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EXECUTIVE SUMMARY

Nestled in the Caribbean, more than 1,000 miles from the nearest shore of the contiguous
United States (U.S.), Puerto Rico, a U.S. territory since the year 1898, is home to roughly 3
million Americans. The natural gifts of this archipelago are plentiful -the National Park
System’s only tropical rain forest is here, as are several bays filled with bioluminescent sea
life, but the nature in Puerto Rico can also be fierce. Its people have had to endure and
recover from a long history of hurricanes, earthquakes, landslides and other natural
disasters, the most devastating of these being Hurricanes Irma and Maria, which hit the
Island! just weeks apart, in 2017. These events were declared the worst natural disaster in
U.S. history and left millions without power, without the ability to communicate, and many
without food, water, or homes.

Because of this fierce nature, when decisions are made about Puerto Rico they must
always ask: “will this decision make Puerto Rico more resilient or less2” Puerto Ricans
constantly face climate-sensitive and catastrophic weather events, climate-induced
erosion on aging facets of the built environment, landmass-threatening sea level rise and
coastal flooding, and earthquakes and tremors from shifting tectonic plates. While the
people have shown their resiliency, their systems—everything from policy to the built
environment and from energy and communications to the roads—have often proven
not to be resilient.

Disaster resilience was defined in a study by Susan Cutter, Kevin Ash, and Christopher
Emrich as that which "enhances the ability of a community to prepare and plan for,
absorb, recover from, and more successfully adapt to actual or potential adverse events
in a fimely and efficient manner including the restoration and improvement of basic
functions and structures.” The researchers go on to say:“In its original ecological context,
the notion of bouncing back to the pre-impact state defined resilience, but in the disaster
context, this has been expanded to include measures of betterment — bouncing forward,
not merely just bouncing back.”? After all, the point of mitigation is to avoid the loss of
life, the destruction of property and land, and the exorbitant cost of rebuilding what was
torn apart.

The researchers also postulate that resilience is a regional feature. While all of Puerto Rico
may suffer from a disaster, the vardous communities suffer in different ways and have
unique resources to help them recover. Any disaster mitigation plan needs to respect the
importance of that regionality.

! Puerto Rico is an archipelago that consists of one (1) main island, two (2) small inhabited islands, and over 130 smaller
islands and cays. Throughout this document, the term Island is used inferchangeably with Puerto Rico, and is meant to
encompass the entire archipelago of Puerto Rico.

2Cutter, Susan L., et al. The Geographies ofCommunn‘y D/sosfer Res:hence Smence Direct, Globol Enwronmenfol Chcmge
November 2014. Accessed at: hip
https://www.sciencedirect. com/soence/orﬂcle/obs/D||/SO9593780l 4001 459



https://www.sciencedirect.com/science/article/abs/pii/S0959378014001459
https://www.sciencedirect.com/science/article/abs/pii/S0959378014001459
https://www.sciencedirect.com/science/article/abs/pii/S0959378014001459
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Nature demonstrates that indigenous flora and fauna tend to weather harsh local
conditions more heartily than transplants. That principle also applies to the human
systems and built environments for Puerto Rico. Many of the decisions regarding policy,
infrastructure, system design, and more have used models and resources from afar;
resulting in a Puerto Rico that is dependent on sustained external support to function:
foreign investment, imported fuel, and imported food. All of these external lifelines rely
on complex supply chains with many potential points of failure. Consequently, they
cannot be called resilient. These systems proved fragile during Hurricane Maria. And
though not all hurricanes or weather events approach the severity of Maria, studies show
that hurricanes of that magnitude, as well as flooding, sea level rise, and other natural
events that threaten Puerto Rico's people, are expected to increase with climate
change.s

The future resilience of Puerto Rico may rely on rooting the Island’s systems in its own
communities: supporting the development of local resources that do not rely on complex
supply chains which have proven to be fragile during disasters. Ensuring that
strengthening local solutions, local enterprises, and residents’ authority to influence
decision-making that empowers them to rebound quickly after a hurricane s
emphasized. This report investigates the fragilities within Puerto Rico’s interconnected
lifelines and sectors: food, safety, shelter, water, energy, communication, healthcare,
transportation. It focuses on the factors that contribute to that systematic fragility within
Puerto Rico's interconnected lifelines, as well as factors that mitigate that fragility to
enable clearer decision making about what shifts must happen in the built environment,
in policies, and in systems, to create resiliency. Federal funds and a regional approach#
to planning that putsferward-—proposes sustainable solutions rather than immediate fixes
would result in a Puerto Rico that could not only bounce back but rather bounce forward,
using the last event’s failures as a guide for creating strength against the next event’s
assault. For the Island to truly be resilient, the mindset must change toward long-term
sustainability.

In this report, the Puerto Rico Department of Housing (PRDOH) is serving the interest of the
Puerto Rican people, investigating eighteen (18) potential weather-induced and human-
caused hazards that encroach on the safety and well-being of Puerto Rico. This data-
driven quantitative analysis forms the basis of our understanding for mitigation needs,
and considers the qualitative input gathered from citizens as well as federal, state and
local service provider entities and non-governmental organizations (NGOs), with an
operational presence in Puerto Rico. More than forty (40) public reports and over ninety
(90) publicly available data sets were consulted in this analysis.> PRDOH further
substantiated this understanding of need by conducting extensive stakeholder

3GFDL, Global Warming and Hurricanes. June 12, 2020. Accessed at: waaa
https://www.gfdl.noaa.gov/global-warming-and-hurricanes/

4 The term “regional” considers that Puerto Rico's seventy-eight (78) municipal jurisdictions overlay the Island’s four (4)
mountain ranges, 200+ rivers, 102 watersheds and four (4) geological zones as well as multiple transportation systems,
infrastructure service areas, agricultural communities, and economic centers.

5 See full bibliography in appendix to the Action Plan.



http://www.gfdl.noaa.gov/global-warming-and-hurricanes
https://www.gfdl.noaa.gov/global-warming-and-hurricanes/
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engagement between the months of May and August 2020.¢ As a result, the Risk-Based
Mitigation Needs Assessment and the Mitigation Programs in this report factor in
characteristics and impacts of current and future hazards that threaten the infrastructure
and services indispensable to the contfinuous operation of business and government
functions critical in a disaster event, and essential to human health, safety, and
economic security.

A New Understanding of Local Risk

The Risk Assessment in this report broadens Puerto Rico’s understanding of risk — weather-
induced or human-caused — and makes this information available to the public at the
Island-wide and municipal level, and through the release of an interactive Risk
Assessment Dashboard, down to a half-mile hexagonal grid level.

PRDOH utilizes the Department of Homeland Security (DHS) extended risk definition? to
determine measurable risk in as universal a language as possible, making the results
accessible for planning across federal funding sources beyond those addressed in this
Action Plan. Here, risk is the potential for an adverse outcome assessed as a function of
threats, vulnerabilities, and consequences associated with an incident, event, or
occurrence. The equation shown below illustrates this concept showing that Vulnerability
times Hazard times Consequence equals Risk.

Figure 1. Risk Assessment Equation

In order to complete the Risk Assessment, PRDOH had to first understand what hazard
types exist and where those hazard types are most likely to occur within Puerto Rico’s
geography in the future. PRDOH then had to understand how those geographically
based occurrences interact with the natural and human-built environment and the
population of Puerto Rico. The overlay of data from these components of the equation

¢ Stakeholder engagement was conducted via Zoom and Microsoft Teams web-based meeting platforms to allow for
social distancing during the Coronavirus 2019 (COVID-19) pandemic.

‘Department of Homeland Security, DHS Risk Lexicon. September 2008. Accessed at:
https://www.dhs.gov/xlibrary/assets/dhs risk lexicon.pdf



https://www.dhs.gov/xlibrary/assets/dhs_risk_lexicon.pdf

CDBG-MIT Action Plan
Page v of xv

are is what defines our understanding of the risk. PRDOH considered three (3) indicators
to determine vulnerability: critical infrastructure density, areas with high social
vulnerability, and population density.

PRDOH has evaluated a total of eighteen (18) possible threats based on the common
occurrence of these hazardous events in the U.S. and the likelihood of occurrence in the
Caribbean. The results of this analysis reveal Puerto Rico's most threatening hazards at
the state-wide (or Island-wide level), which are ranked in the table below.

Risk Assessment Results at Island-Wide Level

Hurricane Force Winds

Flood (100-year)
Earthquake
Landslide
Liguefaction
Drought
Severe Storm
Sea Level Rise (10 ft)
Wildfire
Human Hazard
Fog
Lightning
Category 5 Storm Surge
Tornado
Tsunami

Wind

—
|

Hail

High Temp
Figure 2. Ranking of Risks in Puerto Rico

Public Perception of Top Risks

These results were assessed for ground fruth in a Service Provider Survey released to over
240 service provider entities in Puerto Rico, which included Municipalities, state agencies,
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and non-governmental organizations. Seventy-one (71) entities® responded and
indicated all of the eighteen (18) assessed hazards that have caused interruption to their
service(s) in the past five (5) years. The results showed that the top hazard causing most
interruption to service in last five (5) years is hurricane force winds, which is consistent with
the top risk identified in the PRDOH Risk Assessment. Both the Risk Assessment and the
survey identify the same hazards as being the top three (3) risks.

Hazards that have affected service providers in past 5 years

TOP 14 HAZARDS THAT HAVE CAUSED SERVICE INTERRUPTIONS IN LAST 5 YEARS
Rain Induces Landslide s
Hurricane Storm Surge | 24 |
Human-caused | 10 |
High Temperature 9 |
lightning I
Wildfire [ 4 |
Fog 3

Liquefaction

Figure 3. Service Provider Survey Results

Risk Assessment Results at the Municipal Level

The This ranking of risk differs slightly when considering the top threats of the geographic
area within each municipal government boundary. Hazards that appear on the top eight

8 The survey received a total of seventy-six (76) responses from seventy-one (71) unique entities. The five (5) survey entries
that were received from a repeating entity were considered duplicates for the purposes of the survey summary and
consequent results analysis, and in that way prevented responses from repeating entities to have a larger weight than
other responding entities.



CDBG-MIT Action Plan
Page vii of xv

(8) risks at the Island-wide level, emerge in seven (7) different combinations at the
municipal level. This evaluation of municipal level data can be shown color-coded by

the top two (2) threats per municipality inthe—map-shows shown on the followingpage

map.

Risk Assessment Results for Municipalities Top 2 Threats

Top 2 RlSkS per Mu nici pallty Isla de Mona Isla de Culebra Vieques Municipio

(1) 100-Year Flood & W s =
(2) Earthquake @
(1) 100-Year Flood ‘-‘

(2) Hurricane Wind .

(1) 100-Year Flood

(2) SLR (10 Ft.) About the map:

(1) Hurricane Wind This depiction of hazards posing the highest risk (Threat * Vulnerability * Severity of

(2) Earthquake Consequences) for Puerto Rico's municipalities was created from federal, Puerto
Rico, and university data sources. The top two hazard risks, aggregated from the

(1) Hurricane Wind 0.5-mile hex grid to the municipality level, indicate those hazards posing the highest

(2) 100-Year Flood risk for each municipality across Puerto Rico. Risk values are symbolized using an

- (1) Hurricane Wind unique value classification.

(2) Landslide Spatial analytics derived by the vulnerability mapping and analysis platform at the
(1) Landslide University of Central Florida (UCF) - www.vulnerabilitymap.org in collaboration with
(2) Hurricane Wind Parker, Ku and Associates, LLC.

Figure 4. Map of the Top 2 Risks per Municipality

This-narrowedHn A narrow perspective of risk rankings at the municipal level offers a more
localized understanding of what risks exist within each municipal area allewing. This
understanding of risks allows residents, elected officials, and decision-makers to share a
common vaderstanding knowledge of what risks they face and should therefore mobilize
resources to mitigate.

And-Finally, to permit project-level planning at the most granular level possible, risk
rankings are published in this report and made available to the public through interactive
web-based tools that demonstrate a risk ranking down to the half-mile hex grid level.
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When+represented-geospatially The Island-wide risk depicted in the map belew in Figure

5 shows a more granular look at the top risk by half-mile hex grid when represented
geospatially.

Risk Assessment Results by Hex Grid at Island-Wide Level

About the map: Y 4

This depiction of the top risk (Threat * Vulnerability *

Severity of Consequences) by hexagonal grid across Isla de Mona Isla de Culebra Vieques Municipio
Puerto Rico was created by combining hazard zones

with vulnerability and severity of consequences data - =

for each hazard. The hexagonal grids utilized here
provide a standardized method for overlaying diverse
sets of information.

Spatial analytics derived by the vulnerability mapping
and analysis platform at the University of Central
Florida (UCF) - www.vulnerabilitymap.org in
collaboration with Parker, Ku and Associates, LLC.

Categorical representation of most risky hazard is accompanied by the number of
hexagonal grids in the same category. For Puerto Rico, the most risky hazard (by hex
grid) is hurricane wind, followed by flooding, landslides, and earthquakes.

& > <
& o & &
04\ <° o & q}‘?' 0 ~’s\°¢
Y AP G- S R
& N FE &V e & O S & & s
& & o > S & d S N & & &
& FF L P T & PN S

&

Figure 5. Map Depicting Top Risk per Hexagonal Grid

Incorporating Lifelines into the Risk-Based Needs Assessment

In its 2017 Hurricane Season After-Action Report, the Federal Emergency Management
Agency (FEMA) utilized q, relatively new, construct for disaster planning and response
that centers on the stability of critical infrastructure understood in groupings of
community lifelines.?

Lifelines are the integrated network of assets, services, and capabilities used day-to-day
to support the recurring needs of the community. FEMA’s community lifelines construct
establishes a natfional standard for disaster response, recovery, and preparedness,
including mitigation. The lifelines construct recognizes that communities depend on a

 FEMA. 2017 Huricane  Season  FEMA  After-Action  Report. July 12, 2018. Accessed af:
https://www.fema.gov/sites/default/files/2020-08/fema_hurricane-season-after-action-report 2017.pdf
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network of interdependent systems that involve public and private entities, including
eveprpthing from utilities to hospitals to supermarkets. At any point along the lifeline, a
failure can result in cascading failures in other directions.

Safety and Hazardous Energy
Security Materials (Power and Fuel)

Y

Food, Water
and
Sheltering

Health and Communications

Medical

Transportation

Figure 6. Icons representing the seven (7) FEMA Lifelines

These concepts are considered in the Risk-Based Needs Assessment in this report.
Stabilizihg community lifelines in catastrophic incidents is vital and requires improved
coordination and response structures, reinforced through long-term permanent solutions
that mitigate the impact of disaster events.

As Puerto Ricans look toward their collective future, and make decisions about how to
mitigate natural and human-caused hazards and instabilities, several organizing
principles emerge. These organizing principles form a common thread throughout the
Risk-Based Mitigation Needs Assessment and inform the programmatic response to the
mitigation needs identified therein. These organizing principles are:

* Reduce system fragility by lessening the impact of hazard events on the built
environment, social structures, and ecological systems.

+ Improve the adaptive capacity of Puerto Rico by removing impediments to long-
term systemic change and promoting collaborative governance at multiple
scales.

+ Create self-sustaining, regenerative systems that have the ability to persist or thrive
through physical, economic and social challenges after a hazard event.
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Lifeline Service Disruption in Recent Events

Citizen Survey results indicate that critical and secondary lifelines, as profiled in this report,
were among the needs and services that citizens found most difficult to access after
recent disaster events, with power being the highest difficulty mentioned (71%), followed
by water (52%), fuel (49%), food (43%), government services (42%), communications
(39%), income (30%), housing (26%), emergency services (16%), and medical care (16%).
These results are consistent with post-hurricane research which finds that the disruption to
essential services and supply lines are indicators of systematic or cascading failure of
interdependent lifelines. When the loss of critical services is felt at the household and
individual level, a cascade of secondary effects are felt too, such as the lack of
communications with loved ones or life-saving emergency services; and loss of income
due to closed businesses or roads providing access—the blockage. Similarly, there is a
perceived lack of government response due to insufficient personnel and resources to
meet the demands of a crisis, or the need for emergency medical care when
medications cannot be refrigerated or nebulizers cannot be powered in the home.

Citizens were asked a series of questions designed to gather qualitative data from their
individual experience with loss or reduced access to services in recent disaster events. By
structuring the questionnaire in this format, PRDOH was able to convert experience to
data, and make the analytical connection between the hardship felt by Puerto Ricans
and the associated public and private lifelines. The lifelines tied to each of these reported
hardships s are indicated in the fourth column of the chart below. The lifeline category
in the fifth column ties to the analysis contained in this report.

Top 10 Needs and Services Most Difficult to Access by Lifeline

. : Percentage |, .. . Lifeline

Power Grid 2,763 71% Energy Critical

Water 2,015 52% Food, Waterand
Sheltering

Fuel 1,905 49% Energy / Critical
Transportation

Food 1,660 43% Food, Waterand g
Sheltering

Govgmmen’r 1,650 42% Safety and Security  Secondary

Services

Communlco’(lons 1,499 39% Communications Critical

and Information

Income 1,155 30% All Lifelines Critical and

Secondary
: Food, Water and .
Housing 1,011 26% Sheltering Critical
First Responders and 432 16% Safety and Security Critical

Emergency Services / Communications
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Medical Care 612 16% Health and Medical Secondary

Programs Desighed to Meet Stakeholder Needs

Between the months of May and November 2020, PRDOH conducted an extensive
stakeholder engagement effort to consult with municipalities, academia, non-
governmental entities, and other Puerto Rican agencies to gain a community-driven
understanding of Puerto Rico’s mitigation needs. This was completed while contending
with COVID-19 social distancing requirements and local restrictions.10

Because these funds are infended to mitigate against a multitude of risks rather than a
single disaster event, with a defined cost for recovery, stakeholder input on Puerto Rico’s
long-term mitigation needs became paramount to the planning process. As—-ef During
the public comment period, which ended on November 20, 2020, PRDOH has-conducted
outreach to 250+ stakeholder entities which includes: federal agencies, state agencies,
municipalities, and NGOs.

