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EXECUTIVE SUMMARY

Development of aHazard Mitigation Plan is important in order to prepare a community for the
natural hazards that every community faces sooner or later. By being adequately prepared, the
community has a chance to cut its losses, in terms of both safety and hardship. An approvkePre-
Disaster Mitigation Plan brings the community eligibility for funding for implementation of the
mitigation measures included in the plan.

TheHazard Mitigation Plan for the sevenDukes Countytowns was prepared by planning teams

consisting of emergercy managersand other stakeholdersrepresenting the seven towns. The

towns include Aquinnah, Chil mark, Edgartown, Oa
Vineyard; and the Town of Gosnold, encompassing all of the Elizabeth Islands. Staff from he

Mart ha®s Vineyard Commi ssion coordinated the pl
Funding was provided by The Massachusetts Emergency Management Agency (MEMA) in

cooperation with the Department of Homeland Security? Federal Emergency Management

Agency.

Mart ha®s Vineyard and nosdtrangeB to natuelthazards, parscllaalyh d s ar e
flood hazards. Hurricanes strike rarely, but with extensive damage done in a few short hours.

Nor ®easters stri ke mor e efespengibieconetall fgr moré darmage andb n g e r
shoreline erosion and modification. Dam failure is a potential flood threat in the Town of West

Tisbury alone. Heavy rainfall events have become prevalent and are expected to continue so.

Drought is a potential threat to all the communities, particularly to those with public water

supplies. Wildfire is a potential natural hazard, particularly where development meets forest land

(the wildland-urban interface).

Vulnerability is determined by the threat of a natual hazard striking a particular location, and
what level of intensity may be expected. As ofMarch 31, 2014, 114 claims have been filed
under the National Flood Insurance Program (NFIP), totaling $1,603,746.70. Of that total, 17
properties have been resmnsible for 41 of those claims (36%) and for 64% of the total damages
in dollars. Critical facilities were identified, with many of those found to be vulnerable to flood
damage. Most of the properties found vulnerable to flooding are critical water-dependent
facilities such as ferry terminals.

Vulnerability to wildfire is determined by proximity of development to forested lands, and fuel

type. Much of Martha®s Vineyard is potentially
plan outside of the State Forest.
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Planning to protectthe townsincludes shore protection strategies such as beach nourishment,
drought mitigation in the form of improved water supply infrastructure, and an outreach campaign
to better prepar e home o wnt®nssvithavildiire defensessivategies.r s ® a's
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Section 1. Introduction

Purpose:

A Hazard Mitigation Plan examines the hazards likely to impact the community, assesses the
vulnerabilities associated with those hazards, and makes recommendations on ways to mitigate
the negative effects of typical hazards.

The actions recommended in the plan Bould translate into savings; fewer lives lost, less property
destroyed, and minimal disruption to essential services. An additional impetus for planning is that
communities with approved Hazard Mitigation Plans are eligible for federal funding for the
implementation measures named in the plan.

In order to prepare a Hazard Mitigation Plan, hazards and critical facilities are identified,

vulnerability assessed, and actions recommendeanitigating the vulnerability. The first Hazard
Mitigation Plan was approved in May, 2008. This is an update to that plan.

Hazard Mitigation Plan for Seven Dukes County Towns 2015 draft revised February 2015 9



Section 2.  Community Profile

The seventowns of Dukes County consist of islands off the southeast coast of Massachusetts. All
of the islands owe their origin to glacial activity, with resultant hilly, morainal areas of boulders,
gravel, sand and clay, drained by a very few streams. The remainder of the land mass consists of
outwash plains spreading out from the morainal areas. The outwash plains are flat ogently
sloping lands made of highly porous sand and gravel. A number of great ponds are found where
the outwash plains meet the sea, most fronted by barrier beaches. Travel to and between the
islands and the mainland is entirely by boat or plane.

