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Commented [SK2]: Does this really serve (or should serve)
as the “statewide climate adaptation plan.” It makes sense for
the hazard mitigation plan to consider climate change insofar
as it will impact future loss of lives or damage to property
and infrastructure. But the structure of the SHMP, with the
subcategories under hazard profile, secondary hazards, and
exposure and vulnerability, don’t lend themselves to the
necessary assessment and evaluation that is necessary for a
comprehensive climate adaptation plan. If it truly is going to
be the climate adaptation plan, it needs a different structure.

We appreciate the idea of organizing this chapter by climate
change interaction, but that makes many of the sections
related to flooding disjointed and repetitive. Part of the
problem is that the floodplain terminology is explained more
comprehensively in the Inland Flooding section, but that
currently comes after the Coastal Flooding section. It may be
beneficial to switch them.
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5. Introduction to Risk
Assessment

5.1 Hazard Identification Process

To identify threats and hazards of concern for this Hazard Identification and Risk Assessment |

(HIRA), the Project Management Team (PMT) and its consulting team reviewed the 2013 State I

Hazard Mitigation Plan (SHMP), which was based on the 2010 SHMP, and Comprehensive

Emergency Management Plan, The PMT developed a risk assessment methodology to conduct af

Threat and Hazard Identification and Risk Assessment (THIRA), which includes XX, lwith

o ) (Deleted: the

Commented [j3]: It is critical to identify the term natural
hazard against the term climate change in order to
understand information presented in Section 5. Even if there
is a glossary or definitions section, I think the terms should
be illuminated again here to remind the reader.

assistance from/the Commonwealth Fusion Centeh‘. The assessment conducted for the 2013

(L‘ leted: a review of

SHMP recognized 21 natural hazards, six technological hazards, and 16 terrorism-based hazard

scenarios that could potentially impact the Commonwealth of Massachusetts. Of these, the 15

natural hazards identified on the following page were determined to be relevant for the HIRA for

fhis 2018 SHMCAP,,
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Natural Hazards Assessed

1 o

I~/
L3
g ¥
Coastal Flooding Average/Extreme Severe Winter Storm
Temperatures
Coastal Erosion Drought Nor'easter
ﬁ @
S ——
—
—
Tsunami Wildfires Tornados
———— M 11111
Inland Flooding Invasive Species Other Severe Weather
Landslide Hurricanes/Tropical Storms Earthquake

5.2 HIRA Format

This HIRA js based upon the primary interactions between natural hazards and climate changes

/Commented [j6]: These edits are suggested to make the
language a bit more understandable.

Ve N
{  Deleted: Climate Change and Natural Hazard Taxonomy

{ Deleted: The

\(Deleted: for the Commonwealth of Massachusetts

[ Deleted: organized

{ Deleted: primary

| Deleted: interactions

{ Deleted: This

A categorization of traditional natural hazards, within the context of climate changes, was

included to demonstrate the connections between fraditional natural hazard analysis and climate

change projections. This categorization also aligns with the four climate change categories

included on the Commonwealth’s Resilient MA Climate Change Clearinghouse website
(http://www.resilientma.org/). Those categories are illustrated in the following graphic,
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Sea Level Rise: Climate changes have resulted in, rising sea levels, and in-

turn, rising seas will have wide ranging impacts for developed areas,

( Deleted: will drive

N N

(Deleted: communities

natural resources, and infrastructure along the 192 miles of the
Commonwealth’s coastline.

Rising Temperatures: Average global temperatures have risen steadily in!

Deleted: The eight warmest years on record — 2016, 2015,

the last fifty years, and scientists warn that the trend will continue unless

2014, 2010, 2013, 2005, 2009, and 1998 — have all occurred
in the last twenty years according to the U.S. National

Extreme Weather: Climate change is expected to create erratic weather (Deleted: Changes in Precipitation: )

events across the globe, and right here in Massachusetts. Changes in the

amount, frequency, and timing of precipitation — including rainfall and (Deleted: a ]

snowfall — are occurring across the globe as temperatures rise, and climate (Deleted: both ]

patterns shift in response. (Deleted: , )
‘(Deleted: other )

greenhouse gas emissions are significantly reduced. The eight warmest

years on record all occurred in the last twenty years, according to the U.S.

National Oceanographic and Atmospheric Administration.

Oceanographic and Atmospheric Administration.

The hazards presented in this risk assessment, and the order in which they appear, are based on
the grouping presented jn Table 5-1, on the following page.,
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Table 5:1: Jmpact Classification

(Deleted: 6

Primary Climate Change
Interaction

Natural Hazard

Other Climate Change
Interactions\

Representative Climate Change
Impacts

Deleted: Climate Change and Natural Hazard Taxonomy )
C ted [j8]: This column should be deleted. This

Sea Level Rise

{

Coastal Flooding

1]

Coastal Erosion

Tsunami

Increase in tidal-and coastal floods,
storm surge, coastal erosion, marsh
migration, inundation of coastal and
marine ecosystems, loss and
subsidence of wetlands

information is redundant in some cases and incorrect in other
cases (e.g., precipitation is not directly correlated to rising
temperatures). I think the classification makes perfect sense
with just columns 1,2, and 4, as it starts off with the overall
climate change grouping, then includes the natural hazards
that occur under this scenario/projection, and the last column
describes associated impacts.

8,8
1

Extreme Weather

Intense and Frequent
Precipitation,

Increase in frequency and intensity of

extreme weather events, resulting in
greater damage to natural resources;

Strong Winds

property, and infrastriucture, aswell

Deleted: Extreme Weather

Deleted: Changes in Precipitation

as increased potential for loss of life.
Lublic health impacts from intense

Inland Flooding (including Dam
Qvertopping)

Deleted: Rising Temperatures

Deleted: Extreme Weather

flooding include mold and worsened

air-aualitv- and vector-bor

Nor’easters/Hurricanes/Tornados

. )
indoor air quality;-and vector-borne

diseases from stagnant water,

| Deleted: Inland Flooding (including Dam Overtopping)

Deleted: Landslide

Deleted: Rising Temperatures, Extreme Weather

[Extreme Temperature Shifting in seasons (longer summer,

Fluctuations, early-spring-including earlier timing of

Drought spring peak flow), increase in length

Wildfires of growing season, increase of Deleted: p

Deleted: Flash flooding, urban flooding,

Invasive Species

invasive species, energy brown-outs

from higher energy demands, more

Extreme

intense heat waves, public health:

Temperatures

5.3 Sectors Assessed

impacts from high heat exposure and
poor outdoor air quality

Five key sectors were evaluated as part of the risk assessment. These sectors are introduced

below, and risk assessment findings for each sector are included in the hazard profiles in Section

6.

5.3.1 \Government\

- S
[1I1I

The government sector includes state-owned assets including transportation (e.g.
roads, bridges, rail), buildings, landholdings, and other infrastructure such as pump
stations and dams. The Commonwealth of Massachusetts owns and operates more
than 13,000 parcels and 6,000 structures. The Division of Capital Asset

Management and Maintenance (DCAMM) provides state agencies with public-building design,

construction, maintenance, and real estate services and manages an inventory of state property

infrastructure and critical facilities, There are more than 190 types of facilities in the DCAMM

database that are included in this risk and vulnerability assessment.
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5.3.2 Built Environment and Infrastructure |

I
The built environment sector includes critical infrastructure that provide or link

n to key life-line services, social welfare, and economic development. All critical
A facilities assessed were derived from the dataset provided by DCAMM. The
DCAMM data was more accurate in terms of location and more current than the
default critical facility inventories in Hazus. The facility types used, in addition to those listed
above, were military facilities, police facilities, fire facilities, hospitals, emergency operation |

Commented [j12]: Does this speak to merely the state’s
properties or private development? This must be clarified.

agencies and authority properties (e.g., DCR, Massport,

( Commented [j13]: Why just DCAMM? What about other 1
MWRA?)

(Deleted: )

centers (state only), and colleges/universities.

5.3.3 \Natural Resources and Environment

The natural resources and environment sector includes land-based assets owned by
the state. It also includes key habitats and natural landscapes documented in the
State’s BioMap 2 (Conserving the Biodiversity of Massachusetts in a Changing

7

World) and Areas of Critical Environmental Concern, as well species identified in
the State’s Wildlife Action Plan.

5.3.4 Economy

critical state assets, the built environment, municipal resources, natural resources, and
other sectors

| The components in the economy sector include economic loss resulting from damage to

5.3.5 JPuinc Health and Safety

For each hazard, and to the extent practical for this plan update, the impacts on human

09
.,.%’. health, particularly for at-risk populations, was assessed and incorporated into each
Tﬁ m hazard profile. At-risk populations were defined as elderly (age 65 and older), infants

(age 5 and under), and Jow-income families. This also included how vulnerable |

Commented [j14]: If you’re going to include BioMap, you
should strongly consider including assets that are not state-
owned. BioMap does not distinguish between publicly or
privately-owned resource areas. There are numerous impacts
to natural resources that extend beyond a specific area such
as fisheries, habitat loss and species decline, and resource
capacities to provide impact protection, which have
implications for all other sectors. This issue was raised in the
RCCAS. I would recommend a similar approach.

here, as the impacts to economy, and its dependencies upon
natural resources, are not easily understood. For instance, if a
coastal resource area is damaged beyond repair or eliminated
(e.g. public beach), there is a relationship between this loss
and tourism-related revenues. I suggest explaining this
relationship.

Commented [j17]: This should be titled Public Health and
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( Deleted: Populations
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populations could potentially be more severely impacted by each hazard under future conditions.
Among other factors, these populations may require extra time or outside assistance during
evacuations or during events that cause power outages or jsolation and are considered to be more}

[Deleted: isolation, and )

likely to seek or require emergency services.

5.4 Assessment Methodologies

IA 2018 SHMCAP Risk Assessment Methodology document was developed and finalized in

5

October 2017. This document was considered a “living” document since the methodologies

required refinement upon receipt and application of referenced datasets. Data utilized in the

analysis has not changed significantly since the 2013 SHMP updated for most of the natural
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hazards included in this Plan. For those hazards whose underlying data has not changed, updates

were primarily limited to data interpretation, and the inclusion of climate change impacts. Asset

data required for analyzing vulnerabilities were provided by state agencies, as well as the State

Agency Vulnerability Assessment Survey Tool developed as part of this effort.

For the purposes of climate change analysis, the assumption made was that the baseline year

would be defined as 2017. For those identified hazards likely to be impacted by climate change, Commented [j18]: I moved this text up from below, as it
provides a great intro on process for this important section.

it was assumed that vulnerability and risk would be looked at for the following time horizons, as

,CDeleted: 9

data permitted: 2030, 2050, 2070, and 2100.

Commented [j19]: Data Selection and Data Limitations
* /| should be separated for clarity sake.

Details regarding utilization of these methodologies to analyze each hazard are presented in

( Deleted: Choices

Appendix X. Applicable state mitigation planning requirements and Emergency Management
7 ( Deleted: and Limitations

Accreditation Program (EMAP) standards for each hazard are identified in this appendix. | Fid
.7 | Deleted: The primary data collection window for this plan
- : was from
5.4.1 Data Selection | " (Deleted: 1,2017 through
The 2018 hazard profiles are based on a wide range of information and data, including best : :(Deleted: 18,
available science and most current information on hazards, impacts, and the vulnerability of (Deleted: In some sections, s
jurisdictions. Data was collected from a variety of sources between May and August 2017. CDeleted:

luded for the purpose of capturing some of the extreme  ( Deleted: integrated

Supplemental, storm-related data was jncl
S, (Deleted: into the plan

weather events that occurred in the winter of 2017-2018,, . C
. ( Deleted: significant

The PMT directed the revision of hazard profiles within the 2013 SHMP to include significant (Deleted;

climate events that have occurred between 2010 and 2013, revised hazard zone maps, and the *[Deleted: as well as other data that became available
impacts of climate change, Subject-matter experts from various disciplines provided relevant | following the primary data collection window.