90 5| 78w | 2

Puerfo Rico Puerto Rico Puerto Rico's Academic Partners

Agencies Municipalities ll federal partnersf] from public and
private universities

Puerto Rico’s private sector including million
commerce and Non-Governmental Puerto Rican citizens

Organizations (NGOs)

Figure 7. lllustration of stakeholders engaged during CDBG-MIT Action Plan planning process

Stakeholders were asked to provide a Proposed Project Log to inform the program
planning process and to ground-truth the research completed in the Risk-Based Needs
Assessment. This aspect of stakeholder engagement produced 2,781 requested projects
totaling more than $24 Billion in estimated cost.! Project requests revealed the most need
to be in four (4) lifelines with respect to estimated project cost are: Water/Wastewater
(45.1%), Transportation (17.7%), Flood Control'2 (17.4%), and Medical (6.8%).

10 On March 12, 2020, Governor Wanda Vdzquez issued executive order OE-2020-020 declaring a state of emergency in
Puerto Rico.

1 The full results of stakeholder engagement activity are published in a separate report and afttached to the Action Plan
as an appendix.

12 Flood control is a subsector of the Community Safety sector of the Safety and Security lifeline but serves to mitigate risk
to physical assets within all other lifelines.
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When evaluated for alignment with programmatic activities, these projects requests
showed an overwhelming need for infrastructure mitigation, and a surprisingly substantial
need for planning — which was consistent with themes discussed in roundtable sessions.
Programmatic activities in order from highest to lowest are: Infrastructure (90%), Planning
(5.7%), Housing (3.9%), and Economic Development (0.4%).

Conclusion

The geographic realities of living on a Caribbean Island, only 3,400 square miles in size,
that shares no state borders, and is separated from #s U.S. mainland eountry by more
than 1,000 miles of open seq, require a mitigation-focused and collaborative approach
to federally-backed investment in housing, infrastructure, and economic recovery, which
must result in a demonstrable reduction in risk for the Island.

As the recovery needs in Puerto Rico increase with each disaster, the need for mitigation
is ever present. The Government of Puerto Rico has been allocated $8.285 billion in
Community Development Block Grant — Mitigation (CDBG-MIT) funding for long-term
planning and risk mitigation activities.

CDBG-MIT Programs in this Action Plan are structured to align with best practice
mitigation guidance and current capital investments planned for the Island. PRDOH has
identified four (4) unifying strategies built into the Mitigation programs to align with the
coordination of mitigation projects and leverage requirements found at Federal Register
Vol. 84, No. 169 (August 30, 2019), 84 FR 45847. These unifying strategies are woven into
program design and incentivized through evaluation criteria and supported by the
development of capacity-building tools, including the Risk Assessment evaluation tool
released during stakeholder engagement. These strategies include:

¢ Capacity Building: Make central the importance of continued planning,
transparency of information and data sharing critical to emergency response and
resilience and increase the planning and implementation capacity for entities and
cifizens. A key component of increased capacity is also fied to the adoption of
policies and procedures that reflect municipal and regional priorities with long-
lasting effects on community risk reduction.

¢ Community and Regional Investment. Reduce the conditions of risk through
community and regional level projects that identify transformative mitigation
opportunities that serve the needs of vulnerable communities and reduce the
displacement of individuals.

o Lifeline Stability and Strengthening: Strengthen the critical lifelines through
prioritizing infrastructure improvements that avoid or reduce the disruption of
critical essential services while promoting sustainability.

¢ Alignment of Capital Investments: Alignment of CDBG-MIT programs and projects
with other planned federal, state, regional, or local capital improvements.
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ACTION PLAN AMENDMENTS

AMENDMENT 1 SUBSTANTIAL

Revisions in this substantial amendment to the Action Plan have been completed to
clarify and guide the delivery of assistance activities from the planning vision fo
implementation. These revisions align PRDOH program implementation strategies by
updating general and cross-cutting requirements, and expanding and clarifying some of
the program activities. The changes incorporated in this amendment are consistent with
the Mitigation Needs Assessment. A summary of the changes is described below.

General maintenance and cross-cutting revisions include:

Updated references to Energy allocation which were published in Federal Register
Vol. 86, No. 117 (June 22, 2021), 86 FR 32681, and associated PRDOH Energy
programs; removal of a duplicate tally in the Stakeholder Engagements &
Mitigation Project Needs, and minor grammatical revisions.

Added reference to Earthquake allocation language published at Federal
Register Vol. 86, No. 3 (January 6, 2021), 86 FR 569, in which was declared adjusted
income limits for CDBG-MIT funding.

Removed language referencing the Special Case Panel for case-by-case review
of maximum award exceptions and recognize the review shall be governed by
program-led procedure.

Added language on affordable rent maximum limits.

Revised Operations and Maintenance subsection of the General Requirements
section to eliminate requirement for quarterly cost reports from Subrecipient
entities.

Changes to programmatic content include:

Update to Planning Supported Programs graphic to demonstrate current
alignment of CDBG-DR and CDBG-MIT programs.

Added Subrecipient Distribution Model as a Method of Distribution under the
Mitigation and Adaptation Policy Support Program.

Added section 105(a)(15) to the Risk and Asset Data Collection Program, and
section 105 (a)(19) to the Planning and Capacity Building Program.

Increased threshold for feasibilty-based cost control measure in the Infrastructure
Mitigation Program.

Revised Infrastructure Mitigation Program and set-asides maximum award to
$600,000,000 for direct selection of strategic projects, and a maximum award of
$80,000,000 for competitive selection projects.

Added Section 105 (a)(17) as an eligible activity in the Infrastracture Mitigation
Program to permit private, for profit businesses as eligible entities under the
Healthcare Strengthening Set-Aside. Also clarified program design and project
selection methods will be determined in coordination with the Puerto Rico
Department of Health.
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Clarified projects in the HMGP Match Set-Aside will demonstrate mitigation merits
through a completed and FEMA-approved Benefit Cost Analysis (BCA).

Edits to clarify that Green Building Standards are not a requirement for
rehabilitated housing or infrastructure projects. Per Federal Register Vol. 84, No.
169 (August 30, 2019), 84 FR 45838, Green Building Standards are only applicable
to new construction of resdential buildings.

Clarified Infrastructure Mitigation Program and set-asides method of distribution
to be direct or subrecipient distribution model, and clarified eligible applicants
may include a consortium of the entities currently listed.

Clarified activities for the Single-Family Mitigation Program in narrative and
bulleted list of ineligible activities. Added eligible activities Section 105(a)(20) and
Section 105(a)(24) to the Single-Family Housing Mitigation Program.

Removed references to CDBG-DR Repair, Reconstruction, or Relocation (R3)
Progam applicants going on hold for assistance in Single-Familiy Mitigation
Program due to elevation now being an option in the CDBG-DR Program.
Clarified home ownership may be demonstrated through a prioprietary interest in
eligible occupied structures for the Single-Family Mitigation Program.

Removed order of priority from Single-Family Mitigation and Community Energy
and Water Resilience Installations programs to remove implementation barriers to
serving applicants. The program preservs internal goals to target assistance to
households with demographic and social characteristics that demonstrate
vulnerability according to PRDOH criteria.

Revised Single Family Housing Mitigation Program to clarify eligible activities and
set maximum awards consistent with market pricing, including solar and water
resilience installations as a program benefit under the Single-Family Housing
Mitigation Program. Also updated the maximum award amounts under the Single
-Family Housing Mitigation Program and clarified criteria for case-by-case
exceptions.

Clarified Social Interest Housing Mitigation Program will be direct administration
method of distribution and project evaluation criteria should be project design
considerations.

Modified the maximum award language under the Social Interest Housing
Mitigation Program to note that every award calculation will consider a
percentage for confingencies, and that if unforseen conditions or additional
extenuating factors arise, the Program will evaluate these on a case-by-case
basis to address conditions to allow for implementation to continue.

Removed Section 105(a)(18) — Housing Rehabilitation as an eligible activity under
the Social Interest Housing Mitigation Program and Multi-Sector Community
Mitigation Program.

Removed the minimum award of $500,000 from the Economic Development
Investment Portfolio for Growth — Lifeline Mitigation Program. Removed reference
to leveraging Opportunity Zones in the Economic Development Portfolio for
Growth as ninety-eight percent (98%) of Island is a dedicated zone and criteria
does not add value.



CDBG-MIT Action Plan
Page xv of xv

Description of the Community Energy and Water Resilience Installations
subprograms has been revised to clarify household assistance offered by two (2)
subprograms shall be implemented under one (1) administrative structure referred
to as Community Energy and Water Resilience Installations — Household (CEWRI-
HH). The program is focused household assistance on energy security and remove
impediments to implemenation including:

o Removed water resilience improvements from the Home Energy Resilience
Improvements Program. Water resilience shall be addressed at the
household level through the Single-Family Mitigation Program and at a
community level through the Community Installations subrogram.

o Revised Home Energy Resilience Improvements Program language to
clarify eligible applicants must own their home as thier primary place of
residence.

o Removed priority criteria from the Home Energy Resilience Improvements
Program and the Incentives Program to reduce implementation delays.

o Removed businesses as eligible applicants for the Incentive Program to
maximize assistance to households.
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INTRODUCTION & BACKGROUND

Introduction

Understanding that resilience is a regional feature, PRDOH places emphasis on the
public’'s understanding of Puerto Rico’s characteristics in terms of people, history, and the
natural and built environment.

The archipelago of Puerto Rico is home to a melting pot of people with roots from the
Taino Indians, Spanish, French, British, African, Asian cultures, and a multitude of other
backgrounds. It has a rich and storied cultural history that spans centuries.

Puerto Rico is part of the Caribbean Islands, comprising more than 700 islands, islets, reefs,
and cays surrounded by the Caribbean Sea. To the north, the region is bordered by the
Gulf of Mexico and the Straits of Florida, and to the east and northeast is the Northern
Aflantic Ocean. To the south lies the coastline of the confinent of South America and the
northern coast of Venezuela. It exists at the confluence of the Caribbean and North
American Tectonic Plates, an active boundary that has shaped the region and created
the Caribbean Islands.

The main Island of Puerto Rico measures 3,400 square miles, slightly larger than the U.S.
state of Rhode Island. It is mostly mountainous, with large coastal areas in the north and
south regions of the Island. The main mountain range is called La Cordillera Central and
is home to the highest elevation point of Puerto Rico, Cerro de Punta (4,390 feet). The
capital, San Juan, is located on the main Island's north coast.

The combination of the warm, wet climate, coastal floodplains, beaches and interior
mountains produced a region rich with opportunity for fishing, grazing livestock,
agriculture, ocean economies, as well as coastal development. While this location in the
Caribbean Sea produced a varied history of exploration and settflement, it also makes
Puerto Rico uniquely vulnerable to a multitude of natural disruptions and disasters, such
as hurricanes, floods, earthquakes, supply line disruptions, and economic isolation. And it
necessitates that mitigation strategies to deal with these disasters may vary significantly
from one region to the next.

The Importance of Systemic Stability

In the context of disasters, a resilient system supports continued and reliable access to
basic services important to the health and safety of the population. Citizens need safe
and sanitary water utilities, reliable power, access to supplies and safety routes, the
means fo communicate, and adequate flood and drainage systems to remove vector-
borne threats.

Stabilization occurs when basic lifeline services are available prior to, during, and post-
disaster. Mitigation not only minimizes disruption but should also reduce the need for
restoration of services in the event of femporary failure.
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In September 2017, Hurricanes Irma and Maria cut across Puerto Rico's three (3)
inhabited islands, crippling the power grid and communication systems, and supply
chain, flooding coastal and alluvial plains, and causing significant landslide and wind
damage. All seventy-eight (78) municipalities were subsequently declared disaster
impact areas under Puerto Rico Hurricane Irma DR-4336 and Puerto Rico Hurricane Maria
DR-4339. Three (3) years later, on January 6, 2020, a 5.8 magnitude earthquake shook the
Island, and was followed by a 6.4 magnitude earthquake the next day. The regions most
impacted by these earthquakes were declared disaster impact areas under presidential
declaration’® DR-4473—and. Subsequently, the Island centinves—o—experence
experienced aftershock tremors. The people of Puerto Rico are now facing the
worldwide pandemic of the Coronavirus Disease 2019 (COVID-19), a disaster under
presidential'4 DR-4493-PR—and-are. As a consequence, the Island is experiencing severe
impacts as import and export economies and small and medium businesses are
affected; and social assistance is limited, coupled with vast challenges in remote
educational systems, and a limited healthcare system. In the three (3) years since
September 2017, Puerto Rico has experienced three (3) presidentially declared disasters,
and has responded to a multitude of other threats, including tropical storms, hurricanes,
earthquake aftershocks, droughts, population loss, and ongoing economic insecurity.

These social, environmental, and technological conditions of Puerto Rico contribute to
snowballing challenges across the Island and loss of adaptive capacity over time. As
hazard events continue to impact the Island, economic insecurity rises, and lifeline assets
—resources such as fransportation routes, communication systems and healthcare
facilities that support human habitation- fall into disrepair. The people of Puerto Rico are
increasingly exposed to life changing events and difficulties.

Mitigation Allocation

On February 9, 2018, the President signed into law the Bipartisan Budget Act (Public Law
115-123). This made available $28 bilion in Community Development Block Grant —
Disaster Recovery (CDBG-DR) funds and directed the U.S. Department of Housing and
Urban Development (HUD) to allocate no less than $12 bilion for mitigation activities
proportional to the amounts that grantees received for qualifying disasters in 2015, 2016,
and 2017. That amount was increased to $15.9 billion after HUD completed an assessment
of unmet needs and awarded funding to a total of eighteen (18) grantees through a
newly created Community Development Block Grant - Mitigation (CDBG-MIT) Program. !5

13 Unl’red States. FEMA. President Donald J. Trump Approves Major Dlsosfer Declaration. Accessed on August 30, 2020 at:

%e#te—nee—@ hﬁos //www femo gov/press-release/20210318/president-donald-j-trump-signs-major-disaster-declaration-
puerto-rico

14 United States. FEMA. DR-4493PR Initial Notice. Accessed on November 30, 2020 at: https://www.fema.gov/disaster-
federal-register-notice/dr-4493-pr-initial-notice

15 United States. HUD. HUD Awards $28 Billion in CDBG-DR Funds. April 11, 2018. Accessed on June 13, 2020 at:
https://www.hudexchange.info/news/hud-awards-28-billion-in-cdbg-dr-funds/



https://www.fema.gov/es/news-release/20200220/el-presidente-donald-j-trump-declara-un-desastre-mayor-para-puerto-rico-0
https://www.fema.gov/es/news-release/20200220/el-presidente-donald-j-trump-declara-un-desastre-mayor-para-puerto-rico-0
https://www.fema.gov/press-release/20210318/president-donald-j-trump-signs-major-disaster-declaration-puerto-rico
https://www.fema.gov/press-release/20210318/president-donald-j-trump-signs-major-disaster-declaration-puerto-rico
https://www.fema.gov/disaster-federal-register-notice/dr-4493-pr-initial-notice
https://www.fema.gov/disaster-federal-register-notice/dr-4493-pr-initial-notice
https://www.hudexchange.info/news/hud-awards-28-billion-in-cdbg-dr-funds/
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The rules for administering these funds are founded in the regulatory framework of HUD's
Community Development Block Grant (CDBG) program and further consider the
alternative requirements, waivers, and special grant conditions released in the following
Federal Register Notices:¢

e Federal Register Vol. 84, No. 169 (August 30, 2019), 84 FR 45838.

e Federal Register Vol. 85, No. 17 (January 27, 2020), 85 FR 4676.

These grant funds have been allocated for a broad range of activities intended to
support mitigation projects that reduce the potential for loss and destruction from future
events. Mitigation funds have been awarded due to the extensive damage that Puerto
Rico sustained from Hurricanes Irma and Maric—but-they. Still, these funds can be used
for complex mitigation needs beyond hurricane-posed threats. Puerto-Rico-and-Fthe-US

For Puerto Rico, mitigation is key 1o for the rebirth of the Island in the wake of a series of
disaster-inducing events. The opportunity to mitigate future loss by restoring and
improving the social, ecological, and technological facets of the Puerto Rican system
can mean the difference between stability and disruption for the future.

What is Hazard Mitigation?

For the CDBG-MIT Program, HUD defines mitigation activities as: “...activities that increase
resilience to disasters and reduce or eliminate the long-term risk of loss of life, injury,
damage to and loss of property, and suffering and hardship, by lessening the impact of
future disasters.”1”

HUD has designed the CDBG-MIT Program to complement the existing mitigation
programs currently administered by FEMA. For these existing programs, FEMA defines
mitigation as “... [E]fforts to reduce loss of life and property by lessening the impact of
disasters."18

Both agencies draw these definitions from the FEMA Disaster Recovery Reform Act
(DRRA) Annual Report.

Loss Prevention through Mitigation

PRDOH realizes that within the immense challenges Puerto Rico faces to recover from
disastrous events, there also lie immense enormous opportunities to institute {rye proper
mitigation measures that protect the Island from future risks. The allocation of CBDG-MIT

16 As amended by the letter Grant Conditions in Federal Register Notice, “Allocations, Common Application, Waivers, and
Alternative Requirements for Community Development Block Grant Mitigation Grantees; Commonwealth of Puerto Rico
Allocation,” issued on January 27, 2020 (85 FR 4676) sent by HUD on March 26, 2021.

