance with appropriate regulations and guidance
provided by FEMA. It was completed with planning assistance and support by the hazard
mitigation and floodplain management program staff at the RIEMA, and Hagerty Consulting with
Dewberry as sub-consultants. Additional technical assistance throughout plan development and
plan review was provided by FEMA Region | staff.

2.1 2014 Plan Update

From 2011 through 2013 the committee did not meet on a regular basis. Significant changes
were made to the 2011 SHMP. Each section of the plan outlines the changes that were made.
The 2014 plan section organization has been maintained to some degree with an overhaul of all
of the sections. The following sections were considered a priority and have been drastically
changed: HIRA, Capabilities Assessment, Local Plan Integration, Mitigation Strategy and
Implementation. SIHMC members participated in several in-person and virtual meetings
throughout the plan update process, most actively during February 2013 through December
2013.

A major addition to the 2013 update process was the development of the Threat and Hazard
Identification and Risk Assessment (THIRA). In March 2011, the Administration released
Presidential Policy Directive 8 (PPD-8). The Directive established the framework for the National
Preparedness Goal, which was then outlined in more detail by the DHS in September 2011.
PPD-8 “describes the Nation’s approach to preparing for threats and hazards that pose the
greatest risk to the security of the United States.”* While the addition of the THIRA does not
directly impact the development of the mitigation plan, it did create the need for additional
meetings and hazard assessments in order to comply with PPD-8. The THIRA was developed in
compliance with applicable Federal guidance (Comprehensive Preparedness Guide — 201
(CPG-201)).

! Department of Homeland Security. National Preparedness Goal: First Edition. September 2011.
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2.1.1 Coordination Among Agencies

44 CFR Requirement

Coordination Among Agencies

Requirement 8201.4(b): The [State] mitigation planning process should include coordination with
other State agencies, appropriate Federal agencies, interested groups, and...

The involvement of a large array of stakeholders during the planning process was considered a
vital element to the success of the plan. Stakeholders provided critical input to each step in the
plan update process. They shared inventories of past events, facilities, database layers
identifying risk to structures from various hazards, and participated in the revision of the 2011
mitigation goals and complete revision of the 2014 Mitigation Strategy.

State, federal, and non-profit agencies participated actively in the 2014 plan update process
highlighting coordination amongst stakeholders. Representatives from each of these agencies
reviewed the 2011 plan and contributed reflective changes in programs and policies since 2011.

Public involvement in the planning process was also very important to the update. Inclusion of
representatives from local government, businesses and nonprofit organizations, and the public
is an important part of the process. Their input provides realistic perspectives of how they are
impacted by various hazards, as well as how the actions developed by Rhode Island impact
them.

As part of the 2014 plan update, representatives attended two (2) in-person meetings,
numerous conference calls and WebEx meetings, provided facilities data, submitted hazard
mitigation actions, ranked activities, supported and hosted outreach activities, and reviewed the
plan draft. In addition, support of the SIHMC will determine continued data and information
required for the THIRA concurrent to this effort. Specific information regarding these meetings
can be found in Appendix 2: Planning Process.

The primary group responsible for oversight of the plan is RIEMA and the SIHMC. RIEMA
oversees the SIHMC, which was established to identify current hazard mitigation needs, to
review project applications and set priorities, and to update previous recommendations. During
the 2014 plan update, representatives from RIEMA and FEMA Region | met following the plan
kick-off meeting and multiple conference calls to discuss the proposed approach to completing
the plan update. RIEMA and sub-consultant Hagerty and Dewberry were primarily responsible
for providing input and data, plan writing, assessment, review, and planning coordination

The SIHMC provided guidance and assisted with development and subsequent updates of the
SHMP, including review of previous hazard mitigation planning initiatives and development of
the Mitigation Strategy and Action Plan. The advantage of this group is that it provides a cross-
disciplinary forum in which to discuss the myriad of statewide hazard mitigation issues. The
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SIHMC also provides expertise and perspective to the planning process, including State and
local emergency management initiatives throughout Rhode Island, natural hazards, land-use
planning, building codes, transportation, State owned/operated facilities, critical facilities,
utilities, State agency capability assessment analyses and public/private infrastructure.

Throughout the planning process the SIHMC were asked if additional stakeholders should be
added to the committee. The SIHMC are the key technical advisors on mitigation program
matters. From 2011 through 2013 the committee did not meet on a regular basis. One of the
mitigation actions in this plan update includes expanding the SIHMC membership and
establishing a standing committee which continually maintains and implements the Rhode
Island SHMP.

It should be noted that the 2014 plan update includes significant participation from State
Agencies, Federal Partners, Private Utilities, and non-governmental organizations. This effort to
engage a broad spectrum of stakeholders will be key in the continued implementation of this
plan. Appendix 2: Planning Process includes a complete listing of the participants in the 2014
plan update. RIEMA has discussed strategies to engage additional partners in the SIHMC.

The information in this section has been reviewed and revised by the SIHMC as well as subject-
matter experts and the general public. The SIHMC has approved the information presented in
this section and feel it represents the planning process completed for the 2014 update. SIHMC,
subject-matter experts, and citizens who provided additional data and information are listed in
Appendix 2: Planning Process along with their role in the plan update.

2.1.2 Plan Update Meeting Schedule

44 CFR Requirement

Documentation of the Planning Process

Requirement §201.4(c)(1): [The State plan must include a] description of the planning process used
to develop the plan, including how it was prepared, who was involved in the process, and how other
agencies participated.

The 2014 SHMP update included two (2) in-person meetings and five (5) WebEx virtual
interactive meeting during February 2013 and October 2013. The meeting topics included:

1. Project Kick-off meeting: February 7, 2013

2. WebEx#1 on Climate Change: February 26, 2013

3. WebEx#2 on Wind & Water, Facilities and Vulnerable Populations: March 26, 2013
4.

WebEx#3 Geologic Hazards, Drought, Capabilities Assessment, and Public Outreach:
May 1, 2013

5. HIRA Results and Mitigation Strategy meeting: June 21, 2013
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6. WebEx#4 Mitigation Strategy review and Prioritization Methods: July 12, 2013
7. WebEx#5 Draft Plan Review: October 14, 2013

Stakeholders participated in all of these meetings, with 18 people involved in the kick-off
meeting, and 19 attending the HIRA results and Mitigation Strategy meeting during this nine (9)
month planning process. The virtual WebEx meetings provided a forum for discussion on
hazard identification and assessment methods for a variety of hazards, and the refinement and
development of the plan goals and strategies. Please refer to Appendix 2: Planning Process for
documentation (Agenda, Minutes, and Presentations) on all of the meetings. The following
subsection is a synopsis of the planning process meetings:

2.1.2.1 Project Kick-off Meeting

The SIHMC was reconvened on February 7, 2013 for
the update kick-off meeting. Prior to this meeting a
formal invitation went out to all stakeholders via email
and hardcopy mailing which explained the need to
reconvene the group and begin to re-engage them in
the review process for the anticipated update.
Committee members were provided a copy of the
2011 plan update.

On February 7, 2013, the first plan update meeting with
the SIHMC was hosted by the RIEMA and conducted
at the Radisson Hotel in Warwick. At the kick-off
meeting, the requirements of Section 322 of the 2000
Stafford Act were presented along with the project
schedule, schedule of meetings, proposed HIRA
methodologies and a review of the 2011 plan goals and
objectives. Data collection needs were presented and
participants were provided with worksheets designed to
collect information on available data, capabilities, new
initiatives and potential projects and actions. Previously
identified hazards were discussed in consideration of
disaster activity since the last plan and all natural hazards were reprioritized and grouped into
categories.

e — -

The meeting established ground rules for the plan update process, identified key players and
points of contacts, identified priorities, and defined desired outcomes.

2.1.2.2 WebEx Working Sessions

Seven (7) virtual meetings were held during the February 2013 to October 2013 time period.
The main concept of the interactive virtual meetings was to provide an open forum to discuss
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reports and data that should be reviewed for inclusion in the 2014 SHMP. The virtual location
allowed for council members to be actively engaged in the update without having to invest in
travel and time away from work for in-person meetings.

Discussions during these meetings enabled true interagency cooperation and interaction. Many
studies and results were discussed and used in the HIRA and Capabilities Assessment. During
WebEx#4 the council members were presented with several options for mitigation strategy
prioritization and, as a group, decided on the online survey to reach a wider audience (Section
6).

Appendix 2: Planning Process has a complete catalog of meeting minutes and presentations
from these sessions. While each meeting varied, the general format that was followed included:
1. SHMP update progress to date
2. New reports or data available (specific to the hazard of interest for that meeting)
3. Vulnerability analysis options

2.1.2.3 HIRA Review and Mitigation Strategy Workshop Meeting

A full day working session was conducted on June 21, 2013 with the SIHMC. The first half of the
session focused on the final results of the public survey, capability assessment, and results of
the HIRA. A significant amount of discussion centered on the ranking of hazards and the
methodology used for the ranking. Many stakeholders were concerned that limitations on
National Climatologic Data Center (NCDC) data used in the ranking skewed the results. Time
was spent analyzing the algorithm used for the ranking and changes were made to adjust the
results. A full discussion of the ranking is included in Section 3.

Several SIHMC subject matter experts provided critical input into the HIRA, particularly related
to drought, flooding, SLR, coastal erosion, and climate change that was integrated into this
update.

In the afternoon, a brainstorming session was held to finalize and adjust actions developed
during the prior meeting and in the month in between. Review of the disposition of actions
identified in the 2011 plan was conducted, and new actions further developed in light of the
HIRA and Capability Assessment results. Following these presentations, the goals, objectives
and actions were reviewed and were redrafted to better characterize Rhode Island. A vision
statement was developed, new to the 2014 plan. Additional information on the changes to the
Mitigation Strategy is located in Section 6.

2.1.2.4 Capabilities Assessment

Section 4 of the plan was completely overhauled to better represent Rhode Island hazard
mitigation capabilities. Individual agency profiles were developed using information in the 2011
SHMP and research. The completed profiles were shared with SIHMC members and agency

Section 2: Planning Process Page 20



\\um-;ls;vw o .
Eh‘ Rhode Island Hazard Mitigation Plan

MANAGEMENT

2014 Update

contacts for review and modification. Updates to Agency Profiles were completed by the agency
representative and characterized their agency’s role in mitigation planning.

The May 1, 2013 WebEx presented preliminary findings of the capabilities assessment. The
Capabilities Assessment Matrix was reviewed during this WebEx and the SIHMC provided
feedback on additional capabilities that should be included. The matrix was also distributed to
the committee in an email on May 6, 2013, with comments/edits to the matrix to be received by
May 14, 2013. Based on the comments that were received, agency specific profiles were
prepared and then sent out to individual committee members within that agency for review.
These individual emails were sent out on May 24™ and a follow-up email was sent on June 24™.
Agencies were given until July 3, 2014 to provide comments on their specific profiles.
Comments were incorporated into each agency's profile and completed to the best of their
ability; however, gaps can be found in some profiles due to unavailable information. Those
agencies that were unable to provide a complete profile will have the opportunity to revise and
update their profiles during the 3" quarter meetings of the SIHMC.

2.1.2.5 Draft Plan Review

The plan was reviewed by the SIHMC via a WebEx and then distributed to the SIHMC and
public for review on October 15, 2013. As part of distribution, the plan was also posted to the
RIEMA website for public comment. A link to the plan was also sent to stakeholders and the
SIHMC on December 2nd, 2013. On December 13th and 17th a subgroup of the SIHMC met to
discuss the disposition of all comments received prior to submittal to FEMA Region | for review.
These working sessions were conducted to review changes to the 2013 updated hazard
mitigation plan, receive comments from the SIHMC.

Comments on the draft plan were received from the following individuals and entities and
incorporated into the plan:

e Janet Freedman — Rhode Island Coastal Resources Management Council (CRMC)
e Pam Rubinoff — Rl Sea Grant and Coastal Resources Center (CRC)
o Chelsea Siefert — RI Department of Administration (DOA) Division of Planning

e Thomas Kogut — RI Division of Public Utilities and Carriers (DPUC)

e David Vallee - NWS

e Laura Sullivan — Rl DOA Office of Housing and Community Development
e Jessica Stimson — RIEMA

e Robert Sturdal — RIEMA

¢ Alysia Mihalakos — RI DOA

e Nick Larmore — RI DOA

e Mike Cullen — NewportReady.org
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o Henry Walker — EPA Office of Research & Development Atlantic Ecology Division

e Dave Aucoin — Narragansett Bay Commission

2.2 Public Outreach

Public participation for the update of the Plan was primarily enabled through participation in an
internet-based survey and posting of the Draft 2014 SHMP Update to RIEMA’s webpage.
Emails were also sent out to multiple stakeholder distribution lists on September 24th, October
7th and 10th, December 4th and 11th.

2.2.1 Public Hazard Mitigation Plan Survey

The online survey consisted of 15 questions and was available from June 6th through July 2nd,
2013. The SIHMC distributed hyperlinks to the survey via emails to their agencies, and
community representatives in June and again as the survey closure date neared in July. Links
to the 2011 SHMP were also included for additional reference. A total of 70 people participated
in the survey; complete results, by respondent, are available in Appendix 2: Planning Process.

The survey recorded the type of organization the respondent was presenting. Local government
(35.4%) and state government (23.1%), and private business represented the majority of
organizations participating in the survey. A small number of responses was collected from non-
profit organizations, public community members, and Community Based Organizations (COBS).
Seven people (10.8%) noted that they were from “other” organizations including nursing facility,
neighboring State EMA, health care provider, community health center, Federal government,
and Federally Qualified health center. None of the respondents indicated they were affiliated
with an educational institution, utility, or professional associations.
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Organization of Survey Respondant
1.5%

B Local Government
B State Government
B Private Business
B Other

m Non-Profit

m Public

1 Community-based

Figure 1: Public Survey Responses by Organization Type

With regard to plan awareness, the majority (69.7%) of responders were familiar with the RI
SHMP approved in April 2011 and 30.3% were not familiar with the SHMP. For local hazard
mitigation plans, the responses were split almost evenly of those who were aware that their
community had a plan. The overwhelming majority of respondents were interested in receiving
correspondence from RIEMA on the SHMP update and local information; these respondents
were included in the email distribution of the 2014 SHMP update.

Respondents were asked to rate 22 hazards on a scale of one (1) (low threat) to three (3) (high
threat) indicating the level of threat each presents to the responder’'s home or the functions of
his or her organization. Responses for natural hazard are included in Table 1. The hazards that
ranked as a High Threat for the majority of the responses include hurricanes, blizzards,
Nor'easters, heavy snow, and ice storms.

Responses reflect the spatial characteristic of each hazard as well as their frequencies and
intensities. For example, the threat reported for flooding was evenly split between low, medium,
and high. This is presumably because only some of the housing stock and people are located in
areas of flood risk. However, the threats were primarily reported as medium to high for
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hurricanes and winter storms, which can impact large areas more frequently. The low threats
reported for earthquakes, wildfires, landslides, sinkholes/subsidence, and tsunamis are
influenced by low frequencies and/or low geographic effects.

Responses for other hazards included: human pandemic outbreaks, hazardous materials

transport, acts of terror, transportation accidents, chemical spill,

casualty/mass fatality incidents, chemical/biological/nuclear terrorist attack.

Table 1. Public survey natural hazard perceived threat.

Hazard
Riverine Flooding

Low Threat
27.9 % (17)

Medium Threat
36.1% (22)

cyber threats, mass

High Threat
26.2% (16)

Coastal Flooding

21.3% (13)

27.9% (17)

27.9% (17)

Flash Flooding

28.8 % (17)

47.5% (28)

18.6% (11)

Storm Surge

26.7% (16)

26.7% (16)

28.3% (17)

Coastal Erosion and Shoreline Change 38.3% (23) 20% (12) 15% (9)
Climate Change and SLR 30.5% (18) 33.9% (20) 18.6% (11)
Urban/Stormwater Flooding 31.7% (19) 45% (27) 16.7% (10)
Dam Breach 45% (27) 35% (21) 8.3% (5)
Hurricanes 6.7% (4) 31.7% (19) 60% (36)
Tornadoes 56.7% (34) 21.7% (13) 15% (9)
Thunderstorms/Wind Storms 21.7% (13) 45% (27) 31.7% (19)
Hail 55.9% (33) 33.9% (20) 8.5% (5)
Lightning 43.3% (26) 33.3% (20) 21.7% (13)
Heavy Snow 8.3% (5) 46.7% (28) 43.3% (26)
Ice Storms 16.7% (10) 38.3% (23) 43.3% (26)
Blizzards 10% (6) 38.3% (23) 50% (30)
Extreme Cold 20% (12) 58.3% (35) 20% (12)
Nor'easters 6.8% (4) 44.1% (26) 47.5% (28)
Drought 61.7% (37) 25% (15) 6.7% (4)
Earthquake 66.7% (38) 14% (8) 15.8% (9)
Wildfire (including conflagration) 68.3% (41) 13.3% (8) 8.3% (5)

Extreme Heat

37.9% (22)

37.9% (22)

22.4% (13)

Recent weather events result in a keen awareness of natural hazards. Participants were asked
what recent events, if any, improved their awareness of natural hazards. The majority of
responses included Superstorm Sandy (October 2012), Severe Snowstorm (February 2013),
Hurricane/Tropical Storm Irene (August 2011), Flooding (March 2010), Snowstorms (January
2011), and the Virginia Earthquake (August 2011). Other events include Hurricane Bob, rain
events, and the Motiva Port thunderstorm (July 2007).

Primary concerns regarding natural hazards focused on:

e Loss of power and utilities
e Damage to property

e Accommodating access and functional needs
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¢ Inability to return to work

e Providing sheltering

e Lack of food and water following an incident

e Conducting debris removal

e Other: hazard mitigation planning, long-term recovery (housing, public
facilities/infrastructure, economic recovery needs), medication and supply deliveries
following an incident, safety of retirement, assisted living, and nursing home residents,
vegetative debris clearing and eradication, monitoring insurer solvency and consumer
protection during natural hazards, competition for limited resources (generators, debris
reduction, forestry services, etc.), damage to public infrastructure, water quality and
contamination issues.