locus

Seven towns comprise Dukes County, includingdar t h a ®s V ithe Elizadethdslaads,d
lying several miles west across the waters of Vineyard Sound. Although the islands are perhaps

best known as recreational destinations, there is also significat i sl and | i fe year
-round residents tend to be independent but wit
Most of the population inhabits the | ar greusd i sl

population of 17,000 swells to more than 79,000 on a summer day, when the Vineyard becomes
a destination for summer residents, vacationers, and relentless multitudes of visitors.
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DRAFT Estimated Average Summer Population 2 (2010 Census)
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Year+ound 311 866 4,067 4,527 3,949 2,740 16,460
Guess of Year -
102 281 1,265 1,415 1,262 848 5,173
round
Seaso.nd / 1,708 5,762 16,342 11,243 6,144 4,803 46,002
Vacationers
Trarsients
lodging rooms 18 106 1,114 786 396 56 2,476
on boats 408 504 600 1,512
camping 432 432
Day Trippers 500 3,000 2,500 6,000
Cruise Passegers 1,000 1,000
Total 2,139 7,015 23,696 22,475 15,283 8,447 79,055

- Year+ound population as reported by 2010 US Census.
- Guestsof Year+ound residentsestimatedas an average of 0.70 person for each of the 7,329 year+ound househobs

- SeasonalResidents Vacationersinclude second-home owners and renters who visit for a week or more. Theyare estimated
as an average of 4.77 people for each of the 9,644 seasonal housing units, based on the resultsof a surveycarried out by
the Oak BluffsPlanning Board. It is estimatedthat about two-thirds of theseare seasonalresidents.

- Transiens sty ondsland for less than a week. Estimations assune two people per room and 100 % occupancy for Juy and
Augugt in the Island® 123 8 lodging rooms, hotels, inns and B&Bs The Edgartown, Oak Bluffs and Tisbury Harbor Masters
estimated 3 or 4 people per boat and occupancy rates between 80% and 100 % for the 468 boats that can be
accommodated on slips and moorings in these three harbors. Camping is based on an average of 3 people per tentand
80% summe occupancy for the Isknd® 180 campsites in the MV Family Campground.

- Day Tiippers arrive and leave the Vineyard on the same day. Estimatesassumetwo-thirds of the peak passengerferry
ridership of 10,000 on peak summer days are day-rippers and the others stay for a longer period. Allocation among towns
is based upon port of entry.

- Cruise Passemers are day trippers. Assumesone cruise ship with a capacity of 1,000 people in harbor on a peak day; in
2010, mog cruise ships came in the spring and fall. Allocation among towns is based upon port of entry.

- Methodology by Christine Flynn.

Source: MVC, 2013

Hazard Mitigation Plan for Seven Dukes County Towns 2015 draft revised February 2015 11



On Martha®s Vineyard, coverings8ansquaoenmi loés T
Bluffs and Edgartown are more densely inhabited and include village centers with modest

commercial activities, much of which is focused on the waterfront of each.Th e 4 sulpand® t ow
of West Tisbury, Chilmark and Aquinnah are comparatively rural and sparsely populated.

The Martha®s Vineyard Commi ssion has identified
Vineyard and projected how many houses would be built on the Vineyard in the nextfortyfive

years, if current zoning is maintained and past rates of construction continue.

Martha's Vineywd e Martha s Vowyoard
Development Today P s Oevelopment 50 s Feom Now
A T ¢ Emuary Bulbege
Aag " ’, Podeniv Faum Ramtage
¥\ 33 %
3 . v
AR p
Swido

Present devel opment on Mart haRrsojVea mteeydarddevel opment on Marth

The table below corresponds to the two mapsabove, showing the numbers represented by the
above graphics.

Projection of Future Development

Houses Projectad New | Projection in| Projected Increase

Today Houses in45 Years| 45 Years
Aquinnah 503 450 946 89%
Chilmark 1,609 750 2,054 47%
Edgartown 5,233 2,944 7,561 56 %
Oak Bluffs 4,378 1,342 5,159 31%
Tisbury 3,091 1,400 4,201 45%
West Tisbury 2,219 1,150 3,248 52%

17,033 8,036 23,169 47%

Note: It does not account for limits on potential development on some properties from conservation restrictions or
agricultural restrictions. Nor does it account for possible additional development on properties with comprehensive permits
or zoning changes.
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Section 3. Plan Development

Staff from the Martha®s Vineyard Commission beg
Gosnold even before the project was really underway. MVC staff prepared and submitted an

application for a highly competitive planning grant, and all the Boards of Seledmen endorsed the

grant application. Funding for the update project was awarded by FEMA (through MEMA)in

April, 2012.