17 United State, HUD. Allocations, Common Application, Waivers, and Alternative Requirements for Community
Development Block Grant Mitigation Grantees. Federal Register Vol. Fed—Reg-4584%-; 84, No. 169 (August 30, 2019), 84 FR
45838.

18 United States. FEMA. Hazard Mitigation Planning. Accessed on June 13, 2020 at: hitps://www.fema.gov/what-mitigation
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funds for Puerto Rico is a significant additional resource to ensure those opportunities
become realities.

COST OF RECOVERY

COST OF RECOVERY

DISASTER DAMAGE ; DISASTER DAMAGE o DISASTER DAMAGE

MITIGATION
COST OF RECOVERY

DISASTER DAMAGE o DISASTER DAMAGE o DISASTER DAMAGE

Figure 8. lllustration of the positive impact mitigation activity can have in reducing the cost of recovery for
the future.

As shown in the-image Figure 8 above, Puerto Rico is at a pivotal point in history in which
the Island can significantly improve the outlook for its own future through intentional
mitigation spending that lessens the impact of future hazardous events. The strategic
investment in mitigation could greatly significantly reduce the risk of compounded
recovery costs inthefuture-if Puerto Rico prepares ahead for the certainty of climate-
sensitive weather-related threats that continue to grow in intensity and occur with greater
frequency.

The CDBG-MIT grant, in combination with FEMA Hazard Mitigation Assistance (HMA)
programs, mitigation projects funded by the U.S. Army Corps of Engineers (USACE), and
projects of other federal entities, offers Puerto Rico true potential for mitigating loss of life
and damage to critical infrastructure for the future. Research performed by the National
Institute of Building Sciences (NIBS) has long been cited in FEMA HMA programs to
quantify the cost savings for both the public and private sectors. In 2005, the NBIS Multi-
Hazard Mitigation Council (MMC) in partnership with FEMA, released the initial Natural
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Hazard Mitigation Saves study'?, which looked at the value of using federal grants to assist
with mitigation. Researchers determined that hazard mitigation saves, on average, four
dollars ($4) for every one dollar ($1) spent on federal mitigation grants. In the more recent
2019 Natural Hazard Mitigation Saves study,20 the NIBS updates this number to a ratio of
six dollars ($6) to one dollar ($1). In the latest iteration of the study, the NIBS expands its
evaluation to examine five (5) sets of mitigation strategies across select disaster-causing
events to consider the cost of building retrofits, lifeline retrofits, and code compliance
both at and above code requirements.

Recovery and Mitigation

Response, recovery, and mitigation each play a crucial role in reducing the inherent
instability brought about by disasters and in addressing the ongoing crises that can ensue.
While response funds provide immediate relief from disaster conditions, and recovery
funds repair the damage caused by a specific event, mitigation funds are intended to
prevent or reduce damages from future events— supporting resiliency. The Territory of
Puerto Rico has received disaster response and recovery assistance in the form of
multiple federal grants and allocations through FEMA, USACE, USDA, EDA, and CDBG-DR,
and others. As stated in 84 FR 45838, Mitigation funds allocated through the CDBG-MIT
program are to be used for distinctly different purposes than CDBG-DR funds.

12 National Institute of Building Sciences. Natural Hazard Mitigation Saves: An Independent Study to Assess the Future
Sovings from Mitigation Activities (2005). Accessed at:
i Jodf-https://www.nibs.org/reports/natural-

hozord mmqohon -Saves-| mdeoendenf study-assess-future-savings-mitigation

20 The Natural Hazard Mitigation Saves: 2019 Report is a compilation of latest findings on retrofit strategies with: Natural
Hazard Mitigation Saves: 2018, the Interim report, the Natural Hozard Mitigation Saves: Utilities and Transportation
Infrostrucfure and  the Ncﬂurol Hazard  Mitigation SoveS' 2017 Intenm Report Accessed—at

Accessed oT hTTDs //WWW rnbs orq/ﬂles/pdfs/NIBS MMC M|T|qu|onSoves 2019 pdf



https://cdn.ymaws.com/www.nibs.org/resource/resmgr/MMC/hms_vol2_ch1-7.pdf
https://www.nibs.org/reports/natural-hazard-mitigation-saves-independent-study-assess-future-savings-mitigation
https://www.nibs.org/reports/natural-hazard-mitigation-saves-independent-study-assess-future-savings-mitigation
https://cdn.ymaws.com/www.nibs.org/resource/resmgr/reports/mitigation_saves_2019/mitigationsaves2019report.pdf
https://www.nibs.org/files/pdfs/NIBS_MMC_MitigationSaves_2019.pdf
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RECOVERY
OUTCOME

Unstable: = Unstable - Solution Basic lifeline services available via: = All Contingency Recovery Outcome:
Disruption | in Process: Solution * Employment of contingency Response Long-term permanent
in lifeline fo provide lifeline response solutions, and Solutions solutions fo disaster
services to | services and fime to Demobilized impacts building towards
survivors provision identified * Emergency repairs to re-establish more resilient solutions.
lifeline services organic to
the community

DISRUPTION STABILIZATION

Incident Recovery into
Mitigation &
Preparedness

LIFELINE CONDITION

Basic Needs Met Response

to Recovery
Transition

Figure 9. lllustration of disaster recovery phases that lead to the long-term goal of resilience. Source: FEMA
Incident Stabilization Guide (Operational Draft). FEMA. November 2019.

Mitigation for the Present and Future

As Puerto Ricans look toward their collective future and meake-decisions decide about
how to mitigate natural and human-ecaused hazards and instabilities such as hurricanes,
flooding, climate change and, sea-level rise, economic disparity, earthquakes,
pandemics, drought, and many others, several organizing principles emerge.

These organizing principles form a common thread throughout the Risk-Based Mitigation
Needs Assessment and inform the programmatic response to the mitigation needs
identified therein.

e Reduce instability by lessening the impact of hazard events on the built
environment, social structures, and ecological systems.

¢ Improve the adaptive capacity of Puerto Rico by removing impediments to long-
term systemic change and promoting collaborative governance at multiple
scales.

e Create self-sustaining, regenerative systems that have the ability to persist or thrive
through physical, economic and social challenges.



Reduce system
fragility

Create
self-sustaining,
regenerative
systems

Improve the
adaptive
capacity

of Puerto Rico

That have the ability to
persist or thrive through
physical, economic

and social challenges
after a hazard event. (&

Figure 10. PRDOH CDBG-MIT Organizing Principles
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) By lessening the impact
of hazard events on the
built environment, social
structures, and
ecological systems.

By removing impediments
to long-ferm systemic
change and promoting
collaborative governance
at multiple scales.
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HAZARD ANALYSIS

PRDOH embraces HUD's desigh—ofthe CDBG-MIT Program design to complement i
strueture the policies and procedures that support FEMA’'s HMA programs. Consistent with
HUD's objectives to align these federally funded mitigation programs, for the benefit of
disaster-impacted grantees at the local and state levels, PRDOH has consulted and will
continue to engage through ongoing coordination entities with historical and current
involvement in FEMA's HMA2! programs for Puerto Rico.

In Puerto Rico, those entities with a role in the administration of the FEMA Hazard
Mitigation Planning (HMP) Program and Hazard Mitigation Grant Program (HMGP)
include:

T TS

Authored the 2016 SHMP approved by

State Emergency Management and FEMA - the Plan which remains in effect

Disaster Administration Agency (AEMEAD, today. This entity remains operable but is
for its Spanish acronym) no longer involved in the administration

of FEMA’s HMA programs.

Administers the HMGP program for
hurricanes and oversees the ongoing

Central Office of Recovery, update of the state and municipal HMPs.

Reconstruction and Resiliency (COR3) COR3 is the agency with designated
FEMA coordination authority in Puerto
Rico.

A grant recipient of HMA funds that leads
the development of updated HMPs for all

Puerto Rico Planning Board (PRPB) seventy-eight (78) municipalities and the
state plan.

State agencies that are eligible
subrecipients for FEMA HMGP.

Eligible subrecipients for FEMA HMGP and
Municipalities lead authorities for local HMPs.

Government of Puerto Rico Agencies

In preparing the Risk-Based Mitigation Needs Assessment, PRDOH first consulted the plan
of record under FEMA authority; as the baseline for understanding the natural and
human-caused risks Puerto Rico has historically faced.?2 At the time of drafting this the

21 FEMA's HMA programs include: Hazard Mitigation Planning (HMP) Program, Hazard Mitigation Grant Program (HMGP),
Flood Mitigation Assistance (FMA) program, and now the Building Resilient Infrastructure & Communities (BRIC) Program
22 HUD states in 84 FR 45840 that CDBG-MIT grantees “...must use the risks identified in the FEMA approved HMP as the
starting point for its Mitigation Needs Assessment unless the jurisdiction is in the process of updating the HMP. If a jurisdiction
is currently updating an expired HMP, the grantee administering the CDBG-MIT funds must consult with the agency
administering the HMP update to identify the risks that will be included in the Mitigation Needs Assessment.”
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initial CDBG-MIT Action Plan, the 2016 State Hazard Mitigation Plan (SHMP) was in the
process of being updated. Thus, PRDOH also consulted the PRPB and #s the vendors
involved in completing a full-scale update of the state and all seventy-eight (78)
municipal hazard mitigation plans funded as a response to the 2017 hurricanes. However,
due to the timing of the consultation and the fact that the HMP updates are on a three
(3)-year schedule under the FEMA HMP grant, PRDOH was unable to align its analysis with
the current state of PRPBs planning efforts. Accordingly, the risk assessment profiled in
these pages is based on the latest 2016 plan and includes the consideration of efforts to
update the state and municipal plans. Additional steps will be taken in the future as all
agencies move toward a modernized understanding of risk. Collaboration between
PRDOH, PRPB, and CORS3 shall continue through roundtables and planning coordination
events. Any resulting updates shall be incorporated info a future amendment to this
Action Plan.

Profile of Historic Events

Puerto Rico 2016 State Hazard Mitigation Plan

As a requirement of the federal law “Disaster Mitigation Act” of 2000 (DMA 2000), the
Government of Puerto Rico had the SHMP prepared under the direction of the Mitigation
Division of AEMEAD.2 At the time of preparing the original CDBG-MIT Action Plan, PRDOH
confirmed the SHMP of 2016 as the plan in effect, approved by FEMA and officially
adopted by the Government of Puerto Rico on May 18, 2016.24 The hazard assessment
within the SHMP identifies possible physical, economic, and social impacts, to establish a
mitigation strategy directed to remove the possibility, or reduce the impact, of
emergencies or disasters.2

Hazard Profile Affecting Puerto Rico

Hurricanes and Flooding. The 2016 SHMP identifies hurricanes and tropical storms as the
most common natural hazard in Puerto Rico that ean cause the most extensive damage
and loss. These weather events are viewed as the most dangerous because of their
potential for destruction, their potential to affect large areas, ability to form
spontaneously, and unpredictability. Hurricanes are also often accompanied by other
destructive natural events such as high fides, storm surges, and heavy rains that cause
landslides and flooding.

The SHMP acknowledges that the Island has tropical rainforests in the Sierra de Luquillo
and the Cordillera Cenftral, but semi-arid conditions prevailinrg #ir—on the south and
southwest coasts. Average annual rainfall totals range from thirty (30) inches in the
southwest portion of the south coast up to 160 inches near the top of El Yunque.

23 Agencia Estatal para el Manejo de Emergencias y Administracién de Desastres (AEMEAD)
24 Executive Order OE-2016-021.
25 Page 47 of Puerto Rico Hazard Mitigation Plan, 2016
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Rain is heaviest on the Island durngthe-monthsof from May through to November

because of tropical waves, cyclones, and sometimes tfroughs. Frese-are-the During these
months of the year when flooding risks are at the highest. tathe-summermonths The
weather is warmest from June to September whenthe-wegatheristhe-warmest; thus, the
risk of high-frequency atmospheric events such as tropical storms and hurricanes is
highest.

Historic Hurricane and Flooding Events of Significance?2é

Hurricane San
Ciriaco, 1899

Hurricane San
Felipe, 1928

Hurricane San
Ciprian, 1932

Hurricane Donna,

1960

Tropical
Depression, 1970

Tropical Storm
Eloisa, 1975

Hurricane David
and Storm
Federico, 1979

Tropical
Depression, 1985

This hurricane was one of the most shocking tfragedies in terms of loss of life: more
than 3,000 people died, mostly drowned. Rainfall was recorded at twenty-three (23)
inches in twenty-three (23) hours in the Municipality of Adjuntas.

This hurricane is considered one of the most violent in its effects on Puerto Rico.
Estimated death tolls ranged from 300 to 1,000 and many of the crops that supported
the economy—coffee, sugar, tobacco—were destroyed.

This hurricane happened a year after Hurricane San Nicolds (September 1931), when
the economy was still in recovery. Two hundred twenty-five (225) people died.

This hurricane passed over the Island, 100 miles north of San Juan; however, heavy rains
caused floods, killing one hundred and seven (107) people in the Municipality of
Humacaoo.

This depression was stationary from October 5 to October 10, 1970. It produced
widespread flooding that led to Presidential Disaster Declarations in sixty (60)
municipalities. The highest rainfall fotals measured in Jayuya were more than thirty-eight
(38) inches. There were eighteen (18) deaths and damage quantified over $65 million.

This storm caused flooding and landslides that killed thirty-four (34) people and twenty-
nine (29) were reported missing. Damage was estimated at $125 million.

These events occurred on August 30 and September 4, 1979, respectively. Both events
led to a Presidential Disaster Declaration in seventy-two (72) municipalities and seven
(7) people were killed. The federal allocation for individual and Public Assistance
totaled $102 million.

In May 1985, there was another Presidential Disaster Declaration as a result of flooding
caused by a tropical depression that later became Hurricane Gloria. Two (2) people
were killed and damage totaled $37 million.

26 Source information pulled from the 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan
de Mitigacién-Aprobado 02/08/2016" at the following website location: https://recovery.pr/en/document-library.
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Historic Hurricane and Flooding Events of Significance2é

A fropical wave crossed the Island causing flooding in some areas, depositing up o
twenty-four (24) inches of rain in twenty-four (24 hours) causing flooding, landslides, and
mudflows that interrupted basic services, blocked roads, destroyed bridges, damaged
structures, and deposited silt, gravel and debris on the roads. The works of flood control,
drainage and irrigation facilities were blocked. The Waeater Puerto Rico Aqueducts and
sewerage Sewers Authority and the Electricity Puerto Rico Electric Power Authority
suffered significant system damage. This fropical wave left fifty-three (53) people dead
from floods; the community of Mameyes was buried because of a landslide killing 127
people, and a bridge collapsed kiling twenty-nine (29) people. The flow of water that
eroded the bridge passed by the Municipality of Coamo destroying more than 600
homes. The water flow was higher than the expected recurrence of a 100-year flood.
About five (5) bridges were destroyed, leaving many communities isolated. In addition,
seventeen (17) people died in Ponce, as they were washed away by Las Batatas gully.
There was a Presidential Disaster Declaration, twenty-eight (28) municipalities were
eligible for Individual Assistance and thirty-four (34) municipalities were eligible for Public
Assistance, FEMA assistance totaled nearly $264 million.

Tropical Wave -
Mameyes Event,
1985

This hurricane was a Category 4. To the east and northeast of Puerto Rico there was an
estimated storm surge of four (4) to six (6) feet in the vicinity of Fajardo and Ceiba.
Higher storm surge totals were observed in Vieques and Culebra. There were about ten
(10) inches of rain in forty-eight (48) hours causing flooding in the northeastern part of
the Island. There were heavy losses in livestock, agriculture, and horticulture recorded;

Hurricane Hugo, a fotal of twenty-seven (27) municipalities were eligible to receive federal aid. Damage

1989 was estimated at $2 billion. Carraizo Lake Dam suffered a power failure that prevented
the floodgates from opening to allow water discharge. The water level rose, reaching
the engine room and damaging the pump motors of the dam. These engines pump
water to the Sergio Cuevas Filiration Plant, which serves two-thirds (2/3) of the San Juan
Metropolitan Area and surrounding municipalities. Water service was restored nine (9)
days later.

On January 5, 1992, a cold front, accompanied by a trough in the upper levels of the
atmosphere, generated heavy rain and thunderstorms. This caused flash floods that
Flooding of kiled twenty-one (21) people, eighteen (18) of whom died in their cars traveling at
January 5-6, 1992 night, three (3) people went missing, and there was more than $50 million in property
damage. Most deaths occurred when people in their cars were swept away by the
river or as they were frying fo cross rivers beyond their banks.

The Islands of Vieques and Culebra were the hardest hit by this hurricane. An estimated
one hundred and twenty (120) homes were destroyed and another eight hundred
twenty-nine (829) sustained damage. The waste treatment plant in the Municipality of
Culebra was damaged, causing the overflow of the lake which created a potential
health risk fo the community. The accumulation of debris was estimated at 4,000 cubic
yards in Vieques and approximately 10,000 cubic yards in Culebra. Initially, estimated
damage was $1.2 milion for private residences and $9 million for municipal
infrastructure. Twenty (20) deaths and eight (8) injuries were attributed to this disaster.
The President signed Disaster Declarations for fourteen (14) municipalities.