2.2.1.1 Survey Summary

Several important messages were provided by the survey responders. Hazards identified
through this survey are in line with the hazards addressed in the SHMP update and local plans.
Respondents noted a need to address wind and snow damage to electrical lines that results in
power outages, and manage flood risk. Participants highlighted a need for continued
communication, workshops on post-storm response and preparedness, technical and financial
assistance.

Appendix 2: Planning Process includes the survey results for each of the participants. General
comments and recommendations were also provided and include:

e Unify the state plan with the local community plans including sharing mapping and
databases.

o Abbreviate/shorten the SHMP. It is too large.

e The Blackstone River is not called out in the plan as being a potential hazard. It impacts
the state’s bike path, bridges that go over the river, historic areas, etc.

e Cut back on any more rules and regulations from Department of Emergency
Management (DEM) and allow us to clean waste and debris from streams and
waterways.

e Additional organizations to include:

o Jonah Center

Chestnut Terrace Nursing and Rehab Center

RI Public Works Association

RI Health Center Association

Briarcliffe Manor

Cranston Fire Department

East Providence Area Chamber of Commerce

Rhode Island Consulting Engineers

Construction Industries of Rhode Island

©O OO0 O0OO0O0OO0Oo
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2.2.2 Public Draft Plan Review

Beginning on December 2nd, 2013, hyperlinks to the draft plan were provided on RIEMA’s
webpage, inviting public comment on the draft. SIHMC members and the general public
reviewed and commented on the draft plan during the period of October 7th through December
13th, 2013.

2.3 Local Hazard Mitigation Plan Integration

To ensure complimentary planning efforts, and in compliance with the Interim Final Rule, this
update of the SHMP includes the integration of data from the local hazard mitigation plans for
the communities in Rhode Island to the extent possible. RIEMA provided all local plans
(approved, under review, and expired) and several supplemental local comprehensive plans for
inclusion in the plan update.

Specifically, the following components of the local hazard mitigation plans were surveyed:

e Hazard identification terminology

¢ Vulnerability and Risk assessment methodologies

e Types of mitigation actions

e Mitigation actions completed since the 2011 Plan Update

This information was collected, catalogued and incorporated throughout this SHMP. Section 5
includes a complete summary of the local plan review. Where data limitations exist or
inconsistencies in methodologies were observed, those were noted. For example, as noted in
Section 3, attempts to utilize the local hazard mitigation plan vulnerability and loss estimates
were limited for this Plan Update due to variability in the level of detail and results of the
vulnerability assessments in the local HMPs. The 2014 Mitigation Strategy identifies actions to
increase local plan incorporation and consistency in future plan updates. The tabular data
collected during this survey can be found in Appendix 5: Local Plan Integration.

A Local Plan upload tool was developed for the assessment of the plans. This tool is intended to
provide RIEMA staff with a means of continuing to track local plans as they are updated and
mitigation actions are completed. The populated tool is located in Appendix 5: Local Plan
Integration.
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Section 3: Hazard Identification and Risk
Assessment

The purpose of this section is to provide a statewide overview of how various natural hazards
impact the State of Rhode Island. In this section natural hazards will be ranked in order of
priority based on the frequency of occurrence and area of impact affected.

A natural hazard is defined as “an event or physical condition that has the potential to cause
fatalities, injuries, property and infrastructure damage, agricultural loss, damage to the
environment, interruption of business, or other types of harm or loss.” A natural hazard can also
be exacerbated by societal behavior and practice, such as building in a floodplain, along a sea
cliff or an earthquake fault. Natural disasters are inevitable, but the impacts of natural hazards
can, at a minimum, be mitigated or, in some instances, prevented entirely.

In order to fulfill the planning guidelines outlined in DMA 2000, this SHMP focuses only on the
risk assessment, analysis and recommendations for natural hazards mitigation, and does not
consider man-made hazards (i.e., structural fires, hazardous materials or terrorism). Sections of
this SHMP, such as critical infrastructure maps, may be utilized to develop other long-term
mitigation strategies for man-made hazards.

Rhode Island has experienced its share of natural disasters. Hurricanes and related coastal
flooding, winter storms and riverine flooding affect Rhode Island on a recurring basis. Rhode
Island's vulnerability to hurricanes is rated as high.21 communities in the State have exposed
coastal areas that are vulnerable to a hurricane storm surge, particularly the associated wave
actions and wind hazards. Much of the coastline on the Atlantic Ocean consists of barrier
beaches that are open to the full force of destructive hurricane waves. Other damages
associated with hurricanes include inland flooding, coastal erosion and tornadoes. The most
serious inland flood threats occur when the eye of the hurricane passes just to the west of
Rhode Island at a time of high tide. This type of flooding poses an additional health risk as it
involves the overflow of storm-sewer systems and is usually caused by inadequate drainage
following heavy rain, rapid snow melt or an extreme storm surge up Narragansett Bay.

Identifying the risk and vulnerability for a community is the primary factor in determining how to
allocate finite resources to determine what mitigation actions are feasible and appropriate. The
hazard analysis involves identifying all of the hazards that potentially threaten Rhode Island,
and then analyzing them individually to determine the degree of threat that is posed by each
natural hazard. Addressing risk and vulnerability through hazard mitigation measures will reduce
societal, economic and environmental exposure to natural hazards impacts.

For multi-hazard identification, all hazards that may potentially impact the State should be
identified, including both natural hazards and cascading emergencies - situations when one
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hazard triggers others sequentially. For example, severe flooding that damaged buildings
storing hazardous, water-reactive chemicals could result in critical contamination problems that
would dramatically escalate the type and magnitude of events. Dam failures may occur as a
result of an earthquake creating a dangerous flash flooding scenario for communities located in
dam inundation areas.

3.1 2014 Plan Update

The HIRA consolidates, updates, and streamlines content from the 2011 plan update. In 2011
the chapter content was restructured to address a broad range of emerging hazards,
vulnerabilities, and risk issues. Significant changes to the HIRA include:

o Availability of facilities data for spatial analysis;

e Use of a new, GIS-based ranking methodology that assesses hazard risk by jurisdiction;
o New analysis for all major hazards;

e Development of annualized loss by jurisdiction; and

e Review and inclusion of local risk assessments, land use planning, and development.

The 2014 update includes a revised hazard ranking methodology that incorporates local hazard
mitigation plan rankings, land use and geographic areas of impact. Each hazard section
includes revised ranking maps that factor in local plan ranking and updated historical events.
Hazard event maps were condensed into multi-panel maps for comparison. In addition, hazard
profiles were freshened, and new analyses were performed using updated NCDC Storm Events
data as well as other data sources to capture hazard events that have occurred since 2011.

The information in this section has been reviewed and revised by the SIHMC as well as subject-
matter experts. The SIHMC has approved the information presented in this section and feel it
represents the risk and vulnerability in Rhode Island. SIMHC members and subject-matter
experts who provided additional data and information are listed in Appendix 2: Planning Process
along with their role in the plan update.

3.2 Rhode Island Planning Area

According to the 2010 U.S. Census, the State of Rhode Island has a population of 1,052,567
people. U.S. Census population estimates as of July 2012 show a 0.2% drop in population,
totaling 1,050,292 people. Table 2 shows the population estimates by county. Municipalities
located within each county are also shown in this table. Table summarizes the April 2013 report
by the Rhode Island Statewide Planning Program, Rhode Island Population Projections 2010-
2040, projects that the state will see population decline between 2010 and 2015, growth through
2035, and subsequently population decline thereafter.” Table 3 and Figure 2, taken from the
report indicated above, provides a summary of population projections from 2015 through 2040.

2 http://www.planning.ri.gov/documents/tp/tp162.pdf
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According to the 2010 U.S. Census, there are a total of 413,600 households in the State of
Rhode Island and there are a total of 463,388 housing units, of which 49,788 (11%) are vacant.
U.S. Census 2012 population estimates show a total of 462,564 housing units, a decrease of
824 housing units. The U.S. Census describes the following methodology that is used for
estimating total housing units: “use building permits, estimate of non-permitted construction,
mobile home shipments, and estimates of housing loss to estimate change in the housing
stock”.?

There are 39 cities and towns within Rhode Island, each with their own governing body (Table
2). Rhode Island municipalities are governed by a Town or City Council, with the chief executive
officer being either an elected Mayor or an appointed Town Administrator or Manager.

® http://www.census.gov/popest/methodology/2012-hu-meth.pdf
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Table 2. Population Estimates by County and Municipality. Source: U.S. Census.

Total Total
Municipality Population Population
April 1, 2010 July 1, 2012
Rhode Island 1,052,567 1,050,292
County Total 49,875
Bristol Ba_rrington 16,310 49,144
Bristol 22,954
Warren 10,611
County Total 166,158
Coventry 35,014
East Greenwich 13,146
Kent Warwick 82,672 164,843
West Greenwich 6,135
West Warwick 29,191
County Total 82,888
Jamestown 5,405
Little Compton 3,492
Newport Middletown 16,150 82,036
Newport 24,672
Portsmouth 17,389
Tiverton 15,780
County Total 626,661
Burrillville 15,955
Central Falls 19,376
Cranston 80,387
Cumberland 33,506
East Providence 47,037
Foster 4,606
Providence Glocester 9,746
Johnston 28,769 628,323
Lincoln 21,105
North Providence 32,078
North Smithfield 11,967
Pawtucket 71,148
Providence 178,036
Scituate 10,329
Smithfield 21,430
Woonsocket 41,186
County Total 126,979
Charlestown 7,827
Washington Exeter 6,425 125,946
Hopkinton 8,188
Narragansett 15,868

Section 3: Hazard Identification And Risk Assessment

Page 30



Rhode Island Hazard Mitigation Plan
2014 Update

Total Total

Municipality Population Population

April 1, 2010 July 1, 2012
New Shoreham (Block Island) 1,051
North Kingstown 26,486
Richmond 7,708
South Kingstown 30,639
Westerly 22,787

Table 3. Summary of Rhode Island Population Projections, 2015-2040. Source: RI Planning.

Projection
Rhode Island 2015 2020 2025 2030 2035
Population 1,052,567 | 1,046,327 | 1,049,177 | 1,061,796 | 1,070,677 | 1,073,799 | 1,070,104
Births over
previous five 60,436 57,825 56,470 56,015 55,848 54,751 52,518
(5) years*
Deaths over
previous five 48,100 50,722 49,464 50,191 53,592 58,492 63,053
(5) years*
Net migration
over previous -24,088 -13,346 -4,156 6,795 6,904 6,864 6,840
five (5) years*

3.2.1 Land Use and Development

In Rhode Island, land use and development decisions are made at the local level. Depending on
the decision being made, applications for development are heard in public meetings before the
Planning Board or Commission, Zoning Board and/or Town or City Council. In most
municipalities, the members of the Planning Board or Commission and Zoning Board are
appointed by the chief executive officer of the municipality, except in Charlestown, where the
Planning Board is elected by residents. Prior experience and/or knowledge relative to planning
and development is usually considered when appointments are made, but is not a requirement.

Section 3: Hazard Identification And Risk Assessment Page 31



Rhode Island Hazard Mitigation Plan
2014 Update

Rhode Island State
Hazard Mitigation Plan

Rhode Island
2010 Population

Legend

L':_T—‘ County Boundary
“7 1,051-9,746
A" 9746- 15,780
1 15,780 - 26,486
AP 26486-71,148
71148 178,042

o 178042+

Description

2010 Population data from
Providence Plan was used to
create this map showing
population distribution by
municipality.

Massachusetts

Connecticut

Total 2010 Population =
1,052,567

- Data Sources

WASHINGTON 2010 Population (ProvPlan), County &
2 Municipal Boundaries (RIEMA),

Waterbodies (RIGIS)

Projection
Rhode Island State Plane 1983

BLOCK ISLAND

Block
island
Sound

Atlantic Ocean

Disclaimer: The purpase of the data shown is for risk
assessment and planning purposes only and should not
be used for more delailed evaluation

Figure 2. U.S. 2010 Census population distribution by census tract.

Depending on the scale and location of development, applications for development projects may
also be reviewed by State Agencies prior to approval, including:

o Coastal Resources Management Council (applications within the coastal zone)

o Department of Environmental Management (all applications that may impact freshwater
water wetlands, environmental habitats, applications requiring/modifying septic systems)

e Rhode Island Building Commission (RIBC) (in instances when a variance to the State
Building Code is being sought)

Although development has continued throughout the last decade, the pace of development
slowed dramatically during years 2007-2011. This most likely was caused by the economic
downturn which not only affected Rhode Island, but affected the United States as a whole.
Building permit counts are an industry accepted measure of growth. Appendix 3: Hazard
Identification & Risk Assessment includes the 2011 and 2012 annual new privately-owned
residential building permits throughout the state. The following towns show the highest number
of building permits for the year 2011: Town of Westerly, Town of Cumberland, and Town of
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South Kingstown. Total building permits in 2011 across the state is 588, with a total of 654
individual units. 2012 shows similar jurisdictions with the most building permits issued: Town of
South Kingstown, Town of Cumberland, and City of Warwick. The towns of Westerly and North
Kingstown follow. Total building permits in 2012 across the state is 639, with a total of 675
individual units. As data becomes available from the Division of Planning, future plan updates
will be able to include an analysis changes with commercial and industrial development as well
as key changes that could affect economic losses such as to major employers, transportation
districts, and ports.

Land Use 2025: Rhode Island’s Land Use Polices and Plan provides the vision for how Rhode
Island will grow through the year 2025. Land Use 2025 describes a vision for Rhode Island as “a
unique and special place, retaining its distinctive landscape, history, traditions, and natural
beauty, while growing to meets its residents’ needs for a thriving economy and vibrant place to
live.”* The main theme of Land Use 2025 is to target growth within areas already serviced by
public services and facilities, indicated by an Urban Services Boundary, and in smaller, more
rural growth centers, as shown in Figure 3. This plan will use seven percent of the state’s land
area with an emphasis on new housing at higher densities and greater use of public transit. The
plan limits impacts on natural resources, especially in the Western portion of the state.

* Rhode Island Division of Planning. 2006. Land Use 2025: Rhode Island State Land Use Policies and Plan
Executive Summary. M. Allard Cox (ed.), Rhode Island Sea Grant, Narragansett, R.I. 16 pp.
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Figure 3. Future land use 2025.

3.3 Hazard ldentification

In order to fulfill the planning guidelines outlined in the DMA 2000, this SHMP addresses only on
natural hazards, and does not consider man-made hazards (i.e., structural fires, hazardous
materials, chemical spills, and weapons of mass destruction).

At the kick-off meeting for the 2014 plan update, the decision was made by the SIHMC to merge
several hazard categories together and focus on natural hazards. The THIRA focuses on
human caused activities, scenarios, and target capabilities for Rhode Island.

For the purposes of the Rhode Island SHMP’s risk assessment, natural hazards have been
grouped into the following categories and are listed in order of frequency and impact, starting at
the top of the list with the most frequently occurring natural hazards. Based on SIHMC approval
and a thorough review of the Federally Declared Disasters, NCDC data, previous versions of
this plan, and local plan rankings, the following hazards will be discussed and analyzed in this
report:
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Wind Related Winter Related Flood Related Geologic Related Additional
Hazards Hazards Hazards Hazards Hazards

Storm Surge Snow Riverine Flooding Earthquakes Wildfire
Hurricanes Ice Flash Flooding Drought
Tornadoes Extreme Cold Urban Flooding Extreme Heat
High Winds Coastal Flooding

Climate Change and
SLR

Coastal Erosion

Dam Breach

Wildfire and extreme heat were added to the vulnerability assessment for the 2014 plan update.

It should be noted that the above hazards are not a complete listing of hazards that may impact
Rhode Island. The SIHMC agreed that this listing accurately represents those hazards that
impact Rhode Island most frequently and have the potential to cause fatalities, injuries, property
and infrastructure damage, agricultural loss, damage to the environment, interruption of
business, or other types of harm or loss. The following hazards will not be addressed in the
SHMP:

e Avalanche e Landslides
o Expansive soils e Volcanoes
e Halil e Tsunamis

e Land Subsidence
These hazards were considered and discussed during several meetings of the SIHMC, who
determined these hazards would not be considered for the following reasons:

e Lack of frequency in which they occur;

¢ The minimal probability of their occurrence; and / or

e The lack of resources to devote any amount of time to further research the likelihood or
potential occurrence or impact.

3.3.1 Disaster History

Historically, hurricanes and winter weather related events have caused the most damage to the
State and its citizens. Recent disasters have focused the attention of Rhode Island’s citizens
and government officials on the resultant human, economic, and environmental impacts. The
State of Rhode Island has had 18 declared disasters since 1954. The most recent declaration
occurred in March 2013 due to a Severe Winter Storm and Snowstorm. Table 4 shows how
many federally declared disasters and emergencies have occurred from 1954 to September
2013.
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These disasters had significant impacts as Rhode Island, and its residents were forced to bear
the majority of the costs of clean up and restoration of services. Disasters impact the State
through death and injury; loss of residences, property, and possessions; lost wages and
business revenue; and the immeasurable psychological and sociological costs to disaster
victims and their families. In considering the economic costs of disasters, it is important to
recognize that small- to medium-sized businesses, which provide the majority of the jobs in an
average community, are at high risk for failure after a disaster.

3.3.1.1 Federal Declared Disasters

Local and State governments share the responsibility for protecting their citizens and for helping
them recover when a disaster strikes. In some cases, a disaster is beyond the capabilities of
State and local government to respond. In 1988, the Stafford Act was enacted to support State
and local governments and their citizens when disasters overwhelm them and exhaust their
resources. This law, as amended, established a process for requesting and obtaining a
Presidential Disaster Declaration, defines the type and scope of assistance available from the
Federal Government, and sets the conditions for obtaining that assistance.®

An important source for identifying hazards that can affect the State is the record of Federal
disaster declarations. According to FEMA, since 1954 there have beenl8 major disaster
declarations for Rhode Island. Table 4 has been updated to include events since the 2011 plan
and expanded to include the incident period of the declared event. Appendix 3 Hazard
Identification & Risk Assessment includes the process by which Federal disasters and
emergencies are declared.