The first step was to assemble planning team Representatives from each town were invitedoy e-
mail to participate. The seven towngeflect the independent spirit of the residents and are
generally reluctant to form planning unions, although quick to respond cooperatively in
emergency situations. Never the less, each of the seven towns agreed to join in this effort and
sentrepresentiivesf r om t he Sel ect men®s offices, Emergenc
Police Departments, EMTs, Planning Boards, IT Departments, Highway Departments, and Energy
Committees Conservation groups, the Wamponaog Tribe of Gay Head (Aquinnah), and the
press, were invited through email and the MVC website. The kickoff meeting for thke update took
place in June 2012. Available materials were reviewed, and a brief presentation was made

1 The Town of Chilmark was represented by Selectman Bill Rossi and by Tim Carroll,
Executive Secretary and Emergency Manager.

1 The Town of Edgartown was represented by Peter G. Shemeth, Fire Chief and Emergency
Manager; Stuart Fuller, Highway Superintendent; and Adam Darack, Information
Technology Coordinator.

1 The Town of Oak Bluffs was represented by Selectman Walter Vail and by Peter Martell,
Emergency Manager.

1 The Town of Tisbury was represented byelinda Loberg, EMT; and Chris Fried, Energy
Committee.

1 The Town of West Tisbury was represented by Simone DeSorcey, Planning Board
Assistant

1 The Wampanoag Tribe of Gay Head (Aquinnah) was represented by Gary Coates, Jr.,
Natural Resources.

1 Conservation groups were wellrepresented:

o Vineyard Conservation Societywas represented by James Pritchard and Jeremy
Houser.

o Tisbury Waterways, Inc. (TWI) was represented by Melinda Loberg.

o M.V. Water Alliance was represented by Marnie Stanton.

o0 M.V. Land Bank was represented by Bill Veno, Trails Planner.

1 The County of DukesCounty was represented by Commissioner Melinda Loberg and
Chuck Cotnoir, Emergency Management.

1 The press was represented by Sara Brown, Vineyard Gazette.



1 Regional decisionmakers included the M.V. Land Bank (Bill Venpstaff and Th e Mar t h a @
Vineyard Commission, represented by Commissioner Tim Carroll and by a number of staff
members:

o0 JoAnn Taylor, Coastal Planner

Mark London, Executive Director

Chris Seidel, GIS Coordinator

Sheri Caseau, Water Resources Planner

Paul Foley, DRI Coordinator

Bill Veno, Sernor Planner.

o O O O O

Following the kickoff group meeting, MVC staff communicated oneon-one with town
representatives while working on identification of hazards and critical facilities, primarily using
MassGIS data. MVC staff followed that process with analysisto assess vulnerabilities.

Once the data had been digested and analyzed, it was time for the towns to review the indings
and begin to update mitigation strategies Assessmentgas they became available)and draft
actions were publishedfor each town on the MVC website between August andJanuary for
public review. Thetown groups metbetween August, 2013 and February 2014; were presented
a unique Powerpoint presentation for that townfor review of the vulnerability assessments and
actions. Those meetings were open to the public and widely publicized through email invitations
to emergency personnel, town boards and other local and regional decisionmakers, to
conservation groups, and to the Tribe;and advertised on the MVC website
www.mvcommission.org and the widely-distributed Extended Schedule. The Emergency
Managers on Martha®s Vineyard meet as a group r
the updated vulnerability assessments andotrecommend Islandwide strategies.

Vulnerability assessments were presented to the general public, along with the slide show

Vi sualizing Sea Level R | at the LAingd.acal BestiVehin Octole® JhisVi n e
exposition brings together a wide variety of vendors, conservation groups and others to display

various aspects of sustainable living. Attendance includes thousands of local residents and

visitors.