Hurricane Marilyn,
1995
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Historic Hurricane and Flooding Events of Significance2é

This hurricane was a Category 1 with winds of eighty-five (85) mph. It caused an
estimated $200 million in damage to public and private property and the death and
disappearance of twenty (20) people, most of them as aresult of flooding. About 10,500
people were displaced to shelters across the Island. Recorded rainfall data exceeded

Hurricane twenty (20) inches in twenty-four (24) hours. In the interior of the Island, rainfall exceeded

Hortense, 1996 the expected levels of a 100-year storm. Large tracts of land to the north, east and
southeast of Puerto Rico remained under water. Many of the major rivers and its
tributaries overflowed. About forty (40) roadways were blocked by flooding and
landslides and some bridges collapsed due to the speed of current flow or due to the
accumulation of debris.

This hurricane left a trail of damage as a result of high winds, rains, floods, mudslides and
surges. The greatest accumulation of rain occurred in the central mountainous interior
causing all rivers to overflow their banks, some of which set record discharges, and
many created new channels. The storm surge values were estimated at about ten (10)
feet high in the fown of Fajardo. Many parts of the West coast experienced severe
erosion of the beaches. The seventy-eight (78) municipalities were affected: 3.6 million
people without drinking water, 600,000 people without phone service, one hundred
percent (100%) of the electrical system was interrupted, 31,000 homeless, 100,000
houses damaged or destroyed, forty (40) bridges and miles of roads damaged or
blocked, 2.5 million cubic yards of rubble, ninety-five percent (?5%) of the total loss of
banana crop, seventy percent (70%) total loss of coffee harvest, and sixty percent (60%)
loss of poultry production. The number of refugees rose to 28,000 in 420 shelters spread
throughout the Island. The economic impact was estimated at $2 billion.

Hurricane
Georges, 1998

November 12 to 14, 2003, a trough caused heavy rains on the Island for three (3)
consecutive days affecting the south region. Total damages were estimated at $4.3
million. The roads affected were PR-10 from Adjuntas fo Ponce, PR-52 at Cayey, and
PR-172 that connects Caguas to Cidra. In the town of Moca a woman died after falling
off a cliff in her car. Two (2) men died trying to walk across flooded bridges in the
municipalities of Aibonito and Ciales. Three (3) bridges collapsed and six (6) others were
damaged. A total of 856 people had to be sheltered, forty percent (40%) of the public
school system was closed, twenty (20) roads were impassable, 138,174 people were left
without drinking water and more than 12,600 families were left without electricity. One
hundred percent (100%) of crops were damaged. In the Valle of Lajas many cattle
drowned. The Rio Grande of Ailasco came out of its banks causing loss of banana crop.
President George Bush issued a Presidential Disaster Declaration covering twenty-one
(21) municipalities, which qualified for Public Assistance and Individual Assistance.

Flooding in
November 2003

There was a new Presidential Emergency Declaratfion in Puerto Rico due to severe
storms causing landslides and floods across the Island. The most affected municipalities
were: Adjuntas, Aibonito, Cayey, Guayanilla, Jayuya, Juana Diaz, Lares, Maricao,
Orocovis, Pennuelas, Ponce, Salinas, Santa Isabel, Utuado, Villalba, Yabucoa and
Yauco.

Presidential Disaster Declaration (DR-1798) due to severe storms and flooding beginning
on from September 21, 2008 to October 3, 2008. The most affected municipalities were:

October 1, 2008 Guayama, Humacao, Maunabo, Patillas, Ponce, Salinas, Santa Isabel, and Yabucoa.
The total number of residences impacted were over 2,000 and the total assistance cost
estimate was $43 million.

November 10,
2005



CDBG-MIT Action Plan
Page 15 of 432

Historic Hurricane and Flooding Events of Significance2é

Presidential Disaster Declaratfion (DR-1919) due to severe storms and flooding during the
period of May 26 to 31, 2010. Ten (10) municipalities were affected: Arecibo,
Barranquitas, Coamo, Corozal, Dorado, Naranijito, Orocovis, Utuado, Vega Alta, and

June 24, 2010 Vega Baja. The total Public Assistance cost estimate was of $6 million. This declaration
also made Hazard Mitigation Grant Program assistance available for hazard mitigation
measures in all municipalities within the Government of Puerto Rico as requested by the
Governor.

Presidential Disaster Declaration (DR-1946) due to severe storms, flooding, mudslides,
and landslides associated with Tropical Storm Otto during the period of October 4 to 8,
2010. The most affected municipalities were: Adjuntas, Aibonito, Ahasco, Gudnica,
Guayama, Jayuya, Lares, Las Marias, Maricao, MayagUez, Morovis, Orocovis, Patillas,
Ponce, Sabana Grande, Salinas, San Germdn, Utuado, Villalba, Yabucoa, and Yauco.
$20 million was obligated for Public Assistance.

Tropical Storm
Otto, October 26,
2010

Presidential Disaster Declaration (DR-4004) due to severe storms, flooding, mudslides,
and landslides during the period of May 20, 2011 to June 8, 2011. The most affected

July 14, 2011 municipalities were: Anasco, Caguas, Camuy, Ciales, Hatillo, Las Piedras, Morovis,
Orocovis, San Lorenzo, San Sebastidn, Utuado, and Villalba. Seven point five ($7.5)
million was obligated for Public Assistance.

Emergency Declaration (EM-3326) due to severe rain, flooding, and landslides caused
by Hurricane Irene during the period of June 21 to 24, 2011. The hurricane impacted
Hurricane Irene, infrastructure, housing, personal property, and vehicles in fwenty-two (22)
August 22, 2011 municipalities: Humacao, Naguabo, Ceiba, Fajardo, Luquillo, Loiza, Carolina, Caguas,
Cidra, Cayey, Comerio, Aguas Buenas, Candvanas, Gurabo, Juncos, Maunabo, San
Lorenzo, Yauco, Orocovis, Villalba, Ponce, and Penuelas.

Presidential Disaster Declaration (DR-4017) due to severe rain, flooding, and landslides
caused caused by Hurricane Irene during the period of June 21 to 24, 2011. The Disaster
Declaration included Individual Assistance for seven (7) municipalities: Caguas,
Candévanas, Carolina, Cayey, Loiza, Luguillo ¥ and San Juan. It also included Public
Assistance for local government and non-profit organizations in Aguas Buenas,
Carolina, Cayey, Ceiba, Comerio, Juncos, Las Marias, Luqguillo, Morovis, Naguabo,
Orocovis, Utuado, Vega Baja, and Villalba. The total Individual Assistance cost estimate
was over $30 million, and the total Public Assistance cost estimate was nearly $5 million,
primarily for roads and bridges.

Hurricane Irene,
August 27, 2011

Presidential Disaster Declaration (DR-4040) due to severe rain, flooding, and landslides

Tropical Storm caused by Tropical Storm Maria during the period of September 8 to 14, 2011. The

Maria, September Disaster Declaration included Individual Assistance for three (3) municipalities:

2011 Yabucoa, Juana Diaz, and Naguabo. The total Individual Assistance cost estimate was
$7 million.

Landslides caused by heavy rains. The 2016 SHMP explains that many of the landslides
that occur in Puerto Rico are in a special category of landslides known as “debris flow”,
which occurs in mountainous areas with significant slopes during heavy rains. The rain
saturates the soil and causes ground level and peel strength loss, usually where the
ground makes contact with the bedrock.
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Historic Landslide Events of Significance?’

Tropical Storm Eloisa,
1975

Tropical Wave -
Mameyes Event, 1985

Rains in November
2003

Tropical Storm Jeanne,

September 17, 2004

March and April 2008

This storm caused flooding and landslides, unspecified damages.

From October 4 to October 7, 1985, one of the most catastrophic events in
recent decades in Puerto Rico and the United States history occurred, which led
to a Presidential Disaster Declaration and federal allocation of $65 million. On
this occasion, a fropical wave crossed the Island causing flooding in some areas,
dumping up to twenty-four (24) inches of rain in twenty-four (24) hours. There
were 127 people killed by a landslide in the neighborhood of Mameyes located
in the municipality of Ponce. This was an informal community located on a steep
slope, which experienced a massive rock release. The soil failed, in part because
of the saturafion of the ground caused by a leak from a water storage tank
located at the top of the slope. This wiped out one hundred (100) homes that
were literally buried under layers of earth and rocks. Another tfragedy occurred
during the night when the slab of a bridge collapsed on the road leading from
San Juan to Ponce, on the stretch of Coamo due fo soil erosion under one of
the columns; about twenty-nine (29) people rushed down the bridge and died.
Rains caused twenty-one (21) municipdalities to be declared disaster areas by
Presidential Disaster Declaration. Twenty-six (26) roads were impassable among
them; PR-10 between Adjuntas and Ponce was blocked by a landslide of 1,300
cubic meters of mud. On Highway Luis A.-Cayey Ferré in Cayey, detachment of
a pipe blocked two lanes. A huge wall of forty (40) feet belonging to a housing
project (Bairoa Wall) in the Municipality of Caguas collapsed in some areas,
endangering the lives of more than a dozen (12) families who lived behind it. A
family in the fown of Moca became homeless when their three-story house
collapsed; the family came out unharmed. The rains caused the ground to give
way and split some of the columns, the land deposited outside the residence
that gave way consisted of nineteen (19) feet of landfill and rough soil. Several
landslides left some communities in the municipality of Utuado isolated; in
Barriada Nueva development thirty (30) houses were in danger of collapsing as
the river undermined the land of the local road which faces the residences. In
the Monte Verde development, in the municipality of Manati, three (3) families
lost their homes in a sinkhole and six (6) other houses sank exposing the vents of
other sinkholes. The construction of this development took place between
hummocks and a total of eight (8) sinkholes that were fenced by the developer
to isolate them from the 500 homes built.

By Presidential Disaster Declaration Number 1552, FEMA has provided financing
for recovery for the effects of Tropical Storm Jeanne, which caused multiple
landslides in virtually the entire Island. A total of seventy-two (72) municipalities
received assistance because of this event.

Rainfall occurred during the months of March and April 2008, causing landslides.
The effects of these events impacted the community of Carruzos in Caroling,
the community Cerca del Cielo in Ponce, and the community of Unibdn in
Morovis. The combination of geological, climatological and the inappropriate
construction and development practices in urbanized areas, were the main
causes for these landslides.

27 Source information pulled from the 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan
de Mitigacién-Aprobado 02/08/2016" at the following website location: https://recovery.pr/en/document-library
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Historic Landslide Events of Significance?’

A Presidential Disaster Declaratfion (DR-1946) was declared due to severe storms,
flooding, mudslides, and landslides associated with Tropical Storm Ofto during
the period of October 4 to 8, 2010. The municipalities most affected were:
Adjuntas, Aibonito, Afasco, Gudnica, Guayama, Jayuya, Lares, Las Marias,
Maricao, MayagUez, Morovis, Orocovis, Patillas, Ponce, Sabana Grande,
Salinas, San Germdn, Utuado, Villalba, Yabucoa, and Yauco. $20 milion was
obligated for Public Assistance.

Tropical Storm Otto,
October 26, 2010

A Presidential Disaster Declaration (DR-4004) was declared due to severe storms,
flooding, mudslides, and landslides during the period of May 20, 2011 to June 8,

July 14, 2011 2011. The municipalities most affected were: Anasco, Caguas, Camuy, Ciales,
Hatillo, Las Piedras, Morovis, Orocovis, San Lorenzo, San Sebastidn, Utuado, and
Villalba. $7 million was obligated for Public Assistance.

Winds from Tropical Cyclones and Hurricanes. The 2016 SHMP notes that winds caused
by hurricanes and tropical cyclones can cause significant damage to buildings and
infrastructure because of their intensity and their high velecity speed winds that can pick
up and release debris, causing it to function as missiles.

Historic Wind Events of Significance28

This Category 5 hurricane is considered one of the largest cyclones in the North
Hurricane San Felipe, Atlantic. Maximum sustained winds were 160 mph, with gusts of two hundred (200)
1928 mph. It caused extensive private property damage, 312 people died, 83,000
people were without shelter, and it caused $50 million in losses.

This Category 4 hurricane passed through San Juan with sustained winds of 125
Hurricane Hugo, mph. A Presidential Disaster Declaration was issued in which fifty-seven (57)
1989 municipalities were declared eligible for Public Assistance and Individual

Assistance. There was one (1) death and damage was estimated at $1 billion.

On September 15, early in the morning, the center of the hurricane passed forty-

ATl Al five (45) miles east-northeast of San Juan with maximum sustained winds of 110

A2 mph. It grew to be a Category 3 hurricane.

This hurricane damaged some 4,000 homes. Agriculture suffered severe damage,
Hurricane Hortense, particularly in the mountainous area. Other damages associated with winds were
1996 faling frees, falling utility poles and felephone poles. A Presidential Disaster

Declaration was issued covering sixty-seven (67) municipalities.

28 Source information pulled from the 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan
de Mitigacion-Aprobado 02/08/2016" at the following website location: https://recovery.pr/en/document-library.
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Historic Wind Events of Significance?8

This hurricane’s 110 mph winds defoliated agricultural areas. About -4:-5-million-birds
died—representing—sixty percent (60%) of pouliry production was lost, and a
workforce of thirty-six thousand 36,000 agricultural jobs were affected. Heavy rains
and strong winds caused $45 million in damage to roads. Winds defoliated and
uprooted trees in forest areas causing an accumulation of vegetative debris,
mainly in urban areas. The United States Army Corps of Engineers indicated that
the hurricane caused a total of approximately 2.5 million cubic yards of vegetative
debris (frees, branches and leaves) equivalent to three (3) fifty (50)-story buildings.

Hurricane Georges, The forest areas are classified as critical to the recovery of native and migratory

1998 bird species. An estimated 20,000 homes were destroyed, 38,000 homes suffered
major damage, 63,000 homes reported minor damage, and - 48,500 were
affected. Two (2) days after the Hurricane, 31,500 people were in shelters. Puerto
Rico's government estimated the hurricane’s economic impact to businesses at
$528 million. The government spent $371,500 in Public Assistance to repair damage
to its infrastructure. The Presidential Disaster Declaratfion for seventy-eight (78)
municipalities included all categories of disaster relief. It is the first time that all the
municipalities of Puerto Rico are included in only one Presidential Disaster
Declaration.

The indirect effects of Tropical Storm Otto in October 4 to October 8, 2010, caused
flooding and mudslides, a Presidential Disaster Declaration (DR-1946) was issued
covering twenty-five (25) municipalities. The municipalities included in the

Tropical Storm Otto, declaration were: Adjuntas, Aibonito, Ahasco, Cayey, Ciales, Corozal, Gudnica,

2010 Guayama, Jayuya, Lares, Las Marias, Maricao, MayagUez, Morovis, Orocovis,
Patillas, Ponce, Sabana Grande, Salinas, San Germdn, San Lorenzo, Utuado,
Villalba, Yabucoa and Yauco. $20 milion has been obligated for Public
Assistance.

A Presidential Disaster Declaration (DR 4017) was declared due to effects caused
by Hurricane Irene during the period of June 21 to 24, 2011. The effects of Hurricane
Irene included: severe rain, flooding, and landslides. The Disaster Declaration
included Individual Assistance for seven municipalities: Caguas, Candvanas,

Hurricane Irene, Carolina, Cayey, Loiza, Luquillo y San Juan. Also included Public Assistance for

2011 local government and non-profit organizations in Aguas Buenas, Carolina, Cayey,
Ceiba, Comerio, Juncos, Las Marias, Luquillo, Morovis, Naguabo, Orocovis,
Utuado, Vega Baja, and Villalba. The total Individual Assistance cost estimate was
$30 million and the total Public Assistance cost estimate was nearly $5 million
primarily for roads and bridges.

A Presidential Disaster Declaration (DR-4040) was declared due fo sever rain,
flooding, and landslides caused by Tropical Storm Maria during the period of
September 8 to 14, 2011. The Disaster Declaration included Individual Assistance
for three (3) municipalities: Yabucoa, Juana Dioz, and Naguabo. The total
Individual Assistance cost estimate was more than $7 million.

Tropical Storm Maria,
2011

Earthquakes. In the 2016 SHMP, earthquakes are identified-as a high hazard for Puerto
Rico due to the irregular time intervals between these events, lack of adequate forecasts,
and the catastrophic damage thatean-oceur to buildings and infrastructure. Earthquake
events can also cause other destructive natural events such as liquefaction and
landslides. Puerto Rico experiences ongoing seismic activity, most of which is low intensity
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and therefore not felt by the populace; nor damaging damage to infrastructure. Until
recent events, the history of earthquake damage as reported in the SHMP occurred
between 1617 and July 29, 1943.

Based on frequency statistics and recurrence of seismic activity, the SHMP estimates that
earthquakes have occurred on the Island with a recurrence of every fifty-seven (57) to
one hundred seventeen (117) years (one (1) or two (2) per century). At the time the SHMP
was published, the last strong earthquake was in 1918, an indicator of a significant
possibility for Puerto Rico to-feel experience another strong tremor of equal magnitude
with destructive effects in the next forty (40) years of 2016.

However, it should be noted that each seismic event is generated along a different fault.
Therefore, it is difficult challenging to make a prediction on occurrence based on these
events alone. In Puerto Rico, vulnerability studies have shown a probability of thirty-three
percent (33%) to fifty percent (50%) of vigorous shaking (Intensity VII or more on the
Modified Mercalli Scale) for different parts of the Island for a period of fifty (50) years.
Most activity has been attributable to the north Trench of Puerto Rico, thirty-seven (37)
miles from San Juan city center with a potential to produce earthquakes of magnitudes
between eight (8) and eight point two five (8.25) on the Richter Scale.

Historic Earthquake Events of Significance??

September 8, 1615 An earthquake in the Dominican Republic caused damage in Puerto Rico.

There was a strong earthquake of unknown magnitude that significantly affected

AT, T/ the region of San Germdn.

An earthquake caused the destruction of the Churches of Arecibo and San
Germdn.