A brief summary of selected declared disasters since the 2011 plan is highlighted below:

DR-4107 A major disaster declaration (DR-4107) was declared on March 22, 2013 due to a
severe winter storm and snowstorm in Bristol, Kent, Newport, Providence and Washington
counties. The total PA cost estimate in Rhode Island was $7,057,671.

Reports indicated that this storm stretched from New Jersey to Maine and into Canada. More
than two feet of snow fell in Rhode Island from Friday night to Saturday morning.® National Grid
estimated more than 180,000 customers lost power. By Saturday night, 129,000 customers in
Rhode Island remained without power: “Nearly all of Bristol County and most of Newport County
were in the dark, as were many homes in communities along the southern coast and
surrounding Providence.”’

DR-4089 (Emergency Declaration 3355) Hurricane Sandy swept through the region in October
2012 leaving significant damage all along the coast. Beaches along Westerly, including

®> A Guide to the Disaster Declaration Process and Federal Disaster Assistance. FEMA March 4, 2008.
® http://abcnews.go.com/US/blizzard-2013-fierce-storm-drops-feet-snow-northeast/story?id=18443349
" http://www.boston.com/news/weather/2013/02/09/digs-out-after-snow-storm-widespread-
outages/bxLHC925PCC8kdZLGfUmul/story.html
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Misquamicut, were devastated and almost unrecognizable.® More than 122,000 people lost
9
power.

In a FEMA report released June 2013, it is estimated that more than $39.4 million in support
from four federal disaster relief programs is helping RI recover from this disaster, a majority of
which is from the National Flood Insurance Program (NFIP) ($31.1 million). In addition to NFIP
claim payments, federal aid includes:

e “Public Assistance: more than $5.3 million in grants for state and local agencies and
some private nonprofits;

e Individual Assistance (IA): more than $423,000 in grants paid directly to eligible
individuals and families to meet basic needs for housing and cover other essential
disaster-related expenses;

e US Small Business Administration (SBA): more than $2.6 million in low-interest disaster
recovery loans to Rhode Island homeowners, renters and business owners of all sizes.”

DR-4027 (Emergency Declaration 3334) Tropical Storm Irene hit Rhode Island on August 27,
2011 and was declared a Major Disaster on September 3, 2011. A preliminary damage
assessment report from FEMA brings the total PA cost to $9,260,898.

Reports estimated that Irene knocked down trees and power lines, leaving up to half of Rhode
Island residents without power.*® Gusts of wind up to 71 MPH were reported, and storm surge in
Narragansett Bay caused some coastal damage. However, the majority of damage was caused
by wind.

Emergency Declaration 3311 in March 2010, the State of Rhode Island encountered the worst
flooding in its recorded history on a number of the State’s largest rivers, including, but not
limited to the Pawtuxet, Pawcatuck and Woonsocket. The incredible amount of precipitation in
February and March 2010, along with saturated soils, high water tables, lack of leaf cover and
limited pervious surfaces all contributed to the disastrous flooding during March.

The hardest hit areas in the state included Warwick, West Warwick, Coventry and Cranston,
which are located around the Pawtuxet River, and Westerly, which is located along the Main
Stem Pawcatuck River. The United States Geological Survey (USGS) river gauge at Pawtuxet
River at Cranston hit Record Flood Stage at 14.98 feet on March 15, 2010 and was then quickly
superseded by another Record Flood Stage on March 31, 2010 of 20.79 feet. Prior to these two
back to back Record Flood Stages, the highest recorded level of the Pawtuxet River at Cranston
was 14.5 feet on June 7, 1982.

& http://www.masslive.com/news/index.ssf/2012/10/hurricane_sandy_leaves_beaches.html

® http://www.chsnews.com/8301-201_162-57544801/a-state-by-state-look-at-superstorms-effects/

19 http://usatoday30.usatoday.com/weather/storms/hurricanes/story/2011-08-28/Irene-pounds-Rhode-Island-155000-
without-power/50162892/1
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For the March 2010 events, PA grants totaled $17,043,832 and IA totaled $37,033,311.
Following the disaster and in looking forward towards building sustainable communities, the
Rhode Island Mitigation Planning Workshop, “Planning: Moving Toward Greater Resiliency” was
held on June 18, 2010 at the Coastal Institute, Narragansett, Rhode Island. The hazard
mitigation planning workshop was sponsored by RIEMA and supported by FEMA and the
University of Rhode Island (URI) Coastal Institute. Approximately 70 community representatives
came from 32 of Rhode Island’s 39 communities. Nine (9) Federal agencies and two (2) State
agencies also sent representatives to the event.

Table 4. Federally Declared Disasters and Emergencies in Rhode Island 1954 — 2013. Note: Total assistance

Disaster
Number

Declaration

Date

values not inflated.

Description

Individual
Assistance
Total

Public
Assistance
Total

4107 3/22/2013 Severe Winter Storm and Snowstorm N/A | $7,057,671
4089 11/3/2012

?332089) 10/29/2012 Hurricane Sandy $421,341 | $6,519,140
4027 09/03/2011

(3831 027) 8/97/2011 Tropical Storm Irene Hurricane Irene N/A | $9,260,898
3311 03/30/2010 | Severe Storms and Flooding N/A N/A
(DR1894)

1894 03/29/2010 | Severe Storms and Flooding $37,033,311 | $17,043,832
1704 05/25/2007 | 2EVere gStO"“S e, leeel Coes N/A | $605,080
3255 09/19/2005 Hurricane Katrina Evacuation N/A | $1,110,010
3203 02/17/2005 | Snow N/A | $6,273,609
3182 03/27/2003 | Snowstorm N/A | $2,002,984
3123 11/19/1996 | Major water main break N/A N/A
1091 01/24/1996 | Blizzard N/A N/A
3102 03/16/1903 | ol22arcs: High Winds and Record N/A N/A
3094 09/16/1992 | Water Contamination N/A N/A
913 08/26/1991 | Hurricane Bob N/A N/A
748 10/15/1985 Hurricane Gloria N/A N/A
548 02/16/1978 | Snow, Ice N/A N/A
3058 02/07/1978 Blizzards and Snowstorms N/A N/A
39 08/20/1955 | Hurricane, Flood N/A N/A
23 09/02/1954 Hurricanes N/A N/A
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3.3.1.2 National Climatic Data Center (NCDC)

NCDC Storm Data is published by the National Oceanic and Atmospheric Administration
(NOAA), U.S. Department of Commerce, and was used for this update. The storm events
database contains information on storms and weather phenomena that have caused loss of life,
injuries, significant property damage, and/or disruption to commerce. Efforts are made to collect
the best available information, but because of time and resource constraints, information may
be unverified by the National Weather Service (NWS). The NWS does not guarantee the
accuracy or validity of the information. Although the historical records in the database often vary
widely in their level of detail, the NWS does have a set of guidelines for use in the preparation of
event descriptions that were followed in preparation of this hazard analysis."* Appendix 3
Hazard Identification & Risk Assessment includes NCDC details and processing information for
the 2014 plan update.

Most of the events in NCDC are not associated with a Federal Emergency or Disaster. If the
event did occur at the same time as an event that was later determined to be a Federal
Emergency or Disaster, it is included with the NCDC data even if it occurred in a county not
included with the Federal declaration. Appendix 3: Hazard Identification and Risk Assessment,
National Climatic Data Center Data Processing includes the total number of NCDC events, by
county. High wind events make up more than 38.3 percent of the events for the jurisdictions,
followed by flooding (25.6 percent) and winter storm (12.1 percent).

Table 5 and Table 6 show the total damages and annualized damages for each jurisdiction and
hazard type. Three-quarters of the past damages and estimated further losses is related to
flooding. These estimates are believed to be an underrepresentation of the actual losses
experienced due to both hazards as losses from events that go unreported or that are difficult to
guantify are not likely to appear in the NCDC database. This is especially true with hurricanes.
When available, these values have been supplemented in each of the hazard specific sections
with information available from SIHMC members and state agencies.

1 National Weather Service Instruction 10-1605. Operations and Services Performance: Storm Data Preparation Guide. August
17, 2007. Available at: http://www.nws.noaa.gov/directives/sym/pd01016005curr.pdf
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Table 5. NCDC total damages (2012 dollars)

Hurricane  Wind Hail Lightning Tornado Winter Storm

Egirosr O‘I’f 1993-2012 ;gi’g : 1956- 2012 1956 - 2012 | 1950 - 2012 | 1993 - 2012

Bristol $7.814,001 |  $10.207 | $1,346,641 $0 $92,928 $47,987 $209,937 $9,560,521
Kent $29,063,309 |  $66,345 | $3,100,402 $0 $679,425 | $439,160 |  $7,340,679 |  $40,689,321
Newport $6,776,626 | $20.414 | $1,540,188 $0 $84,081 $0 $497,214 $8,918,523
Providence $33,365,719 |  $95,518 | $4,530,261 | $21,327 | $1,472,740 | $6,747,369 |  $7,749,765 |  $54,021,430
Washington |  $33,525,907 |  $15,310 | $2,675,225 $0 $43,296 $50,000 $364,375 | $36,674,113
Statewide $110,545,653 | $207,794 | $13,192,717 | $21,327 | $2,372,470 | $7,284,516 | $16,161,970 | $149,863,909

Table 6. NCDC annualized total damages (2012 dollars)

Hurricane  Wind Hail Lightning Tornado Winter Storm

poars O‘I’f 1993-2012 rots 1956- 2012 19562012 | 2020 1993 - 2012

Bristol $390,705 $510 $22,824 $0 $1,575 $762 $10,497 $426,873
Kent $1,453,165 $3,317 $52,549 $0 $11,516 $6,971 $367,034 $1,894,552
Newport $338,831 $1,021 $26,105 $0 $1,425 $0 $24,861 $392,243
Providence $1,668,286 $4,776 $76,784 $361 $24,962 $107,101 $387,488 $2,269,758
Washington $1,676,295 $766 $45,343 $0 $734 $794 $18,219 $1,742,150
Statewide $5,527,283 $10,390 $223,605 $361 $40,211 $115,627 $808,098 $6,725,576
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3.4 Risk Assessment

The HIRA provides a factual basis for developing mitigation strategies and for prioritizing
those jurisdictions that are most threatened and vulnerable to natural hazards. This
section details the risk assessment process and the methods used to rank hazard risk.
Results from this process and accompanying methods will be presented in hazard-specific
sections that follow.

Based on review of the Federally Declared Disasters, NCDC data, previous versions of
this plan, and local plan rankings, the hazards shown below are discussed and analyzed
in the following hazard specific sections.

Wind Related Winter Related Flood Related Geologic Related  Additional
Hazards Hazards Hazards Hazards Hazards
Storm Surge Snow Riverine Flooding Earthquakes Wildfire
Hurricanes Ice Flash Flooding Drought
Tornadoes Extreme Cold Urban Flooding Extreme
Heat
High Winds Coastal Flooding

Climate Change
and Sea Level
Rise
Coastal Erosion
Dam Breach

It should be noted that the above hazards are not a complete listing of hazards that may
impact Rhode Island. The SIHMC agreed that this listing accurately represents those
hazards that impact Rhode Island annually and has the potential to cause fatalities,
injuries, property damage, infrastructure damage, agricultural loss, damage to the
environment, interruption of business, or other types of harm or loss.

3.4.1 Ranking Methodology

In this section the methodology of scoring vulnerability for the profiled hazards will be
explained as it relates to each hazard. The discussion of the methodology is critical to
understanding how and why natural hazards are prioritized differently in Rhode Island. It is
also critical to understand how the hazards’ impacts have been scored because each
hazard utilizes a different scoring system based upon the various scales of intensity,
frequency and magnitude of the event.

Many of the hazards assessed in this plan did not have quantifiable probability or impact
data, so a semi-quantitative ranking system was used instead to compare all of the
hazards of interest. This system allows for greater flexibility and more room for expert
judgment.
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Based on input from the SIHMC, a standardized methodology was developed to compare
different hazards’ risk on a county basis. This method prioritizes hazard risk based on a
blend of quantitative factors extracted from NCDC and other available data sources.
These include:

e Historical occurrence;

e Vulnerability of population in the hazard area;

e Historical impact, in terms of human lives and property; and
o How the Local plans ranked the hazards.

Eight (8) ranking parameters were used to come up with jurisdiction based hazard
rankings for the hazards identified by the SIHMC. Each parameter was rated on a scale of
one (1) through four (4) with those rated one (1) considered low risk and those rated at
four (4) considered high risk. Population vulnerability, density and building permits were
each weighted at 0.5 relative to all of the other parameters. Geographic extent and local
plan ranking were each weighted at 1.5 relative to all the other parameters. These scores
were summed at a county level for each hazard separately, allowing for easy comparison
between counties for each hazard type. A summation of all the scores for all hazards in
each county provides an overall, “all-hazards” risk prioritization. Below is an overview of
the parameters that were used in ranking the hazards.

e Population Vulnerability and Population Density (weight 0.5)
e Building Permits Count (weight 0.5)

¢ Annualized Events (weight 1)

e Deaths & Injuries (weight 1)

e Annualized Property Damage (weight 1)

e Local Plan Hazard Rankings (weight 1)

e Geographic Extent of Hazard (weight 1.5)

3.4.1.1 Population Vulnerability and Density

Population vulnerability and density are important factors in risk assignment. A hazard
event that occurs in a highly populated area generally has a much higher impact as
compared to an event that takes place in a very rural, unpopulated area. Two (2)
population parameters were used to account for counties with high populations and
counties with densely populated areas. Each of these parameters was given a weight of
0.5 in an effort to avoid biasing the overall ranking with population data.

Population vulnerability was calculated as the percent of the total population of Rhode
Island present in each county. The 2010 U.S. Census population for each county was
divided by the total population for the state and multiplied by 100; a value between one
and four was assigned based on a geometric interval. By ranking counties this way, those
counties with significantly larger populations have effectively been given extra weight.
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Population density was based on the population per square mile for each county. The
2010 U.S. Census population for each county was divided by the total area (sq. mi.) for
the county; a value between one (1) and four (4) was assigned based on geometric
intervals. By ranking jurisdictions this way, those counties with densely populated areas
have effectively been given extra weight.

3.4.1.2 Building Permits/Land Use and Development

Building permit data for 2012 highlights areas with new privately-owned residential
building permits throughout the state. This parameter was added based on feedback by
the SIHMC members to address future vulnerability and risk.

3.4.1.3 Annualized Events and Probability of Future Events

While each hazard may not have a comprehensive database of past historical events, the
record of historical occurrences is still an important factor in determining where hazards
are likely to occur in the future. Annualizing the NCDC storm events data yields a rough
estimate of the number of times a jurisdiction might experience a similar hazard event in
any given year. To accomplish this, the total number of events in the NCDC database, for
each specific hazard in each jurisdiction, was divided by the total years of record for that
hazard to calculate an ‘annualized events’ value.

Table 7 shows the classifications used for establishing the probability of future events in
Rhode Island. Events with a 500-year recurrence interval were given a classification of
low for probability of future events and hazards with greater than 5 events in a year are
classified as a high probability of occurrence. When applicable, NCDC event totals have
been supplemented with additional sources. The hazard specific sections further detail the
probability of future events for the counties and State as a whole.

Table 7. Annualized Events and qualitative ranking.

Return Interval Probability of Future Event

<0.002 events/year Low
0.002 — 1 event/year Medium-Low
1 -5 events/year Medium-High
>5 events/year High

3.4.1.4 Deaths and Injuries

Deaths and injuries are also important factors to evaluate when determining hazard
ranking. Using NCDC past deaths and injuries were totaled for each hazard. Ranking was
established by assigned a four (4) to jurisdictions with at least one (1) injury or death.
Hazards having no reported deaths or injuries were assigned a ranking of one (1).
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3.4.1.5 Property Damage

Property damage was also analyzed in order to give each jurisdiction a score of one (1) to
four (4) based on natural breaks in the data. This data was obtained from the NCDC storm
events database, inflated into 2012 dollars and annualized according to the period of
record for each event category. The rating scales used for this parameter are provided in
the ranking spreadsheet in Appendix 3 Hazard Identification & Risk Assessment. The
NCDC database did not include crop damages and therefore not included in this analysis.
Supplemental data, such as Hazards US Multi-Hazard (Hazus-MH), has been used when
hazard specific data was available. See the individual hazard sections for additional
details.

3.4.1.6 Local Mitigation Plan Ranking

Local plans were reviewed for ranking methodology, loss estimates and risk to facilities.
Based on feedback from the kick-off meeting, Local Plan Ranking was given a 1.5
weighting relative to the other parameters, as local input was deemed to be critically
important to the overall state ranking.

3.4.1.7 Geographic Extent

Some of the hazards have defined geography where there is a greater likelihood of the
hazard occurring in the future. To be able to include this in the ranking system, each
hazard has been assigned individual scores based on the available hazard data.
Geographic extent was given a 1.5 weighting relative to the other parameters, as
geographic extent was deemed to be critically important. Data sources for geographic
extent are shown in Table 8. The rating scales used for this parameter are provided in the
ranking spreadsheet in Appendix 3 Hazard Identification & Risk Assessment.
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Table 8. Sources for Geographic Extent.