: .. : e . - | Deleted: State facilities data used in the risk assessment
data_from updated studies and reports and reviewed and updated the revised hazard profiles. This AN {were provided by DCAMM.
review yalidated the criteria used to assess vulnerability,and enabled conformity with federal CD leted: cach

requirements. Extensive GIS data from state, regional, and local sources were utilized to XX.| ( Deleted: hazard

Natural Hazards data from FEMA-approved local and multi-jurisdictional hazard mitigation CDelmd: smee

. . . . . . . Deleted: the last plan update, added
plans were included in the assessment. The following key information was referenced: ( £ eted: e st panpdale, acrec rew

& CDeleted: incorporated the likely

e Historical disaster records and documents, including, but not limited to, reports and [Deleted: on each hazard, and updated other information as
. . . . . necessail
spreadsheets maintained by MEMA as it relates to disaster assistance; 24 —
(Deleted: , including
e Studies and reports developed by natural hazard experts regarding best available hazard ‘ [Deleted: reports, and
science; CDeleted: completed
. . .. Deleted: expert
e Current hazard zone maps, including new Shake Maps, SLOSH models, and Digital Flood (D eted E o T ;
eleted: enhanced the accuracy and relevance o
Data [information,
o State facilities inventories developed by DCAMM, with information provided by state (Deleted: ’
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o [XXl data from the Hazard Research Laboratory, Department of Geography, University of

South Carolina

e XX data from the National Drought Mitigation Center, University of Nebraska-Lincoln

e National Climatic Data Center - National Weather Service

o XX data from the U.S. Forest Service

e XX data from the U.S. Department of Agriculture

e XX data from the U.S. Geological Survey, U.S. Department of the Interior

e XX data from the U.S. Army Corps of Engineers

e XX data from the Office of the State Climatologist

Date from these sources are included in Appendix X.

5.4.2 Data Limitations

The following data limitations, and ways to overcome them for future Plan updates, are listed

[Commented [j21]: Need to be specific about what dataset

(Commented [j22]: Curious: Does MA have one yet?
(Deleted: were identified

(Deleted: strategies
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(Deleted: assist in future plan updates:
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Deleted: t

e Digital Flood Insurance Rate Maps by the Federal Emergency Management Agency

(FEMA) are not currently available for all Massachusetts counties., However, the

Commonwealth is currently working with FEMA to update these maps and will continue to

assist throughout the next update cycle,,

e The DCAMM facility database was used to generate critical facility counts within the
exposure areas for various hazards; however, this data set only includes state-owned
facilities. Therefore, private critical facilities, such as hospitals, or critical facilities managed
at the local level, such as K-12 schools, are not included in these counts.

e Hazard data for some coastal hazards such as coastal erosion and coastal flooding, were |

limited. The Massachusetts Office of Coastal Zone Management (CZM) and Department of I
Transportation (DOT) are currently developing more detailed models for each of these |

hazards, and these models should be utilized in future plan updates. This item is listed in thel
strategy portion of the plan as a 2018 new project.

e (limate projection data developed by the University of Massachusetts, Amherst, Northeast

Climate Science Center (NECSC).,Data available at the time of this plan update ywere

relatively limited and advanced analysis ywere not conducted. The results of NECSC analysis

will ultimately be published as a formal report and data will be accessible using the Resilient

MA Climate Change Clearinghouse. |
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Historical disaster records and documents, including, but
not limited to, reports and spreadsheets maintained by
MEMA as it relates to assistance made available following
disasters®

Literature developed by state and national hazard experts
containing best available science and most current
knowledge of hazardsS

Current hazard zone maps, including new Shake Maps,
SLOSH models, and Digital Flood Dataf|

Written and oral communication from state and national
hazard experts

State facilities inventory developed by DCAMM, with
information provided by state agencies'| .. [2]
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5.4.3 Assessment Methods

The Risk Assessment includes background information for each natural hazard, vulnerabilities

associated with each hazard, and the impacts to key sectors,

( Deleted: Hazard Profile Organization and Key Terms

(Deleted: Each hazard profile section included in Section
(Deleted: 6

N

Extensive GIS analysis and Hazus modeling was performed, integrating information from

federal, state, regional. and local sources, to determine XX.. Hazard profiles present risks of XX \

and describes specific areas that are most vulnerable to that hazard. |

The following definitions apply for terms used in the risk assessment:

5-8

o Climate change: A statistically significant variation in climate data or patterns over a given

period of time, due to either natural climate variability or human activity.

e Climate change adaptation: Measures taken in response to actual or projected climate change

in order to eliminate, minimize, or manage related impacts on people, infrastructure, and the
environment.

e Climate change impact: Consequences of climate change on natural and human systems.

e Consequence: The effect of a hazard occurrence. Consequence is demonstrated by impact on

population, physical property (e.g., state facilities, local jurisdiction assets and general
building stock, critical facilities), responders, operations, the environment, the economy, and
public confidence in state governance. A consequence analysis meets the EMAP standard for
hazards identified in state plans.

e Exposure: The extent to which something is in direct contact with natural hazards or their

related climate change impacts. Exposure is often determined by examining the number of
people or assets that lie within a geographic area affected by a natural hazard or by
determining the magnitude of the climate change impact. For example, measurement of
flood depth outside a building or number of heat waves experienced by a county are
measurements of exposure.

Location: The area of potential or demonstrated impact within the region in which the
analysis is being conducted. In some instances, the area of impact is within a geographically
defined area, such as a floodplain. In other instances, such as for severe weather, there is no
established geographic boundary associated with the hazard, as it can impact the entire
Commonwealth.

Natural hazard: Natural events that threaten lives, property, and other assets, demonstrated
by actual (historical events) or potential (probabilistic) events.

Natural resources: These are components of natural systems that exist without human
involvement. For the purpose of this survey, key natural resource categories include forested
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ecosystems, aquatic ecosystems, coastal ecosystems, wetland ecosystems, and old field
ecosystems.

Risk: The potential for an unwanted outcome resulting from a hazard event, as determined
by its likelihood and associated consequences and expressed, when possible, in dollar losses.
Risk represents potential future losses, based on assessments of probability, severity, and
vulnerability. In some instances, dollar losses are based on actual demonstrated impact, such
as through the use of the Hazus model. In other cases, it is demonstrated through exposure
analysis due to the inability to determine the extent to which a structure is impacted.

Probability: Probability is used as a synonym for likelihood, or the estimated potential for an
incident to occur.

Sensitivity: Sensitivity refers to the impact on a system, service, or asset when exposed to
natural hazards. For example, if a facility is exposed to storm surge, how will its ability to
function be affected? The level of sensitivity indicates how much or to what extent does the
occurrence of a hazard exceed a critical threshold (if known) for something such that it
would disrupt the ability of the item to continue normal operation. If the critical threshold is
not exceeded, then the sensitivity to a certain hazard is low, even if it is exposed.

Severity/Extent: The extent or magnitude upon which a hazard is measured, demonstrated in
various means, e.g., Richter Scale, Saffir-Simpson Hurricane Scale, Regional Snowfall
Index, etc.

Vulnerability: The degree or level of damage, e.g., building performance (functionality),
damage, or the number of people injured.

Draft 2 Risk Assessment 5-9
March 2018

Commented [SK33]: Actual or modeled impact?

Commented [SK34]: It is a quantitative or qualitative
measurement of outcome (e.g. “There is a 70% chance of
rain tomorrow”; and “There is a high likelihood of rain
tomorrow,” respectively).

Commented [SK35]: The intensity or magnitude of a
hazard, as measured against an established indicator, e.g.
Richter Scale...

Commented [SK36]: The propensity or predisposition to be
adversely affected, or “The degree to which a system is
susceptible to, and unable to cope with, adverse effects of
climate change, including climate variability and extremes.
Vulnerability is a function of the character, magnitude, and
rate of climate change and variation to which a system is
exposed, its sensitivity, and its adaptive capacity” (IPCC
2007a, 21).

This is important because it indicates the relationship among
the concepts of exposure, sensitivity, and vulnerability, i.e.
that the first two are aspects of the third.

/Deleted:




Chapter 5: Introduction to Risk Assessment

6. Risk Assessment

The risk assessment examines the natural hazards that have the potential to impact the

Commonwealth, identifies regional areas (i.e., per Massachusetts County) and specific

populations that are most vulnerable to climate impacts, and estimates the associated economic

losses. The risk assessment Section is organized per each Climate Change Interaction category,

as explained in Section 5.2, and outlined in Table 5-1. |A summary sheet lis provided in Appendix

X for each category, which outlines key information and findings from the risk assessment

conducted for that category.

6.1 \Sea Level Rise\

flooding associated with sea level rise. Elevated coastal landforms (e.g.,

coastal banks) and salt marshes have the ability to buffer increased tidal

Sea level rise continues to impact coastal areas across the Commonwealth. A A A\
Many local variables influence the extent of damages from coastal | | |
Y aavas

NN
RE A
S W

levels, as well as storm surges. As tidal ranges lexpand, water levels

downstream of dams, bridges, and culverts may increase, reducing drainage capacity of these

structures. As a result, flooding over river banks may increase during hea recipitation or

snow melt events. Where tidal restrictions do not exist, sea level rise may extend the reach of
saltwater up rivers.

Since the late 1800s, tide gauges around the world have detected a persistent trend of Sea Level

Rise (SLR) at a rate of about 1.7 +/- 0.2 mm/year (EEA. 2013). Over the last century, Boston has

exhibited greater sea level rise than this historical global trend. Between 1921 and 2006, a Mean
Sea Level (MSL) trend of 2.63 mm/year with a 95% confidence interval of +/- 0.18 mm/year
(equivalent to 0.86 feet in 100 years) was observed in Boston (NOAA., 2018a). The graphs
shown in Figure 6-1 show (a) monthly water level extremes relative to meters above Mean High

High Water (MHHW) datum and meters below Mean Lower Low Water (MLLW) datum during
this time period with the annual exceedance probability levels (1%, 10%, 50%., and 99%), and

(b) the predicted and verified astronomical high water levels that occurred during the “bomb
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Chapter 6: Risk Assessment

cyclone” event in January 2018, when water levels reached 1.448 meters above the MHHW
level.

Figure 6-2 (a-b): Extreme Water Levels at Boston Tide Gauge
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The distribution of SLR projections for coastal Massachusetts (Massachusetts Bay, Cape Cod
Bay, and Nantucket Sound) by the NECSC is shown in Table 6-1, as well as the range of
projections in Figure 6-2. Many local factors, such as land subsidence, can influence the relative
rate of sea level rise at a specific location.
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Table 6-1: NECSC Sea Level Rise Projections (NOTE: TO BE UPDATED BASED ON DIRECTION

Chapter 6: Risk Assessment

FROM PMT)
Median Likely Range 99.9%
(50t percentile) (17th-g3d Percentile Value
BOSTON 50% probability percentiles) Exceptionally unlikely that SLR
SLR exceeds 66% probability will exceed
that SLR is
between...
Emissions Scenarios: Medium (RCP 4.5); High (RCP 8.5) Feet (relative to Mean Sea Level in 2000)
Med 0.6 0.5-0.8 1.2
2030
High 0.7 0.4-0.9 1.3
Med 158 0.8-1.4 2.4
2050
High 1.2 0.8-1.5 2.7
Med 1.6 1.1-2.1 4.5
2070
High 1.9 1.3-24 5.0
Med 23 1.5:3.1 8.2
2100
High 3.0 2.0-4.0 9.7
Figure 6-2: Range of Projections in NECSC \Report\
(NOTE: TO BE UPDATED BASED ON DIRECTION FROM PMT)
10.0+ - 10.0
- BOSTON SEA LEVEL RISE PROJECTIONS -
8.0 High emissions scenario (RCP 8.5) percentiles i o0
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204
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*These projections of sea level rise do not include potential contributions from significant losses of the Antarctic ice sheet.

Source: NECSC, 2017
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Chapter 5: Introduction to Risk Assessment

6.1.1 Coastal Flooding

There is a direct correlation between sea level rise and toastal flooding, Coastal floods are

defined by the submersion of land along the ocean coast and other inland waters caused by the
movement of seawater over and above normal present-day tide action. Coastal flooding is often
characterized as minor or major based on the extent (elevation), duration, and frequency of the

flooding that occurs.