An earthquake of Intensity VII (Modified Mercalli Scale) destroyed the Church of
Guadalupe in Ponce.

Year 1717

August 30, 1740

This was probably the strongest earthquake that struck Puerto Rico since the early
colonization. It was strongly felt throughout the Island and may have reached a
magnitude of 8.0 degrees on the Richter Scale. Its epicenter was possibly the
North, in the Puerto Rico Trench. This earthquake demolished the Arecibo church

e 2 Ve along with the Rosario and Concepcién Chapels, churches in Bayamén, Toa Baja
and MayagUez were also damaged. It also caused considerable damage in the
San Felipe del Morro and San Cristébal, where water tanks, walls and guard houses
cracked. With the exception of the southern area, the whole Island was damaged.
April 16, 1844 An earthquake of intensity VII-VIII (Modified Mercalli Scale) destroyed several

buildings and homes,; municipalities affected are not specified.

An earthquake of unknown intensity was felt throughout the Island; little damage

November 28, 1846 to the northern area was reported.

22 Source information pulled from the 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan
de Mitigacién-Aprobado 02/08/2016" at the following website location: https://recovery.pr/en/document-library.
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Historic Earthquake Events of Significance??

Twenty (20) days after the Island had been devastated by Hurricane Narciso, there
was a strong earthquake with a magnitude of about 7.5 degrees on the Richter
scale. Its epicenter was located in the Anegada Passage between Puerto Rico
and the Island of Santa Cruz. The earthquake caused a tsunami that came about
490 feet inland in low-lying coastal parts of the municipality of Yabucoa. The
earthquake caused damage to many buildings in the Island, especially in the east.

November 18, 1867

Earthquake damage was reported in Arecibo and Ponce-the. The intensity was

December 8 to 9, 1875 e
not specified.

An earthquake, intensity not specified but only described as a great damage on

SERIBMIRET 27, 190t the north coast.

The epicenter of this earthquake was located northeast of Aguadilla in the Mona
Canyon. The earthquake had a magnitude of 7.5 degrees on the Richter scale
and was accompanied by a fidal wave or tsunami. The damage was

October 11, 1918 concentrated in the area west of the Island as this was the closest to the epicenter.
The earthquake killed approximately 116 people and caused over $4 million in
losses. Many houses, factories, public buildings, chimneys of the sugar industry,
bridges and other buildings were severely damaged.

An earthquake of magnitude 7.3 on the Richter scale was felt in the northeastern

July 29,1943 part of the Island-dameages. Damages were not specified.

An earthquake in the Dominican Republic caused damage to the western part of

RGNS =, 1920 Puerto Rico.

Drought. According to the 2016 SHMP, Puerto Rico does not experience extreme drought
conditions with relative frequency. However, there have been important events that
have negatively impacted agriculture and have required drastic measures such as water
rationing and the introduction of emergency measures such as the distribution of drinking
water to affected communities.

The severity of drought events is acknowledged to depend on the degree of impairment
in humidity levels, the duration and size of the drought event, and the affected area. The
main cause of any drought is the lack of rain or precipitation, called meteorological
drought, and if it lasts, can lead to a hydrological drought characterized by a disparity
between the natural availability of water and natural water demands. Drought events
that last for weeks or longer can have disastrous consequences for agriculture and can
lead to the rationing of potable water.

Important Drought Periods30

May 26, 1964 Presidential Disaster Declaraftion Number 170 due to exireme drought conditions.

30 Source information pulled from the 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan
de Mitigacion-Aprobado 02/08/2016" at the following website location: https://recovery.pr/en/document-library.
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Important Drought Periods3°

August 29, 1974 Presidential Emergency Declaration Number 3002 due to drought impacts.

According with-the to data, Puerfo Rico began experiencing a decrease of thirty-
five percent (35%) in the normal amount of rain since August 1993. The decrease
of rain fluctuationed, but it sharpened between April and July 1994, when a fifty-
six percent (56%) of normal rain was registered for the Central East region where
the reservoir of the Rio Grande de Loiza (Represa Carraizo) and Rio La Plata
Drought 1994 (Represa La Plata) are found. This drought impacted fifty-five percent (55%) of
Puerto Rico and it was necessary to implement the rationing of the water service
in twenty-nine (29) municipalities. The rationing of water began on April 5, 1994
and it ended in September 1994 because of heavy rains that increase the reservoir
levels. This drought had a negatfive impact in the economy of Puerto Rico,
particularly in agriculture with a gross income loss estimate of $93.9 million.

This drought started in March 2015, when PRASA gave its first warning on the
necessity of saving water since the reservoirs were decreasing their levels. In May,
the U.S. Drought Monitor, classified twelve (12) municipalities under Moderate
Drought and forty (40) municipalities were declared as Abnormally Dry. This
caused a negative impact in agriculture, rivers, basins, and wells. To address the
situation, PRASA developed a Rationing Plan that had three (3) phases: Phase One
(1): water in alternate days, Phase Two (2): one (1) day with water and two (2)
without, and Phase Three (3): one (1) day with water and three (3) without.

Drought 2015

Tsunamis. The 2016 SHMP notes that tsunamis are most common in open sea, but can
reach land with severe physical impact and flooding. These events are generally caused
by earthquakes, underwater landslides, or volcanic eruptions.

The seismic history of Puerto Rico and the Caribbean region provides valid data to expect
tsunamis to occur again. Coastal areas are, in general, at higher risk because they are
closer to the submarine fault, have greater exposure to the occurrence of tsunamis; the
seismic waves are more amplified and have greater potential for liquefaction in sandy
coast areas. Recorded seismic activity indicates that the probability of the Municipality
of San Juan of being affected by an earthquake or tsunami is low. The severity level of
the wave entering the coastal zone is between 120 to 150 meters in the low places.

Significant Tsunami events3!

An earthquake generated a tsunami that struck southeast Puerto Rico, which was

preceded by the sea retreating 150 meters. Then the sea came inland the same
November 18, 1867 distance. The sea came up several feet in some places along the coast, penetrated

nearly 150 meters in the lower parts of the coast in the Municipality of Yabucoa.

31 Source information pulled from the 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan
de Mitigacion-Aprobado 02/08/2016" at the following website location: https://recovery.pr/en/document-library.
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Significant Tsunami events3!

An earthquake in Puerto Rico generated a fsunami wave, which reached six (6) feet
in northeastern Puerto Rico, but was almost undetectable in San Juan. This tsunami
occurred minutes after the earthquake. Before the tsunami, the ocean receded

October 11, 1918 hundreds of feet and then came inland more than 120 meters in some lower areas.
In Aguadilla it killed forty (40) people and destroyed nearly 300 homes that were
located near the beach. In total 116 people died and property damage exceeded
$4 million.

There was an earthquake in Mayaguez and Aguadilla of magnitude 7.4 on the
August 8, 1946 Richter scale, damages are not specified.

Climate Change. The 2016 SHMP identifies climate change as an area of scientific
research analyzing the relationship between rising global temperatures and the effect
on the polar caps melting, thus increasing sea levels and threatening coastal areas in all
countries. The SHMP also acknowledged a 2005 study by the Organization for ECconomic
Cooperation and Development based in Paris, France, in which research suggested the
City of San Juan, Puerto Rico ranked number sixty-five (65) of a total of 136 cities in terms
of population exposed to floods.

Hazards Caused by Humans. The 2016 SHMP identifies human hazards as technological
hazards and terrorism caused by human activity rather than a natural event. Human-
caused disasters can be the result of an accident or an intentional and malicious act.
According to a Federal Bureau of Investigations (FBI) report published in 1987, during the
period of 1983 to 1987, there were eighty-two (82) incidents of terrorism in the United
States, of which thirty-four (34) (representing forty-one point five percent (41.5%))
occurred in Puerto Rico.32 According to the report, of the six (6) cities with the highest
incidence of terrorist attacks in the United States, two (2) were in Puerto Rico, MayagUez
and Rio Piedras (San Juan).

Human Caused Hazards33

October 17 to 18, 1979 Bombs in various U.S. government facilities, throughout the Island.

Bomb destructions of nine A-7 aircraft and damaged two other properties of

MR 12, e the Puerto Rico National Guard facilities at Muniz Base.

Bombs on substations owned by the Puerto Rico Electric Power Authority with

NeETISER (11 @il 27, 1561 losses totaling $4 million.

Explosions in four locations across the Island (Western MayagUez Federal Bank,
May 25, 1987 New York Department Store in Caguas, Ponce U.S. Customs Service and U.S.
Postal Service in Aibonito).

32 U.S. Department of Justice, Federal Bureau of Investigation, Terrorism in the United States, National Memorial
Institute for the Prevention of Terrorism in Oklahoma City, 1987.

33 Source information pulled from the 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan
de Mitigacién-Aprobado 02/08/2016" at the following website location: https://recovery.pr/en/document-library.
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Human Caused Hazards33

Presidential Emergency Declaration (EM-3124) due to gas explosion by
propane leak in a building located in Rio Piedras, in which there were multiple
injuries to life and property. The explosion left a toll of 33 dead and 69
wounded.

November 21, 1996

Presidential Emergency Declaration (EM 3306) due to explosions and fires in
fuel storage facilities of the company CAPECO, in Catano, during the period
of October 23 to 26, 2009. This emergency declaration included the
municipalities of Bayamén, Catano, Guaynabo, San Juan, and Toa Baja.

October 24, 2009



CDBG-MIT Action Plan
Page 24 of 432

HAZARD FREQUENCY ASSESSMENT

Building on the Existing Research

The analysis in this Action Plan considers the data and hazards profiled in the approved

2016 SHMP {as—described-intheprorsection} and includes additional updated data

gathered to consider some of Puerto Rico’s most catastrophic historical events including
Hurricane Irma, Hurricane Maria, and seismic activity of significant degree that has been
felt by residents since December of 2019.

The hazard frequency assessment also broadens the perspective on hazards present in
Puerto Rico by analyzing a total of eighteen (18) hazard events common in U.S. disaster
event history and likely in the Puerto Rico’s fropical climate efRPuerto-Rico. The result is a
broader analysis and increased understanding of the types of hazards that may pose
threat to Puerto Rico’s communities and citizens.

Rationale for Hazard Frequency Assessment

A complete risk assessment has four (4) basic components, including: hazard
identification; profiling of hazard events; inventory of assets; and an estimate of potential
human and economic losses based on exposure and vulnerability of people, buildings,
and infrastructure.34

This section of the report utilizes employs the DHS extended risk definition.3> Here, risk is the
potential for an adverse outcome assessed as a function of threats, vulnerabilities, and
consequences associated with an incident, event, or occurrence. This Hazard Analysis
coupled with the subsequent Risk Analysis portion of this draft together are partitioned
info four (4) discrete sections strictly following DHS guidance: Threat Assessment,
Vulnerability Assessment, Severity of Consequences Assessment, and the combination of
these three (3) resulting in Risk Assessment. A primary focus first on hazard identification
and frequency analysis for the-whole-of Puerto Rico, with-an-emphasis emphasizing en
vlilizing the use of the most appropriate data, methods, and analytic tools to meet rapid
turn-around CDBG-MIT timelines, provides the basis from which sound planning and
mitigation decisions can be made. This report is infended for CDBG-MIT risk assessment
informational and planning purposes only. A rigorous geospatial approach and a deep
understanding of hazards geography are wiilized applied in the following analytics and
associated results. Connecting empirically based hazard assessments with vulnerability,
infrastructure at risk, and severity of consequences information, provides a more holistic
view of risks across the Island efPuero-Rico.

34 United States. FEMA. Hazard Mitigation Planning. Accessed at: https://www.fema.gov/hazard-identification-and-risk-
assessment.

35 Department of Homeland Security. DHS Risk Lexicon. September  2008. Accessed at:
https://www.dhs.gov/xlibrary/assets/dhs risk lexicon.pdf.
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Methodology

Many hazard analytics processes in this assessment and spatial-analytic processes are
adapted from previous risk assessment procedures in several states3$-37 and regional38
local mitigation planning documents. Several processes have been specifically altered
to reflect Puerto Rico’s location closer to the equator (hurricane hazard) and
mountainous terrain (landslide hazard). Data specific to Puerto Rico for each hazard
analyzed herein (see table below) has been carefully reviewed to ensure data quality in
several respects. These include:

e Spatial - does the data adequately reflect all of Puerto Rico?2

e Temporal — does the data provide an appropriate timeframe for understanding

current and future riskse; and
e Numerical - Is the data free from incomplete or inconsistent recordse

The results of this analysis have been mapped using geographic information system (GIS)
tools that allow fer visualization of complex spatial data as one of the following data
types:
e Point data —a defined point on a map;
e Grid data — a network of evenly spaced horizontal and vertical lines used to
identify locations on a map; and
e Polygon —the depiction of data by drawing an outline shape for a spatial feature.

Hazards Analyzed in This Report, in Order of Priority of Analysis3?

Data . Temporal/Spatial Dataset and/or
Period X
Type Resolution Source*

Flood Polvaon ) Time
(100-year) Y9 independent
) 1985-
Point 2014 6-hourly
Landslide Grid : Various grid cell

sizes

3¢ State of South Carolina. South Carolina Hazard Mitigation Plan.

Modeled inundation of
100-year flood TS

Average times per year
an area can expect to
experience hurricane-
force winds 34 kt
Average landslide
susceptibility index in
any given area

HURDAT, CIRA, CSU

U.S. Geological Survey

October 2018 Update. Accessed at:

https://www.scemd.org/media/1391/sc-hazard-mitigation-plan-2018-update.pdf

37 State of Florida. Enhanced State

Hazard

Mitigation Plan. 2018. Accessed at:

https://www.floridadisaster.org/globalassets/dem/mitigation/mitigate-fl--shmp/shmp-2018-

full final approved.6.11.2018.pdf

38 State of South Carolina. An All Natural Hazard Risk Assessment and Hazard Mitigation Plan for the Central Midlands

Region of South Carolina. 2010 Update. Accessed at:

WithRevisions.pdf

https://centralmidlands.org/freedocs/HMPforadoption-

37 Priority of analysis determined by Puerto Rico Hazard Mitigation Plan - https://recovery.pr/en/document-library
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https://www.floridadisaster.org/globalassets/dem/mitigation/mitigate-fl--shmp/shmp-2018-full_final_approved.6.11.2018.pdf
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Hazards Analyzed in This Report, in Order of Priority of Analysis3?

Data . Temporal/Spatial Dataset and/or
Period 5
Type Resolution Source*

Average number of
times per year an area
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lowa State University's

Storm Polygon 2017 Yearly can expect to be under Environmental
a severe thunderstorm Mesonet
warning
Time Modeled inundation of
Grid - independent/ storm surge from a SLOSH, NOAA
30m Category-1 hurricane
Peak ground
Time acceleration with a 2%
LMUEPELG ) Polygon ) independent probability of USGS
exceedance in 50 years
2000- Averoge number of
Polygon 2017 Weekly weeks in drought per USDM
year
m 1987- Average number of
Point Daily days per year with GHCN, NCEI, NOAA
2017 -
winds above 30 knots
Average number of fog
. 1987- . days per year usin
Point 2017 Daily weather station 9 GHCN, NCEI, NOAA
interpolation
1987- Average number of
Point 2017 Yearly reported hail events per SPC, NOAA
year
Average number of
High . 1987- . days where the daily
Temperature el 2017 Bty maximum is above 100° GHCN, NCEI. NOAA
OF
Average number of
. 1986- cloud-to-ground
Grid 2012 Yearly/4 km lightning flashes per NCEIl, NOAA
year
Averoge LS G lowa State University’s
Tornado Polygon AV Yearly TES [PETHEET € Elree) Environmental
2017 can expect to be under M
: esonet
a tornado warning
1980- Probability of an acre or Federal Fire
Polygon 2016 vearly more burning if ignited Occurrence
webpage, USGS

*CIRA, CSU = Cooperative Institute for Research in the Atmosphere - Colorado State University; GHCN =
Global Historical Climatology Network; HURDAT = The Hurricane Database; NCEI = National Centers for

Environmental Information; NOAA = National Oceanic and Atmospheric Administration; SLOSH = Sea Lake
and Overland Surge from Hurricanes; SPC = Storm Prediction Center; USDM = U.S. Drought Monitor; USGS =
U.S. Geological Survey

A 0.5-square-mile hexagonal grid is used in this assessment because it provides the best
coverage for small spatial areas, such as Catano Municipality, while providing an ability
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to visualize spatial differences across the Island as a whole (see figure of hexagonal grids
onthe-nextpage- Figure 11). Summarizing underlying spatial data to the 0.5-square-mile
grid cell provides a specific set of information that will be different than using a different
sized grid cell. Different grid sizes will yield different results.

Hexagonal grids represent a simplified method to display complex geospatial
information* in an approachable way that also allows for aggregation of the data.#!
Using regular spatial bins (hexagons) serves three (3) primary goals. First, it simplifies data
sets, and aids in visual communication of complex data. If done correctly, visual binning
can enable readers to make reasonable count or density estimates that would otherwise
be impossible because of the complexity of underlying data. Second, spatial binning
shows a smooth surface of aggregated values across larger areas. Finally, a standardized
regular gridded framework, such as the hexagonal grids used here, enables analysis and
evaluation within and between datasets that would normally be difficult (or impossible)
to visually, statistically, or spatially compare.