Hazard Source

NOAA NCDC Storm Events (1950-2012)

NWS Number of hurricanes to pass within 50 miles of RI(1851 — 2013)
NOAA-NHC SLOSH Model

ASCE Minimum Design Loads for Buildings and Other Structure
Winter Related Hazards NWS Weather station data average annual snowfall

NOAA NCDC Storm Events (1993-2012)

FEMA Digital Flood Insurance Rate Map (DFIRM)

NOAA-NHC SLOSH Model

Number of NPDP/NID high or significant dams

NOAA NCDC Storm Events (2001-2006)

Wind Related Hazards

Flood Related Hazards

Wildfire Percent land areas within Wildland Urban Interface zones (interface or
intermix)
FEMA HAZUS-MH MR5 Earthquake Model Peak Ground Acceleration
Earthquake (PGA)
USGS (1568-2012)
Dam Failure NID Number of High or Significant Dams per jurisdiction
NOAA NCDC Storm Events (1995-2012)
Drought

Extent assumed to be uniform

3.4.2 Composite Hazard Ranking

To determine overall risk, the scores for each of the parameters were added together
(weighting applied as described previously) for each hazard to estimate the total county
risk due to that hazard. The overall or total hazard score for the state was determined by
calculating the average hazard risk for each of the counties and using natural breaks to
assign the ranking. Appendix 3 Hazard ldentification & Risk Assessment includes the
ranking spreadsheet and supporting data sources.

3.4.2.1 Limitations of Ranking

The NWS does not guarantee the accuracy or validity of the information used for weather-
related hazards. Although the historical records in the database often vary widely in their
level of detail, the NWS does have a set of guidelines for use in the preparation of event
descriptions which were followed in preparation of this hazard analysis.*?

As previously described, NCDC is not a complete data source. It was chosen for use in
ranking because of its standardized collection of many of the hazards that impact Rhode
Island. Unfortunately, the data set is somewhat lacking in terms of hurricanes and
geological hazards. As a result, the ranking can only characterize the current form of the

'2 National Water Service Instruction 10-1605. Operations and Services Performance: Storm Data
Preparation Guide. August 17, 2007. Available at:
http://www.nws.noaa.gov/directives/sym/pd01016005curr.pdf
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data. Future plan updates and mitigation actions should assess the availability of other
data sources to be sure that the parameters are still valid for ranking of the hazards.

3.5 Vulnerability Analysis

Vulnerability includes all populations and assets (environmental, economic and critical
facilities) that may be at risk from the natural hazards. Vulnerability analysis measures the
level of assets, populations, or resources within a given region, city or town. The
vulnerability is a function of the built environment, local economy, demographics, and
environmental uses of a given region. In considering Rhode Island’s vulnerability to
natural hazards, four major groups were used in the 2011 update and reaffirmed in the
2014 plan update: Critical Facilities; Populations at Risk; Environmental
Resources/Threats and Economic Values.

It should be noted that the vulnerability analysis was limited based on the spatial data
available. Several large projects are being completed concurrent to this update and as a
result were not available for analysis. Zoning and land use information is currently being
collected/compiled by Division of Planning. This data, once available, will assist in the
ability to assess changes in development for jurisdictions in hazard prone areas using up
to date and accurate data.

RIEMA is currently pursuing funding to develop a statewide parcel dataset. As discussed
throughout this plan, the existing data has not been favorable for a statewide detailed
economic or structural loss assessment. Each community maintains their own municipal
parcel data and, typically, this data is not organized similarly across boundaries. This
limitation has made it difficult to successfully model loss estimations between
communities, counties or even statewide. Development of the parcel dataset will allow
both State and local partners to run analyses and output a realistic estimation of loss
following a specific scenario. The data developed as part of this initiative will allow for the
2017 plan update to include comprehensive loss estimates by municipality for hazards
with known geographic extents.

3.5.1 Facility Analysis

The damage to and destruction of the built environment, particularly in the critical lifeline
sectors (Communications, Emergency Services, Energy, Healthcare and Public Health,
Transportation, Water) represents enormous economic, social, and general functional
costs to a community, while also impeding emergency response and recovery activities.

More and more people live in the areas most vulnerable to hurricanes, within 50 miles of
the Gulf of Mexico or the Atlantic Ocean. It is here where, for many coastal states,
tremendous amounts of valuable infrastructure exist, especially transportation lifelines. A
nonfunctional road can have major implications for a community: general loss of
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productivity; disruption of physical access preventing residents from getting to work or
other daily activities, prevention of emergency vehicles from reaching their destinations,
with the associated health and safety implications and the potential access difficulties
causing the disruption of important lifeline supplies such as food and other deliveries to
the community.

Damaged or destroyed utility lines and facilities - including electricity, computer and
satellite links, gas sewer, and water services - can cripple a region after a disaster. Power
lines are often badly damaged or destroyed resulting in the loss of power for days, weeks
or even months. This is particularly critical considering modern societies’ dependence on
electricity. In addition to basic modern households appliances being affected, public water
supplies, water treatment and sewage facilities can also be impacted. Electric pumps
cannot pump drinking water into an area without power, and even if they could, the water
delivery system could be breached in several areas. The loss of even elevated water
tanks also results in a lack of safe drinking water. Even disaster victims who do get water
may have to boil it to eliminate waterborne pathogens introduced to the supply in
breached areas.

The analysis of State and critical facility vulnerability for the 2014 update was completed
using three major sources of facility data supplied by RIEMA Mitigation and Infrastructure
& Protection:

(1) Critical Infrastructure and Key Resources (CIKR) uses the Department of
Homeland Security (DHS) definition which includes banking & finance, chemical
facilities, commercial facilities, communications, dams, defense, emergency
services, energy & utilities, government facilities, healthcare facilities, information
technology, postal and shipping, transportation infrastructure, and drinking &
wastewater facilities. Concurrent to this planning effort, RIEMA staff are
completing assessments on all CIKR within the state.

(2) Critical Facilities include facilities that may not be owned or operated by Rhode
Island but are critical to its citizens. This includes research & academic facilities,
dams, fire stations, hospitals, shelters, law enforcement, libraries, marinas,
schools, and government facilities.

(3) State-Owned Facilities include facilities that are owned, operated, and
maintained by Rhode Island and do not fall within the CIKR defined categories.
Additional information on these facilities is currently being collected concurrent to
this update.

Many of the buildings in the Rhode Island are critical to disaster preparedness and
response, although not all critical facilities are state-owned. For example, many privately
owned buildings and structures (hospitals, power plants, certain industrial facilities, etc.)
are critical to societal function, especially during emergencies and disasters. Thus, critical
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facilities data collection extended to a broader array of critical facilities than would be
available by only using state-owned facilities. However, as shown in the Mitigation
Strategy, development of a robust critical infrastructure database will be an ongoing effort
to support implementation of the National Infrastructure Protection Plan (NIPP) and sector
specific plans.Table 9 breaks down the dataset and the asset type for the facilities included
in this update. The majority of the facilities fall within the critical facility dataset. Figure 4
shows the distribution of facilities across the state. As shown on the map, three critical
facilities (hurricane shelters) are located within Massachusetts. The Overall Hazard
Composite section at the end of the HIRA provides a summary, by hazard, of the
vulnerabilities for the facilities. Facilities within Providence County represent over 53
percent of the facilities analyzed, with the majority within the City of Providence and are
state-owned facilities.

Although not a complete representation of all the possible types of facilities, this dataset is
a good representation of facility locations in Rhode Island. The data from these various
sources was combined together in a unified database for analysis and ease of distribution
to localities. The database contains over 2,487 facilities. The available data only contains
the general location of each of the facilities, with no attribute information such as building
value, sprinkler systems, etc. is available. In addition, facilities are represented only as
geographic points, and so the full spatial extent of larger facilities is not considered.

It should be noted that the Department of Health (HEALTH) is currently working with
RIEMA to develop a comprehensive list and mapping of facilities (for example, hospitals)
in Rhode Island.

Table 9. Facilities included in vulnerability assessment. Source: RIEMA.

g 8
= o
Dataset Asset Type 2 £
o e
a =
Banking and Finance 1 1
Chemical 7 9 1 17
Commercial - Public Assembly 4 4
Critical Commercial Facilities - Lodging and
L 1 1
Infrastructure | Resort Facilities
and Key Communications 2 3 1 6
Resources
(CIKR) Dam 1 3 4
Defense Industrial Base 1 1 2
Emergency Services 6 18 14 | 57 27 122
Energy : Electricity 1 1
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Providence

Washington

Energy : Oil and Natural Gas 1 6 7
Government Facilities 4 7 8 26 9 54
Government Facilities - Military Bases 1 1
Healthcare and Public Health 1 1 13 2 17
Information Technology 4 4
Nuclear Reactors, Materials, and Water 1 1
Postal and Shipping 1 1 2
Transportation - Aviation 1 1 1 3
Transportation - Maritime 1 1 1 3
Ezn;;:ortation - Rail Systems / Mass 1 1 3 5
Transportation - Road Systems /
Maritime 2 2 4
Water - Drinking Water and Wastewater 3 3
College 3 2 11 2 20
Correctional Institute 3 5 7 30 11 | 56
Dam 6 94 20 | 301 119 | 540
EMS Company 7 20 11 | 55 18 | 111
Fire Station 12 26 12 | 77 37 | 164
Critical Hospital 0 1 1 13 2 17
Facility Hurricane Shelter 14 24 |14 |71 20 | 146
Law Enforcement 7 9 41 18 | 78
Library 13 10 | 62 16 | 107
Marina 20 18 | 9 22 | 78
School 34 116 |65 | 375 87 | 677
Town Hall 3 5 6 16 9 39
State Facility | State Facility 6 23 17 | 114 29 189
Total 116 395 222 | 1,314 | 437 | 2,487

Each individual hazard sections include analysis results in the risk assessment section for
the defined facilities. When hazard data was available, facilities were intersected with
hazard specific data to determine the building’s risk zone. The analysis methodology is
described in full detail in these sections; tables are used to represent the number of
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facilities in each risk category. Potential dollar loss and/or exposed building value of
State and critical facilities were not completed due to lack of building-specific
details. Hazus-MH analysis for hurricane and earthquake provide some details for losses
and is available in the hazard specific sections and Appendix 3 Hazard Identification &
Risk Assessment. As previously discussed, RIEMA is currently pursing funding
opportunities to create a statewide parcel dataset that would become the foundation for
creating meaningful vulnerability exposure and loss estimates.

As a result of Presidential Preparedness Directive 21 released in February 2013, a review
and revision of the NIPP is being made. Pending the release of the revised NIPP,
changes will be reflected in the 2017 SHMP.

= 1 seenl Critiesl B jstets Rhode Island State
P . of e County Facility |Owned [CIKR = =
. el ¥4 Bristol 100 % o Hazard Mitigation Plan
“,:"‘cl . P L I Kent 333 3 39 _
cof o8 D B 1 C U MA 3 0 0 Critical and State Owned
. -~ o | . Nraen b Newport 176 17 29 Facility Locations
. : *p .C * s’ Providence | 1063 114 137
H - Washington | 361 29 47

Legend
*  State Owned Facility Locations

Massachusetts

¢ CIKR Locations
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Figure 4. State-owned and critical facilities.

3.6 Hazard Profiles

The following subsections present a description of each type of natural hazard Rhode
Island may expect to experience, as determined by the SIHMC members. The information
presented in this section has been expanded upon and have been reorganized since 2011
for ease of review for the reader. Reorganization of information of general information,
past history, future risk and vulnerability has been placed for each natural hazard under
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the respective natural hazard sub-category. Facilities data, new in the 2014 plan update,
has been included in the vulnerability analysis as applicable. Hazard profiles include:

Wind Related Winter Related Flood Related Geologic Related Additional
Hazards Hazards Hazards Hazards Hazards
Storm Surge Snow Riverine Flooding Earthquakes Wildfire
Section 3.6.1.1 Section 3.6.5.3 Section 3.6.7.1.1 Section 3.6.12 Section 3.6.11
Hurricanes Ice Flash Flooding EDXrt(r):g: Iiggt
Section 3.6.2 Section 3.6.5.2 Section 3.6.7.1.2 )
Section 3.6.13
Tornadoes Extreme Cold Urban Flooding
Section 3.6.3 Section 3.6.5.3.3 Section 3.6.7.1.3
High Winds Coastal Flooding
Section 3.6.4 Section 3.6.7.1.4
Climate Change and
SLR
Section 3.6.8
Coastal Erosion
Section 3.6.9
Dam Breach

Section 3.6.10

Wildfire, extreme heat and climate change/SLR have been added as new sections in the
2014 HIRA.

Climate change is both a present threat and an onsetting hazard. It acts as an amplifier of
existing natural hazards.™ Extreme weather events have become more frequent during
the past half-century, and this trend is projected to continue.** Climate change is expected
to have a significant impact on communities, including those in Rhode Island. For
instance, more frequent intense precipitation events may translate into more frequent
flash flooding episodes. The National Climate Assessment and Development Committee
has documented average temperature across the United States has increased 1.5°F since
1895 with the majority of the increase since 1980. Weather events have and will continue
to become more intense, frequent, and will result in health and livelihood related impacts
such as water supply, agriculture, transpiration and energy. The impact of dynamic storm
events include but are not limited to more frequent and intense heat waves, increases in
ocean and freshwater temperatures, frost-free-days, heavy downpours, floods, sea level

3The Copenhagen Diagnosis, 2009: Updating the World on the Latest Climate Science.

I. Allison, N.L. Bindoff, R.A. Bindschadler, P.M. Cox, N. de Noblet, M.H. England, J.E. Francis, N.

Gruber, A.M. Haywood, D.J. Karoly, G. Kaser, C. Le Quéré, T.M. Lenton, M.E. Mann, B.I. McNeil,

A.J. Pitman, S. Rahmstorf, E. Rignot, H.J. Schellnhuber, S.H. Schneider, S.C. Sherwood, R.C.J.

Somerville, K. Steffen, E.J. Steig, M. Visbeck, A.J. Weaver. The University of New South Wales

Climate Change Research Centre (CCRC), Sydney, Australia, 60pp.http://www.copenhagendiagnosis.com/
“IPCC, 2012 - Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J.
Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (Eds.) Available from Cambridge University
Press, The Edinburgh Building, Shaftesbury Road, Cambridge CB2 8RU ENGLAND, 582 pp.
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rising, droughts and wildfires.”™ Climate change and SLR has been added as a new
section in the 2014 HIRA.

In August 2013, Rhode Island established a working group to meet and coordinate SLR
and Climate Change Assessments across state agencies. This working group is currently
working on details on how to coordinate efforts, as well as in-depth discussions of static
versus dynamic modeling of SLR and inundation risk. Many members of this working
group are active participants on the SIHMC and will be key in the implementation,
maintenance, and update of this plan over the next three (3) to five (5) years.

3.6.1 Wind Related Hazards

Wind is the movement of air caused by a difference in pressure from one place to another.
Local wind systems are created by the immediate geographic features in a given area,
such as mountains, valleys, or large bodies of water. Wind effects can include blowing
debris, interruptions in elevated power and communications utilities, and intensification of
the effects of other hazards related to winter weather and severe storms.

Based on historical tornado and hurricane data, FEMA has produced a map that depicts
maximum wind speeds for design of safe rooms. Rhode Island is included in Wind Zone |l
(160 MPH). Rhode Island is also within the Hurricane-Susceptible Region as shown in
Figure 5.

Rhode Island wind events can produce damage often associated with thunderstorms or
tornadoes. In some instances, these events have been associated with weakening tropical
weather systems, including downgraded tropical and sub-tropical storm systems. This
section examines the risks associated with damaging wind events with emphasis on
hurricanes, tornadoes, and thunderstorms.

15 National Climate Assessment and Development Advisory Committee (NCADAC) January 2013 Draft
Climate Assessment Report. http://ncadac.globalchange.gov/
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Figure 5. FEMA Safe Room Design Wind Speed Zones for the United States

3.6.2 Hurricanes

Coastal hazards take many forms ranging from storm systems like tropical storms,
hurricanes and Nor'easters that can cause storm surge inundation, heavy precipitation
that may lead to flash flooding, and exacerbation of shoreline erosion to longer term
hazards such as SLR. The focus for much of this section is coastal storms. Discussion
and limited analysis for shoreline erosion, SLR and climate changes are included in the
flood-related hazard section.

3.6.2.1 Description

Tropical cyclones, a general term for tropical storms and hurricanes, are low pressure
systems that usually form over the tropics. These storms are referred to as “cyclones” due
to their rotation. Tropical cyclones are among the most powerful and destructive
meteorological systems on earth. Their destructive phenomena include very high winds,
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heavy rain, lightning, tornadoes, and storm surge. As tropical storms move inland, they
can cause severe flooding, downed trees and power lines, and structural damage.

There are three categories of tropical cyclones:

1. Tropical Depression: maximum sustained surface wind speed is less than 39 mph.
2. Tropical Storm: maximum sustained surface wind speed from 39-73 MPH.
3. Hurricane: maximum sustained surface wind speed exceeds 73 MPH.

Once a tropical cyclone no longer has tropical characteristics it is then classified as an
extratropical system.

Most Atlantic tropical cyclones begin as atmospheric “easterly waves” that propagate off
the coast of Africa and cross the tropical North Atlantic and Caribbean Sea. When a storm
starts to move toward the north, it begins to leave the area where the easterly trade winds
prevail, and enters the temperate latitudes where the westerly winds dominate. This
produces the eastward curving pattern of most tropical storms that pass through the Mid-
Atlantic region. When the westerly steering winds are strong, it is easier to predict where a
hurricane will go. When the steering winds become weak, the storm follows an erratic path
that makes forecasting very difficult.

Howling winds associated with Nor'easters also have the potential to produce significant
storm surge, similar to that of a Category One hurricane. In addition, these types of storms
can also produce wind gusts to near hurricane force as well as flooding rain and crippling
snowfall.

Hurricanes are categorized according to the Saffir/Simpson scale with ratings determined
by wind speed and central barometric pressure. Hurricane categories range from one (1)
through five (5), with Category 5 being the strongest (winds greater than 155 MPH). A
hurricane watch is issued when hurricane conditions could occur within the next 36 hours.
A hurricane warning indicates that sustained winds of at least 74 MPH are expected
within24 hours or less.