6.1.1.1 Hazard Profile: High Tide/Nuisance Flooding

6.1.1.1.1 Historic Flooding

The National Climatic Data Center (NCDC) characterizes coastal flooding events as flooding of

coastal areas due to the vertical rise above normal water level caused by strong, persistent

onshore wind, high astronomical tide, and/or low atmospheric pressure, resulting in damage

erosion, flooding, fatalities, or injuries. (Coastal areas are defined as those portions of coastal land

zones (coastal county/parish) adjacent to the waters, bays, and estuaries of the oceans. Table 6-2

below lists the geographic distribution of coastal flooding events since 2006, based on NCDC

data. Eastern Plymouth County has experienced the most flooding events since 2006 (36)

followed by Eastern Essex County (27).

Table 6-2: NCDC-Reported Coastal Flooding Events by County

Number of Coastal Flooding

NCDC Region Events, 2006-2017
Barnstable 21
Dukes 12
Eastern Essex 27
Eastern Norfolk 21
Eastern Plymouth 36
Nantucket 20
Southern Bristol 7
Southern Plymouth 6
Suffolk 22

Source: NCDC 2017

Of the [172 lcoastal flood events have been reported to NCDC between 2006-2017, there have
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been only 8 coastal flood events that received FEMA major disaster declarations in

Massachusetts. |

The frequency of coastal flood event occurrences is also influenced by the natural orbit of the

Earth and the gravitational pull of the moon and sun that creates exceptionally high tides. These
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Chapter 6: Risk Assessment

events, known as “King Tides,” typically occur during a perigean spring tide, when the moon is
new or full and closest to the Earth (NOAA, 2018b).

Coastal flooding can be measured range of metrics, including magnitude (water level elevation),

duration of the event or inundation period. and frequency of occurrence. NOAA maintains up-tot
date records of water levels at five tide stations in Massachusetts (Boston (843970), Chatham

Lydia Cove (8447435), Fall River (8447386), Nantucket Island (8449130), and Woods Hole
(8447930)) on its Tides and Currents webpage, including extreme water levels data relative to

the mean higher high water level.

The Federal Emergency Management Agency (FEMA) identifies flood risk by determining a
building’s location and elevation in relation to the geographic extent and depth of the 100-year
base flood, which is the flood defined as having a one-percent chance of being reached or
exceeded in any single year (a.k.a. “one-percent annual chance flood”). The flood zones, and

corresponding base flood elevations (BFE), are typically shown as Special Flood Hazard Areas
(SFHA) on a community's Flood Insurance Rate Map (FIRM) or Flood Hazard Boundary Map.
In communities that participate in the National Flood Insurance Program (NFIP), the SFHA is

the area where the NFIP’s floodplain management regulations must be enforced by the
community and the mandatory flood insurance purchase requirement applies.

Velocity Zones (V and VE Zones) are coastal high hazard areas with a 1% or greater annual

chance of flooding and an additional hazard associated with storm waves with a height of at leas

three feet. A and AE Zones identify portions of the SFHA, both coastal and riverine, that are

subject to the 1% annual chance flood, but are not subject to waves greater than three feet in
height.

In September of 2017, the Coastal A and AE Zones in were further divided in Massachusetts

coastal areas with the limit of moderate wave action (LiIMWA) line. The area between the
LiIMWA and the landward limit of the V Zone is often referred to as the Coastal A Zone in man
building codes. This area is subject to wave heights between 1.5 and 3 feet during the base flood|

(FEMA P-55,2011). The area between the LIMWA and the landward limit of the A Zone is
known as the Minimal Wave Action area and is subject to wave heights less than 1.5 feet during
the base flood (FEMA P-55, 2011). Figure 6-3 depicts a typical cross section illustrating the V

Zone, the Coastal A Zone, and the AE or Zone A, and the effects of energy dissipation and

regeneration of a wave as it moves inland. Wave elevations are decreased by obstructions such as

vegetation and rising ground elevation.
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Figure 6-3: FEMA flood zones along the coast
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Source: FEMA. n.d.

In addition to providing the basis for flood insurance premiums, FEMA’s flood zones are

referenced in the Building Code and used to ensure, among other things, that new and

substantially improved structures are elevated and/or flood proofed based on the magnitude of

the current flooding hazard. The Building Code provides minimum requirements for flood-

resistant design and construction of applicable structures. In V Zones, the bottom of the lowest

horizontal structural member of the lowest floor of any type of building must be elevated to two

(2) feet above the BFE. In A Zones, residential structures must have the lowest floor (the actual

floor surface of the lowest enclosed area, including basements) elevated to the Base Flood

Elevation (BFE) plus one (1) foot. For nonresidential buildings, including nonresidential portions

of mixed use buildings, the lowest floor is allowed below the BFE if the structure meets the

floodproofing requirements. While the Massachusetts Building Code does not currently include

provisions for Coastal A Zones, a proposed amendment includes new requirements for

construction in A Zones that mirrors V Zone requirements.

6.1.1.1.2 Projected Flooding

As sea level has continued to increase, there has been a corresponding increase in coastal
flooding events associated with higher than normal monthly tides and increased coastal storm

intensity. Flooding impacts are becoming more noticeable and often result in the flooding of
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saltwater intrusion into drinking water and wastewater infrastructure; loss of natural (e.g., sand l
dunes) and man-made (e.g.. seawalls) protective structures; and a loss of coastal recreation areas|

beaches, and parks and open space,

Rising Seas are, projected to exacerbate the severity of storms and severe rainfall events.

Additional information on how climate change is expected to influence precipitation can be

found in Section 6.4.1 (Hurricanes/Tropical Storms), Section 6.4.2 (Severe Winter Storm),
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Maps ldeveloped using NOAA data included in Appendix X jllustrate the extent of tidal

inundation with one and three-foot increases in sea level|
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6.1.1.2 Impacts

6.1.1.2.1 JPuinc Health and Safety

Between 2000 and 2010, the population in coastal Commonwealth counties increased by 3.1%

from 3.3 to 3.4 million people. The population in Dukes County grew by over 10% during this
time period, while Barnstable County experienced a 3% decline in population (US Census, 2000,
2010). Due to increasing population in the coastal zones, additional pressure has been placed on
coastal systems by construction of infrastructure and housing in previously undeveloped areas.
The resulting increase in impervious surfaces can exacerbate flooding impacts. In addition, as

more individuals move to the coast, both that population and the development that supports them
may be at risk to the coastal flooding hazard. The estimated population exposed to coastal storm

flooding in each county is shown in Table 6-3 below.

Table 6-3; Estimated Population Exposed to the 1-Percent and 0.2-Percent Annual Chance
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Chance Flood Event
Total 2010
County . A-Zone V-Zone X500-Zone
Population
o o
Population 'If)toz; Population _Iéf; Population % of Total
Barnstable 215,888 15,207 7% 1,873 1% 5,813 3%
Bristol 548,285 7,211 1% 3,358 1% 3,392 1%
Dukes 16,535 528 3% 136 1% 126 0%
Essex 743,159 20,150 3% 2,620 0% 511 0%
Nantucket 10,172 197 2% 44 0% 63 1%
Norfolk 670,850 12,682 2% 1,311 0% 1,069 0%
Plymouth 494,919 20,683 4% 3,984 1% 3,452 1%
Suffolk 722,023 32,246 4% 1,172 0% 9,424 1%
Total 3,421,831 108,904 26% 14,498 4.00% 23,850 7.00%

Sources: 2010 Census, MassGIS 2017

Flood waters from coastal flooding events may contain infectious organisms, such as bacteria,

pathogens, and viruses from untreated wastewater that is released to surface waters. For example,
coastal flooding may directly damage or flood wastewater treatment facilities causing the flood

water to carry untreated wastewater to other locations. Private drinking water wells and aquifer
supplies within coastal areas can be inundated by seawater resulting in salinization of drinking
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water supplies. Flooding that causes power outages at wastewater treatment facilities, could

impact treatment prior to discharge if the facility lacks sufficient backup power. Coastal flood
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NN

waters could inundate streets that drain to combined sewers, causing activation of the combined
sewage overflows, which normally discharge a combination of stormwater and untreated
wastewater to the harbor or nearby rivers during periods of heavy rainfall. Additional health
impacts are discussed in Section 6.2.1, Inland Flooding.

6.1.1.2.2 Vulnerable Populations

Of the population exposed, the most vulnerable include the economically disadvantaged and the

population over the age of 65. Those over 65 are vulnerable because these individuals are more

likely to seek or need medical attention, which may not be available due to isolation during a
flood event, and they may have more difficulty evacuating. Economically disadvantaged

populations are vulnerable because they are likely less able to bear the additional expense of
evacuating and/or may lack transportation to evacuate. XX... NEED MORE HERE,
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A secondary hazard associated with sea level rise is the possibility of saltwater intrusion into

groundwater supplies, which provide potable water not only for residential uses but also for

agriculture and industry. Sea level rise is also decreasing the separation distance between septic

fields and the groundwater table, which compromises the septic systems’ ability to treat bacteria

and pathogens (CLF, 2017). Projected increased precipitation will exacerbate the effect of salt

water intrusion on groundwater, as groundwater levels are further elevated and the oxygen

needed for microbial wastewater treatment is depleted (CLF, 2017).

Coastal flooding could also disable operations for a wide range of municipal facilities, including

commercial establishments like ports or natural gas terminals as well as services like the Coast
Guard.

To estimate the critical facilities exposed to the coastal flood hazard, the flood hazard boundaries
were overlaid upon the police stations, fire stations, hospitals, schools (pre-K through grade 12),
colleges, and state emergency operation centers. Table 6-5 summarizes the number of facilities
in each zone by county, and Table 6-6 summarizes the facilities by facility type. Table 6-7 lists
the bridges that are exposed to the coastal flooding hazard.

Draft 2 Risk Assessment
March 2018

Commented [j73]: The text included below is not
particularly relevant and does not dig-deep enough into the
data to be useful for state agencies. We suggest refocusing
the Government section to discuss vulnerabilities stemming
from lack of municipal capacity to coordinate and address
natural hazards, funding needed, public perception and
outreach/educational; needs.

Deleted: 7

To assess exposure of state-owned facilities provided by
Division of Capital Asset Management & Maintenance
(DCAMM) and the Office of Leasing, an analysis was
conducted with the most current floodplain boundaries
(as of July 25, 2017). Using ArcMap GIS software, the
flood hazard area data were overlaid with the state
facility data and the appropriate flood zone determination
was assigned to each facility. Table 6-4 summarizes the
number of state buildings located in the 1-percent and
0.2-percent annual chance flood zones by County. ¢
Table 6-4: Government Facilities in the Flood Zones by
Countyf|

County ...[20]

Commented [j74]: This section needs to be fleshed-out a
bit...There are numerous impacts to the built environment
that should be explained here such as water infrastructure
impacts, property and infrastructure damage/destruction...