4 Tableau. Data Map Discovery: How to use spatial binning for complex point distribution maps. Accessed at:
https://www.tableau.com/about/blog/2017/11/data-map-discovery-784603

41 ResearchGate. Shapes on a plane: evaluating the impact of projection distortion on spatial binning. Accessed at:
https://www.researchgate.net/publication/303290602 Shapes on a plane evaluating the impact of projection distort
ion _on spatial binning
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5 square miles

1 square mile

Figure 11: Comparison of Hexagonal Grids for Puerto Rico

Assessment Report Format

The analysis and associated outputs of this report are not intended to replace more
detailed, multi-year risk assessment processes such as updating FEMA-required risk
assessments and mitigation plans. A geospatial analytics focus on hazard geographies
forms the basis of the current assessment. As such, each hazard section provides the
following standardized information:
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1. Overview of Hazard. Where applicable, background material on hazards is
adapted from Puerto Rico’s current HMP.42 A brief background is provided if a
hazard has not been cataloged in Puerto Rico’s HMP.

2. Data and Methods. General descriptions of data and methods are provided for
reference.

3. Hazard Frequency Analysis Results. An overview of hazard frequency across Puerto
Rico including:

a. Maps of hazard zones. Hazard categories for each hazard type are
provided showing frequency of occurrence or other hazard zone/category
information for each municipality.

b. Tables of land area impacted. Three distinct tables are provided each
showing results from slightly different perspectives.

i. Land area in each municipality/hazard zone/category
combination.

ii. Percentage of municipality land area in each municipality/hazard
zone/category combination.

ii. Percentage of total Island land area in each municipality/hazard
zone/category combination.

iv. Standardized hazard score for each municipality. Utilizing the
hexagonal grid enables a relative comparison of hazard zones for
each municipality. A score for each hazard category (1 - Low to 5 -
High) was created by first calculating the percentage of total Island
land area in each “zone” in comparison to total Island land area.

v. The table on the following page titled “Example of Hazard Scoring
Step 1, Calculating Percentage Area for Each Category” provides
an example (based on severe storm hazard) showing that Adjuntas
Municipality has (.88%) of the total island-wide land area in the ‘Low’
severe storm category, another (1.01%) in ‘Medium Low’, (.05%) in
‘Medium’ and in no land in ‘Medium High' or ‘High’ categories.

42 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan de Mitigacion-Aprobado
02/08/2016" at the following website location: https://recovery.pr/en/document-library.
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Example of Hazard Scoring Step 1, Calculating Percentage Area for Each
Category

Municipality Severe Storm Percentage of Total (Island) Land Area

Medium Medium High

Low Low Medium High
0.88% 1.01% 0.05% 0.00% 0.00%
0.00% 0.00% 0.83% 0.07% 0.00%
0.00% 0.00% 1.05% 0.00% 0.00%
0.00% 0.25% 0.62% 0.00% 0.00%
0.73% 0.17% 0.01% 0.00% 0.00%
0.00% 0.03% 0.43% 0.42% 0.26%
0.25% 1.74% 1.68% 0.00% 0.00%
0.00% 0.07% 0.37% 0.00% 0.00%
0.00% 0.50% 0.04% 0.00% 0.00%

Each of these municipality/hazard category combinations is then “normalized” to a zero
to one (0-1) scale using a min/max scaling technique. In this approach, the datais scaled
to a fixed range of zero (0) to one (1). Min-Max scaling is accomplished using the
following equation:

Equation 1: Min-Max Scaling

X—MinX
Max X — Min X

Xsc =

Resulting values represent a minimum score of (0) zero to a maximum of (1) one for each
hazard zone category and each municipality. There are several ways to represent how
hazardous a particular area is. One (1) is called straight line in which we simply assign a
number to the level of hazard without considering any other factors, or weighting, that
number. Another is called interval (zero to five (0-5)) multiplicative weighting. The
problem with these two (2) systems is that, in places where there is a lot of geographic
area with *Medium High"” hazard risk, giving a higher number than someplace with a
smaller geographic area, but a higher hazard risk. This could confuse results and the
actions that follow. Instead, we decided to use logarithmic weighting which codifies an
increased threat in higher hazard areas over lower hazard areas. Values are converted
to alog-multiplied score where the ‘Low’ score is multiplied by 1 (one), the ‘Medium Low’
score is multiplied by 10 (ten), the ‘Medium’ score multiplied by one hundred (100), the
‘Medium High' score multiplied by one thousand (1,000), and the ‘High' score by ten
thousand (10,000). Then, the scores are rescaled to zero to one (0-1) using the mix/max
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scaling procedures used above. See examples in the table titled “Example of Hazard
Scoring Step 2, Calculating Min/Max Values for Each Category” on the following page.

Example of Hazard Scoring Step 2, Calculating Min/Max Values for Each
Category

Municipality | Min/Max of Severe Storm Percentage of Total (Island)
Land Area Log
Multiplier

Low Medium Medium Meghum High Score
Low High

m 0.39 0.58 0.02 0.00 0.00 22.62
0.00 0.00 0.26 0.09 0.00 1172.07 0.0111
0.00 0.00 0.33 0.01 0.00 390.16 0.0037
0.00 0.14 0.20 0.00 0.00 197.32 0.0019
0.32 0.10 0.00 0.00 0.00 413 0.0000
m 0.00 0.02 0.14 0.57 0.18 23987.40 0.2268
0.11 1.00 0.53 0.00 0.00 542.33 0.0051
0.00 0.04 0.12 0.00 0.00 117.30 0.0011
0.00 0.29 0.01 0.00 0.00 14.92 0.0001

100-year Flooding

Hazard Overview

Flooding is the most frequent and costly natural hazard in the United States. Floods are
generally the result of excessive precipitation and can be classified under two (2)
categories: flash floods, the product of heavy localized precipitation in a short time
period over a given location; and general floods, caused by precipitation over a longer
time period and over a given river basin. The severity of a flooding event is determined
by a combination of stream and river basin fopography and physiography; precipitation
and weather patterns; recent soil moisture conditions, and the degree of vegetative
clearing. Flash flooding events usually occur within minutes or hours of heavy amounts of
rainfall, from a dam or levee failure, or from a sudden release of water held by an ice
jam. MestHlash-flooding-is-caused-by-stow Slow-moving thunderstorms cause most flash
flooding in a local area or by heavy rains associated with hurricanes and fropical storms.
Although flash flooding occurs often along mountain streams, it is also common in
urbanized areas where much of the ground is covered by impervious surfaces. General
floods are usually longer-term events and may last for several days. The primary types of
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general flooding include riverine flooding, coastal flooding and urban flooding. Riverine
flooding is a function of excessive precipitation levels and water runoff volumes within
the watershed of a stream or river. Coastal flooding is typically a result of storm surge,
wind-driven waves, and heavy rainfall produced by hurricanes, tropical storms, and other
large coastal storms. Urban flooding occurs where man-made development has
obstructed the natural flow of water and/or decreased the ability of natural groundcover
to absorb and retain surface water runoff.

Data and Methods

FEMA provides a national flood hazard dataset for the U.S. through an online Map Service
Center (MSC). Accordingly, the entire U.S. Special Flood Hazard Area (SFHA) dataset was
downloaded, which represents flood hazards with a 0.01 probability of occurrence in any
given year, commonly referred to as a 100-year flood or the one percent (1%) annual
chance of flooding. Though additional flood zones exist for many locations in the U.S.,
depicting the 0.002 chance (500-year) of flooding or areas that may experience high
velocity floodwater flows, we utilize only the 100-year SFHA data in our composite hazard
analysis. In the case of Puerto Rico, Preliminary 100-year Flood Zones, provided by PRPB,
were spatially intersected with Puerto Rico’s 0.5-square-mile hexagonal grid to produce
a spatial representation of flood hazard across the Island.

Hazard Frequency Analysis Results

Flood hazard potential is present in every municipality, but is significantly more
pronounced along the north central, northeastern, eastern, south central, south east,
and western municipalities. The 100-Year Flood Zone map on the following page
categorizes each 0.5-square-mile hex grid based on the amount of land area it has inside
the FEMA Preliminary 100-Year Flood Zone using equal interval classification. Unlike simply
using the flood zone perimeter, this map allows for areal comparison across the Island.
The northwestern municipalities appear to have relatively less flood hazard potential than
most of the other enumeration units across the Island. Additionally, inland municipalities
such as Caguas, Gurabo, and Juncos have more areas at flood risk than most other
inland neighbors.
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In 100-Year Flood Zone

| Low (0.1% - 20%)
| Medium Low (20.1% - 40%)

B Medium (40.1% - 60%)

B Vedium High (60.1% - 80%)

B ich (80.1% - 100%)

Outside of Flood Zone/No Data O

Isla de Mona Isla de Culebra Vieques Municipio
Pe o
L

About the map:

This depiction of 100-year flood zones across Puerto Rico utilizes preliminary
federally designated zones provided by Puerto Rico's Planning Board. The
hexagonal grids utilized in this representation of flooding provide a standardized
method for overlaying multiple hazards each with different spatial representations.
The total land area inside the 100-year flood zone is calculated for each hexagonal
grid, representing 0.5 sq. miles, and is symbolized using an equal interval
classification scale.

Spatial analytics derived by the vulnerability mapping and analysis platform at the
University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 12: 100-Year Flood Zone Hazard Areas

Hurricane Force Winds

Hazard Overview

Hurricanes and tropical storms are the most common natural hazard in Puerto Rico,
causing extensive damage and loss. Hurricanes are tropical weather systems with a
higher intensity of sustained winds at seventy-four (74) mph miles per hour or greater. They
develop over warm waters and are caused by the instability created by the collision of
warm and cool air. A hurricane is a type of tropical cyclone. Tropical cyclones are
classified according to the intensity of their sustained winds, namely:

1. Tropical Depression: An organized system of clouds with a defined circulation and
maximum sustained winds which are less than thirty-nine (39) miles per hour. It is
considered a tropical cyclone in its formative stage.

2. Tropical Storm: An organized system of clouds with a defined circulation and
maximum sustained winds that fluctuate between thirty-nine (39) and seventy-

three (73) miles per hour.
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3. Hurricane: A maximum intensity tfropical cyclone at which the maximum sustained
winds reach or exceed seventy-four (74) miles per hour. It has a definite center
with a very low barometric pressure in it. Hurricanes are classified into categories
ranging from one (1) to five (5), and winds can reach over 155 miles per hour.

Hurricanes are dangerous because of their potential for destruction, their ability to affect
large areas, their ability to form spontaneously, and their unpredictable movement.
Hurricanes are often accompanied by high tides, storm surges, and heavy rains that can
cause landslides and flooding by swollen rivers.

As an emerging hurricane develops, barometric pressure at its center falls and winds
increase. If the atmospheric and oceanic conditions are favorable, it can intensify into a
tropical depression. When maximum sustained winds reach or exceed thirty-nine (39)
miles per hour, the system is designated-classified as a tropical storm, given designate a
name and closely monitored by the National Hurricane Center in Miami, Florida. When
sustained winds reach or exceed seventy-four (74) miles per hour, the storm is deemed a
hurricane. Hurricane intensity is further elassified-categorized by the Saffir-Simpson Scale,
which rates hurricane intensity on a scale of one (1) to five (5), with five (5) being the most
intense. The Saffir-Simpson hurricane wind scale®® categeorizes catalogues hurricane
intensity linearly based upon maximum sustained winds, barometric pressure and storm
surge potential, which are combined to estimate potential damage.

Category Sustained Winds Types of Damage Due to Hurricane Winds
74-95 mph Very dangerous winds will produce some damage: Well-constructed frame homes could have damage to roof,
1 64-82 kt shingles, vinyl siding and gutters. Large branches of trees will snap and shallowly rooted trees may be toppled.
119-153 km/h Extensive damage to power lines and poles likely will result in power cutages that could last a few to several days.
96-110 mph Extremely dangerous winds will cause extensive damage: Well-constructed frame homes could sustain major roof
2 83-95 kt and siding damage. Many shallowly rooted trees will be snappad or uprooted and block numerous roads. Near-total
154-177 km/h power loss is expected with outages that could last from several days to weeks.
3 111-12% mph Devastating damage will occur: Well-built framed homes may incur major damage or removal of roof decking and
(maijor) 96-112 kt gable ends. Many trees will be snapped or uprooted, blocking numerous roads. Electricity and water will be unavailable
178-208 km/h for several days to weeks after the storm passes.
130-156 mph Catastrophic damage will occur: Well-built framed homes can sustain severe damage with loss of most of the roof
4 113-136 k? structure and/or some exterior walls. Most trees will be snapped or uprooted and power poles downed. Fallen trees and
(major) 209-251 km/h power poles will isolate residential areas. Power outagas will last weeks to possibly months. Most of the area will be
' uninhabitable for weeks or months.
5 157 mph or higher  Catastrophic damage will occur: A high percentage of framed homes will be destroyed, with total roof failure and wall
(maijor) 137 kt or higher collapse. Fallen trees and power poles will isolate residential areas. Power outages will last for weeks to possibly

252 km/h or higher  months. Most of the area will be uninhabitable for weeks or months.

Figure 13: Saffir-Simpson Hurricane Wind Scale. Source: NOAA

Categories three to five (3 — 5) hurricanes are classified as “major hurricanes”, and while
hurricanes within this range comprise only twenty percent (20%) of U.S. total tropical
cyclone landfalls, they account for over seventy percent (70%) of the damage in the U.S.

43 United States, NOAA. National Hurricane Center and Central Pacific Hurricane Center. Accessed af:
https://www.nhc.noaa.gov/aboutsshws.php
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Damage during hurricanes may also result from spawned tornadoes and inland flooding
associated with heavy rainfall that usually accompanies these storms.

Data and Methods
Gaining perspective on historical frequencies of sustained hurricane-force wind speeds
across Puerto Rico required a multi-step geospatial process. First, we downloaded
Extended Best Track (EBT) data for all Atlantic fropical cyclones from the National
Hurricane Center.#4 The National Hurricane Center (NHC) maintains a climatology of all
Atlantic tropical cyclones since 1851, called HURDAT.#> For each storm, HURDAT contains
estimates of the latitude, longitude, one (1)-minute maximum sustained surface winds,
minimum sea-level pressure, and an indicator of whether the system was purely tropical,
subtropical, or extra-tropical, at six (6)-hour intervals. However, HURDAT lacks any
information about storm structure. By supplementing HURDAT with additional storm
parameters determined by NHC, we created the “extended” best track file. The
additional parameters include the following:

1. The maximum radial extent of thirty-four (34), fifty (50) and sixty-four (64) kt wind

in four (4) quadrants

2. The radius of maximum wind

3. Eye diameter (if available)

4. Pressure and radius of the outer closed isobar.

This EBT data was a subset for Puerto Rico, resulting in a set of more than 624 six (6)-hour
locations for seventy-seven (77) tropical cyclones close enough to Puerto Rico to impact
the Island with winds (see-upperefiguadrant-ofimage-on-nextpage See Figure 14-A)
between 1988-2018. The radius of maximum winds for each designated point was used
to create a buffer around eachpoint it showing the most likely hurricane wind field. This
fan-shaped buffer (see-vpperright-guadrantofimage-on-nextpage See Figure 14-B),
created specifically for this assessment, accounts for the general movement of
hurricanes in this part of the Caribbean. Because most hurricanes travel in an East-West
or Southeast-Northwest tract, compared to the more North-South pattern seen in the
Southeastern U.S., generally the resulting winds associated with these storms are not on
the east side of the storm generally, but rather on the northeast. Each of the wind fields
is then summarized to recreate a specific wind zone polygon for each hurricane event
(see-botomleguadrant-ofimage-onnexipage See Figure 14-C) so that each storm is
only counted once in the analytic process. Finally, a sum of the number of hurricanes
impacted Puerto Rico between 1988-2018 is generated for each hex grid and

44 United States. Department  of  Commerce. Extended Best  Track Dataset.  Accessed at
http://rammb.cira.colostate.edu/research/tropical cyclones/tc extended best track dataset/
45 HURDAT is a commonly used acronym that stands for the North Atlantic Hurricane Dataset.
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summarized by municipalities (seedowerright-gquadrantofimage-onnextpage See Figure
14-D).
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Figure 14: Hurricane Wind Hazard Frequency Analysis Process
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Hazard Frequency Analysis Results

Eastern Puerto Rico has experienced more frequent hurricane wind speeds than the
remainder of the Island with-the. The uninhabited Isla de Mona experencing shared the
least number (eight (8) instances) of hurricane-force wind events. Fajardo and Luquillo
municipalities are both completely within the highest category of hurricane frequency,
nineteen (19) to twenty-one (21), with the islands east of Fajardo seeing twenty-one (21)
instances of hurricane winds during the last thirty (30) years. Most of the remainder of
central and northwestern Puerto Rico has seen between sixteen (16) and eighteen (18)
hurricane-force wind events during this same time frame; and southeastern portions of
the main Island have been impacted thirteen (13) to fifteen (15) times (see map below).

H u rrica ne Wi nd H aza rd Isla de Mona - l.sla de Culebra Vieques Municipio

_— -
Occurrences (1989 - 2018) ,_‘*
About the map:

‘ ‘ Low (8 - 9 events)
I:l Medium Low (1 0-12 events) This depiction of Puerto Rico's tropical cyclone activity utilizes Extended Best Track
(EBT) data collected from the National Oceanic and Atmospheric Administration

. (NOAA). The hexagonal grids utilized in this representation of tropical cyclone winds
- Medium (13 -15 events) provide a standardized method for overlaying multiple hazards each with different
spatial representations. The total number of times hurricane force winds occurred in
. . _ the past 30 years (1989-2018) is calculated for each hexagonal grid, representing 0.5
- Medium ngh (1 6-18 events) sg. miles, and is symbolized using an equal interval classification scale.

- High (19 -21 events) Spatial analytics derived by the vulnerability mapping and analysis platform at the
University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 15: Hurricane Wind Hazard Areas
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Rain Induced Landslides

Hazard Overview

According to the Puerto Rico’s SHMP#, landslides occur when the force of gravity exerts
its influence on crustal materials. The term landslide includes a wide variety of land
movements, such as rockfalls, slope failures, and debris flow. This earth movement, that
threatens life and property, end can disrupt transit; dragging frees, houses, bridges and
cars, among others.