3.6.2.1.1 Storm Surge

Storm surge is the abnormal rise in water level caused by the wind and pressure forces of
a hurricane or nor'easter. Nationally, storm surge flooding has caused billions of dollars in
damage and hundreds of deaths. Given today's ever increasing population densities in
coastal communities, the need for information about the potential for flooding from storm
surge has become even more important. Storm surge heights in Rhode Island range from
a few feet higher than normal tides during nor'easters to more than 10 feet during
hurricanes. The breaking wave height is related to water depth so that as water depth
over a given surface increases with storm surge, larger waves can be generated.
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There are a number of factors which contribute to the generation of storm surge, but the
fundamental forcing mechanism is wind and the resultant frictional stress it imposes on
the water surface. Winds blowing over a water surface generate horizontal surface
currents flowing in the general direction of the wind. These surface currents in turn create
subsurface currents which, depending on the intensity and forward speed of the hurricane
or nor'easter, may extend from one to several hundred feet below the surface. If these
currents are in the onshore direction, water begins to pile up as it is impeded by the
shoaling continental shelf causing the water surface to rise. This “dome of water” will
increase shoreward until it reaches a maximum height at the shoreline or at some
distance inland. The most conducive bathymetry for the formation of large storm surges is
a wide gently sloping continental shelf.

3.6.2.1.2 Hurricane Storm Surge

The magnitude of storm surge within a coastal basin is governed by both the
meteorological parameters of the hurricane and the physical characteristics of the basin.
The meteorological aspects include:

e Hurricane size - measured by the radius of maximum winds (Measured from the
center of the hurricane to the location of the highest wind speeds within the storm.
This radius may vary from as little as four (4) miles to as much as 50 miles);

e Hurricane intensity - measured by sea level pressure and maximum surface wind
speeds at the storm center;

e Hurricane path, or forward track of the storm; and

e Hurricane forward speed.

The counterclockwise rotation of the hurricane's wind field in combination with the forward
motion of the hurricane typically causes the highest surge levels to occur to the right of the
hurricane's forward track. This phenomenon has been observed in regions where the
shoreline is typical straight, not fragmented by large inlets and bays, and when a
hurricane travels generally perpendicular to the shore. In Rhode Island, the increased
wind stress from the rotational wind field has a large effect on the level of surge. The
contribution to surge generation from the forward motion of the storm can be greater than
the contribution made by an increase in hurricane intensity.

The Rhode Island shoreline faces south, so storms passing to the west raise the highest
storm surges for Rhode Island. In addition, Narragansett Bay funnels the surge northward
where decreasing surface area amplifies the surge height (Boothroyd 2008). The 1938
Hurricane made landfall west of Rhode Island as a Category 3 hurricane with a forward
speed in excess of 50 miles per hour. Because the center of the storm made landfall in
Connecticut, the Rhode Island shoreline experienced the highest storm surge levels.

The reduction of atmospheric pressure within the storm system results in another surge-
producing phenomenon known as the "inverted barometer" effect. Within the region of low
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pressure the water level will rise at/the approximate rate of 13.2” per inch of mercury drop.
This can account for a rise of one (1) to two (2) feet near the center of the hurricane. This
effect is considered to be a more important factor in the open ocean where there is no
depth related restrictions to water flow.

3.6.2.1.3 Nor'easter Storm Surge

An extra-tropical coastal storm, known as a nor'easter, is typically a large, counter-
clockwise wind circulation around a low pressure center. The storm radius is often as
large as 1,000 miles, and the horizontal storm speed is about 25 miles per hour, traveling
up the eastern United States coast. Sustained wind speeds of 1040 MPH are common
during a nor’easter, with short term wind speeds gusting up to 70 MPH. Unlike hurricanes
and tropical storms, nor'easters can sit off shore, wreaking damage for days. Nor'easters
are a common winter occurrence in New England and repeatedly result in flooding,
various degrees of wave and erosion-induced damage to structures, and erosion of
natural resources, such as beaches, dunes and coastal bluffs. The erosion of coastal
features commonly results in greater potential for damage to shoreline development from
future storms.

Nor'easters cause varying amounts of coastal erosion depending on the intensity and the
duration of the storm; the tidal phase at the time of the storm (neap or spring tide); the
path of the storm; and the time interval between storms (Boothroyd 2008). Back to back
storms do not allow time for the beaches and dunes to recover sand that has been
transported offshore.

Damages resulting from nor’easters are often due to coastal erosion and undermining the
structures that were previously behind the dunes or on the top of coastal bluffs. Damages
to a house that topples off an embankment are usually much more costly than damages
resulting from localized areas of flooding

3.6.2.2 Location

The entire State is vulnerable to hurricanes and tropical storms, depending on the storm’s
track. The Sea, Lake, and Overland Surges from Hurricanes (SLOSH) model is used to
evaluate the potential impact of storm surge. Emergency managers use data from SLOSH
to identify at-risk populations and determine evacuation areas. Storm surges also affect
tidal rivers and creeks, potentially increasing evacuation areas. Figure 6 indicates the
potential inland extent of storm surge as a function of hurricane category. It is readily
apparent from this figure that Rhode Island has significant vulnerability to storm surge.
This is particularly true of portions of the Bristol and Washington. Community specific
inundation maps can be found in Appendix 3 Hazard Identification & Risk Assessment.
The inundation data was derived by the United States Army Corps of Engineers (USACE)
by overlaying the hurricane surge water surface elevations from SLOSH model results on
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top of ground elevations from FEMA Light Detection and Radar (LIDAR) data to show
which areas would be flooded by hurricane storm surge.

Figure 7 highlights areas especially those on floodplains, are also at risk for flooding and
wind damage. Low-lying coastal areas in close proximity to the shore, sounds or estuaries
are exposed to the threat of flooding from wind events and storm surge.
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Figure 6. Storm surge inundation based on hurricane category.
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3.6.2.3 Extent (Impact and Vulnerability)

Hurricanes are classified by their damage potential according to a scale developed in the
1970s by Robert Simpson and Herbert Saffir, and updated slightly by the National
Hurricane Center in 2012. The scale is designed to give public officials and the general
public usable information on the magnitude of a storm. It gives an indication of the
potential flooding and wind damages associated with each hurricane category. The scale
rates the intensity and effects of hurricanes based on wind speed and barometric pressure
measurements as shown in Table 10.

Table 10. Saffir/Simpson Scale of Hurricane Intensity. Source: NWS NCDC.

Wwind Speed Typical Effects |

Category One Hurricane — Weak

Minimal Damage: Damage is primarily to shrubbery, trees, foliage, and
unanchored mobile homes. No real damage occurs in building
structures. Some damage is done to poorly constructed signs.

74-95 MPH
(64-82Kkt)

Category Two Hurricane — Moderate

Moderate Damage: Considerable damage is done to shrubbery and
tree foliage, some trees are blown down. Major structural damage
96-110 MPH occurs to exposed mobile homes. Extensive damage occurs to poorly
(83-95kt) constructed signs. Some damage is done to roofing materials,
windows, and doors; no major damage occurs to the building integrity
of structures.

Category Three Hurricane — Strong

Extensive damage: Foliage torn from trees and shrubbery; large trees
blown down. Practically all poorly constructed signs are blown down.
111-130 MPH Some damage to roofing materials of buildings occurs, with some
(96-113kt) window and door damage. Some structural damage occurs to small
buildings, residences and utility buildings. Mobile homes are destroyed.
There is a minor amount of failure of curtain walls (in framed buildings).

Category Four Hurricane - Very Strong

Extreme Damage: Shrubs and trees are blown down; all signs are
down. Extensive roofing material and window and door damage
occurs. Complete failure of roofs on many small residences occurs,
and there is complete destruction of mobile homes. Some curtain walls
experience failure.

131-155 MPH
(114-135kt)

Category Five Hurricane — Devastating

Catastrophic Damage: Shrubs and trees are blown down; all signs are
down. Considerable damage to roofs of buildings. Very severe and
extensive window and door damage occurs. Complete failure of roof
structures occurs on many residences and industrial buildings, and
extensive shattering of glass in windows and doors occurs. Some
complete buildings fail. Small buildings are overturned or blown away.
Complete destruction of mobile homes occurs.

Greater than
155 MPH (135kt)
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3.6.2.4 Previous Occurrences and Probability of Future Events

Rhode Island has experienced tropical depressions and tropical storms as well as
hurricanes ranging from Category 1 to Category 3. Hurricanes are rare but devastating
events in Rhode Island. Hurricane wind damages can be costly but storm surge is by far
the most destructive force acting on the Rhode Island coast. The highest storm surges
recorded at the Newport tide gauge were 9.45’ and 6.76’ above MHHW during the Great
September Hurricane of 1938 and Hurricane Carol, August 1954, respectively. By
comparison, the Providence gauge recorded surges of 12.66’ and 9.96’° above MHHW
respectively.

The comparison of hurricanes to nor'easters reveals that the duration of high surge and
winds in a hurricane is 6-12 hours while a nor'easter’s duration can be from 12 hours to 3
days. The amount of damage resulting from a strong hurricane is often more severe than
a nor'easter, but historically, Rhode Island has suffered more damage from nor’easters
because of the greater frequency in which they occur.

USACE and NWS records indicate 37 hurricane tracks have passed within 50 miles for
Rhode Island since 1851 (Figure 9).

Table 11 highlights hurricanes and tropical storms that have resulted in significant
damages and injuries and deaths in Rhode Island. Damages from Hurricane Carol in the
Town of Westerly are pictured in Figure 8.

Hurricane Irene in 2011 and Hurricane Sandy in October 2012 are the most recent events
to hit the state. Table 12 is a summary of Sandy claims and losses paid from the Rhode
Island Department of Banking and Insurance.
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Figure 8. Hurricane Carol damages in Westerly. Source: RI National Gaury (9/1954)

Table 11. Rhode Island Historic Hurricanes.

Date

September 21, 1938

Description

The hurricane of September 21, 1938 brought major devastation to
the State, with 262 persons losing their lives and damage estimated
at $100 million. Another major hurricane occurred on September 14,
1944; no lives were lost, but property damage was over $2 million.
The coastal area from Westerly to Little Compton experienced the
heaviest damage, but there was no tidal wave, since the storm hit at
ebb tide.

Sustained winds of 95 MPH recorded; damage estimated at $100
million; 262 fatalities. Tide 15 feet above mean sea level (at USGS
gage in Westerly). Virtually all the State was without power. Ten
percent of electric customers still without power 12 days after
hurricane.

1944

September 14, 1944

Affected Rhode Island and southeastern Massachusetts; $2 million
property damage, no loss of life.
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Carol

August 31, 1954
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Description

On August 31, 1954, Hurricane Carol swept into Rhode Island with
little warning. The result was 19 deaths and $200 million in property
damage. The storm center passed to the west of Providence and
came at high tide. The central area of Providence was flooded to a
depth of 13 feet, and 3,500 cars were inundated in the downtown
areas. Hurricane Edna occurred 12 days after Carol, with heavy rain
and major river flooding.

There were 19 fatalities in New England, $200 million property
damage and 13' flooding. In Providence, wind speed of 90 MPH,
with 115 MPH gusts; nearly 3,800 homes destroyed. Tide 12.2 feet
above mean seal level (at USGS gage in Westerly). Most of State
without power. Four days after storm, approximately 50% had
power restored; 90% after seven days.

Edna

September 11, 1954

Heavy rain and major flooding in the Blackstone River Valley.

Diane

August 17-20, 1955

In 1955, remnants of the August Hurricane Diane swept over Rhode
Island, but its wind velocities were far below hurricane force
because of its long inland trip over North Carolina, Virginia, and
Pennsylvania. Damage to power lines was high, and at one time
82% of Rhode Island's homes were without electricity. Ample
warning permitted people to return home from school and work
early, and as a result, only two lives were lost. Property damage
amounted to $170 million, most resulting from torrential rains which
caused serious river flooding.

Heavy rain; Blackstone River crests 15' above normal; $170 million
in property damage. Heavy rain and 6' tidal surge; $5 million in
property damage; 82% of electric customers lose power.

Donna

September 12, 1960

Heavy rain and major flooding in the Blackstone River Valley.

Esther

September 21, 1961

Heavy shore damage at Sakonnet Point in Little Compton and
Misquamicut in Westerly.

Gloria

September 27, 1985

Two fatalities in New England; property damage estimated at $19.8
million; 8,596 of electric customers lose power an estimated 23,700
people evacuated.

Bob

August 18, 1991

Southern New England damage at $1.5 billion; 60% of residents
across Southeastern New England lost power; 6'-10" storm surge in
Narragansett Bay; Two (2) unconfirmed tornadoes in Rhode Island.
There were 18 fatalities in Southern New England, although none in
Rhode Island.
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Description

Preliminary damage assessment report from FEMA brings the total
Public Assistance cost to $9,260,898.

Irene knocked down trees and power lines, leaving up to half of
Rhode Island residents without power. Gusts of wind up to 71 MPH
were reported, and storm surge in Narragansett Bay caused some
coastal damage. However, the majority of damage was caused by
wind.

The storm surge experienced along the coast was generally in the
two to four foot range with a high of 4.78 feet at Fox Point in
Providence, Rhode Island. The highest sustained windspeed was
54 knots (62 MPH) at the Physical Oceanographic Real Time
System station at Conimicut Light in Narragansett Bay, RI.

Sandy

October 29, 2012

Hurricane Sandy swept through the region in October 2012 leaving
significant damage all along the coast. Beaches along Westerly,
including Misquamicut, were devastated and almost
unrecognizable. More than 122,000 people lost power.

It is estimated that more than $39.4 million in support from four
federal disaster relief programs is helping RI recover from this
disaster, a majority of which is from the NFIP ($31.1 million).

Table 12. Hurricane Sandy — Summary of claims and losses paid. Source: Rl Department of Banking

Claim Type

Residential Property | 7,645

and Insurance, As of February 2013.
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Case Incurred

5,635 | 1,328 | $23,072,602.02 | $27,814,073.21 | 91.08

Commercial Property | 627

321 166 $5,830,534.63 | $11,536,035.89 | 77.67

Personal Auto 688 559 75 $2,780,841.38 | $2,706,766.00 | 92.15
Commercial Auto 27 19 2 $121,378.32 $127,737.72 | 77.78
Business Interruption | 65 33 15 $2,280,008.90 | $2,484,052.12 | 73.85
Flood 607 219 93 $6,314,575.25 | $10,735,065.62 | 51.40
All Other Lines 207 119 50 $1,241,818.20 | $2,045,364.64 | 81.64
Total 9,866 | 6,905 | 1,729 | $41,641,758.70 | $57,449,095.20 | 87.51

Based on historical frequency of occurrence, Rhode Island may experience a hurricane
every four years, or 22.8 percent annually which can be related to a Medium-Low
probability of occurrence. Table 7 provides the annualized events qualitative ranking used
for determining probability of future events. Hazard ranking shown in Figure 12 includes
the probability of future events by county. Long-term global climate models under
Intergovernmental Panel on Climate Change (IPCC) warming scenarios indicate that it is
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possible that hurricanes will become more intense, with stronger winds and heavier
precipitation through the 21st century.

Nor'easters are a primary concern for Rhode Island residents; not only because of the
damage potential in any given storm, but because there is a frequent rate of recurrence.
Nor'easters have an average frequency of one (1) or two (2) per year, with a storm surge
equal to or greater than two (2) feet.

3.6.2.5 Vulnerability & Risk Assessment

Rhode Island, as with other New England states, is particularly vulnerable to hurricanes.
One reason is due to the geography of southern New England in relation to the Atlantic
seaboard. Historically, most hurricanes which have struck the New England region re-
curved northward on tracks which paralleled the eastern seaboard maintaining a slight
north-northeast track direction. The fact that the States of Connecticut, Rhode Island, and
Massachusetts geographically project easterly into the Atlantic and have southern
exposed shorelines place them in direct line of any storm which tracks in this manner.
Therefore, even though New England is a relatively far distance from the tropics, its
susceptibility to hurricane strikes can statistically be greater than other states closer to the
tropics.

Another explanation giving evidence to New England's unique vulnerability to hurricanes
is the fact that hurricanes which eventually strike the region undergo significant increases
in forward speed. Historically, it can be shown that hurricanes tend to lose their strength
and accelerate in a forward motion after pasting the outer banks of Cape Hatteras, North
Carolina. The increase in forward speed that usually occurs simultaneously as the
hurricane weakens with further northward movement can often compensate for any
discounting in hurricane intensity. Surge flooding, wave effects, and wind speeds
accompanying a faster moving, weaker hurricane may exceed conditions caused by more
intense hurricanes. This means that for some locations, depending on the meteorology of
the storm, the affects from a Category 2 hurricane traveling at 60 MPH might be worse
than that from a Category 4 hurricane moving at 20 MPH.

Table 13 summarizes the NCDC hurricane events since 1993. These estimates are
believed to be an underrepresentation of the actual losses experienced due to hazards as
losses from events that go unreported or that are difficult to quantify are not likely to
appear in the NCDC database and as a result have been supplemented with Hazus-MH
analysis.
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Figure 9. Hurricane tracts within 50 miles of Rhode Island (1866 — 2012). Source: NOAA NHC.

Table 13. NCDC hurricane events and damages.

County Name sfu gvbeirts Bgtnillages Annualized Damages
Years of Record 1993 — 2012

Bristol 2 $10,207 $510

Kent 2 $66,345 $3,317

Newport 2 $20,414 $1,021

Providence 3 $95,518 $4,776

Washington 2 $15,310 $766

Statewide 11 $207,794 $10,390
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There are primarily three components of statewide vulnerability from the impact of a
hurricane: storm surge (coastal flooding); ability to evacuate in a timely manner; and
shelter capacity. Storm surge has the potential to create a very serious problem in many
Rhode Island coastal communities because in most cases the waters will rise to extremely
high levels and cover roads and bridges completely with water. These roads are hurricane
evacuation routes and the only way out of danger.