Followi ng t he extensive public review of the vulne
Vineyard Commi ssion staff assembled the dr-aft t
|l sl and Emergency Manager s® cThegenerd gublis was firesenece s o n
with the draft plan at 2 evening meetings, March 6, 20 14 and March 13. Both meetings were

publicized on the MVC website www.mvcommission.org on the widely-distributed MVC Extended
Scheduk, and in the calendar sections of the local newspapers. TheMarch 6 presentation was

part of a meeting that was later televised on the local government cable channel.Minutes are

posted on the MVC website. Comments were favorable, particularly for theSea Level Rise
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visualization. Commenters found the information in the draft report significant and helpful. There
were no comments that resulted in changes to the draft.

MVC staff continued to work with the towns oneon-one on town actions, which were included in
the draft plan that went into distribution in March. The entire draft plan was available on the
MVC website in March. Also in March, a press release reported in the M.V. Times announced
availability of the draft plan for comment. None was received.

The draft plan began the norocal review process when submitted to MEMA representatives on
March 19. While under MEMA and FEMA review, the draft plan was presented to the Boards of
Selectmen for theirperusal to develop familarity, with the understanding thatsomerevision was
likely to arise from the MEMA and FEMA reviewto come. Following MEMA and FEMA approval,
the Boards of Selectmen will be asked for their formal approvalof the final plan as approved by
FEMA and MEMA.

MVC staff and the planning teams responded to MEMA comments and consultation on the March
19 draft and August 2014 revised draft and submitted a final draft on January 16, 2015.
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DATE

7/12/11

10/18/11

10/18/11

10/25/11

10/26/11

10/31/11

11/2/11
6/13/12
6/14/12
4/1/13

7/13/13
8/15/13
9/12/13
9/26/13

10/5/13
10/10/13

1/22/14

1/31/14

2/3/14

2/6/14

2/7/13

MEETINGS AND PUBLIC SESSIONS

MEETING OR CONTACT

MVC staff met with Alldsland Emergency Managers abou
the planned update

MVC staff met with Aquinnah Board of Selectmen for
endorsement of grant application

MVC staff met with Chilmark Board of Selectmen for
endorsement of grant application

MVC staff met with Oak Bluffs Board of Selectmen for
endorsement of grant application

MVC staff met with West TisburyBoard of Selectmen for
endorsement of grant application

MVC staff met with Edgartown Board of Selectmen for
endorsenment of grant application

MVC staff met with Tisbury Board of Selectmen for
endorsement of grant application

Pl anning update kickoff m¢
MVC staff, Alldsland emergency managers

Town session Chilmark

Town and public sessions to review FEMA draft maps (2)
Town session Oak Bluffs

Town session Oak Bluffs

Town session Oak Bluffs

Display and one-on-one with crowd at Living Local
Festival

Town session Oak Bluffs consensus

Tisbury town session (postponed due to snow)

Chilmark town session to review assessment and actions
consensus achieved

Edgartown town sessionand consensusassessment and
actions

Aquinnah town sessionand consensus ofassessment anc
actions

West Tisbury town sessiorand consensus ofassessment
and actions
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Tisbury town sessiorand consensus onassessment and

2/12/11 4 actions

Plan update presented to the publicatMa r t ha ® s
3/6/1 4 Commission

Plan update presented to AHisland Emergency Managers
3/13/14 who endorsed the plan®s act

Draft plan submitted to MEMA and made available on
3/19/14 MVC website
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Section 4. Hazard ldentification , Assessment , and Vulnerability
(Note: the vulnerabilities associated with each of these hazards are addressedown-by-town in the next
section.)