CDeleted: hamper or

)




Chapter 5: Introduction to Risk Assessment

Table 6-1; Critical Facilities in Flood Zones by County

= ‘CDeleted: 25

1-Percent-Annual-Chance Flood Event DRI -

County Chance Flood Event
In A-Zone In V-Zone In X500 Zone

Barnstable 1 1 -
Bristol 1 1 -
Dukes - - -
Essex 2 1 --
Middlesex - - -
Nantucket - - -
Norfolk - - .
Plymouth - - .
Suffolk 3 2 1
Total 7 5 1

Sources: MassGIS 2017, DCAMM facility inventory 2017

Table 6-2; Critical Facilities in Flood Zones by Facility Type

e CDeleted: 36

1-Percent-Annual-Chance Flood A:':;::'::::;e

G 22 Event Flood Event

In A-Zone In V-Zone In X500 Zone
Police Stations 2 - 1
Fire Stations - 1 .
Hospitals - - -
Schools (pre-K-12) - — -
Colleges 5 4 -
Emergency Operations Centers - - -
Total 7 5 1

Sources: MassGIS 2017, DCAMM facility inventory 2017

Table 6-3; Number of Bridges in Coastal Flood Zones
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1-Percent-Annual-Chance Flood Event Lz i
Chance Flood Event
County In A-Zone In VE-Zone In X500 Zone
Federal  State Local Federal  State Local State
Barnstable 1 13 19 1 9
Berkshire - - - - - - -
Bristol -- 19 12 -- 4 6 1
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1-Percent-Annual-Chance Flood Event 0.2-Percent-Annual-
Chance Flood Event
County In A-Zone In VE-Zone In X500 Zone
Federal  State Local Federal  State Local State
Dukes -- 2 1 - 2 - -
Essex - 15 16 - 1 - 3
Franklin - - - - - - -
Hampden - - - - - - -
Hampshire -- - - - - . -
Middlesex - 6 - - - - -
Nantucket - 2 - - - -
Norfolk - 8 1 - - - -
Plymouth - 25 15 - 3 2 -
Suffolk - 75 18 - - - 26
Worcester -- - -- - - - -
Total 1 163 84 0 12 17 30

Source: MassGIS 2017, NBI

6.1.1.2.4 |Natural Resources and Environment|

Coastal flooding is a natural component of the environmental process. However, populations that
establish in coastal areas, and the development that occurs as a result, can often exacerbate both
the severity of flooding and its impact due to the loss of flood buffering from the environment.
For example, an increase in impervious ground cover can cause runoff to drain into water bodies
more quickly, overwhelming the damage-mitigating and water-filtering benefits of estuarine
systems commonly found at the junction between river and ocean. Flood waters can become
extremely contaminated, bringing that contamination into sensitive coastal ecosystems as they
recede which will impact that environment. Many of the impacts described in Section 6.2.1, such
as soil erosion and impacts to wildlife and livestock, can also occur in the coastal zone if those
industries are present.

Many of the unique impacts of coastal flooding are associated with sea level rise and the
expanded reach of flood-inducing events such as storm surge. As noted in the State Wildlife
Action Plan, transition from one ecosystem or population to another ecological state is likely
along the coast. Factors including land use will dictate the ability of certain ecosystems, such as
marshes, to migrate inland as sea level rises (DFW, 2015). In estuarine habitats were subtle
differences in elevation provide diverse habitat, changing water levels may significantly impact
species inhabit low and high marshes, subtidal and intertidal flats, and tidal creeks, (NHESPl,
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2010). Increasing storms and storm intensity is also likely to cause physical damage to habitat
(NHESP, 2010).

Tables 6-8, 6-9, and 6-10 display the acreage of key natural habitat areas that are vulnerable to
1% and 0.2% annual flooding by county. The natural habitat areas include Areas of Critical
Environmental Concern (ACEC) and BioMap2 Core Habitat and Critical Natural Landscapes
that have been identified for land protection and stewardship purposes. ACECs are places in
Massachusetts that have been designated by the Executive Office of Energy and Environmental
Affairs (EEA) and that receive special recognition because of the quality, uniqueness, and
significance of their natural and cultural resources. As shown in Table 6-8, for example, over
87% of the Great Marsh in Essex County lies within the A Zone, which has a 1% chance of
flooding annually (MassGIS, 2009).

BioMap?2 was developed by the Natural Heritage & Endangered Species Program and The
Nature Conservancy’s Massachusetts Program to protect the state’s biodiversity in the context of
projected effects of climate change (DFW, 2015). The State’s BioMap 2 Core Habitat data
identifies specific areas necessary to promote long-term persistence of Species of Concern,
including species listed under the Massachusetts Endangered Species Act and additional species
identified in the State Wildlife Action Plan; exemplary natural communities; and intact
ecosystems. BioMap2 Critical Natural Landscape data was developed in order to identify and
prioritize intact landscapes in the state that are better able to support ecological processes and
disturbance regimes and a wide array of species and habitats over a long time frame (MassGIS
2011). Buffering uplands around coastal, wetland, and aquatic Core Habitats, maintaining
connectivity among habitats, and enhancing ecological resilience are among the functions of
areas identified as Critical Natural Landscapes (DFW, 2010). The BioMap2 datasets incorporate
adaptation strategies that “promote resistance and resilience of plant and animal populations and
ecosystems” and potential to assist with “transformations caused by climate change and other
stressors” (DFW, 2015). Both ACEC and Core Habitat and Critical Natural Landscape
designation signify the presence of valuable ecological and cultural resources. The datasets

provide a framework for prioritizing conservation and stewardship activities Commented [SK78]: While this is an important topic, it
doesn’t seem particularly relevant to hazard mitigation
planning, which is
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1-Percent-Annual-Chance Flood 0.2-Percent-Annual-
Event Chance Flood Event
Total
Name County A A-Zone V-Zone ‘ X500-Zone
creage
0, 0
Acres Ll Acres sl Acres % of Total
Total Total
Bourne Back River Barnstable 1,608.82 482.86 30.01 83.57 5.19 36.67 2.28
Ellisville Harbor Plymouth 573.02 97.62 17.04 ‘ 81.55 14.23 -- -
Great Marsh Essex 19,529.74 17,054.93 87.33 ‘ 848.25 4.34 27.33 14
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1-Percent-Annual-Chance Flood 0.2-Percent-Annual-
Event Chance Flood Event
Total
Name County A-Zone V-Zone X500-Zone
Acreage
% of % of o
Acres Total Acres Total Acres % of Total
Inner Cape Cod Bay  Barnstable 1,206.63 57294 47.48 607.75 50.37 - -
Neponset River Norfolk 584.44 328.67 56.24 3.41 .58 6.26 1.07
Estuary
Neponset River Suffolk 232.79 148.22  63.67 8.84 3.80 - -
Estuary
Pleasant Bay Barnstable 3,757.10 1,416.45 37.70 856.56  22.80 78.39 2.09
Pocasset River Barnstable 144.83 89.51 61.80 - - 2.82 1.95
Rumney Marshes Essex 1,217.88 956.18 78.51 - - -- -
Rumney Marshes Suffolk 1,037.23 884.02 85.23 62.03 5.98 7.10 .68
Sandy Neck Barrier Barnstable 6,099.88 3,445.61 56.49 2,248.69 36.86 - -
Beach System
Three Mile River Bristol 14,273.16 44.13 31 - - 7.25 .05
Watershed
Wagquoit Bay Barnstable 1,622.38 552.69 34.07 912.31 56.23 57.41 3.54
Weir River Norfolk 26.67 26.64 99.89 - - - -
Weir River Plymouth 400.74 322.05 80.36 5.13 1.28 -- -
Wellfleet Harbor Barnstable 4,550.90 2,031.62 44.64 715.27 15.72 - -
Weymouth Back Norfolk 177.95 98.95 55.61 - - 31 17
River
Weymouth Back Plymouth 576.92 83.89 14.54 - - 14.51 2.52
River

Table 6-5; Natural Resources Exposure — BioMap2 Core Habitats
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Name

Aquatic Core
Aquatic Core
Aquatic Core
Aquatic Core
Aquatic Core
Aquatic Core

Aquatic Core

County

Barnstable
Bristol
Dukes

Essex

Middlesex

Nantucket

Norfolk
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Total
Acreage

10,760.03
11,265.96
2,002.34
13,397.79
11,.699.07
626.31
6,992.26

1-Percent-Annual-Chance Flood Event

0.2-Percent-Annual-
Chance Flood Event

A-Zone V-Zone X500-Zone

9 9 9
Acres 'Ii:;l Acres 'Ii:;l Acres 'Iitcjl
1935.79 17.99 345.59 3.21 73.75 .69
1,130.94 10.04 1,008.48 8.95 29.28 .26
445.86  22.27 978.07 48.85 3.51 .18
13,484.56 57.63 295.61 1.26 20.90 .09
315.72  2.70 - - - -
260.83 41.65 6.23 .99 28.25 4,51
176.85 2.53 72.03 1.03 .61 .01
6-23
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1-Percent-Annual-Chance Flood Event

0.2-Percent-Annual-
Chance Flood Event

Total
Name County A-Zone V-Zone X500-Zone
Acreage
% of % of % of

Acres Total Acres Total Acres Total
Aquatic Core Plymouth 27,564.33 5,257.54 19.07 764.02 2.77 117.58 43
Aquatic Core Suffolk 566.96 98.06 17.30 7.29 1.29 - -
Forest Core Barnstable 9,358.23 23.70 .25 .07 0 - -
Forest Core Dukes 1,395.70 6.33 .45 - - - -
Forest Core Essex 11,085.60 1.88 .02 - - 1.14 .01
Forest Core Plymouth 20,647.67 3.69 .02 - - 111.73 .54
Priority Natural Barnstable 10,944.03 3,436.89 31.40 5,116.21 46.75 90.82 .83
Communities
Priority Natural Bristol 3,906.39 253.91 6.50 342.70 8.77 3.27 .08
Communities
Priority Natural Dukes 2,481.87 371.75 14.98 1,812.39 73.03 18.11 73
Communities
Priority Natural Essex 18,759.19 16,881.61 89.99 877.74 4.68 6.42 .03
Communities
Priority Natural Nantucket 4,630.34 520.98 31.96 175.93 10.79 8.46 .52
Communities
Priority Natural Norfolk 921.80 - -- 1.20 13 -- -
Communities
Priority Natural Plymouth 23,472.96 1,011.28 431 962.43 4.10 1.75 .01
Communities
Priority Natural Suffolk 31.28 2413 77.14 2.50 7.99 -- -
Communities
Species of Barnstable 88,026.98 | 10,667.61 12.12 11,392.76 12.94 275.44 31
Conservation Concern
Species of Bristol 46,019.26 1753.70  3.81 2156.40 4.69 211.57 46
Conservation Concern
Species of Dukes 43,315.52 3,236.42 7.47 3,607.22 8.33 213.05 49
Conservation Concern
Species of Essex 61,417.72 14,696.84 23.93 1,240.98 2.02 48.59 .08
Conservation Concern
Species of Nantucket 22,933.24 2,649.90 11.55 1,656.28 7.22 389.12 1.70
Conservation Concern
Species of Norfolk 22,990.69 121.97 .53 87.77 .38 .09 0
Conservation Concern
Species of Plymouth 98,328.08 3,438.34  3.50 2,206.71 2.24 413.86 42

Conservation Concern
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1-Percent-Annual-Chance Flood Event

0.2-Percent-Annual-
Chance Flood Event

e CDeleted: 710

Total
Name County A-Zone V-Zone X500-Zone
Acreage
% of % of % of
REXEE Total eI Total REXEE Total
Species of Suffolk 2,334.05 239.67 10.27 160.46 6.87 .04 0
Conservation Concern
Vernal Pool Bristol 7,363.37 100.96 1.37 - -- 51.25 .70
Vernal Pool Dukes 300.58 2513  8.36 - - 5.47 1.82
Wetlands Barnstable 2,595.90 1,896.96 73.08 249.58 9.61 33.07 1.27
Wetlands Bristol 15,440.89 443.45 2.87 62.13 .40 18.76 12
Wetlands Dukes 307.24 180.55 58.77 24.07 7.83 2.25 .73
Wetlands Essex 8,429.67 917.49 10.88 26.00 31 6.45 .08
Wetlands Nantucket 972.29 398.43 40.98 .19 .02 29.39 3.02
Wetlands Plymouth 23,776.38 2,401.58 10.10 73.54 31 77.11 .32
Table 6-6; Natural Resources Exposure — BioMap2 Critical Natural Lands
0.2-Percent-Annual-
1-Percent-Annual-Chance Flood Event
Chance Flood Event
Total
Name County A-Zone V-Zone X500-Zone
Acreage
% of % of o
Acres Total Acres Total Acres % of Total
Aquatic Buffer Barnstable 15,910.82 2,405.71 15.12 843.15 5.30 120.31 .76
Aquatic Buffer Bristol 20,468.78 1,807.38 8.83 1,237.58 6.05 137.76 .67
Aquatic Buffer Dukes 4,308.67 719.70 16.70 1,791.73 41.58 8.54 .20
Aquatic Buffer Essex 32,046.24 15,240.57 47.56 410.51 1.28 45.67 14
Aquatic Buffer Middlesex 16,657.94 315.72 1.90 - - - --
Aquatic Buffer Nantucket 1,578.70 407.88 25.84 14.95 .95 49.38 3.13
Aquatic Buffer Norfolk 10,263.39 245.05 2.39 103.54 1.01 1.90 .02
Aquatic Buffer Plymouth 41,381.17 6,240.50 15.08 1,012.73 2.45 265.31 .64
Aquatic Buffer Suffolk 626.32 123.83 19.77 8.46 1.35 - -
Coastal Adaptation Barnstable 20,054.65 12,178.28 60.73 6,985.18 34.83 218.38 1.09
Analysis
Coastal Adaptation Bristol 8,612.67 4,192.15 48.67 3,640.00 42.26 111.43 1.29
Analysis
Coastal Adaptation Dukes 6,649.13 3,531.55 53.11 2,345.45 35.27 94.15 1.42
Analysis
Coastal Adaptation Essex 22,326.24 20,405.53 91.40 332.48 1.49 82.53 37
Analysis
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1-Percent-Annual-Chance Flood Event