The vulnerability of Rhode Island to hurricane surges is further increased by the presence
of Narragansett Bay. The Bay's configuration can exhibit a funneling phenomenon on tidal
surges as they flood the East and West Passages and the Sakonnet River. Ocean waters
entering these inlets become more restricted causing higher flood levels with continued
movement into the upper reaches of the Bay. The funneled ocean waters along the
shores of the Bay's northern most points tend to result in higher storm surge elevations
causing a greater amount of coastal and tidal riverine flooding. The northern reaches of
Narragansett Bay are the most urbanized and densely developed areas in the State.
Table 14 summaries the facilities located within the hurricane storm surge categories. It
should be noted that the vulnerability is cumulative and facilities located within a Category
4 event are also vulnerable to categories one through three as well.

Table 14. Facilities located within hurricane storm surge categories.

Dataset Asset Type

Category 2

CIKR Emergency Services

Rl Category 3

[

Correctional Institute

Dam 2

EMS Company

Fire Station 1 1

Critical Facili
b4 Hurricane Shelter 2

Rk, W|Ww

Law Enforcement

Marina 2

School 2

RPlwlkr R[N

Bristol

State Facility State Facility 1

CIKR Emergency Services

Correctional Institute

Critical Facility Dam 1 1

Rl RN

Kent

EMS Company
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Dataset Asset Type

Category 2
Category 3

Fire Station 1
Hurricane Shelter 1
Law Enforcement 1
Marina 7 4 1
School 1 4
State Facility State Owned 1 |1
Emergency Services 2
CIKR Transportation - Maritime 1
Traljs_portation - Road Systems / 1
Maritime
Dam 1 3 2
EMS Company 1
Fire Station 1
Critical Facility Hospital 1
Library 1
= Marina 3 5 1 1
§' School 1 1 1
% State Facility State Owned 1 1 1
Banking and Finance 1
Chemical 1
Commercial - Public Assembly 2
Commercial Facilities - Lodging and
Resort Facilities 1
Communications 1
CIKR Dam 1
Emergency Services 1
Energy : Electricity 1
Energy : Oil and Natural Gas 2 |2
© Government Facilities 1 1
§ Healthcare and Public Health 2
‘-g Transportation - Maritime 1
O | Critical Facility College 2
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Dataset Asset Type

Category 2
Category 3

Correctional Institute
Dam 1 2

EMS Company

Fire Station

Hospital

Law Enforcement

Library
Marina 1 3 |2
School
Town Hall
State Facility State Owned

N ORI [P[W N O|N

N
((e]

Defense Industrial Base 1

CIKR Emergency Services 3 2

[

Transportation - Aviation

Correctional Institute
Dam 1 2
EMS Company 1 1
1
1

Fire Station

Critical Facility Law Enforcement

=
NP Wk, | W|F

Library
Marina 10 | 3 1
School 1 4
Town Hall 1 1
State Facility State Owned 1 1 1 |4

Washington

Electrical utilities and communications as well as transportation infrastructure are
vulnerable to significant coastal events. Damage to power lines or communication towers
has the potential to cause power and communication outages for residents, businesses
and critical facilities. In addition to lost revenues, downed power lines present a threat to
personal safety. Further, downed wires and lightning strikes have been known to spark
fires.
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A structure’s vulnerability to significant coastal event hazards is based in large part on
building construction and standards and its location in relation to potential storm surge
inundation zones. In general, mobile homes and wood-framed structures are more
vulnerable to damage from wind during significant coastal events than steel framed
structures. Other factors, such as location, condition and maintenance of trees also plays
a significant role in determining vulnerability.

Human vulnerability is based on the availability, reception and understanding of early
warnings of coastal hazard events (i.e., Hurricane Watches and Warnings issued by the
NWS) as well as access to substantial shelter and a means and desire to evacuate if so
ordered. In some cases, despite having access to technology (computer, radio, television,
outdoor sirens, etc.) that allows for the reception of a warning, language differences are
sometimes a barrier to individuals understanding them. Once warned of an impending
significant coastal hazard event, seeking shelter in a substantial indoor structure, that is
wind resistant and outside of storm surge zones, is recommended as the best protection
against bodily harm.

The Northeast States Emergency Consortium (NESEC) completed several default
hurricane Hazus-MH runs for RIEMA in December 2012 and include the 1938 hurricane,
Hurricane Carol, Hurricane Donna, and Hurricane Irene (Figure 10). Results are shown in
comparison with annualized loss in Table 15 . Individual county totals were not provided
with the NESEC summary results. The 1938 hurricane simulation estimates over $2.3
trillion in total direct economic loss, with 3,800 displaced households and 1,000 people
requiring short-term sheltering. Appendix 3:Hazard lIdentification & Risk Assessment
includes the summary reports from NESEC.

Annualized loss estimates were also generated using Hazus-MH for the 2014 plan update
to determine potential losses due to winds associated with tropical storm and hurricanes
(Figure 1land Table 15). Total damages (adjusted for inflation) on an annualized basis
exceeds $134 million statewide. Providence County is estimated to experience $63.8
million in hurricane related damages, the loss and vulnerability is equally spread among
the municipalities in the County. Kent County also has a relatively uniform distribution of
vulnerability and loss among municipalities, with Warwick experiencing the highest risk
and loss in the County. Bristol County municipalities are all likely to experience $1 million
in losses, by census block. As shown in Figure 11, shorelines communities such as South
Kingstown and Narragansett in Washington County and Middletown and Jamestown in
Newport are extremely vulnerable to hurricanes and have multiple census blocks with
annualized losses estimated over $1.5 million. Appendix 3: Hazard Identification & Risk
Assessment provides background information regarding Hazus-MH runs and also
includes potential loss estimates. RIEMA is currently pursuing funding to develop parcel
datasets as well as assessment values for critical facilities. These initiatives will allow for
the 2017 plan update to include comprehensive loss estimates by municipality for hazards
with known geographic extents.
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Table 15. Hazus-MH simulation losses.
Values computed in current dollars using 2010 US Census data.

Hurricane
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mnamed  fieme Muieane | Miene© Az
Hurricane (2011)
Bristol $1,947,728 $8,061,612
Kent $5,358,576 | $22,045,205
Newport . . $902 $1,722,993 | $16,431,209
: $2,326 Million | $1,697 Million Million
Providence $15,732,279 | $63,868,323
Washington $6,422,545 | $23,711,460
Total $31,184,122 | $134,117,809

Rhode Island State
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Figure 10. Hurricane Irene simulated Hazus-MH loss estimates.
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Figure 11. Hazus-MH annualized loss estimates by census tract.

3.6.2.5.1 Hazard Ranking

Quantitative risk assessment, to the degree possible, has been completed for hurricane
using the methodology described in the Hazard Analysis and Ranking methodology
section. Annualized events have been supplemented with NOAA National Hurricane
Center (NHC) data using hurricane tracks within 50 miles of Rhode Island. Geographic
extent is based on USACE 100-year wind speeds (Figure 6 and Figure 7). Figure 12
depicts the hurricane hazard ranking for Rhode Island. Based on the ranking parameters
and extent of historical events and damages, the entire state is vulnerable to hurricane
and coastal hazards, as also shown in the local plans.
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Rhode Island State Hazard Mitigation Plan
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Figure 12. Hurricane wind NCDC relative ranking.

3.6.3 Tornadoes
3.6.3.1 Description

A tornado is a violently rotating column of air in contact with and extending between a
cloud and the surface of the earth. Winds in most tornadoes are 100 MPH or less, but in
the most violent, and least frequent tornadoes, wind speeds can exceed 250 MPH.
Tornadoes, typically track along the ground for a few miles or less and are less than 100
yards wide, though some can remain in contact with the earth for well over fifty miles and
exceed one (1) mile in width.

Several conditions are required for the development of tornadoes and the thunderstorm
clouds with which most tornadoes are associated. Abundant low level moisture is
necessary to contribute to the development of a thunderstorm, and a "trigger" (perhaps a
cold front or other low level zone of converging winds) is needed to lift the moist air aloft.
Once the air begins to rise and becomes saturated, it will continue rising to great heights
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and produce a thunderstorm cloud, if the atmosphere is unstable. An unstable
atmosphere is one where the temperature decreases rapidly with height.

Finally, tornadoes usually form in areas where winds at all levels of the atmosphere are
not only strong, but also turning with height in a clockwise, or veering, direction.

Tornadoes can appear as a traditional funnel shape, or in a slender rope-like form. Some
have a churning, smoky look to them, and others contain "multiple vortices” — small,
individual tornadoes rotating around a common center. Others may be nearly invisible,
with only swirling dust or debris at ground level as the only indication of the tornado's
presence.

A tornado begins in a severe thunderstorm called a supercell. A supercell can last longer
than a regular thunderstorm. The wind coming into the storm starts to swirl and forms a
funnel. The air in the funnel spins faster and faster and creates a very low pressure area
which sucks more air (and possibly objects) into it. The severe thunderstorms which
produce tornadoes form where cold dry polar air meets warm moist tropical air. This is
most common in a section of the United States called Tornado Alley.

Tornadoes can form any time during the year, but most form in May. The more north you
go, the later the peak tornado season is. This is because it takes longer to warm the
northern parts of the plains so tornadoes form later. Most tornadoes spin cyclonically but a
few spin anti-cyclonically. Because there are records of anti-cyclonic tornadoes, scientists
don't think that the Coriolis Effect causes the rotations.

The Fuijita scale, introduced in 1971 by Dr. Ted Fujita, provided a way to characterize
tornadoes based on the damage they produced and relating that damage to the fastest
guarter-mile wind at the height of a damaged structure. An Enhanced Fuijita scale became
operational in 2007 and improves upon the original scale by including more damage
indicators, taking into account construction quality and variability, and providing a more
definitive correlation between damage and wind speed (Table 16).

Table 16. Fujita Scale and Enhanced Fujita Scale.

Fujita Scale Enhanced Fujita Scale

F Number Fastest 3 Second EF 3 Second
1/4-mile (MPH) | Gust (MPH) | Number | Gust (MPH)
0 40-72 45-78 0 65-85
1 73-112 79-117 1 86-110
2 113-157 118-161 2 111-135
3 158-207 162-209 3 136-165
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Fujita Scale Enhanced Fujita Scale
4

208-260 210-261 4 166-200
5 261-318 262-317 5 Over 200

The Storm Prediction Center issues tornado and severe thunderstorm watches. A tornado
watch defines an area shaped like a parallelogram, where tornadoes and other kinds of
severe weather are possible in the next several hours. A tornado watch does not indicate
an imminent tornado; rather, a tornado watch is an advisory for citizens to be alert and
prepared to go to safe shelter if tornadoes do develop or if a tornado warning is issued.

Local NWS offices are responsible for issuing tornado warnings. Tornado warnings
indicate that a tornado has been spotted, or that Doppler radar detects a thunderstorm
circulation capable of spawning a tornado.

Nationally, the tornado season lasts from March to August, with peak tornado activity
normally occurring in April, May, and June. The highest concentrations of tornadoes have
been in the Central U.S. and portions of the Gulf Coast states.

3.6.3.2 Location

Rhode Island does not fall into Tornado Alley; however, tornadoes do occur. While
tornadoes do not occur frequently, they may occur anytime and anywhere in Rhode Island
(and the rest of New England). This situation may be more dangerous than states in
Tornado Alley because Rhode Island residents do not expect severe tornadoes and are
ill-prepared to respond to a tornado strike.

Tornadoes are considered to be low frequency, high-impact events. All areas of Rhode
Island face nearly uniform susceptibility to tornadoes.

3.6.3.3 Extent (Impact and Vulnerability)

Electrical utilities and communications infrastructure are vulnerable to tornadoes. Damage
to power lines or communication towers has the potential to cause power and
communication outages for residents, businesses and critical facilities. In addition to lost
revenues, downed power lines present a threat to personal safety. Further, downed wires
and lightning strikes have been known to spark fires.

A structure’s tornado vulnerability is based in large part on building construction and
standards. In general, mobile homes and wood-framed structures are more vulnerable to
damage in a tornado than steel framed structures. Other factors, such as location,
condition and maintenance of trees also plays a significant role in determining
vulnerability.
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Human vulnerability is based on the availability, reception and understanding of early
warnings of tornadoes (i.e. Tornado Warning issued by the NWS) and access to
substantial shelter. In some cases, despite having access to technology (computer, radio,
television, outdoor sirens, etc.) that allows for the reception of a warning, language
differences are sometimes a barrier to full understanding of the risk. Once warned of an
impending tornado hazard, seeking shelter indoors on the lowest floor of a substantial
building away from windows is recommended as the best protection against bodily harm.
Table 17 provides a breakdown of injuries and fatalities by county that are the result of
tornadoes between 1950 and December 2012.

3.6.3.4 Previous Occurrences, Disasters, and Probability of Future Events

Table 17 was derived from the NOAA NCDC. Rhode Island has had 20 tornadoes since
1950 with property damages amounting to $7.28 million. No fatalities were incurred,
however there were 20 injuries reported. Figure 13 shows the locations of tornadoes in
and around Rhode Island. The F-2 in Providence County that resulted in over $5.2 million
in damages is shown on the southeastern portion of the county.

Table 17. NCDC Historic Tornadoes (1950 — 2012).

3 0
S REEERE
& £
9/14/1972 Bristol 2 33 0 0 $0
8/26/1985 | Providence 1 100 1 0 $0
8/7/1986 Providence 0.5 100 1 0 0 $523,707
8/7/1986 Providence 4 1000 2 0 20 $5,237,067
8/8/1986 Providence 6 1000 1 0 0 $523,707
9/23/1989 | Providence 0.2 40 0 0 3 $462,889
10/18/1990 | Kent 4.5 73 1 0 0 $439,160
8/13/1994 | Kent 0.5 50 0 0 0 $0
8/4/1995 Washington 0 0 0 0 $0
7/13/1996 | Washington 0 0 0 0 $0
8/29/1997 Newport 0 0 0 0 $0
8/6/1997 Newport 0 0 0 0 $0
8/20/1997 Kent 0 0 0 0 $0
8/20/1997 | Providence 0 0 0 0 $0
8/20/1997 | Providence 0 0 0 0 $0
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Property Damages
(2012 dollars)

Event Date

Fatalities
Injuries

8/20/1997 | Providence 0 0 0 0 $0
8/16/2000 | Providence 0.2 15 0 0 0 $0
8/7/2004 Kent 0 0 0 0 $0
7/23/2008 Bristol 3 40 0 0 $47,987
8/10/2012 | Washington 4 20 0 0 0 $50,000
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Figure 13. Tornado touchdowns and tracks (1950 — 2012). Source: NOAA NWS NCDC.

Incidence of tornadoes in Rhode Island is relatively infrequent, particularly when
compared to states in the Plains and Midwest that can average hundreds of occurrences
annually. Tornadoes have occurred in Rhode Island in the past and will likely occur in the
future.

Section 3: Hazard Identification And Risk Assessment Page 76



\\unulsr.,w L i
Eh‘ Rhode Island Hazard Mitigation Plan

MANAGEMENT

2014 Update

Based on historical frequency of occurrence using NCDC data, a reasonable
determination of probability of future tornado events can be made. Although relatively
infrequent, tornadoes have had significant impacts on Rhode Island in the past and are
likely to impact the state in the future. An examination of NCDC data suggests that on an
annual basis, approximately 0.03 to 0.14 tornadoes occur in any particular Rhode Island
county. As a whole. Rhode Island may experience a tornado every three (3) years, or 31.7
percent annually which can be related to a Medium-Low probability of occurrence. Table 7
provides the annualized events qualitative ranking used for determining probability of
future events. Hazard ranking shown in Figure 14 includes the probability of future events
by county.

A tornado may happen anywhere in Rhode Island given the right climatic conditions.
Based on past events, as depicted in the above map, it appears that the areas at greatest
risk for touchdowns run from north-western to north-eastern northern Rhode Island.

3.6.3.5 Vulnerability & Risk Assessment

Tornadoes are high-impact, low-probability hazards whose effect is dependent on its
intensity and the vulnerability of development in its path. Tornado vulnerability is based on
building construction and standards, the availability of shelters or safe rooms, and
advanced warning capabilities. Even well-constructed buildings are vulnerable to the
effects of a stronger (generally EF-2 or higher) tornado. Due to the relatively low incidence
and risk for tornado, traditional “Tornado Alley” mitigation methods such as tornado safe
rooms may not be economically feasible in Rhode Island to appear in the NCDC
database.

Table 18 summarizes the NCDC storm events from 1950 to present. Twenty tornadoes
have touched down in Rhode Island, with almost half impacting Providence County.
Burrillville, Lincoln, Glocester, and Cranston have experienced past tornado events and
are considered to be vulnerable to future events and damages. The majority of the
damages ($6.7 million) has occurred within these municipalities and is estimated to
experience $107,101 in damages on any given year due to tornadoes. Warren and Bristol
within Bristol County and Warwick in Kent County have experienced past events and are
vulnerable to future tornado events and damages. It should be noted that the entire state
population is considered uniformly vulnerable to tornadoes. The type and age of
construction plays a role in vulnerability of facilities to tornadoes. In general, concrete,
brick and steel-framed structures tend to fare better in tornadoes than older, wood-framed
structures.

As evidence in property loss figures (Table 18) obtained from NCDC, tornadoes have the
potential to be very destructive. The NCDC estimates are believed to be an
underrepresentation of the actual losses experienced due to hazards as losses from

Section 3: Hazard Identification And Risk Assessment Page 77



Rhode Island Hazard Mitigation Plan
2014 Update

events that go unreported or that are difficult to quantify are not likely to appear in the
NCDC database.

Table 18. Tornado NCDC storm events.