FEMA defines a natur al hazard as ~an event or p
fatalities, injuries, property damage, infrastructure damage, agricultural loss, damage to the
environment, interruption of b'usiness, or other

Wind and Flood -Related Hazards:

The floodrelated hazards historically and potentially impacting Dukes County indude hurricanes,

nor ®easters, coast al erosion and shoreline chan
breaches. Thewindr el at ed hazards include hurricanes, no
Coast al Storms (Nor ®easters):

Nor ®easters are | ow pressur e-40ompmanckgusts upwo 10mphs us t a
circulating in a counterclockwise faction in our hemisphere (just as hurricanes do). The storms are
typically large in lateral extent, with a radius as much as 1,000 miles, and travel up the east

coast with a speed of about 25 mph. Nor'easters are frequent visitors to our shores, striking at

| east once or twice in any year. Al t hough thes
last longer, typically 3 days, as often the storms will stall over New England, bringing significant

damage and peril. There is often little warning to prepare for these storms, in comparison with

the ample warnings that typically precede impending hurricanes. Because of greaterfrequency

and duration, nor ®easters have been responsible
A number of Nor ®e a s temembesed fer theimdanmagedauouraned, igcluding | |

the 1898 gale  The Por t |theBlizzagiofa®8m°he Oct oberThe&1Pset be ot
Storm°, and the Bl i.zAZlasrod, otfh e2 OPla3t r i NoetnRos® Day st or
for breaching Norton Point Barrier Beach.

Significant modification of the coastline may take place during these storms, aevidenced by the

breach that occurred at Norton Point Beach during the April 2007 storm, and by at least one

other breach during a January 1886 storm. Some such breaches occur during hurricanes, but the
ingredients are just as likely tobe presentduringa nor ®easter, with water g
side of the barrier beach with enough hydraulic head to create an opening.

The duration is important in determining the damage wrought by these storms. Significant coastal
erosion may take place if high tides and wave action continue for several days,as in the
following photos taken at Sylvia State Beach on December 19 and 20, 1995.

1 FEMA, First Edition 1997, Multi-Hazard Identification and Risk Assessment: A Cornerstone of the National Mitigation Strategy
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Sylvia State Beach, December 19, 1995 Sylvia State Beach, December 20, 1995

Nor ®east er s movanter, antl éxeessivesshowfiallkmay accumulate, although that is

usually not an issue in our community. The Bl i zzard of ®13,  Nemo°, w
both heavy snow and high winds and waters. Icing can be a very real danger to vessels and

their crews, and has historically been responsible for significant loss of life, particularly in the

heyday of coastal shipping, with a number of reports of sailors frozen in the rigging.

Henry Norton wrote this accountsofhéehPodisBkk8ndob
most disastrous storm ever known on the island commenced on Saturday night November 28, 1898, and before
daybreak of the 29th one of the worst northeast snow blizzards was raging. Vineyard Haven harbor was for many
ships a port of refuge from the storm. The next morning found over fifty in a wrecked condition. The number of lives
lost were few in comparison with the number of ships destroyed, because of the bravery of Isaac C. Norton, Alvin H.
Cleveland, Frank Golart, Stanley Fishe and F. Horton Johnson. Cleveland and Golart, with Norton as captain, dared
the wind and sea in a dory. They first went out to the schooner Hamilton, which was ashore near the breakwater,
rescuing five sailors. The boat was unable to make the western sherso they went across the harbor, landing near
the Standard Oil tanks. The halffrozen sailors were taken to Chadwick's blacksmith shop where they were revived
sufficiently to be conveyed to the Marine Hospital. A schooner was ashore near the old Norris wiarf at Eastville. The
people on land could see the men in the rigging. The dory was launched again, with Fisher, Johnson and Cleveland
as crew, Norton in command. This time the dory was towed far to the windward of the schooner and let go by a tug.
They managed to get to the Thurlow and save five men, one having frozen in the rigging. These sailors were taken to
homes at Eastville where they received the best of care. By this time the storm was at its height, and against the
judgment and protest of all, Norton, Cleveland and Golart went out the third time and rescued five more sailors,
thereby showing the daring and bravery for which their forefathers were noted when they came to this cold and

inhospitable climate and made their homes %

2The History of 23 Hdéng Rrankliv(H.F.gNokon d ,
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Hurricanes and Trop  ical Storms (Tropical Cyclones):

Hurricanes and tropical storms are formidable Intense Historic Hurricanes Strikes in New England

storms, a number of which have visited the [ 1938 1S
islands making up Dukes County. Hurricanes
are powerful storms with winds of 74 2 200
MPH circulating counterclockwise about a
relatively calm eye. Tropical storms are the
same (often literally the same storm varying in
intensity) with wind speeds 3973