0.2-Percent-Annual-
Chance Flood Event

Name County Total A-Zone V-Zone X500-Zone

Acreage

Acres _(ll_/:):; Acres Z’ogl Acres % of Total

Coastal Adaptation Nantucket 4,365..83 1,692.32 38.76 403.85 9.25 275.7 6.30
Analysis
Coastal Adaptation Norfolk 787.13 493.20 62.66 179.03 22.74 .54 .07
Analysis
Coastal Adaptation Plymouth 12,732.87 8,666.32 68.06 3,326.71 26.13 93.51 73
Analysis
Coastal Adaptation Suffolk 738.30 671.44 90.94 60.39 8.18 17 .02
Analysis
Landscape Blocks Barnstable 82,481.19 6,936.40 8.41 6,897.92 8.36 179.84 22
Landscape Blocks Bristol 85,667.08 1,913.54 223 1,981.45 231 23431 .27
Landscape Blocks Dukes 37,813.23 3,537.35 9.35 4,132.51 10.93 180.25 .48
Landscape Blocks Essex 41,937.26 | 16,307.94 38.89 848.24  2.02 13.02 .03
Landscape Blocks Nantucket 11,571.25 1,237.88 10.70 287.68 249 180.00 1.56
Landscape Blocks Plymouth 124,678.03 1,460.72 1.17 674.10 .54 441.52 .35
Tern Foraging Barnstable 17,852.02 7,203.39 40.35 10,395.29 58.23 4.88 .03
Tern Foraging Bristol 3,542.56 769.97 21.73 2,756.86 77.82 .94 .03
Tern Foraging Dukes 6,197.14 1,210.44 19.53 4,913.90 79.29 5.96 .10
Tern Foraging Essex 15,025.26 14,438.13  96.09 515.14 3.43 .78 .01
Tern Foraging Nantucket 2,703.20 1,170.69 43.31 1,203.32 4451 14.48 .54
Tern Foraging Norfolk 12.31 7.10 57.70 5.17 42.02 -- -
Tern Foraging Plymouth 5,482.23 2,381.30 43.44 3,076.86  56.12 1.34 .02
Tern Foraging Suffolk 28.21 - - 24.24  85.92 -- -
Wetland Buffer Barnstable 6,021.85 3,106.86 51.59 477.96 7.94 66.64 1.11
Wetland Buffer Bristol 29,531.60 898.44  3.04 183.13 .62 100.30 .34
Wetland Buffer Dukes 926.74 402.26 4341 105.04 11.33 7.14 .77
Wetland Buffer Essex 17,056.87 1,343.65 7.88 139.35 .82 12.62 .07
Wetland Buffer Nantucket 3,088.06 832.61 26.96 4.72 .15 122.17 3.96
Wetland Buffer Plymouth 45,543.64 3,683.30 8.09 100.85 .22 261.32 .57
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6.1.1.2.5 Economy

Coastal flooding will result

in property damage,

agricultural losses,
interruption of business
activity, impacts on tourism,

and tax-base impacts. The

extent of economic impacts
from coastal flooding and
sea level rise may be greater
than inland flooding because
of the concentration of
populations, infrastructure,
and economic activity in
the Massachusetts coastal
zone. The U.S. National
Assessment’s coastal sector
assessment (Boesch et al.,
2000) estimated the total
cost of [XX |18 inches of sea

Chapter 6: Risk Assessment

Sea level rise is expected to have gradual but severe impacts on coastal
habitats. The impacts of sea level rise on wetlands and shorelines in
extensively detailed in the Sea Level Affecting Marshes Model (SLAMM)
model available on NOAA Digital Coast. As sea level rises, habitats that
are contingent on specific inundation frequencies may move further
and further landward as inundation becomes more frequent, and
eventually permanent, in seaward areas. These impacts are reduced in
large wetland areas surrounded by undeveloped transitional and upland
habitat. In areas where development or unsuitable upland conditions
prevent upward habitat migrations, these estuarine systems will
gradually disappear. Fisheries and oyster cultivators are dependent on
these ecosystems, so their loss would likely have a significant
commercial effect. In addition, a number of species would suffer from a
lack of these ecosystems, including the following:

Saltmarsh sparrow;

Piping plover;

Diamondback terrapin;

Northeastern beach tiger beetle;

Oyster leaf;

Sea-beach knotweed;

Eelgrass;

Sea-beach amaranth; and

Fish species such as Atlantic sturgeon, winter flounder, bluefish and

other species that rely on estuaries for nursery habitat.

level rise by 2100 at between $20 billion and $200 billion, and the economic cost of 36 inches of

sea level rise to double that value. Those costs could be incurred even as the result of one storm.

Some research has found that, under projected sea level rise conditions, evacuation costs alone

(Deleted: Economic losses due to coastal

(Deleted: include

(Deleted: damage to buildings and infrastructure

(Deleted: with minor flooding of roads and parking
(Deleted:

NS N AN

Commented [j79]: ...of what...property damage associated
with 18 inches of slr?

(Deleted: at approximately )
(Deleted: in the future )

for a storm in the Northeast region could range between $2 billion and $6.5 billion (Ruth et al.,

2007).

In order to estimate the economic assets exposed to this hazard, the boundaries of the V-zone
were overlaid upon the Hazus-MH default general building stock inventory. The estimated

building replacement cost value within this zone is displayed by county fin Table 6-11 below.

Table 6-7; General Building Stock Current Exposure by Coastal County |
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1-Percent-Annual-Chance 0.2-Percent-Annual-

County Flood Event Chance Flood Event
In A-zone In V-zone In X500 Zone

Barnstable $7,580,776 $1,180,063 $2,443,839

Bristol - - $895,108
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6.1.2 Coastal Erosion

Coastal shorelines change constantly in response to wind, waves, tides, sea level fluctuation, ,
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seasonal and climatic variations, human alteration, and other factors that influence the movement
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Loss (erosion) and gain (accretion) of coastal land are visible results of the way these conditions

reshape shorelines. Shorelines naturally change seasonally, accreting slowly during summer

when sediments are deposited by relatively low energy waves and eroding dramatically during
Exposure and Vu

winter when sediments are moved offshore by high-energy storm waves, such as those generated

by nor’easters. This process is depicted in Figure 6-8.
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Figure 6-1; Seasonal Beach Profiles. |
I
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Source: Maine Geological Survey 2005

6.1.2.1 Hazard Profile

6.1.2.1.1 Sediment Supply

Methods used by property owners to stop, or slow down, coastal erosion or shoreline change can
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exacerbate erosion, Coastal landforms such as coastal banks are essential to maintaining a supply ‘

[ Deleted: <#>Decreased

of sediment to beaches and dunes. Where engineered structures are used to stabilize shorelines,
the natural process of sediment transport is interrupted, decreasing the amount of sediment
available for beaches and dunes. Under conditions of reduced sediment, the ability of coastal

resource areas such as dunes and beaches to provide storm damage prevention and flood control
benefits is continually reduced.

In addition to preventing the addition of sediment to the beach system, attempting to halt the
natural process of erosion with seawalls and other hard structures can actually worsen erosion in
a number of ways. Seawalls can increase the rate of erosion on the seaward side of the wall, as
shown in Figure 6-9 below, and shore-perpendicular structures like groins and jetties can
interrupt the longshore flow of sediment, causing downstream erosion.
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Figure 6-2; Long-term Impacts of Shoreline Armoring

(1) BEFORE THE WALL

Scarped dune, evidence of
eroding shoreline

/ iv'i<‘1¢ beach

I L —
Gentle foreshore

(2) WALL CONSTRUCTED

Irmmediate narrowing

/o{ beach

Development proceeds, as bwyers
believe property protected by wall.

(3) \JWO TO FORTY YEARS LATER

No beach, wall is overwashed
by storms, wave energy is
widermining wall -

T and awepemngofflhore clopc

(4) TEN TO SIXTY YEARS LATER ——— ("New Jerseyization®)

- Bigger, "better,”
reinforced seaxall

As depth increases, wave size
increases; therefore, a
higher wall is needed

ULTIMATE RESULTS: Development ie behind wall, no beach ie available,
and the seafloor is cluttered with fallen walle
and groins.

Source: CoastalCare.org, n.d.

As in many other highly developed coastlines, a large proportion of the Massachusetts coast is
armored. The Massachusetts Coastal Erosion Commission 2015 report found that 27% of the
exposed coastal shoreline is armored by some form of coastal protection. Broken down by
regions, the percentage of coastline protected by coastal engineered structures can be
summarized as: Boston Harbor - 58%, North Shore - 46%, South Shore - 44%, South Coastal -
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36%, and Cape Cod and Islands - 13%. As shown in the figure above, shoreline armoring can
protect adjacent structures effectively, but can also have long-term negative impacts. In 2013, the
Massachusetts Legislature established a Coastal Erosion Commission (CEC) to investigate and
document the levels and impacts of coastal erosion in the Commonwealth and to develop
strategies and recommendations to reduce, minimize, or eliminate the magnitude and frequency
of coastal erosion and its adverse impacts on property, infrastructure, public safety, and beaches
and dunes (Erosion Impacts Working Group). The group had several goals, including evaluating past
erosion, estimating future impacts, and examining practices that could reduce the impacts of this
hazard.

The CEC report found that, “of the assessed shoreline, 71% is comprised of coastal beach
resource areas, while mapped coastal dunes, banks and salt marshes account for 35%, 22%, and
23% respectively” (2015). Because the ability of a coastal system to adapt to coastal erosion and
sea level rise varies based on a number of local characteristics, this data allows for more precise
modeling of projected future impacts. This report also revealed the concentration of residential
development in the coastal zone, finding that “Residential development accounts for 40% of the
shoreline, with natural upland areas, maintained open space, and non-residential developed
accounting for 32%, 23%, and 7% respectively” (CEC, 2015).

6.1.2.1.2 Primary Locations

The CEC report analyzed data from the Massachusetts Shoreline Change Project, launched in
1989. This project mapped the local high water line and shoreline change rates over the long-
term (150 year) and short-term (30 year) periods. This tool provides data on the net distance of
shoreline movement and shoreline change rates for more than 26,000 transects. The CEC report
combined this data with other, more recent sources, and identified “hot spots”, where the
combination of erosion, storm surge, flooding, and waves have caused significant damage to
buildings and/or infrastructure over the past five years. These locations are identified in Table 6-
12 below.
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Table 6-8; Coastal Erosion Hot Spots, from north to south

- CDeleted: 912

Location Beach Name

Salisbury Salisbury Beach
Newburyport Plum Island

Newbury Plum Island

Hull Nantasket Beach

Hull Crescent Beach

Scituate Glades

Scituate Oceanside Drive
Scituate Lighthouse Point
Scituate Humarock Beach (northern half)
Marshfield Fieldstone to Brant Rock
Marshfield Bay Ave.

Plymouth Saquish

Plymouth Long Beach (southern end)
Plymouth White Horse Beach
Plymouth Nameloc Heights
Sandwich Town Neck Beach
Dennis Chapin Beach
Nantucket Siasconset

Edgartown Wasque Point

Oak Bluffs Inkwell Beach

Gosnold Barges Beach

Westport East Beach

Source: Massachusetts Coastal Erosion Commission, 2015.