County Name O’;‘%Tgﬁtrs Dz;rrr?ztizles Annualized Damages
Years of Record 1950- 2012
Bristol 2 $47,987 $762
Kent 4 $439,160 $6,971
Newport 2 $0 $0
Providence 9 $6,747,369 $107,101
Washington 3 $50,000 $794
Statewide 20 $7,284,516 $115,627

A high tornado ranking has been determined for Providence County based on the Hazard
Assessment and Ranking Methodology previously discussed. There are approximately
2,487 facilities located within Rhode Island that are equally at risk and vulnerable to
tornadoes. Building and contents value were not available for the facilities and as a result,
no loss estimation was calculated for tornadoes. It should be noted that the majority of
facilities do not have redundant power sources and may not even be wired to accept a
generator. RIEMA is currently updating the facilities information with building value and
generator information. Future state mitigation plan updates should consider closer
examination of critical facilities risk by looking at construction type of facilities in
jurisdictions considered to be at higher risk of tornadoes.

RIEMA is currently pursuing funding to develop parcel datasets as well as assessment
values for critical facilities. These initiatives will allow for the 2017 plan update to include
comprehensive loss estimates by municipality for hazards with known geographic extents.

3.6.3.5.1 Hazard Ranking

Quantitative risk assessment, to the degree possible, has been completed for tornadoes
using the methodology described in the Hazard Analysis and Ranking methodology
section. Geographic extent is represented by the number of tornado touchdowns per
square mile. Based on the available data, Providence County has been determined to
have a high tornado ranking followed by Kent and Bristol counties. Figure 14 depicts the
tornado hazard ranking for Rhode Island.
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Figure 14. Tornado NCDC relative ranking.
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3.6.4 High Wind and Thunderstorms
3.6.4.1 Description

Thunderstorms are formed when the right atmospheric conditions combine to provide
moisture, lift, and warm unstable air that can rise rapidly. Thunderstorms occur any time of
the day and in all months of the year, but are most common during summer afternoons
and evenings and in conjunction with frontal boundaries. The NWS classifies a
thunderstorm as severe if it produces hail at least one inch in diameter, winds of 58 MPH
or greater, or a tornado. About 10 percent of the estimated 100,000 annual thunderstorms
that occur nationwide are considered severe.'® Thunderstorms affect a smaller area
compared with winter storms or hurricanes, but they can be dangerous and destructive for
a number of reasons. Storms can form in less than 30 minutes, giving very little warning;
they have the potential to produce lightning, hail, tornadoes, powerful straight-line winds,
and heavy rains that produce flash flooding.

16 National Oceanic and Atmospheric Administration,
http://www.nws.noaa.gov/om/severeweather/resources/ttl6-10.pdf.

Section 3: Hazard Identification And Risk Assessment Page 79



\\unulsr.,w L i
Eh‘ Rhode Island Hazard Mitigation Plan

MANAGEMENT

2014 Update

Wind is the motion of air past a given point caused by a difference in pressure from one
place to another. Severe wind poses a threat to Rhode Island in many forms, including
that produced by severe thunderstorms and tropical weather systems. The effects can
include blowing debris, interruptions in elevated power and communications utilities and
intensified effects of winter weather. Harm to people and animals as well as damage to
property and infrastructure may be the result. Two (2) basic types of damaging wind
events other than tropical systems affect Rhode Island: synoptic-scale winds and
thunderstorm winds. Synoptic-scale winds are high winds that occur typically with cold
frontal passages or Nor'easters. When thunderstorm winds exceed 58 MPH, the
thunderstorm is considered severe and a warning is issued. “Downbursts” cause the high
winds in a thunderstorm. Downburst winds result from the sudden descent of cool or cold
air toward the ground. As the air hits the ground, it spreads outward, creating high winds.
Unlike tornadoes, downburst winds move in a straight line, without rotation. The term
“microburst” refers to a small downburst with damaging winds up to 168 MPH and less
than 2.5 miles in length. The term “macroburst” refers to a large downburst that can
extend greater than 2.5 miles with winds up to 134 MPH and can last five (5) to 30
minutes.

All thunderstorms produce lightning, and therefore all thunderstorms are dangerous.
Lightning often strikes outside of areas where it is raining, and may occur as far as 10
miles away from rainfall. It can strike from any part of the storm, and may even strike after
the storm has seemed to pass. Hundreds of people across the nation are injured annually
by lightning, most commonly when they are moving to a safe place but have waited too
long to seek shelter. Lightning strike victims often suffer long-term effects such as memory
loss, sleep disorders, weakness and fatigue, chronic pain, depression and muscle
spasms. Lightning has the potential to start both house fires and wildfires. Lightning
causes an average of 55-60 fatalities, 400 injuries, and over $1 billion in insured losses
annually nationwide.

Hail is formed in towering cumulonimbus clouds (thunderheads) when strong updrafts
carry water droplets to a height at which they freeze. Eventually, these ice particles
become too heavy for the updraft to hold up, and they fall to the ground at speeds of up to
120 MPH. Hail falls along paths called swaths, which can vary from a few square acres to
up to 10 miles wide and 100 miles long.'” Hail larger than %z inch in diameter can do great
damage to both property and crops, and some storms produce hail over two (2) inches in
diameter. Hail causes about $1 billion in damages annually in the U.S.

3.6.4.2 Location

All areas of Rhode Island are vulnerable to severe thunderstorms and winds, especially
those along the Atlantic coast in Washington and Newport counties, and those areas

7 University Corporation for Atmospheric Research,
http://www.ucar.edu/communications/factsheets/Hail.html.
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located on Narragansett Bay. Figure 7 highlights the three wind speed zones in Rhode
Island.

3.6.4.3 Extent (Impact and Vulnerability)

Building construction, location, and nearby trees or other tall structures will have a large
impact on how vulnerable an individual facility is to a lightning strike. A rough estimate of a
structure’s likelihood of being struck by lightning can be calculated using the structure’s
ground surface area, height, and striking distance between the downward-moving tip of
the stepped leader (negatively charged channel jumping from cloud to earth) and the
object.’® In general, buildings are more likely to be struck by lightning if they are located
on high ground or if they have tall protrusions such as steeples or poles which the stepped
leader can jump to. Electrical and communications utilities are also vulnerable to direct
lightning strikes. Damage to these lines has the potential to cause power and
communications outages for businesses, residencies, and critical facilities.

Structure vulnerability to hail is determined mainly by construction and exposure. Metal
siding and roofing is better able to stand up to the damages of a hailstorm than many
other materials, although it may also be damaged by denting. Exposed windows and
vehicles are also susceptible to damage. Crops are extremely susceptible to hailstorm
damage, as even the smallest hail stones can rip apart unsheltered vegetation.

Human vulnerability is largely determined by the availability and reception of early
warnings for the approach of severe storms, and by the availability of nearby shelter.
Individuals who immediately seek shelter in a sturdy building or metal-roofed vehicle are
much safer than those who remain outdoors. Early warnings of severe storms are also
vital for aircraft flying through the area.

3.6.4.4 Previous Occurrences and Probability of Future Events

Rhode Island is not known for experiencing the same frequency of severe thunderstorms
as the Midwest and Southeast, but the state has observed a number of very destructive
wind, hail and lightning events over the years. The NCDC has recorded 151 significant
(those causing injury, fatalities, and/or damage) lightning and hail events and 344 high
wind events; and these events have caused more than $15.5 million in total damages.
One (1) death as a result of lightning was recorded on August 11, 2004 in Washington
County. Eleven additional injuries have been recorded since 1956 due to lightning. Some
of the most significant wind and lightning events in the state’s history are listed in Table
19. Hail and wind events are shown in Figure 15.

'8 Hasbrouck, P.E. Determining the Probability of Lightning Striking a Facility, National Lightning Safety
Institute, http://lightningsafety.com/nlsi_lhm/prbshort.html (April 2004).
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Table 19. Significant NCDC hail, lightning, and wind events.

Property Damage

DL s (Inflated to 2012 dollars)
12/23/1994 Wind Statewide $7,746,053
8/5/1994 Lightning Providence $774,605
8/24/1996 Wind Washington $1,097,481
6/22/1997 Lightning Kent $357,621
6/17/2001 Lightning Providence $194,460
8/21/2004 Wind Providence $607,710
10/28/2006 Wind Kent $170,828
6/9/2011 Wind Providence $255,173
6/25/2012 Lightning Providence $150,000

Since strong winds occur during a variety of meteorological events such as
thunderstorms, it is difficult to determine the probability of future occurrences with any
degree of accuracy. Historically, wind events have occurred throughout the state as
shown in Figure 15, with Providence and Kent counties experiencing the greatest number
of events.

Based on historical frequency of occurrence using NCDC data, a reasonable
determination of probability of future severe wind events can be made. An examination of
NCDC data suggests that on an annual basis, approximately one (1) to four (4) wind
events occur in any particular Rhode Island county. As a whole, Rhode Island may
experience upwards of 12 events per year which can be related to a High probability of
occurrence. Table 7 provides the annualized events qualitative ranking used for
determining probability of future events. Hazard ranking shown in Figure 16 includes the
probability of future events by county.
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Figure 15. Rhode Island Historic Wind and Hail Incidents (1950-2011)

3.6.4.5 Vulnerability & Risk Assessment

The impact of wind can be measured in financial terms as well as fatalities and injuries.
An examination of NCDC data shows that wind contributed to at least 20 injuries. Wind
vulnerability is based in large part on building construction and standards. Other factors,
such as location, condition, and maintenance of trees also plays a significant role in
determining vulnerability.

As seen in Table 20, property damages between 1956 and 2012, wind, lightning and halil
events can be very costly. Annualized damages range from $22,824 in Bristol County to
$76,784 in Providence County. Within Providence County, Scituate and Pawtucket have
experienced multiple hail and wind events of increased size and magnitude, followed by
Cranston and Providence. Richmond in Washington County is vulnerable to large hail
events and may see $45,343 in annualized damages due to wind related events. As
previously described, the NCDC loss estimates are only available at the county level and
are believed to be an underrepresentation of the actual losses experienced due to
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hazards as losses from events that go unreported or that are difficult to quantify are not
likely to appear in the NCDC database; this is especially true with crop damages.

Table 20. Severe wind NCDC events.

Number

County of Events Total Damages Annualized Damages
Years of Record | 1956- 2012
Bristol 75 $1,346,641 $22,824
Kent 178 $3,100,402 $52,549
Newport 111 $1,540,188 $26,105
Providence 223 $4,530,261 $76,784
Washington 115 $2,675,225 $45,343
Statewide 344 $13,192,717 $223,605

All facilities within Rhode Island are considered evenly vulnerable to thunderstorms. The
location and construction of a facility plays a role in how it will be affected by lightning and
hail incidents. If a structure is located on a hilltop, is tall or has other tall structures around
it, or has large exposed windows, it may be damaged during a storm. Communications
and power supplies may be compromised during thunderstorms, and some critical
facilities might not be equipped with a backup power source. As the facilities datasets are
expanded to include construction and value information, analysis to thunderstorms should
be reconsidered.

RIEMA is currently pursuing funding to develop parcel datasets as well as assessment
values for critical facilities. These initiatives will allow for the 2017 plan update to include
comprehensive loss estimates by municipality for hazards with known geographic extents.

3.6.4.5.1 Hazard Ranking

Based on the available data, Providence County has been determined to have a high
thunderstorm ranking followed by Newport County. This ranking was accomplished using
the methodology previously detailed. Figure 21 the thunderstorm hazard ranking for
Rhode Island. Population data, building permits, past events and local plan rankings
factored into Providence and Newport counties having a slightly higher risk than the rest
of the state.
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Figure 16. Thunderstorm NCDC hazard ranking.

3.6.5 Winter Related Hazards
3.6.5.1 Description

Winter weather includes heavy snows, ice, and extreme cold and can affect the entire
State. A heavy snow is generally defined as having more than eight (8) inches of
accumulation in less than 24 hours. Heavy snow can bring a community to a standstill by
inhibiting transportation, knocking down trees and utility lines, and by causing structural
collapse in buildings not designed to withstand the weight of the snow. Repair and snow
removal costs can be significant and surpass annual municipal salt and snow removal
budgets, often before the end of the season. A winter storm warning is issued when
snowfall is expected to accumulate more than four (4) inches in 12 hours and/or a quarter
inch or more of freezing rain accumulation.

The term “ice storm” is used to describe occasions when damaging accumulations of ice
are expected during freezing rain situations. Ice storms result from the accumulation of
freezing rain, which is rain that becomes super-cooled and freezes upon impact with cold
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surfaces. Freezing rain most commonly occurs in a narrow band within a winter storm that
is also producing heavy amounts of snow and sleet in other locations. If extreme cold
conditions are combined with low/no snow cover, the cold can better penetrate downward
through the ground and potentially create problems for underground infrastructure as well.
When utilities are affected and heaters do not work, water and sewer pipes can freeze
and even rupture.

Excessive cold may accompany winter storms, be left in their wake, or can occur without
storm activity. Extreme cold can lead to hypothermia and frostbite, which are both serious
medical conditions. What is considered an excessively cold temperature varies according
to the normal climate of a region. In areas unaccustomed to winter weather, near freezing
temperatures are considered "extreme cold." In Rhode Island, extreme cold usually
involves temperatures below zero degrees Fahrenheit.

The wind chill index attempts to quantify the cooling effect of wind with the actual outside
air temperature to determine a wind chill temperature that represents how cold people and
animals feel, based on the rate of heat loss from exposed skin. A wind chill index of -5
indicates that the effects of wind and temperature on exposed flesh are the same as if the
air temperature alone were five (5) degrees below zero (0), even though the actual
temperature could be much higher. The NWS issues a wind chill advisory when wind chill
temperatures are potentially hazardous and a wind chill warning when the situation can be
life-threatening.

3.6.5.2 Location

Average annual snowfall based on extrapolation of weather station snow climatology data
is shown in Figure 17. Although somewhat more variable in terms of distribution,
northwest portions of Providence and Kent counties see these heavy snowfall events with
greater frequency (roughly five (5) -six (6) events years) compared to Bristol, Newport,
and Washington that tend to have less than two (2) significant events per year.

Heavy snow can affect the entire State of Rhode Island but the highest amounts occur in
the northern and northwestern areas of the State as shown in Figure 17.
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Figure 17. Rhode Island Winter Storm Average Annual Snowfall

3.6.5.3 Extent (Impact and Vulnerability)

The impact of a winter storm is primarily measured in terms of the financial costs
associated with preparing for, responding to, and recovering from the event. Modeling the
relationship between actual financial impact and winter storm magnitude is difficult. The
NCDC data set provides estimates of property damage from many of the significant
events in the period of record that begins 1993. Though the data is not necessarily
complete or entirely consistent in its reporting from event to event, it provides a basis for
meaningful initial analysis.

3.6.5.3.1 Snow

Heavy snow can immobilize a community by bringing transportation to a halt. Until the
snow can be removed, airports and roadways are impacted, even closed completely,
stopping the flow of supplies and disrupting emergency and medical services.
Accumulations of snow can cause roofs to collapse and knock down trees and power
lines. A quick thaw after a heavy snow can cause substantial flooding, especially along
small streams and in urban areas. The cost of snow removal, repairing damages, and the
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loss of business caused by power outages can have severe economic impacts on cities
and towns. Injuries and deaths related to heavy snow usually occur as a result of vehicle
accidents. Casualties also occur due to overexertion while shoveling snow and
hypothermia caused by overexposure to the cold weather.

3.6.5.3.2 Ice Storms

Ice storms can be the most devastating of winter weather phenomena and are often the
cause of automobile accidents, power and communication system outages, personal
injury and death. Moreover, they can hinder the delivery of emergency services needed in
response to these catastrophes and endanger the responders. Ice storms accompanied
by wind gusts cause the most damage.

The greatest threat from ice storms is to essential utility and transportation systems, also
known as lifelines. It coats power and communications lines, trees, highways, bridges and
other paved surfaces. Ice-weighted wires, antennae, and structures holding them can
break and collapse. Downed trees and limbs can also damage lines and block
transportation routes. Both pedestrians and automobiles are at risk.

3.6.5.3.3 Extreme cold

The greatest danger from extreme cold is to people. Prolonged exposure to the cold can
cause frostbite or hypothermia and become life threatening. The risk of hypothermia due
to exposure greatly increases during episodes of extreme cold. Infants and elderly people
are most susceptible. Certain medications, medical conditions or the consumption of
alcohol can also make people more susceptible to the cold. House fires and carbon
monoxide poisoning are also possible as people use supplemental heating devices.

3.6.5.4 Previous Occurrences, Disasters, and Probability of Future Events

In Rhode Island there is no single database or repository of consistent, detailed
descriptions of the types of ongoing “normal” winter hazards that occur. Detailed
information only exists for the unusual events which cause an exceptional amount of
hardship (i.e. snow and ice removal), threats to public safety, and major damage to public
and private property, such as the Blizzard of 1978, the 1991 Halloween Storm, the 2003
President’s Day Storm, and the 2005 Blizzard.

A major disaster declaration (DR-4107) was declared on March 22, 2013 due to a severe
winter storm and snowstorm in Bristol, Kent, Newport, Providence and Washington
counties. Reports indicated that this storm stretched from New Jersey to Maine and into
Canada. More than two (2) feet of snow fell in Rhode Island from Friday night to Saturday
morning. National Grid estimated more than 180,000 customers lost power. By Saturday
night, 129,000 customers in Rhode Island remained without power: “Nearly all of Bristol
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County and most of Newport County were in the dark, as were many homes in
communities along the southern coast and surrounding Providence.”

According to the NCDC there have been 109 winter weather related events in Rhode
Island between 1993 and 2012. Table 21 further breaks out the number of events by
county and damages recorded. The NCDC estimates are believed to be an
underrepresentation of the actual losses experienced due to hazards as losses from
events that go unreported or that are difficult to quantify are not likely to appear in the
NCDC database.

Winter weather events in Rhode Island can be described as unpredictable. Days of frigid,
arctic air and below freezing temperatures may be followed by days of mild temperatures
in the 40s or 50s. Snowfall and rainfall vary; however, Rhode Island residents can expect
to experience several nor'easters, which usually bring coastal erosion and a possibility for
blizzard conditions or heavy rainstorms dependent on the temperature.