MPH. North Atlantic hurricanes and tropical
storms typically form in the Caribbean or off the
coast of Africa and will continue to grow and
strengthen as long as they are over water of at

1635

least 79 degrees surface temperature, drifting Intense Historic Hurricane Strike’s
toward our East Coast on the Trade Winds until being steered to the north by the prevailing
of fshore winds. So, the storms which don®t

turned up the East Coast, and the storms which reach the vicinity of Dukes County are freqoty
moving north at substantial speeds, which may add significant forward speed to the wind speed
within the system. The forward speed of the 1938 (Great New England) hurricane is believed to
have been in excess of 50 MPH. The most damage is likely onhe right shoulder of the storm,
eastward of the eye, where the forward speed adds to the wind speed. The speedwith which the
hurricanes move through our area increases the intensity, causing further damage, but also moves
the storms quickly through and hus reduces the impacts when compared to the damage caused

by a long+erm pounding. Our area will typically be impacted with hurricane force winds for

about 6-12 hours.

In 2012, Hurricane Sandy formed in the Western Caribbean and
reached Category 3 sustained winds of 115 mph before making

landfall on the New Jersey coastas an extratropical cyclone. Many
hurricanes tracking up the Atlantic coast tend to veer off into the ocean,
but Sandy was diverted into the coast by conditions in the Jet Stream.
Sandy®s high winds and high water
Mar t ha®s aMlithe Eligadeathdslandseven though landfall
occurred several states away. The proximity of catastrophic damage
was a humbling experience for Vineyarders, even as local damaye was
assessed.

Sandy trackline (Wikipedia)

s http://www.geo.brown.edu/georesearch/esh/QE/Research/CoastStd/NEHurric.htm
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The strength of a hurricane is rated by its wind speed, according to the Saffir/Simpson Scale:

Scale No. Winds Potential
(Category) (mph) Damag e
1 7495 Minimal
2 96-110 Moderate
3 111130 Extensive
4 131155 Extreme
5 >155 Catastrophic

21st century ¢

~So far in the 21st century four tropical cyclones have madelandfall in New England. The first
was Tropical Storm Hermine in 2004 which affected southeastern Ma&sachusetts with minimal
damage. In 2006 Tropical Storm Beryl struckNantucket, again with minimal damage. Tropical
Storm Barry in 2007 made landfall as a remnant extratropical storm which caused heavy rainfall
and flooding. In 2009 Tropical storm Danny made landfall in New England as an extratropical
storm. Hurricane Irene weakened to a tropical storm before striking Connecticut. It caused
significant damage in New England, especially in Connecticut and Vermont. Hurricane Sandy
did not make landfall in New England, but never-theless caused severe local damage.

Storm Cate;.org _ _ Season Date of landfall
Peak intensity  Intensity at landfall

Tropical Storm Hermine Tropical Storm  Tropical Storm 2004  August 31, 2004

Tropical Storm Beryl  Tropical Storm  Tropical Storm 2006 July 21, 2006

Tropical Storm Barry  Tropical Storm  Extr. Storm 2007  June 4, 2007

Tropical Storm Danny Tropical Storm  Extr. Storm 2009  August 29, 2009

Hurricane Irene Category 3 Tropical Storm 2011  August 28, 2011 °

Also, Hurricane Sandy, landfalling several hundred miles away, produced flooding from 10/27/12 2 11/8/12,
such that a federal disaster declaration was made, including Dukes County

4 http://en.wikipedia.org/wiki/List_of New_Engla nd_hurricanes

5 commonwealth of Massachusetts State Hazard Mitigation Plan2013, Prepared by The Massachusetts Emergency Management Agency
(MEMA) and the Department of Conservation and Recreation (DCR)
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HURRICANES IN SOUTHERN NEW ENGLAND