The detailed data of the Massachusetts Shoreline Change Project is available through the
Massachusetts Ocean Resource Information System (MORIS). Parties interested in the
vulnerability of specific locations to coastal erosion are encouraged to explore this resource at
http://www.mass.gov/eea/agencies/czm/program-areas/stormsmart-coasts/shoreline-change/.
Because of the detailed nature of coastal erosion data, the risk assessment focuses on generalized
state-level trends.

6.1.2.1.3 [Erosion Rates

As previously described, coastal erosion rates vary significantly along the coast. Average short-
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term (~30 year) erosion rates for the most-vulnerable communities range from 8.70 feet per year
in Yarmouth along the Cape Cod Bay shoreline to 0.99 feet per year in West Tisbury. Additional
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information on historic trends in coastal erosion is described in further detail in the following
section.

6.1.2.1.4 Frequency, | ( Deleted: of Occurrences

I
Coastal erosion is measured as the rate of change in the position or horizontal displacement of a

shoreline over a specific period of time, measured in units of feet or meters per year. Erosion
rates vary as a function of shoreline type and are influenced primarily by episodic events. Among
other physical factors such as sea level rise, the location of the shoreline, its geomorphology, its

proximity to development, and the natural and man-made alterations to it, both long- and short-

term rates of change can play important roles in the analysis of future shoreline configuration.

The long-term patterns of coastal erosion are difficult to detect because of substantial and rapid

changes in coastlines in the short-term (that is, over days or weeks from storms and natural tidal
processes). For example, prior to the construction of groins and jetties in the 1930s and 40s,
long-term changes were frequently relied on to predict future conditions. On the other hand, as

sea level continues to rise and the

intensity of storms increases, short-term

erosion events can become greater
indicators of future shoreline
conditions than data averaged over the
past century and a half. Analysis of
both long- and short-term shoreline
changes, therefore, is required to
determine which is more reflective of
the potential future shoreline
configuration.

The most frequently used measure of
coastal erosion is the average annual
erosion rate. Erosion rates can be used
in land-use and hazard management to
define areas in which development
should be limited or where special
construction measures should be used.
The average annual erosion rate is
based on analysis of historical
shorelines derived from maps, charts,
surveys, and aerial photography
obtained over a period of record.
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Climatic trends can change a beach from naturally accreting
to eroding due to an increase in the frequency or severity
of storms and high tides, or from the long-term effects of
fluctuations in sea level. Sea level rise will increase coastal
erosion in several ways. First, as the sea level rises, wave
action moves higher onto the beach. The surf washes sand
and dunes out to sea or make the sand migrate parallel to
the shoreline. The loss of the beach equals a loss in a buffer
zone between the land and the sea, and this can lead to
erosion of inland areas. As a rule-of-thumb, a sandy
shoreline retreats about 100 feet for every 1-foot rise in sea
level. These impacts, however, can vary widely based on
local variables, including the slope of the shoreline and the
height of beach dunes at a given location.

The loss of coastal wetlands also contributes to coastal
erosion. Some IPCC models suggest that 33 percent of the
global coastal wetlands will be under water by the year
2080. Areas with small tidal ranges, such as sandy beaches,
will see the greatest effect. Rising waves, tides, and
currents erode beaches, dunes, and banks, resulting in
landward retreat of these landforms and reducing the
buffer they provide to existing development. More
sediment is washed out to sea, rather than settling on the
shore. The Massachusetts Wetlands Protection Act and
associated regulations, protect the ability of sand dunes
and wetlands to migrate naturally, without human
inference. The intent behind this approach is by allowing
nature to take its course, less coastal loss will occur over
time.
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6.1.2.1.5 Severity/Extent

Coastal erosion is measured at the rate of change in the position or horizontal displacement of a
shoreline over a period of time. A number of factors determine whether a community exhibits
greater long-term erosion or accretion:

e Exposure to high-energy storm waves,

e Sediment size and composition of eroding coastal landforms feeding adjacent beaches,
o Near-shore bathymetric variations which direct wave approach,

o Alongshore variations in wave energy and sediment transport rates,

e Relative sea level rise,

e Frequency and severity of storm events, and

e Human interference with sediment supply (e.g. revetments, seawalls, jetties).

Additional impacts from this hazard that may occur as a result of climate change (and municipal
responses thereto) include:

e Increased armoring of shorelines, resulting in decreases in sediment supply to beaches and
prevented migration of coastal landforms;

e A Decrease in sediment, which contributes to flattening of the adjacent profile and increases
wave effects;

e More intense, longer duration coastal storms; and
e Increases in erosion rates.

Natural recovery after erosive episodes can take months or years. If a dune or beach does not
recover quickly enough via natural processes, coastal and upland property may be exposed to
further damage in subsequent events. Coastal erosion can cause the destruction of buildings and
infrastructure.

The 2015 CEC report found that the total costs from NFIP claims for all coastal events since
1978 was nearly $370 million. Although the specific economic impact of coastal erosion cannot
be separated from that of other coastal hazards, erosion can both cause direct economic damage
and exacerbate other hazards. The severity of coastal erosion is expected to worsen and costs are
expected to rise as a result of climate change and sea level rise.

6.1.2.1.6 Warning Time

Meteorologists can often predict the likelihood of weather events which can impact shoreline
communities, and ultimately the shoreline. NOAA’s National Weather Service monitors
potential events, and provides forecasts and information, in advance of a storm through multiple
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means varying in system characteristics and time issued. The National Weather Service provides
early notification through its Hazardous Weather Outlook, which is a narrative statement
produced and issued on a routine basis, to provide information regarding the potential of
significant weather expected during the next 1 to 5 days (NWS, 2018). Additionally, for
nor’easters the National Weather Service issues Coastal Flood Advisories when minor flooding
is possible; Coastal Flood Watches when flooding with significant impacts is possible; or Coastal
Flood Warnings when flooding that will pose a serious threat to life and property is occurring,
imminent or highly likely (NWS, 2018). For tropical, subtropical, or post-tropical systems, the
National Weather Service will issue a Hurricane or Tropical Storm Warning 36 hours in advance
of the anticipated onset of tropical-storm-force winds or a Hurricane or Tropical Storm Watch 48
hours in advance of the anticipated onset of tropical-storm-force winds (NWS, 2018).

6.1.2.2 Jmpacts

Coastal erosion is a significant concern to the Commonwealth because of the large number of
communities and cultural resources located along the coast. Healthy beaches, dunes, and banks
serve as a buffer and protect the built environment and other natural resources on the mainland
from coastal storm events such as hurricanes, tropical storms and nor’easters which can cause
shoreline erosion or accretion.

Windstorm events can blow beach and dune sand overland into adjacent low-lying marshes

upland habitats, inland bays. and communities. Flooding from extreme rainfall events can scour
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<#>Windstorm events can blow beach and dune sand
overland into adjacent low-lying marshes, upland
habitats, inland bays, and communities. Flooding from
extreme rainfall events can scour and erode dunes as
inland floodwaters return through the dunes and beach
face into the ocean. Additionally, be removing the
buffering effects of coastal ecosystems such as beaches,
dunes, and salt marshes, coastal erosion leaves adjacent
properties, infrastructure, and ecosystems increasingly
vulnerable to natural hazards including coastal flooding
and storm surge.

<#>Exposure and Vulnerability

and erode dunes as inland floodwaters return through the dunes and beach face into the ocean.

Additionally, be removing the buffering effects of coastal ecosystems such as beaches, dunes,

and salt marshes, coastal erosion leaves adjacent properties, infrastructure, and ecosystems

increasingly vulnerable to natural hazards including coastal flooding and storm surge.

Coastal erosion in Massachusetts is currently the subject of a great deal of research. The Coastal

Erosion Commission has identified coastal erosion hot spots and, although not yet available, is
working currently on developing projected erosion rates for areas all along the Massachusetts
coastline. Although a comprehensive geospatial representation of areas at risk for coastal erosion
is not yet available, average shoreline change rates for a number of coastal communities have
been identified. The communities with the highest rates of erosion are shown in the “Hot Spots”
table earlier in the section. However, due to the lack of geospatial data, a quantified analysis of
the population and structures considered to be exposed to this hazard was not conducted. Instead,
the exposure and vulnerability of each of these categories is discussed qualitatively below.

6.1.2.2.1 Public Health and Safety |

The coastal high hazard area (described further in Section 6.1.1 Coastal Flooding) is the most
hazardous part of the coastal floodplain due to its exposure to wave effects. Storm surge
inundation can exceed regulatory floodplain boundaries (V and A zones), which also can

Draft 2 Risk Assessment 6-35
March 2018

Deleted: As described under the Hazard Profile section
above, ¢

[ Deleted: Population




Chapter 5: Introduction to Risk Assessment

contribute to coastal erosion. Individuals whose homes are located in this area are considered
exposed to this hazard. However, the risk a property faces from this hazard varies dramatically
based on a number of factors including the type of coastline in front of the property (including
whether or not the property is located atop a cliff), proximity of the building or infrastructure to
the shoreline, as well as any reinforcements the property itself may have.

Coastal erosion is considered an imminent significant threat to public health, safety, and welfare

not only as a result of the impacts of high intensity single storm events but also when changes are
gradual over many years. Waterfront property owners whose properties are not sufficiently
protected from the threat of coastal erosion are considered particularly vulnerable to this hazard.

Coastal erosion is both a chronic and episodic hazard. An eroded coastline has less capacity to

buffer against storm surge associated with hurricanes, nor’easters or other coastal storms. As
coastlines erode, septic systems are damaged, resulting in the discharges of wastewater to the
surface environmental. Underground tanks containing a variety of contaminants can also be
compromised. Damage to both types of structures can contaminate both surface and subsurface
(including public and private wells) drinking water supplies resulting short-term illness and more
term health impacts. Finally, where coastal erosion progresses to the point that coastal residents
are forced to relocate or lose their homes, the stress of this process could cause or exacerbate
mental health issues including anxiety and depression.

6.1.2.2.2 J,The Built Environment

e N
\\Deleted: Vulnerable Populations /\
( Deleted: Health Imp )
\eete. ealth Impacts )

Most structures within the coastal zone are exposed to the coastal erosion hazard. As described
earlier in this section, continuous coastal erosion exposes coastal elements such as roads and
bridges to additional impacts from other coastal hazards. This hazard could also impact these
infrastructure elements directly if the underlying sediment beneath the road or the bridge
supports becomes unstable or disappears entirely. As described earlier in the section, shoreline
armoring can provide extensive protection to elements of the coastal built environment. The
Commonwealth of Massachusetts has two coastal structures inventories (public and privately
owned Coastal Shoreline Engineered Structures), which together provide a comprehensive
assessment of shoreline armoring coast-wide. These reports indicate that 27% of the exposed
coastal shoreline is armored with some form of public or private coastal protection (Table 6-13).
The detailed reports from both of the coastal structures inventories are available at
WWwWw.mass.gov/eea/agencies/czm/program-areas/stormsmart-coasts/seawall-inventory/.

Geodatabases containing the coastal structures data are available in the online Massachusetts
Ocean Resources Information System (MORIS), which can be accessed at the website above. In
addition, CZM and the Massachusetts Department of Environmental Protection (DEP) have
mapped other public and private structures (e.g., piers and stairs) along the coastline and these
data are available for shoreline characterization and erosion impact analyses.
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<#>As described above, a spatial exposure analysis was
not conducted for this hazard. According to the DCAMM
property inventory, there are relatively few state-owned
properties immediately adjacent to the coastline. There
are 38 structures located within 50 feet of the coast, only
one of which would be defined as “Critical” — the
Massachusetts Maritime Academy. Therefore, structures
owned by the Commonwealth of Massachusetts are not
severely exposed to this hazard directly. Instead, impacts
to government could come from increased vulnerability
to other coastal hazards, as well as impacts to non-
structural governmental parcels such as beaches and other
waterfront natural systems. Additionally, the
Massachusetts government could suffer economically as
a result of coastal erosion — either because of the
substantial cost of defensive measures against this hazard
or because of reduced tourism revenues if beaches are
diminished.
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Table 6-9; Summary of the miles of coastline protected by shore-parallel coastal engineered |

o CDeleted: 1013

structures by coastal region and state total.