Based on past history and climatic conditions, there is a great probability that winter
hazards will continue to occur and impact RI. Winter-related hazards affect the entire
State to varying degrees. Using NCDC data, a reasonable determination of probability of
future winter storm events can be made. Winter storms have had significant impacts on
Rhode Island in the past and are likely to impact the State in the future. An examination of
NCDC data suggests that on an annual basis, approximately two (2) to six (6) winter
weather events of some significance occur in any particular county (Table 21) which can
be related to a Medium-High to High probability of occurrence. Table 7 provides the
annualized events qualitative ranking used for determining probability of future events.
Hazard ranking shown in Figure 18 includes the probability of future events by county.

Table 21. NCDC winter weather storm events. Source: NWS NCDC 1993-2012.

Number Annualized Total Damages Annualized
of Events Events 9 Damages

County

Years of Record 1956- 2012

Bristol 38 1.9 $209,937 $10,497
Kent 111 5.55 $7,340,679 $367,034
Newport 36 1.8 $497,214 $24,861
Providence 139 6.95 $7,749,765 $387,488
Washington 43 2.15 $364,375 $18,219
Statewide 109 5.45 $16,161,970 $808,098
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3.6.5.5 Vulnerability & Risk Assessment

In general, the northwestern areas of Rhode Island experience winter weather of
significance with greater frequency than the rest of the state. Electrical utilities and
communications as well as transportation infrastructure are vulnerable to damages from
winter storms. Damage to power lines or communication towers has the potential to cause
power and communication outages for residents, businesses and critical facilities. In
addition to lost revenues, downed power lines present a threat to personal safety. Further,
downed wires have been known to spark fires. Respondents to the 2014 plan update
public survey noted that the Oak Hill neighborhood in the City of Pawtucket Providence
County have difficulties with snow removal during and after heavy snows and blizzards.

Based on NCDC data, Rhode Island can expect approximately six (6) events and
damages upward of $808,098 annually in winter weather related damages (Table 21).
This estimated loss does not take into account snow removal costs. Providence County
will likely see annual snowfall totals over 57inches; impacts and vulnerability are greatest
in western Glocester and northern Foster communities. Burrillville and Scituate also have
an elevated risk and associated damages. The majority of the $387,488 in annualized
damages for Providence will be located within these four municipalities.

The current facilities dataset does not contain attribute information to accurately quantify
facility vulnerability due to winter weather. Facility data necessary for vulnerability
assessment would include, but not limited to, roof type, building construction type, building
and contents values, and use. For example, type of roof would help to determine whether
or not it is a flat roof and therefore more susceptible to heavy snow loads). To address the
vulnerability of infrastructure to the impacts of ice storms, it would be important to
complete an inventory of utility lines as they are very susceptible to breakage when ice
forms on the lines, and this of course results in power failure. It would also be important to
describe this potential impact in terms of the direct impact (such as a power failure) on
Rhode Island’s economy. RIEMA is currently pursuing funding to develop parcel datasets
as well as assessment values for critical facilities. These initiatives will allow for the 2017
plan update to include comprehensive loss estimates by municipality for hazards with
known geographic extents.

Transportation structures are at great risk from winter storms. In addition, building
construction type, particularly roof span and construction methods, support the capacity of
a building to withstand severe stress weights from snow. Finally, State and critical facilities
often do not have redundant power sources and are not even wired to accept a generator
for auxiliary heat.Winter storms, ice storms and extreme cold can adversely affect people,
some more than others. Infants and those persons 65 years of age or more are especially
vulnerable. General observations by NOAA indicate that in winter deaths related to
exposure to cold: 50% were over 60 years old, over 75% were male and about 20% occur
in the home. Of winter deaths related to ice and snow: about 70% occur in automobiles,
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25% of the people were caught out in the storm and the majority was males over 40 years
old (heart attacks from snow shoveling).

Human vulnerability is based on the availability, reception and understanding of advanced
warnings of impending significant winter weather events (i.e. Winter Storm Watches and
Warnings issued by the NWS) and heeding the advice of local officials. In some cases,
despite having access to technology (computer, radio, television, etc.) that allows for the
reception of a watch or warning, language differences are sometimes a barrier to
individuals understanding and responding to them.

3.6.5.5.1 Hazard Ranking

Based on the available data, Providence and Kent counties have been determined to
have a high winter storm ranking. (Figure 18) Local plan rankings further support the
ranking designation. This ranking was accomplished using the methodology described in
the Hazard Analysis and Ranking Methodology section.

Rhode Island State Hazard Mitigation Plan
Winter Weather Hazard Ranking and Risk Parameters
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Figure 18. NCDC winter weather hazard ranking.
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3.6.6 Flood Related Hazards

The 2014 plan update consolidates several sections into one section to fully detail the
vulnerability and risk due to flood related hazards. This section includes descriptions,
locations, extents, historical occurrences, probability of future events and vulnerabilities
for flooding related to riverine, flash, urban/stormwater, and coastal. In addition to the
flooding types previously discussed, storm surge, SLR, coastal erosion and dam breach
are also profiled in detail within this section as flood-related hazards.

Flooding is a localized hazard that is generally the result of excessive precipitation.
Flooding is the most commonly occurring natural hazard, due to the widespread
geographical distribution of river valleys and coastal areas, and the attraction of human
settlements to these areas. Floods are among the most frequent and costly natural
disasters in terms of human hardship and economic loss.

3.6.7 Flood
3.6.7.1 Description

A flood, which can be slow or fast rising but generally develops over a period of days, is
defined by the NFIP as:

e A general and temporary condition of partial or complete inundation of two or more
acres of normally dry land area or of two or more properties from: overflow of
inland or tidal waters; unusual and rapid accumulation or runoff of surface waters
from any source; or a mudflow; or

e The collapse or subsidence of land along the shore of a lake or similar body of
water as a result of erosion or undermining caused by waves or currents of water
exceeding anticipated cyclical levels that result in a flood as defined above.

By their very nature, floodplains are the low, flat, periodically flooded lands adjacent to
rivers, lakes and oceans and subject to geo-morphic (land-shaping) and hydrologic (water
flow) processes. It is only during and after major flood events that the connections
between a river and its floodplain become more apparent. These areas form a complex
physical and biological system that not only supports a variety of natural resources but
also provides natural flood and erosion control. In addition, the floodplain represents a
natural filtering system, with water percolating back into the ground and replenishing
groundwater. When a river is divorced from its floodplain with levees and other flood
control structures then natural benefits are either lost, altered, or significantly reduced.
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3.6.7.1.1 Riverine Flooding

Riverine flooding is a function of precipitation levels (both rain and snow) and water runoff
volumes within the stream or river. Riverine flooding is defined as the periodic occurrence
of over bank flows of rivers or streams resulting in partial or complete inundation of the
adjacent floodplain. The recurrence interval of a flood is defined as the average time
interval, in years, expected to take place between the occurrence of a flood of a particular
magnitude to an equal or larger flood. Flood magnitude increases with increasing
recurrence interval. When land next to or within the floodplain is developed, these cyclical
floods can become costly and dangerous events.

3.6.7.1.2 Flash Flooding

A flash flood is the fastest-moving type of flood. It happens when heavy rain collect in a
stream or gully, turning the normally calm area into an instant rushing current. Any flood
involves water rising and overflowing its normal path. A flash flood is a specific type of
flood that appears and moves quickly across the land, with little warning making it very
dangerous.

Flash floods are the result of heavy rainfall concentrated over one area. Most flash
flooding is caused by slow-moving thunderstorms, thunderstorms that repeatedly move
over the same area, or heavy rains from hurricanes and tropical storms. Dam failures can
create the most damaging flash flood events. When a dam or levee breaks, a large
guantity of water is suddenly let loose downstream, destroying anything in its path.

Flash flood waters move at very fast speeds. They have the power to move boulders, tear
out trees, destroy buildings, and obliterate bridges. Walls of water can reach heights of 10’
to 20’, and generally carry a huge amount of debris with them. The best response to any
signs of flash flooding is to move immediately and quickly to higher ground.

3.6.7.1.3 Urban/Stormwater Flooding

Urban flooding occurs where there has been development within stream floodplains. This
is partly a result of the use of waterways for transportation purposes in earlier times. Sites
adjacent to rivers and coastal inlets provided convenient places to ship and receive
commodities. Floodways and wetlands which are the natural storage basins for flood
waters were filled to accommodate development. The price of this accessibility to the
rivers was increased flooding of the ensuing urban areas. Urbanization increases the
magnitude and frequency of floods by increasing impermeable surfaces, increasing the
speed of drainage collection, reducing the carrying capacity of the land and, occasionally,
overwhelming sewer systems. The most common result from these areas flooding is due
to poor or insufficient storm water drainage, high groundwater levels, and high percentage
of impervious surfaces which prevent groundwater recharge. More often than not, when
heavy rains occur, Rhode Island’s aging sewer systems (or combined sewer overflows —
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CSOs) are overrun and this results in raw sewage flowing into Narragansett Bay, often
creating Bay closures to shell fishing and swimming.

3.6.7.1.4 Coastal Flooding

Coastal flooding is typically a result of storm surge and wind-driven waves, which erode
the coastline. These conditions are produced by hurricanes (tropical storms) during the
summer and fall, and nor'easters and other large coastal storms (extra-tropical storms)
during the fall, winter, and spring. Storm surges may overrun barrier islands and push sea
water up coastal rivers and inlets, blocking the downstream flow of inland runoff.
Thousands of acres of crops and forest lands may be inundated by both saltwater and
freshwater. Escape routes, particularly from barrier islands, may be cut off quickly,
stranding residents in flooded areas and hampering rescue efforts

3.6.7.2 Location

All Rhode Island communities are subject to flooding. The State’s 39 communities have
areas identified as "flood prone" by the FEMA, and all have elected to participate in the
NFIP in order to make federally-subsidized flood insurance available to their residents.
Figure 19 shows the flood hazard areas within the state. Table 22 summarizes the total
area within each of the flood hazard area types. Washington County has over 40 percent
of the state floodplains, followed by Providence with 31 percent.

Table 22. FEMA SFHA area within jurisdictions by flood zone.
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Bristol 0.08 4.17 - - - 1.54 2.39
Kent 7.65 6.32 0.01 - - 0.98 2.98
Newport 1.83 6.36 0.03 - 0.08 6.04 2.82
Providence 25.22 | 13.76 | 0.02 | 0.04 - 0.83 7.12
Washington 30.43 | 15.70 | 0.04 | 0.04 - 7.90 6.79
Total 65.21 | 46.31 0.1 0.08 | 0.08 | 17.29 | 22.1
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Figure 19. FEMA Special Flood Hazard Area (SFHA) zones within Rhode Island.
3.6.7.2.1 Riverine Flooding

Riverine flooding in Rhode Island may be associated with hurricanes, the aftermath of
winter storms, spring snow melts combined with heavy rains or take place independently
of major storm activity. The Blackstone River basin and the Pawtuxet River watershed of
Narragansett Bay Drainage Basin have had long histories of flooding, with records dating
as far back as 1818. The Providence River is very shallow, but flooding has not occurred.
It was recently dredged by the United States Army Corps of Engineers (USACE).
Cumberland is subject to repetitive flooding of commercial property (manufacturing and
wholesale); however, the Town doesn’t have many RL structures because most of the
properties do not carry flood insurance.

Specific areas prone to riverine and urban flooding include:

e Pawtuxet River - The Pawtuxet River runs through the communities of Coventry,
West Warwick, Cranston and Warwick. Due to its shallow depths from sediment
buildup, increased development, lack of pervious surface, and other localized
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drainage issues, frequent flooding occurs. The Pawtuxet River experienced the
most significant flooding in recorded history during the March 2010 floods. Flood
levels hit historic levels, with a record of 20.79 ft on March 29, 2010.

e Pawcatuck River - The Pawcatuck River and tributaries run west to east through
the southern reaches of the State including portions of Westerly, Richmond and
North Kingstown. There is limited development in these areas; however, during
significant flood events flooding damages do occur.

e \Woonasquatucket River - The Woonasquatucket River runs from Smithfield to
Providence. The areas surrounding this river are densely populated and developed
with a combination of mixed use lots of residential and commercial properties.

e Natick Area - Natick is an area located within the Town of West Warwick. This
area is relatively flat and has a combination of mixed use structures including
commercial, industrial, and residential. Natick was hit incredibly hard during the
March 2010 floods. NFIP Staff assisted with building inspections, technical support
and site visits after the flood receded.

o East Providence - There are a number of low lying areas in East Providence that
routinely get flooded, including Riverside and Marsh Street off Waterman Avenue.
Marsh Street and the surrounding area is directly adjacent to freshwater wetlands
which fill up and create a “bathtub” effect during significant rain events.

3.6.7.2.2 Flash Flooding

Rhode Island experienced flash flooding first hand during the flooding in March 2010. The
communities that were hit the hardest by flash floods were Cranston, Warwick, West
Warwick, Westerly and Coventry. Inland areas are most at risk from flash flooding caused
by intense rainfall over short periods of time.

3.6.7.2.3 Urban/Stormwater Flooding

Rhode Island’s stormwater infrastructure is undersized for today’s storms by 25% to 30%
(UNH Stormwater Center). Recent research examining impacts of climate change on
rainfall depths showed a 28-60% increase in Q25-Q100 (Northeast Regional Climate
Center, UNH Stormwater Center).

Urban flooding in Rhode Island (or stormwater flooding) is a very common problem. Large
amounts of impervious surfaces in urban areas increase runoff amounts and decrease the
lag time between the onset of rainfall and stream flooding. Manmade channels may also
constrict stream flow and increase flow velocities. Currently, there is no State map or
database providing locations of repeated urban flooding.
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3.6.7.2.4 Coastal Flooding

Zones V and VE in Figure 19 indicate areas subject to a 1% annual chance flood event
with additional hazards associated with storm-induced waves. Beavertail Road at
Mackerel Cove, Matunuck Beach Road and Arnolds Neck Road are examples of coastal
flood prone access routes. Additionally, specific areas vulnerable to coastal flooding were
identified by the public and committee members through the Public Survey that was
discussed in Section 2. Areas vulnerable areas to coastal flooding included Nausauket,
Oakland Beach, Buttonwoods, and Conimicut in Warwick County, the Port of Providence
area in Providence County, the Newport Harbor Area, Narragansett Bay, the Bristol
Harbor, and New Shoreham (Block Island). Detailed Responses to the Public Survey are
available in Appendix 2: Planning Process.

3.6.7.3 Extent (Impact and Vulnerability)

Populations and property are extremely vulnerable to flooding. Homes and business may
suffer damage and be susceptible to collapse due to heavy flooding. Floodwaters can
carry chemicals, sewage, and toxins from roads, factories, and farms; therefore any
property affected by the flood may be contaminated with hazardous materials. Debris from
vegetation and man-made structures may also be hazardous following a flood. In addition,
floods may threaten water supplies and water quality and initiate power outages.

The flood hazard varies by location and type of flooding. Coastal areas are most at risk
from flooding caused by hurricanes, tropical storms and nor'easters. Low-lying coastal
areas in close proximity to the shore, sounds or estuaries are exposed to the threat of
flooding from storm surge and wind-driven waves, as well as from intense rainfall. Areas
bordering rivers may also be affected by large discharges caused by heavy rainfall over
upstream areas. Inland areas are most at risk from flash flooding caused by intense
rainfall over short periods of time. Stream flow tends to increase rapidly. Large amounts of
impervious surfaces in urban areas increase runoff amounts and decrease the lag time
between the onset of rainfall and stream flooding. Manmade channels may also constrict
stream flow and increase flow velocities.

More intense rainfall, the result of climate change, is likely to increase peak flooding,
particularly in urban environments in the future. The magnitude of this increase is
dependent on the level and rate of greenhouse gas emissions through the end of the
century.

3.6.7.4 Previous Occurrences and Probability of Future Events

Flooding is the most prevalent and frequent natural hazard that impacts the state. Though
there is no distinct flood season in Rhode Island and major river flooding can occur in any
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month of the year, NOAA has studied a number of past floods from the 1990’s to 2000*°
and has noted three (3) times of the year of particular importance with regard for the
potential of flood activity to occur:

e Late winter/spring melt;
e Late summer/early fall; and
o Early winter.

According to FEMA’s disaster declaration database, 11 disasters Rhode Island has
experienced 11 disasters, nine (9) of the disasters were related to severe flooding and
hurricanes. Flood events have caused significant damage and impact to Rhode Island;
several historic events are further described:

e August 1955 - caused record flooding along the main rivers in the Blackstone
River Basin in Rhode Island and Massachusetts, and the Thames River Basin
(predominantly in Connecticut), resulted from torrential rainfall accompanying
Hurricane Diane. Damages from the 1955 flood were estimated at approximately
$28 million for the State, with the Woonsocket area hardest hit in Rhode Island.
Except for a small local protection project at Blackstone, Massachusetts, there
were no federal flood control projects in operation at the time of the flood.
Subsequently two projects in Rhode Island - for Upper and Lower Woonsocket -
and two in Massachusetts, were constructed for Blackstone River Basin flood
protection. The Army Corp of Engineers estimates that these projects prevented
about $8 million in damages in the flood of March 1968.

e March 1968 — prior to the 2010 floods, constituted as the record flood for the State.
The March 1968 flood resulted from heavy rainfall that followed a period of
sustained snowmelt which had caused stream flows to be much above normal.

e January 1979 — Flooding in the Belmont Park section in Warwick occurred when a
combination of above-normal temperatures and rainfall caused the Pawtuxet River
to overflow its banks, inundating about 30 acres of land in the Belmont Park area,
a residential section built in and adjacent to a flood hazard area. Flooding had
worsened with increased upstream development. To prevent repeated flooding,
some 60 homes were purchased and demolished. Currently, frequent flooding of
the Pawtuxet River in the Natick Flats section between Warwick