(TWENTIETH CENTURY)®

NAME DATE INTENSITY
Unnamed 7/21/1916 CAT 1
Unnamed 9/21/1938 CAT 3
Unnamed 9/14 -15/1944 CAT 3
Carol 8/31/1954 CAT 3
Edna 9/11/1954 CAT 3
Diane 8/18 -20/1955 TS
Donna 9/12/1960 CAT 2
Belle 8/9 -10/1976 CAT 1
Gloria 9/27/1985 CAT 2
Bob 8/19/1991 CAT 2
Bertha 7/12 -13/1996 TS
Floyd 9/18/1999 TS

Records are available for the most recent hurricanes and tropical storms. Note that our area has
not been visited by a category 3 storm since 1954. Significant development has occurred since
that time, creating greater potential for safety and property risks.
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| see another big sea comin' in, much higher even than the first one. It was so big | never seen anythin' like it. |
dropped the boat an' quick as | could | ran up a high bank just behind where I'd been standing. Even so, | got

soaked by the wave, but | was high enough so it didn't knock me down. That sea took the boat I'd

been hauling

an' the bath house an' all the other boats, too. It tipped 'em up and raised 'em way up in the air an' crunched 'em all
to pieces, an' when the wave went out, away they went, bath house an' boats an' all. And down along the whole

Cove it was like that. It took six houses an' all the boats that had been there every single one of them. Next day,
n7y

Franklin an' | walked the beach, an' we never found a trace 3

not even a trace o' them3

not a stick!
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5 Vallee, D. A Centennial Review of Major Landfalling Tropical Cyclones in Southern New England(Available at
www.erh.noaa.gov/er/box/tropical_cyclones.htm )

7 Saltwater in My Veins, 1972, Tales by Captain Norman G. Benson Trap Fisherman 6

Mart ha®s
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property was destroyed cannot be ascertained. Neither can anyone know how many fond hopes were forever

bl asted, how many changes in |ife and its plans were caus:¢
wrote of the i nt egalesweptawaybuiltifge of all sizesland varketes from churches to sheds,

unroofed an exceedingly great number of others, and damaged many thousand more to a greater or less extent. On

the roofs of some of the structures shingles were stripped off irows from the eaves to the ridgepoles. In some places

the air seemed to be full of shingles and fragments of ti
and of the tremendous numbers of trees drsehsbreofisuchbBuildng abl vy
activity as prevailed in 1817 and 1818, the logs having been sawed in the winter of 1815 -16, and the lumber
seasoned during the following summer°®°wvand of the vessels
two, were driven ashore, and several of them beaten to pieces. One ship was left on a wharf, and another one on

one of the islands. All the warehouses on the lower wharves were swept off, many houses being injured, and four

men and women perished.®

The mostdamaging and dangerous flood impacts by far are caused by storm surge. Storm surge

waters come up very suddenly with the landfalling storm, with enough force to remove structures

from their foundations and with enough surprise to endanger those unfortunatenough to be
trapped by the quickly rising waters. Il n 1900,
Hurricane®, the entire island city of Galveston
about 8,000 lives. More recently, thousands of lives were taken by Hurricane Katrina in 2005.

Closer to home, but farther back in our history, a powerful hurricane in 1635 brought storm surge
measured at 20 feet in Boston. The new colonists who survived to rebuild must have harbored

second thoughts about sttling here. The perseverance of the settlements, with such calamity so

soon after arrival, says a lot about the courage and determination of the settlers. Storm surge

from the 1938 hurricane, known as the Gineat Ne
open areas and more like 15 feet in Narragansett Bay and Buzzards Bay, where the funnel

shaped topography compounded the surge with a sloshing affect.

In this USGS photo of storm surge, the damaging power of this type of flood is readilyapparent.

Hurricanes have been responsible for significant coastal modification as well. It was during the
~Gale® of September, 1815 that the location of the inlet to Lagoon Pond shifted from near Ferry
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Boat Island (named for the old crossing), at the other end of the barrier beach, to its present
position at the drawbridge (Al t hstoumgwas akharrccane. as t
Writers of the day used theterm gal e® f or what we ftuwrlrli @aarea ri ca
interchangeably with ~tornado®°). Norton Point
Nor ®easter, has been r e mesarntle3d angd 1964 ancic19&ELda by hur
minor breach that healed itself within several days).