Shoreline Length  Private Structure  Public Structure  Percent Shoreline

Region (miles) Length (miles) Length (miles) with Structure
North Shore 160 50 24 46%
Boston Harbor 57 12 21 58%
South Shore 129 28 29 44%
Cape Cod & Islands 615 66 11 13%
South Coastal 154 49 7 36%
Total 1,115 205 92 27%

Source: Massachusetts Coastal Erosion Commission Report, 2015

6.1.2.2.3 Natural Resources and Environment

Coastal erosion has numerous direct and indirect impacts on the local environment. When storms
or sea level rise erode the coast, it inundates valuable coastal habitat as well as any benthic
organisms in the soil or other animals that could not escape the eroding portion of the beach.
Remaining beach-dwelling organisms may suffer from crowding, increased competition, or
increased predation and the size of their habitat shrinks. Direct impacts from the loss of wetland
habitats include the loss of nursery habitat for ecologically and economically important fish
species, as well as the loss of ecosystem services such as water filtration and buffering against
sea level rise and storm surge. Additionally, as coastal erosion progresses further and further
inward, the nature of shoreline habitats may change in their inundation frequency increases. For
example, an area that was previously vegetated upland could be converted to an estuarine habitat
type if sea level rise and coastal erosion reduces the area’s elevation and increases its inundation
frequency. Coastal environments and adjacent areas also become more susceptible to the impacts
of storm events without the buffer of a robust coastline, as described elsewhere in this section.

6.1.2.2.4 Economy

Because of the concentration of economic activity in the coastal zone, coastal erosion exposes a
great deal of public and private property to potential damage. Direct impacts of coastal erosion
are likely to include the following:

e [oss of and/or damage to homes,

e Loss of upland property,

e Loss of the contribution of high value property to local tax base,
e Loss of roads and emergency access routes,

e Loss of and damage to cultural and historic structures,
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e Structural damage from one property damaging adjacent properties, and
o Contamination of water supplies.

In addition, the beaches, parks, and natural resources along the Massachusetts coast greatly
contribute to the local economy, especially during the summer season where the population in
these areas can more than double. Many natural coastal resources serve the dual purposes of
protecting the shoreline and bringing enormous ecological and economic value. Massachusetts’
coastline and state ocean waters support 152,000 jobs and generate $4.3 billion in income each
year, in addition to providing recreational opportunities (Durrant, 2008). As a result, beach loss
(if not mitigated by beach nourishment efforts) will likely result in significant economic impacts
to local communities. The loss of salt marshes and other coastal estuarine systems as a result of
coastal erosion will also result in significant economic damage, both directly and indirectly, as
discussed under Environment and Natural Resources above. Indirect economic impacts will be
realized when this reduced buffer capacity causes an increase in coastal flooding- or wind-related
damage to public and private property.

6.1.3 Tsunami

N

A tsunami is a devastating onshore surge of water or a string of waves created by the
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displacement of a large volume of water. This displacement can be caused by a number of
triggers, including earthquakes, volcanic eruptions, landslides, glacier calving, and meteorite
impacts. Tsunamis can move hundreds of miles per hour in the open ocean and can come ashore
with waves as high as 100 feet or more. The height of a tsunami wave that comes onshore is
related to the strength of the event that generated the tsunami and to the configuration of the
ocean bottom along the tsunami’s path.

According to NOAA, tsunamis are most commonly generated by earthquakes in marine and
coastal regions. Major tsunamis are produced by large, shallow earthquakes associated with the
movement of oceanic and continental plates. Tsunamis occur more often along the Pacific Coast,
however a tsunami could potentially impact other U.S. coastlines as well.

6.1.3.1 Hazard Profile

B

|All of the coastal areas of Massachusetts are exposed to the threat of tsunamis; however, that
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probability is relatively low compared to the Pacific Coast of the U.S. According to the U.S.

-
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States and Territories National Tsunami Hazard Assessment.: Historical Record and Sources for
Waves (Dunbar and Weaver, 2015), the Atlantic Coast and the Gulf Coast states have
experienced very few tsunamis in the last 200 years. The states of Louisiana, Mississippi,
Alabama, the Florida Gulf Coast, Georgia, Virginia, North Carolina, Pennsylvania, and
Delaware have no known historical tsunami records. Only a total of six tsunamis have been
recorded in the other Gulf and East Coast states. Three of these tsunamis were generated in the
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Caribbean — two were related to a magnitude 7+ earthquake along the Atlantic Coast and one
reported tsunami in the Mid-Atlantic states that may have been related to an underwater
explosion or landslide.

Tsunamis could potentially travel to New England from the Caribbean, the Mid-Atlantic Ridge,
the Canary Islands, or (least likely) the continental shelf located offshore from North Carolina
and Virginia. Each of these areas is described further below.

Mid-Atlantic Ridge

The closest tectonic boundary to the U.S. East Coast is the spreading (divergent) Mid-Atlantic
Ridge, which is relatively tectonically active. However, according to the Maine Geological
Survey, tsunamis are more likely to occur at convergent margins.

| |

Caribbean Islands

The Caribbean is home to some of the most geologically active areas outside of the Pacific
Ocean. There is a subduction zone, called the Puerto Rico trench, located just north of Puerto
Rico. In this area, the American plate is being subducted beneath the Caribbean Plate, which has
produced numerous earthquakes, submarine landslides, volcanic eruptions, and resulting tsunami
activity.

Canary Islands

The Canary Islands are a chain of volcanic islands located in the eastern Atlantic Ocean, just
west of the Moroccan coastline. La Palma is the western-most and the youngest of the Canary
Islands, and is also the most volcanically active with three large volcanoes. Cumbre Vieja,
located on La Palma, has erupted twice in the last century — once in 1949 and once in 1971.
Some researchers point to this volcano as a potential driver of tsunamis in the Atlantic Ocean. It
could also cause tsunamis in other ways. Based on a study of past landslide deposits and existing
geology of the volcano, the west flank of the Cumbre Vieja appears vulnerable to failure during a
future eruption, resulting in a landslide into the depths of the Atlantic Ocean of a mass 9 to 12
miles wide and 9 to 16 miles long. Although this failure is likely, scientists believe there are
several reasons it would not lead to a mega-tsunami. The International Tsunami Information
Center (ITIC) has released the following information on the probability of this event:

e While the active volcano of Cumbre Vieja on Las Palma is expected to erupt again, it will
not send a large part of the island into the ocean, though small landslides could occur.

e No mega tsunamis have occurred in the Atlantic or Pacific Oceans in recorded history.

e The colossal collapses of Krakatau and Santorin generated catastrophic waves in the
immediate area but hazardous waves did not propagate to distant shores. Numerical and
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experimental models of such events and of the Las Palma event verify that the relatively
short waves from these small occurrences do not travel as tsunami waves from a major
earthquake (ITIC, n.d.).

North Carolina/Virginia Continental Shelf

Evidence has been found of a large submarine landslide called the Albemarle-Currituck Slide,
which occurred 18,000 years ago off the coasts of Virginia and North Carolina. In this event,
over 33 cubic miles of material slid seaward from the edge of the continental shelf, most likely
causing a tsunami. It is possible that a similar event could reoccur in the future.

—/

6.1.3.1.1 Historic Occurrences \( Deleted: Previous
Very few significant tsunami events have occurred in Massachusetts history. The events in the

historical record are described in Appendix B.

Table 6-14 summarizes the findings of NOAA and USGS research on historic tsunami events \(Deleted: .

_/

and losses in the Atlantic region (Dunbar and Weaver, 2015). Figure 6-10 shows the number of
tsunami events and total number of events causing run-up heights from 0.3 feet to greater than
9.8 feet for the U.S. and its territories in the Atlantic, Gulf Coast, Puerto Rico, and the Virgin
Islands.
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Table 6-10; Summary of Tsunami Events and Losses in the Atlantic Region |
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Maine (1929) 1 1 3
New Hampshire (1929) 1 1 1
Massachusetts (1929) 1 1 2
Rhode Island (1929) 2 1 1 3
Connecticut (1964) 1 1 1
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Atlantic Coast Totals 21 13 7 1 0 0 33 0 $0

Source: Dunbar and Weaver, 2015
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Figure 6-3; Total Number of Tsunami Events for the U.S. and its Territories. » 'CDeleted: 410 )
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The frequency of tsunamis is related to the frequency of the events that cause them, so it is ( Deleted: <#>Frequency of Occurrences )

similar to the frequency of seismic or volcanic activities or landslides. In the U.S. coastal areas,
the frequency of damaging tsunamis is low compared to many other natural hazards; however,
the impacts can be extremely high.

The National Geophysical Data Center (NGDC) of NOAA compiled a listing of all tsunamis and
tsunami-like waves of the eastern U.S. and Canada. Fifty-two potential tsunami events have been
identified as possibly impacting the East Coast of the U.S. between 1668 and 2017. Of these
events, nine were categorized as definite or probable tsunamis (NGDC, 2017). As a result, the
historical frequency of tsunamis on the East Coast is approximately one event every 39 years.
However, no tsunamis have hit the Massachusetts coastline since 1950.

The University of Delaware has prepared draft inundation mapping for portions of the 'CMoved (insertion) [14] )

Massachusetts coastline in coordination with the National Tsunami Hazard Mitigation Program.

These maps cover the extent of the National Geophysical Data Center (NGDC) Nantucket

Digital Elevation Model (DEM), and encompass coastlines in the following areas:| Commented [j90]: Moved from below — this describes the
extent of Tsunami hazards rather than impacts.
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e East Nantucket

West Nantucket

e Martha’s Vineyard

Falmouth
e Hyannis
e Dennis

e Chatham

These maps are considered more accurate than buffer-based exposure; however, they are not
available for the entire coastline. Therefore, the methodology utilized in the 2013 plan, in which

one-mile buffer from the coast was used to approximate the exposure area from a major tsunami|

was repeated in this update. If NGDC mapping is available for the entire coastline at the time of

the next plan update, this data source would provide more detailed and accurate exposure
information

6.1.3.1.2 Severity/Extent

A one-mile buffer from the coastline
was developed during the preparation

The effect that climate change and sea level rise will have on
the frequency of tsunami events is unclear; however, initial
research efforts suggest that warming global temperatures

of the 2013 State Hazard Mitigation
Plan in order to define the extent of
the tsunami hazard until modeling and
inundation mapping was completed.
Portions of Barnstable, Bristol,
Dukes, Essex, Middlesex, Nantucket,
Norfolk, Plymouth, and Suffolk
Counties fall within this buffer.

6.1.3.1.3 Warning Time

The National Tsunami Hazard
Mitigation Program was formed in

may result in an increase in tsunamis. The primary driver for
this increase, according to a 2009 paper from University
College London, will be the loss of ice cover causing the
earth’s crust to rise as less mass presses it down. As the crust
rises, earthquakes and submarine landslides will occur,
causing tsunamis (McGuire 2010). The paper found that this
impact will likely be most noticeable in high-latitude areas
with significant ice cover. An additional hazard known as
“glacial earthquakes,” where collapsing glaciers trigger
massive landslides, may also occur. Research suggests that
these events would generate far more powerful tsunamis
than underwater earthquakes and would likely pose a threat
to high-latitude regions such as Chile, New Zealand and
Newfoundland.

1995 by Congressional action which directed NOAA to form and lead a federal/state working

group. The program is a partnership between NOAA, the USGS, FEMA, the National Science
Foundation, and the 28 U.S. coastal states, territories, and commonwealths.

One of the actions outlined by the plan was the development of a tsunami monitoring system to
monitor the ocean’s activity and make citizens aware of a possible tsunami approaching land. In
response, NOAA developed Deep-ocean Assessment and Reporting of Tsunami (DART)
monitoring buoys. To ensure early detection of tsunamis and to acquire data critical to real-time

Draft 2 Risk Assessment 6-43
March 2018

[Deleted: |




Chapter 5: Introduction to Risk Assessment

forecasts, NOAA has placed DART stations at sites in regions with a history of generating
destructive tsunamis. NOAA completed the original 6-buoy operational array in 2001 and
expanded to a full network of 39 stations in March 2008. The information collected by a network
of DART buoys positioned at strategic locations throughout the ocean plays a critical role in
tsunami forecasting.