Meteorological phenomena that cause intense and prolonged rainfall, such as tropical
waves and tropical cyclones can trigger landslides. Population growth and/or migration
and poor construction exacerbates the susceptibility of Puerto Rico to experience
landslides.

Among the many factors causing theformation-of landslides, the most important are: soil
type, slope or incline of the ferrain, soil water saturation, erosion, the presence of
depressions or cavities, human activities, and efcourse the occurrence of earthquakes.
As stated in the Building Performance Assessment Team Report (BPAT) prepared after
Hurricane Georges, “landslides will become a major problem in the future as more houses
are built and there is more development in areas susceptible to these risks” (FEMA, March
1999).

As infroduced in the 2016 SHMP, many of the landslides that occur in Puerto Rico are in a
special category known as “debris flow”. The flow occurs in mountainous areas with
significant slopes during heavy rains. The rain saturates the soil and causes the ground
level and peel strength loss, usually where the ground makes contact with the bedrock.
There are many types of landslides, however, associated with soil saturation by water:

1. Slow landslides: slow and steady movement of soil or rock falls down the slope,
often recognized by their content of tree trunks, twisted pieces of fences or
retaining walls, filted poles or fences.

2. Debiris flow: fast-moving mass which combines loose soils, rocks, organic matter,
air infiltration, and water to form a viscous flow that slides down the slope.

3. Debris avalanche: fast, or extremely fast, debris flow range.

4. Mud flow: the mass rapid flow of wet material containing at least fifty percent
(50%) sand, silt and clay particles.

Data and Methods

The United States Geological Survey (USGS) completed a study of rainfall-induced
landslides on Puerto Rico in early 2020.47 The report summarizes creation of a new high-
resolution model of rainfall-induced landslide susceptibility for the main Island. The main

4 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan de Mitigacion-Aprobado
02/08/2016" at the following website location: https://recovery.pr/en/document-library

47 United States. USGS. Map Depicting Susceptibility to Landslides Triggered by Intense Rainfall, Puerto Rico. Accessed on
June 2020 at https://pubs.er.usgs.gov/publication/ofr20201022
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Island of Puerto Rico was classified at five (5) meter pixel scale into categories of Low,
Moderate, High, Very High, or Extremely High susceptibility to land sliding during and soon
after intense rainfall, such as is produced during tropical cyclones. Resulting raster GIS
output data, downloaded as georeferenced files, were used in this assessment to
understand sub-municipal-level landslide susceptibility. The output grid of susceptibility
index (SlI) values was summarized for each 0.5-square-mile hexagonal grid, and a focus
on average landslide values was generated. Average Sl values were used here because
they provide suitable geospatial variability across Puerto Rico, whereas summarized
maximum Sl values skew the visualization towards a much less realistic landslide threat
(see maps Figure 16 A-B below).

Landslide Susceptibility
% Index Category

s AT | | Low

: [: Moderate

[ High

I very High

I cxtreme

Figure 16: Rain Induced Landslide Susceptibility Index Average (A) vs Maximum (B) Score Comparison

Hazard Frequency Analysis Results

Unlike flooding and hurricane hazards, where coastal areas are more highly threatened,
landslide hazards are mainly a phenomena in hilly and mountainous areas regions. The
map on the-following-page Figure 17 illustrates higher landslide susceptibility along the
west central portion of the Island compared to the remainder of Puerto Rico. “Very high”
landslide susceptibility trending from east to west coast and to the southeast indicates
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that landslide hazards are ever-present for many municipalities. In our analysis results, we
see that places like Utuado (69 sg. mi.), Adjuntas (45.8 sg. mi.), and Ponce (40.6 sg. mi.)
have the most land area in the “extreme” landslide category. Whereas other places
have more than sixty percent (60%) of their total land area in the “extreme” Sl category,
like Maricao which has ninety-four percent (94%), Jayuya with seventy-five percent (75%),
Adjuntas with sixty-eight percent (68%), and Las Marias with sixty-seven percent (67%).

a L3N

Landslide Suscepti bi I ity Isla de Mona - I.sla de Culebra Vieques Mtrmicipio
Average S| Category '

‘ ‘ Low (No susceptibility)

About the map:

\:| Moderate (Sl < 25) This depiction of rain induced landslide hazard across Puerto Rico utilizes data
collected and analyzed by the United States Geological Survey (USGS) Landslide

Hiah (SI 25 - 50 Hazard Program. The hexagonal grids utilized in this representation of landslide

19 ( - ) susceptibility provide a standardized method for overlaying multiple hazards each

with different spatial representations. Average (susceptibility index (Sl) value from
- Very High (S| 50 - 75) the USGS report is calculated for each hexagonal grid, representing 0.5 sq. miles,

and is symbolized using an equal interval classification scale.

- Extreme (S| 75 - 100) Spatial analytics derived by the vulnerability mapping and analysis platform at the
University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 17: Rain Induced Landslide Susceptibility Areas

Severe Storms

Hazard Overview

Severe thunderstorms are defined by the National Weather Service as storms that have
wind speeds of fifty-eight (58) miles per hour or higher, produce hail at least three-fourths
(%)-inch in diameter, or produce tornadoes. Thunderstorms simply require moisture to
form clouds and rain, coupled with an unstable mass of warm air that can rise rapidly.
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Thunderstorms affect relatively small areas when compared with hurricanes and winter
storms, as the average stormis fifteen (15) miles in diameter and lasts an average of thirty
(30) minutes. Nearly 1,800 thunderstorms are occurring at any moment around the world.
However, of the estimated 100,000 thunderstorms that occur each year in the U.S., only
about ten percent (10%) are classified as severe. Thunderstorms are most likely to happen
in the spring and summer months and during the afternoon and evening hours but can
occur year-round and at all hours.

Despite their small size, all thunderstorms are dangerous and capable of threatening life
and property in localized areas. Every thunderstorm produces lightning, which results from
the buildup and discharge of electrical energy between positively and negatively
charged areas. Each year across the U.S., lightning causes more deaths than tornados.
It is responsible for an average of ninety-three (93) deaths, 300 injuries, and several
hundred million dollars in damage to property and forests.

Thunderstorms can also produce large, damaging hail, which causes nearly $1 billion in
damage to property and crops annually. Straight-line winds, which in extreme cases
have the potential fo exceed 100 miles per hour, are responsible for most thunderstorm
wind damage. One type of straight-line wind, the downburst, can cause damage
equivalent to a strong tornado and can be exiremely dangerous to aviation.
Thunderstorms are also capable of producing tornados and heavy rain that can lead to
flash flooding.

Data and Methods

Severe storm warnings are issued by Puerto Rico's National Weather Service Forecast
Office. Severe Thunderstorm Warnings will include where the stormis located, what towns
will be affected by the severe thunderstorm, and the primary threat associated with the
severe thunderstorm warning.#8 Severe storm warnings are collected and archived by
lowa State University's Environmental Mesonet.4? Across Puerto Rico, there have been
forty-four (44) severe storm warnings issued between 2002 and 2019 (see Figure 18 map
onthe-followingpage). Each hexagonal grid was appraised based on the number of
watch boxes touching it over the time period of record. This summation was then divided
by the number of years in the record to develop an average annual number of severe
storms and mapped.

48 United States. NOAA. Severe Weather Definitions. Accessed at: https://www.weather.gov/bgm/severedefinitions
4 lowa State University. lowa Environmental Mesonet. Accessed at: hitps://mesonet.agron.iastate.edu/
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Figure 18: Severe Storm Watch Boxes for Puerto Rico 2002-2019.

Hazard Frequency Analysis Results

The relatively low number of severe storm warnings across Puerto Rico, 3.6 per year,
indicates that severe storms occur less often in relation to other portions of the U.S.
However, severe storms can have dire consequences no matter how infrequently they
occur. Western portions of the Island tend to have a higher number of severe storms than
other portions; nearly seventy percent (70%) of San Sebastian’s land area is in a high
severe storm zone (see map on following page). Six (6) municipalities across Puerto Rico
have some area in high hazard zones and another twenty-seven (27) have some area in
medium high severe storm zones. Municipalities such as Anasco; and Las Marias have
around twenty-five percent (25%) of their land area in high severe storm hazard zones.
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Severe Storms 2002-2019 _'siadeMona _lisiade Culcbra Yieques Municlplo
Average Annual Frequency

’ ‘ Low (.05 events)

About the map:

I:l Medium Low (.05 - .1 events) This depiction of severe storm hazard across Puerto Rico uses lowa State
University’s Environmental Mesonet data - an archive of environmental data from

Medi 1 2 t cooperating member observing networks. The hexagonal grids utilized here provide a

eaium ( -.Zeven S) standardized method for overlaying multiple hazards each with different spatial
representations. Average annunal severe thunderstorm warnings issued (2002-

- Medium High (_2 -3 events) 2019) is calculated for each hexagonal grid, representing 0.5 sq. miles, and
symbolized using an equal interval classification scale.

- High (.3 -5 events) Spatial analytics derived by the vulnerability mapping and analysis platform at the
University of Central Florida (UCF) - www.vulnerabilitymap.org.

Figure 19: Severe Storm Hazard Frequency Areas

Hurricane Storm Surges

Hazard Overview

A storm surge is an elevated water level that is pushed towards the shore by the force of
strong winds that result in the piling up of water. The advancing surge combines with the
normal tides, which in extreme cases can increase the normal water height over twenty
(20) feet. The storm surge arrives ahead of the storm’s actual landfall, and the more
intense the hurricane is, the sooner the surge arrives. Water rise can be very rapid and
can move farinland, posing a serious threat o those who have not yet evacuated flood-
prone areas. Debris carried by the waves can also contribute to the devastation. As the
storm approaches the shore, the greatest storm surge will be to the north of the hurricane
eye, in the right-front quadrant of the direction in which the hurricane is moving. Such a
surge of high water topped by waves driven by hurricane force winds can be
devastating to coastal regions, causing severe beach erosion and property damage
along the immediate coast. Storm surge heights, and associated waves, are impacted
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by the shape of the continental shelf (narrow or wide) and the depth of the ocean
bottom (bathymetry). A narrow shelf, or one that drops steeply from the shoreline and
subsequently produces deep water close to the shoreline, tends to produce a lower
surge, but higher and more powerful storm waves. While disassociated with the Saffir-
Simpson Scale, storm surge remains the leading cause of mortality (or loss of life) of
residents along the immediate coastal areas.>

Data and Methods

This assessment utilized Sea, Lake and Overland Surges from Hurricanes (SLOSH) datasets
to map storm surge inundation for the conterminous U.S. provided by National Oceanic
and Atmospheric Administration (NOAA) National Storm Surge Hazard Maps.5' SLOSH is a
computerized model that estimates storm surge heights from tropical cyclones using
pressure, size, forward speed, and track data to create a model of the wind field which
pushes water. In each SLOSH basin or grid, tens of thousands of hypothetical tropical
cyclones are simulated, and the potential storm surges are calculated. The model is best
used for defining the potential flooding from storm surge for a location from a threatening
hurricane, rather than as a predictor of the specific areas that will be inundated during
a particular event. In island regions such as Puerto Rico, NOAA has coupled the SLOSH
model and the Simulating Waves Nearshore (SWAN) third-generation wave model,
developed at Delft University of Technology, to model storm surge and create Maximum
of the Maximum Envelope of High Water (referred to as MEOW or MOM) products. For this
assessment, average Water MOM provides a worst-case snapshot for a particular storm
category under “perfect” storm conditions.’2 Each MOM considers combinations of
forward speed, trajectory, and initial tide level. These products are compiled when a
SLOSH basin is developed or updated. It should be noted that no single hurricane will
produce the regional flooding depicted in the MOMs. Instead, MOMSs are intended to
capture the worst-case high-water value at a particular location for hurricane
evacuation planning. For this assessment, MOM water depth associated with each
hurricane category was calculated for each hex-grid.

Hazard Frequency Analysis Results

Hurricane storm surges, a uniquely coastal phenomena, show differential hazardousness
across Puerto Rico. Far eastern municipalities, including Culebra and Vieques
Municipalities, as well as the eastern coast of the main Island, are categorized with
deeper water depths from storm surge. The northeastern municipalities have more land

50 Adapted from South Carolina Hazard Mitigation Plan. Accessed at: hitps://www.scemd.orag/media/1391/sc-hazard-
mitigation-plan-2018-update.pdf

St United  States. NOAA. National Storm  Surge  Hazard Maps -  Version 2. Accessed at:
https://www.nhc.noaa.gov/nationalsurge

52 United States. NOAA. Storm  Surge  Maximum  of the Maximum  (MOM). Accessed atf:
https://www.nhc.noaa.gov/surge/momOverview.php
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area in storm surge zones for lower-category hurricanes, but deeper surge depth for more

infense hurricanes (see mapsinthe-following-pages Figures 20-24 for categoryl, 2, 3, 4,

and 5 storm surge).

Still, no coastline in Puerto Rico is immune from the possibility of hurricane storm surges.
For each category storm, the SLOSH model indicates a differing amount of land area
inundated to different depths in each municipality. As a result, the percentage of each
municipality’s land area changes for each SLOSH model run and category storm and the
percent of each municipality’s total island-wide land area also changes for different
storms.

Category 1 Storm Surge

Isla de Mona Isla de Culebra
Pa o
Average Water Depth . I
i R i
Outside Surge Zone/No Data O | il%‘
<
‘ Low ( 1.5 ﬁ') About the map:
This depiction of hurricane storm surge inundation across Puerto Rico utilizes National
Medium Low (1.5 ft. - 2 ft.) Oceanic and Atmospheric Administration (NOAA) Maximum of the Maximum (MOM)
Envelope of High Water (MEOW), or MOM water depth data for each category hurricane.
. MOM data provides a worst-case scenario for all places/storms. MOM data is not storm
Medium (2 ft.-2.5 ft) specific and does not provide water depth for a particular storm. Average water depth is

summarized for each hexagonal grid, representing 0.5 sq. miles, and is symbolized using

Ij Miadiium High (2.5t -3 ft.) an equal interval classification scale.

Spatial analytics derived by the vulnerability mapping and analysis platform at the

- High (> 3 ft.) University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 20: Hurricane Category 1 Storm Surge Hazard Areas
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Category 2 Storm Surge

Average Water Depth
Outside Surge Zone/No Data

| Low (< 1.5 ft.)

| Medium Low (15 ft. - 2.5 ft.)

Medium (2.5 ft. - 3.5 ft.)

Medium High (3.5 ft. - 4.5 ft.)

| High (> 451t)

Isla de Mona Isla de Culebra Vieques Municipio

&

About the map:

This depiction of hurricane storm surge inundation across Puerto Rico utilizes National
Oceanic and Atmospheric Administration (NOAA) Maximum of the Maximum (MOM)
Envelope of High Water (MEOW), or MOM water depth data for each category hurricane.
MOM data provides a worst-case scenario for all places/storms. MOM data is not storm
specific and does not provide water depth for a particular storm. Average water depth is
summarized for each hexagonal grid, representing 0.5 sq. miles, and is symbolized using
an equal interval classification scale.

Spatial analytics derived by the vulnerability mapping and analysis platform at the
University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 21: Hurricane Category 2 Storm Surge Hazard Areas
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Category 3 Storm Surge
Average Water Depth
Outside Surge Zone/No Data

| Low (< 1.5 ft.)

| Medium Low (15 ft.- 3 ft.)
| Medium (3ft.-451t)
Medium High (4.5 ft. - 6 ft.)
T High (> 6 1t)

Isla de Mona Isla de Culebra Vieques Municipio

About the map:

This depiction of hurricane storm surge inundation across Puerto Rico utilizes National
Oceanic and Atmospheric Administration (NOAA) Maximum of the Maximum (MOM)
Envelope of High Water (MEOW), or MOM water depth data for each category hurricane.
MOM data provides a worst-case scenario for all places/storms. MOM data is not storm
specific and does not provide water depth for a particular storm. Average water depth is
summarized for each hexagonal grid, representing 0.5 sq. miles, and is symbolized using
an equal interval classification scale.

Spatial analytics derived by the vulnerability mapping and analysis platform at the
University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 22: Hurricane Category 3 Storm Surge Hazard Areas
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Category 4 Storm Surge
Isla de Mona Isla de Culebra Vieques Municipio
Average Water Depth . K

Outside Surge Zone/No Data O

Low (<2 ft') About the map:

This depiction of hurricane storm surge inundation across Puerto Rico utilizes National

Medium Low (2 ft. -3.5 ft) Oceanic and Atmospheric Administration (NOAA) Maximum of the Maximum (MOM)

Envelope of High Water (MEOW), or MOM water depth data for each category hurricane.

. MOM data provides a worst-case scenario for all places/storms. MOM data is not storm

‘ Medium (35 ft.-5 ft-) specific and does not provide water depth for a particular storm. Average water depth is
summarized for each hexagonal grid, representing 0.5 sq. miles, and is symbolized using

‘ Medium High (5 ft - 6.5 ft ) an equal interval classification scale.

Spatial analytics derived by the vulnerability mapping and analysis platform at the

- High (> 6.5 ﬁ) University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 23: Hurricane Category 4 Storm Surge Hazard Areas
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Category 5 Storm Surge
Isla de Mona Isla de Culebra
Average Water Depth .

; Qs
Outside Surge Zone/No Data O *'4
Low (< 3 ft') About the map:

This depiction of hurricane storm surge inundation across Puerto Rico utilizes National

Medium Low (3 ft. -4.5 ft) Oceanic and Atmospheric Administration (NOAA) Maximum of the Maximum (MOM)
Envelope of High Water (MEOW), or MOM water depth data for each category hurricane.