When a tsunami event occurs, the first information available about the source of the tsunami is
the seismic information for the earthquake. As the tsunami wave propagates across the ocean and
successively reaches the DART systems, the systems report sea level measurements to the
Tsunami Warning Centers, where the information is processed to produce a new and more
refined estimate of the tsunami. The result is an increasingly accurate forecast of the tsunami that
can be used to issue watches, warnings, or evacuations.

6.1.3.2 Jmpacts

Aside from the tremendous hydraulic force of the tsunami waves themselves, floating debris
carried by a tsunami can endanger human lives and batter inland structures. Ships moored at
piers and in harbors often are swamped and sunk or are left battered and stranded high on the
shore. Breakwaters and piers collapse, sometimes because of scouring actions that sweep away
their foundation material and sometimes because of the sheer impact of the waves. Railroad
yards and oil tanks situated near the waterfront are particularly vulnerable. Oil fires frequently
result and are spread by the waves.

Port facilities, naval facilities, fishing fleets, and public utilities are often the backbone of the
economy of the affected areas, and these resources generally receive the most severe damage.
Until debris can be cleared, wharves and piers rebuilt, utilities restored, and fishing fleets
reconstituted, communities may find themselves without fuel, food, and employment. Wherever
water transport is a vital means of supply, disruption of coastal systems caused by tsunamis can
have far-reaching social effects.

6.1.3.3

v

6.1.3.3.1 Public Health and Safety

As described above, a combination of tsunami inundation mapping from the University of
Delaware and a one-mile buffer were used for this exposure analysis. Table 6-15 shows the
population in each county located within this buffer.

Table 6-11; 2010 Census Population Exposed to Tsunami Hazard

County Population Exposed to Tsunami
Barnstable 140,853
Bristol 197,511
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Moved up [14]: The University of Delaware has prepared
draft inundation mapping for portions of the Massachusetts
coastline in coordination with the National Tsunami Hazard
Mitigation Program. These maps cover the extent of the
National Geophysical Data Center (NGDC) Nantucket
Digital Elevation Model (DEM), and encompass coastlines
in the following areas:
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West Nantucket

Martha’s Vineyard'

Falmouth

Hyannis

Dennis

Chatham

These maps are considered more accurate than buffer-based
exposure; however, they are not available for the entire
coastline. Therefore, the methodology utilized in the 2013
plan, in which one-mile buffer from the coast was used to
approximate the exposure area from a major tsunami, was
repeated in this update. If NGDC mapping is available for
the entire coastline at the time of the next plan update, this
data source would provide more detailed and accurate
exposure information.
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Chapter 6: Risk Assessment

County Population Exposed to Tsunami
Dukes 12,947
Essex 304,924
Middlesex 124,145
Nantucket 6,433
Norfolk 157,233
Plymouth 124,346
Suffolk 466,475
Total 1,534,867

Source: 2010 Census

[The populations most vulnerable to the tsunami hazard are the elderly, disabled, and very young| ( Deleted: Vulnerable Populations

who reside near beaches, low-lying coastal areas, tidal flats, and river deltas that empty into [ Deleted:

ocean-going waters. In the event of a local tsunami generated in or near the Commonwealth,
there would be little warning time, so more of the population would be vulnerable. The degree of
vulnerability of the population exposed to the tsunami hazard event is based on a number of
factors:

e [s there a warning system?

e What is the lead time of the warning?

e What is the method of warning dissemination?
o Will the people evacuate when warned?

For this assessment, the population vulnerable to possible tsunami inundation is considered to be
the same as the exposed population.

Health Impacts

As described above, tsunamis have resulted in massive casualties and health impacts (both direct
and indirect) throughout the world. When a tsunami is occurring, direct mortality can occur as
individuals drown in the floodwater or are struck by fast-moving debris. According to the CDC,
as tsunamis recede, the strong suction of debris being pulled into densely populated coastal areas
can cause additional deaths and injuries (CDC, 2013). Following a tsunami, health concerns
include contaminated food and water supplies (discussed further under Natural Resources and
Environment) and exposure-related impacts such as exposure to insects, temperatures, and other
environmental hazards.
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6.1.3.3.2 |Government

The impact of the waves and the scouring associated with debris that may be carried in the water
could be very damaging to structures located in the tsunami’s path. Structures that would be most
vulnerable are those located in the front line of tsunami impact and those that are structurally
unsound. Similar to the population exposed, all state buildings within 1-mile of the coastline are
considered exposed to the tsunami hazard for the purposes of this plan. Table 6-16 summarizes
the number and estimated replacement cost value (structure and contents) of state-owned
buildings in these coastal counties.

Table 6-12; State-Owned Buildings in the Tsunami Hazard Zone by County

County Nurr\b.er of Replacement Cost Value
Buildings (Structure and Contents)

Barnstable 139 $324,986,220

Bristol 81 $355,261,393

Dukes 5 $10,269,171

Essex 140 $782,088,889

Middlesex 20 $378,943,236

Nantucket 3 $3,168,858

Norfolk 25 $75,952,463

Plymouth 108 $206,061,112

Suffolk 173 $5,599,769,083

Total 694 $7,736,500,425

Source: DCAMM facility inventory 2017

6.1.3.3.3 The Built Environment

All elements of the built environment within the buffer zone described above are considered
exposed to the tsunami hazard at this time. Table 6-17 and Table 6-18 summarize the number of
critical facilities and bridges per county, respectively. Roads are the primary resource for
evacuation to higher ground before and during the course of a tsunami event. Flooding caused by
a tsunami will greatly impact this important component in the management of tsunami related
emergencies. Bridges exposed to tsunami events can be extremely vulnerable due to the forces
transmitted by the wave run up and by the impact of debris carried by the wave action. Table 6-
19 shows the bridges located within the tsunami zone. The forces of tsunami waves can also
impact above ground utilities by knocking down power lines and radio/cellular communication
towers. Power generation facilities can be severely impacted by both the velocity impact of the
wave action and the inundation of floodwaters.
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Table 6-13; Number of Critical Facilities Exposed to the Tsunami Hazard by County |
I

County Tsunami Exposure Area
Barnstable 9
Bristol 9
Dukes 2
Essex 11
Middlesex 2
Nantucket 2
Norfolk 3
Plymouth 3
Suffolk 12
Total 53

Source: DCAMM facility inventory 2017

Table 6-14; Number of Critical Facilities Exposed to the Tsunami Hazard by Type

e ‘CDeleted: 1518

Type
Military

Police Facilities

Fire Departments

Hospitals

Colleges

Social Services

Total

Tsunami Exposure Area

9
13
2
11
18
53

Source: DCAMM facility inventory 2017

Table 6-15; Number of Bridges Exposed to the Tsunami Hazard

e ‘CDeleted: 1619

County
Barnstable
Bristol
Dukes
Essex
Middlesex
Nantucket
Norfolk

Plymouth
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State
37
63

1
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34
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County Federal State Local
Suffolk - 388 19
Total 2 682 92
Source: NBI

The replacement cost values for critical facilities were not available for this planning effort. A
total risk exposure would equal the full replacement value of each critical facility exposed. As
these data become available, the Commonwealth will update this section of the plan with new
information. The functional down-time to restore elements of the built environments to 100-
percent of their functionality will be dependent upon the severity of the damage. The total
estimated replacement cost value of the 850 bridges within one-mile of the coastline is $24
billion.

6.1.3.3.4 Natural Resources and Environment

The environmental impact of tsunamis can be widespread and devastating. The inundation of
typically dry areas can reshape the topography of an area, both by scouring existing sediment and
by depositing sediment from other locations. In addition to these physical impacts, tsunamis can
also uproot trees and other plants in its path, causing habitat loss in addition to direct mortality to
animals in the area. Animals in the area could die as a result of drowning, and marine animals
often die as a result of chemicals or contaminants swept into the ocean. These chemicals and
contaminants, as well as salt water, can remain in aquifers or can percolate into groundwater
supplies after the tsunami recedes, causing extensive and prolonged environmental devastation.

6.1.3.3.5 Economy

A tsunami’s negative impact on the economy is difficult to quantify. As discussed above, losses
include but are not limited to general building stock damage, business interruption/closures, port
closures, utility and transportation damage, and impacts on tourism and tax base to the
Commonwealth. However, because there have not been any major tsunami events in
Massachusetts history, it is difficult to calculate the probable cost of such an event. An exposure
analysis of the general building stock was conducted to approximate losses in the tsunami hazard
zone, and results are shown in Table 6-20; however, this method is considered extremely

conservative.
Table 6-16; Economic Exposure to Tsunami o (Deleted: 1720
Building Stock within
County .
Tsunami Exposure Area

Barnstable $52,384,982

Bristol $39,919,295

Dukes $6,091,471
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Building Stock within

County Tsunami Exposure Area
Essex $65,396,417
Middlesex $32,238,859
Nantucket $5,305,922
Norfolk $31,697,431
Plymouth $30,005,713
Suffolk $128,546,252
Total $391,586,342

Source: FEMA Hazus-MH loss estimation methodology
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6.2.1 Hurricanes and Tropical Storms

6.2.1.1 Hazard Profiles

Hurricanes

Hurricanes begin as tropical storms over the warm moist waters of the Atlantic Ocean, off the

coast of West Africa, and over the Pacific Oceans near the equator. As the moisture evaporates

it rises until enormous amounts of heated, moist air are twisted high in the atmosphere. The

winds begin to circle counterclockwise north of the equator or clockwise south of the equator.

The center of the hurricane is called the eye.

Tropical cyclones (tropical depressions, tropical storms, and hurricanes) form over the warm

moist waters of the Atlantic Ocean, Caribbean Sea, and Gulf of Mexico.

e A tropical depression is declared when there is a low-pressure center in the tropics with

sustained winds of 25 to 33 mph.

e A tropical storm is a named event defined as having sustained winds from 34 to 73 mph.

e If sustained winds reach 74 mph or greater, the storm becomes a hurricane. The Saffir-

Simpson scale ranks hurricanes based on sustained wind speeds—from Category 1 (74 to 95

mph) to Category 5 (156 mph or more). Category 3, 4, and 5 hurricanes are considered

“Major” hurricanes. Hurricanes are categorized based on sustained winds; wind gusts

associated with hurricanes may exceed the sustained winds and cause more severe localized
damage (NOAA, n.d.(b)).
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When water temperatures are at least 80° F, hurricanes can grow and thrive, generating

enormous amounts of energy, which is released in the form of numerous thunderstorms

flooding, rainfall, and, very damaging winds. The damaging winds help create a dangerous storm
surge (in which the water rises above the normal astronomical tide). In the lower latitudes,

hurricanes tend to move from east to west. However, when a storm drifts further north, the

westerly flow at the mid-latitudes tends to cause the storm to curve toward the north and east.

When this occurs, the storm may accelerate its forward speed. This is one of the reasons why
some of the strongest hurricanes of record have reached New England.

Hurricanes can range from as small as 50 miles across to as much as 500 miles across; Hurricane
Allen in 1980 took up the entire Gulf of Mexico. There generally are two source regions for
storms that have the potential to strike New England: 1) off the Cape Verde Islands near the west
coast of Africa, and 2) in the Bahamas. The Cape Verde storms tend to be very large in diameter,
since they have a week or more to traverse the Atlantic Ocean and grow. Bahamas storms tend to
be smaller, but they can also be just as powerful, and their effects can reach New England in only
a day or two.

As tropical systems customarily come from a southerly direction and accelerate up the east coast

of the U.S., most take on a distinct appearance that is different from a typical hurricane. Instead

of having a perfectly concentric storm with heavy rain blowing from one direction, then the calm

eye, then the heavy rain blowing from the opposite direction, our storms (as viewed from

satellite and radar) take on an almost winter storm-like appearance. Although rain is often

limited in the areas south and east of the track of the storm, these areas can incur the worst winds

and storm surge. Dangerous flooding occurs most often to the north and west of the track of the

storm. An additional threat associated with a tropical system making landfall is the possibility of
tornado generation. Tornadoes would generally occur in the outer bands to the north and east of

the storm, a few hours to as much as 15 hours prior to la