‘ MOM data provides a worst-case scenario for all places/storms. MOM data is not storm

Medium (45 ft.-6 ft-) specific and does not provide water depth for a particular storm. Average water depth is
summarized for each hexagonal grid, representing 0.5 sq. miles, and is symbolized using

|: Medium High (6 ft. - 7.5 ft.) an equal interval classification scale.

Spatial analytics derived by the vulnerability mapping and analysis platform at the

- High (> 75 f-t) University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 24: Hurricane Category 5 Storm Surge Hazard Areas

Earthquakes

Hazard Overview

As with most of the Caribbean, Puerto Rico is subject to significant threat from
earthquakes. Earthquakes represent a particularly severe threat due to irregular time
intervals between these events, lack of adequate forecasts, and the catastrophic
damage that can occur as a result of a significant event of this nature.

An earthquake is caused by the release of stored energy within, or along the edge of,
the tectonic plates of the Earth. They are characterized by a sudden shaking of the earth.
The severity of an earthquake depends on its place of origin (epicenter) and the amount
of energy released. Upon the occurrence of the earthquake, seismic waves radiate from
the earthquake source, causing the shaking of the earth. The severity of the fremor
increases as energy is released and decreases according to its distance from the
epicenter. The fremors can be felt hundreds of miles from its epicenter. The intensity of
shaking is the result of several factors, such as: the extent and type of earthquake, the
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distance from the epicenter, the area's soil conditions, and the relative orientation of the
site with respect to the seismic event.

Among the damage earthquakes can cause are liquefaction, landslides, and significant
damage to buildings and infrastructure. Liquefaction is a phenomenon that causes
unconsolidated soils to lose their strength and act similar to a viscous fluid (like quicksand)
when these soils are subject to tremors due to an earthquake. The frequency and intensity
of liquefaction that can occur during an earthquake is impacted by several factors
including: the geological conditions of the area, groundwater depth, the tremor severity,
and magnitude of the earthquake.

Earthquakes can cause landslides and other types of soil failures. Landslides are sudden
movements of materials that emerge from the hills or mountains, free fall, sliding or rolling
down. Landslides caused by earthquakes can occur on natural slopes, cut slopes on the
ground, eroded rocks, or filled slopes. They are common in areas where they are abruptly
cut off the slopes, on plain soils or fractured eroded rock. The frequency and intensity of
landslides that may occur during an earthquake are due to several factors, including:
geological materials contained in the areq, the steepness of the slope, the water content
of the material that slides, trembling land, and the magnitude of the earthquake.

Data and Methods

The USGS, charged with overseeing all geophysical hazard activity in the U.S. and its
protectorates, has completed several studies of earthquake risk for Puerto Rico. One of
the most recent is a 2003 study of U.S. Seismic Hazard Maps — Puerto Rico and the U.S.
Virgin Islands, Samoa and the Pacific Islands, and Guam and the Northern Mariana
Islands.53 This study provides gridded seismic hazard curve data, gridded ground motion
data, and mapped gridded ground motion values for the Puerto Rico region. In this case,
as in many probabilistic seismic hazard analysis (PHSA), the greater than two percent (2%)
probability of peak ground acceleration (PGA) has become the de facto measure for
estimating seismic activity. Although considerable discussion in seismology, engineering,
and emergency management is beginning to shift away from PHSA and PGA as a
measure of risk5455 (e.g., hazard X vulnerability) it still proves to be useful for understanding
the occurrence frequency of ground shaking. For the purposes of this hazard assessment,
the greater than two percent (>2%) exceedance of Peak Ground Acceleration provides

53 United States. USGS. U.S. Seismic Hazard Maps — Puerto Rico and the U.S. Virgin Islands, Samoa and the Pacific Islands,
and Guam and Northern Mariana Islands. Accessed af: https://www.usgs.gov/natural-hazards/earthquake-
hazards/science/us-seismic-hazard-maps-puerto-rico-and-us-virgin-islands2gt-science center objects=0#qgt-

science center objects

4 Wang, Z. Understanding Seismic Hazard and Risk A Gap Between Engineers and Seismologists. Accessed at:
https://www.iitk.ac.in/nicee/wcee/article/14 S27-001.PDF

55 Mulargia, Francesco, Stark, Philip B., Geller, Robert J. Why is Probabilistic Seismic Hazard Analysis (PHSA) still used? Physics
of the Earth and Planetary Interiors, Volume 264, March 2017, Pages 63-75. Accessed af:
https://www.sciencedirect.com/science/article/pii/S0031920116303016
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a useful tool for understanding where the hazard is likely to occur, but not which buildings
or communities are likely to be adversely impacted. In this assessment, average PGA
values were calculated for each hexagonal grid and mapped using standard deviations
showing us a clear pattern of increased hazard across Puerto Rico.

Hazard Frequency Analysis Results

The—map—below Figure 25 shows that earthquake threat generally decreases from
southwest to northeast across Puerto Rico. Four (4) municipalities, Cabo Rojo, Lajas,
Gudnica, and Yauco, have greater than ten (10) sg. miles of land area in the highest
PGA zones, and thirty-six (36) municipalities have greater than ten (10) sq. miles in the
second highest hazard category. Thirty-three (33) municipalities have one hundred
percent (100%) of their land area in a high or medium-high earthquake hazard zone, as
defined by PGA, of forty (40) or greater.

'Y o™ » TZ

PGA with > 2% Probability “

Isla de Mona Isla de Culebra Vieques Municipio

Occurence in 50 years B 2

I None |
J = 20 About the map:

This depiction of 2% earthquake peak ground acceleration exceedances (PGA) across

20 - 30 Puerto Rico is based on outputs from the US Geological Survey's (USGS) 2003 Puerto

Rico and U.S. Virgin Islands Seismic Hazard Model. 2% is the standard hazard estimate

- 30 - 40 for earthquake ground movement threats. The hexagonal grids utilized here provide a
standardized method for overlaying multiple hazards each with different spatial

representations. Average PGA is calculated for each hexagonal grid, representing 0.5

- 40 -50 sq. miles, and is symbolized using an equal interval classification scale.
Spatial analytics derived by the vulnerability mapping and analysis platform at the
- > 50 University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 25: Earthquake Hazard Areas
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Tsunami

Hazard Overview

A tsunamiis a series of waves caused generally by a vertical displacement on the bottom
(bed) of the sea caused by an earthquake under the seabed. Tsunamis can also be
caused by underwater landslides or volcanic eruptions. Tsunami characteristics are
different in deep and surface water events. In deep water, waves fravel at speeds up to
500 miles per hour (mph), but the visual indication of a deepwater tsunami is typically a
low wave under one foot in height. However, as these deepwater waves approach
coastal areas they greatly decrease in speed and dramatically increase in height.
Nearshore tsunami waves, sometimes reach heights of more than ninety-eight (98) feet,
can cause great cost to lives, property, and livelihoods when they impact the coast.>

Data and Methods

Puerto Rico’s Seismic Network (PRSN), part of the Department of Geology of the University
of Puerto Rico in MayaguUez, has a mission to detect, process, and investigate the seismic
activity in the region of Puerto Rico to aid in public security, education, engineering, and
scientific research. In 2012, PRSN completed a tsunami inundation model considering an
8.5 magnitude catastrophic event on the north of Puerto Rico.> The results of this model
include geospatial data files displaying flood inundation areas across Puerto Rico. Like
flood hazard, these polygonal representations of tsunami hazard were spatially
intersected with Puerto Rico’s 0.5-square-mile hexagonal grid to produce a spatial
representation of tsunami inundation hazard across Puerto Rico.

Hazard Frequency Analysis Results

Tsunamis are mainly a coastal hazard, yet potential impacts are uneven across the
coastline (see map-onthefollowingpage Figure 26). Municipalities on the north shore of
Puerto Rico appear to have more land area in tsunami hazard zones in comparison to
other parts of the Island. These results are dependent on many factors, but could be
related to the fact that the 2012 model was based on an event in the north of Puerto
Rico. Additionally, municipalities along Puerto Rico’s western shore have land areas in
high tsunami hazard zones. Thirty-seven (37) municipalities have land in high tsunami
impact areas with Loiza topping the list in terms of total land area in the high tsunami
hazard zone.

5 2016 Puerto Rico Hazard Mitigation Plan. Accessed under file name “Puerto Rico Plan de Mitigacion-Aprobado
02/08/2016" at the following website location: https://recovery.pr/en/document-library

57 Puerto Rico Seismic Network. Tsunami Ready ®. Accessed aft:
http://redsismica.uprm.edu/English/tsunami/tsunamiprogram/prc/gisdataenglish.php
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About the map:

- Medium Low (20.1% - 40%)  This depiction of tsunmai hazard across Puerto Rico uses the tsunami inundation
model of 2012 (MOMRAS). The hexagonal grids utilized here provide a standardized

. method for overlaying multiple hazards each with different spatial representations.

- Medium (40'1% - 60%) Total land area inside the tsunami inundation zone was calculated for each

hexagonal grid, representing 0.5 sq. miles, and is symbolized using an equal interval

- Medium High (60.1 9%, - 80%) classification scale. Darker blue areas indicate more land area inside tsunami hazard
zones across Puerto Rico.

- High (80.1% - 100%) Spatial analytics derived by the vulnerability mapping and analysis platform at the
University of Central Florida (UCF) - www.vulnerabilitymap.org.

Figure 26: Tsunami Hazard Areas

Drought

Hazard Overview

Drought is described as “long periods of abnormal weather enough for water shortages
to cause serious hydrological imbalances in the affected area”.®® In simpler terms, a
drought is a period of unusually dry weather that persists long enough to cause serious
problems, such as damage to agriculture and rationing in the provision of potable water
to the population. The severity of a drought depends on the degree of impairment in
humidity levels, duration, and size of the affected area.

There are four (4) main approaches that can define a drought.
1. Meteorological Focus: a measure of deviation from normal precipitation levels.
Due to climatic differences, which can be considered a drought in one (1) country
may not necessarily be a drought elsewhere.

58 Glossary of Meteorology, Boston, American Meteorological Society, 1959.
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2. Agricultural Focus: refers to the situation where the amount of moisture in the soll
does not meet the needs of a particular crop.

3. Hydrological Focus: occurs when surface water sources and groundwater are
below normal.

4. Socioeconomic Focus: refers to the situation that occurs when physical shortages
in water supplies begin to affect people.

The main cause of any drought is the lack of rain or precipitation. This phenomenon is
called meteorological drought, and if it lasts it leads to a hydrological drought
characterized by a disparity between the natural availability of water and natural water
demands. In extreme cases you can get to drought. The lack of precipitation for an
extended period of time can have disastrous consequences for agriculture and
metropolitan areas. In some areas regions of the countryside, it does not take long, as
several weeks without rain can cause damage to crops. These areas regions must take
measures on consumption savings, such as rationing.

Data and Methods

Produced jointly by the National Drought Mitigation Center (NDMC) at the University of
Nebraska-Lincoln, NOAA, and the U.S. Department of Agriculture (USDA), the United
States Drought Monitor (USDM) provides geospatial representations of drought hazard
areas for the entire U.S. and outlying areas. The NDMC hosts the website of the drought
monitor and the associated data, and provides the map and data to NOAA, USDA and
other agencies.> Polygons produced by the USDM represent areas that have had
drought conditions from 2000-2019 across Puerto Rico. Each hexagonal grid was
populated with the number of instances (weeks) of drought and categorized using an
equal interval classification.

Hazard Frequency Analysis Results

Drought hazard is most prevalent in the south central and central Island areas regions
and radiates out along the southern coast and into the central and north central portions
of the Island (see map-on-thefollowingpage Figure 27). Salinas municipality, (with fifty-
eight (58) square miles) has eighty-three percent (83%) of its land area in the highest
drought frequency category and more than sixty-three percent (63%) of all the high
drought areas regions across the Island are also located in the area. Several surrounding
municipalities have a majority (if not all) of their individual land erea territory in the
medium-high drought category, and when ranking each municipality across all hazard
categories by area, one can easily see the most threatened areas-sectors in ferms of
drought.

5 The National Drought Mitigation Center, University of Nebraska-Lincoln. United States Drought Monitor. Map Released:
August 13, 2020. Accessed at: hitps://droughtmonitor.unl.edu/



https://droughtmonitor.unl.edu/

CDBG-MIT Action Plan

|:| 1 -3 Weeks
T 3-5Weeks
- 5 -7 Weeks
- > 7 Weeks

Page 55 of 432
-
§
< . . ! -‘- i © X
¥ 4
Isla de Mona Isla de Culebra Vieques Municipio
Drought Hazard . -
Average Annual Weeks
. <1Week

About the map:

This depiction of drought hazard zones across Puerto Rico is based on outputs from
the United States Drought Monitor (USDM). USDM data indicate drought conditions
on a weekly basis (2000-2019). The hexagonal grids utilized here provide a
standardized method for overlaying multiple hazards each with different spatial
representations. An average annual number of drought weeks is calculated for each
hexagonal grid, representing 0.5 sq. miles, and is symbolized using an equal interval
classification scale showing areas of higher drought frequency across the island.

Spatial analytics derived by the vulnerability mapping and analysis platform at the
University of Central Florida (UCF) - www.vulnerabilitymap.org

Wind

Hazard Overview

Figure 27: Drought Hazard Areas

Wind is “the horizontal motion of the air past a given point”.¢0 Winds occur when there
are differences in air pressure, always moving from a location with high pressure to one
with relatively lower pressure. Wind speed depends on two factors: (a) the pressure
difference between two areas, and (b) the distance between those two areas. Stronger
winds occur because of higher pressure difference and/or closer areas of high/low
pressure. Wind speed is usually expressed in miles per hour or knots. The direction from
which the wind is blowing is used to describe the wind. For example, “westerly winds”
mean winds are blowing from the west. The wind events discussed in this assessment are
non-hurricane, and non-tornadic wind events (i.e., mostly thunderstorm winds). Very few

60 United States. NOAA. National Weather Service Glossary. Accessed at: hitp://wl.weather.gov/glossary/
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wind advisory events, sustained winds of thirty to thirty-nine (30-39) mph or wind gusts of
forty-six to fifty-seven (46-57) mph occur in Puerto Rico on an annual basis.

Data and Methods

Puerto Rico has only a limited number of weather stations on the Island capable of
collecting crucial hourly information about temperature, fog, wind, and other
atmospheric conditions. Using insufficient data coverage to determine wind hazard
zones could result in both under and over-estimation of hazard areas. Because Puerto
Rico's wind sensor array is less than optimal, this assessment used hourly ten (10)-meter u-
and v- wind component data (units: m/s) (1989-2018) obtained from ERAS5 (ECMWF
Atmospheric Reanalysis, the fifth generation) data. This is a satellite-derived dataset of
wind speeds. The spatial resolution of this dataset is 0.25-degree latitude-longitude. The
hourly windspeed at ten (10)-meter is calculated from u- and v- wind components. As for
each hexagon, the daily max hourly wind speed is determined first, then the average
annual number of days that daily max hourly wind speed exceeds thirty (30)-knot is
calculated.

Hazard Frequency Analysis Results

Wind hazard is a lower threat to lives, livelihoods, and infrastructure across Puerto Rico
than other hazards. Most non-hurricane related wind events do not reach the threshold
to cause damage, however the frequency of thirty (30)-knot winds across the Island
merits review. The-map-onthefollowingpage Figure 28 shows average annual frequency
of thirty (30)-knot wind events over the thirty (30)-year period from 1989-2018, and
indicates that areas on the western and eastern portions of the Island have slightly
greater frequency than the remainder of the Island. Vieques, Culebra, and Ceiba &l
have land in high wind hazard zones. Cabo Rojo and Rio Grande, Aguadilla, and Isla de
Mona alt have significant land area in the medium high hazard zone.
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u Low (<.05 events) About the map:

. This depiction of wind hazard across Puerto Rico is based on a 10-meter ECMWF

I:l Medium Low (.05 - .1 events) atmospheric Reanalysis (ERAS) data indicating hourly winds at .25 decimal degrees
(1989 — 2018). The hexagonal grids utilized here provide a standardized method for

: _ overlaying multiple hazards each with different spatial representations. An average

- Medium ('1 2 events) annual count of the number of times winds topped 30 knots (34.5 mph) is calculated
for each hexagonal grid, representing 0.5 sq. miles, and is symbolized using an equal

- Medium High (.2 - .3 events) interval classification scale.

. Spatial analytics derived by the vulnerability mapping and analysis platform at the
- ngh (> 3 events) University of Central Florida (UCF) - www.vulnerabilitymap.org

Figure 28: Wind Hazard Areas

Fog

Hazard Overview

Fog is a hazard to drivers, mariners, and aviators. Since 2003, three (3) fatal plane crashes
have been connected to fog events on Puerto Rico.¢! There are several different
conditions under which fog forms. Across Puerto Rico, radiation fog is the most common
type of fog. Radiation fog mostly forms in the early morning and dissipates rapidly as air
near to the ground cools. When the air reaches saturation, fog will form. Initially, fog will
form near, or at, the surface and will thicken as the air continues to cool (e.g., overnight)
and also extend upward. Radiation fog mostly occurs in sheltered valleys and near
bodies of water. Its appearance is usually patchy and localized since wind disrupts the
development of radiation fog.s2

61 National Transportation Safety Board. Data Repository. Accessed at:
https://www.ntsb.gov/ layouts/ntsb.aviation/Results.aspx2queryld=cd2e02e2-52f4-43a4-8809-b502462b%6a

62 Calvesbert, Robert J. Climate of Puerto Rico and U.S. Virgin Islands. U.S. Department of