Vul nerability to Coastal flooding from storms (

According to the Massachusetts DCR Flood Hazard Management Program, the following Natinal
Flood Insurance Program policies are in effect and claims have been made for properties in Dukes
County. Note that the costs for the NFIP are borne partially by the property owners and partially
by the U.S. taxpayers.

POLICY STATISTICS AS OF MARCH 31 , 2014

Community Name Policies Inforce Insurance Inforce whole $ Written premium in force
(whole dollars) (annual)

Aquinnah 11 3,003,200 17,765

Edgartown 496 139,274,500 551,582

Gosnold 7 2,070,400 7,704

Oak Bluffs 230 68,893,000 338,592

Tisbury 150 44,459,400 255,867

West Tisbury 32 10,996,700 23,713

Totals: 926 $268,797,200 $1,195,223

Note: Chilmark does not participate in the NFIP and has 0 policies and claims.

LOSS STATISTICS AS OF MARCH 31, 2014

Community Total Losses Total Payments Repeat Claims Repeat Claims Repeat Claims
Name Properties Claims Total Paid
Aquinnah 2 13,462.39 1 2 13,462.39
Edgartown 35 630,922.19 4 10 301,823.68
Gosnold 1 2,214.00 0 0 0
Oak Bluffs 60 769,722.98 9 23 559,418.42
Tisbury 24 257,608.95 3 6 148,302.98
Totals 114 $1,603,746.03 17 41 $1,023,007.47
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It is interesting tonote that, as of March 13, 201 4, 17 properties have been responsible for 41 of
114 claims (36%) and for 64% of the dollar value of the claims, all for private residences and
one business. In one case, five claims were filed for a single business propertytotaling
$257,803.72.

A summary follows of the critical facilities that are located within flood hazard areas. Note that
there are two different flood hazard representations, both on the maps and in the statistical
summary to follow.

The 100-year and 500 year storm areas are those that would be covered by still flood waters,
probably most relevant to a nor ®easter type of
storm surge in the event of a landfalling hurricane. Those flood hazard areas ae shown on the

FIRM maps (Flood Insurance Rate Maps) and are used to price flood insurance policies and by

others such as mortgage lenders to determine risk. The maps have recently been updated to

utilize better topography through the recentlyavailable LIDAR data for our area. The updated

flood elevation data reflect recent Sea Level Rise as well.

1 The SLOSH (Sea, Lake and Overland Surges from Hurricanes) maps were made by modeling
storm surge, which is often the most destructive part of a hurricanand the first quick hit that
would impact critical resources and imperil citizens very early and quickly in the event of a
hurricane landfall in the area. Elevation at a particular location is only part of the storm surge
vulnerability. Topography is very important in determining risk. Low
lying areas with long, gently slopes are likely to be impacted by the
funneling effect of the storm surge, almost like a tidal wave. This is
readily apparent upon examination of the maps. An excerpt here
shows the funneling effect of storm surge on the coves of Tisbury
Great Pond, with the blue indicating inundation. The SLOSH hazard
areas are noted by hurricane category (1,2,3,4). These maps (see
appendix) are models only, for planning purposes. The only true and
accurate map of storm surge is made after the hurricane has come
and gone. Excerpt of SLOSH map

In the statistical summaries to follow by town, vulnerabilities are examined with respect to both

floodplain (100, 500 year storms,Nor ®east er s) and storm surge ( hu

critical facilities were determined for both types of flooding, for all the towns. In addition,
statistics were developed regarding numbers of buildings vulnerable to storm surge, for all towns

and assessed values for those residences on Mar

available in digital form for Gosnold).
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Vulnerable critical facilities were identified by town. It is important to note that most of the flood
vulnerable facilities are water-dependent critical infrastructure such as ferry terminals.

The tablesSLOSH zone statisticsum up the numbers of properties and the numbers of homes
within SLOSH zones (that is, may be subject to storm surge during a landfallim hurricane), and
further sums the assessed values of residences within the SLOSH zones.

Coastal Erosion and Shoreline Change:

Although the more dramatic incidents of shoreline
modification occur as results of violent storms, most
erosion happens very quietly as the result of dayto-day
coastal processes. Banks erode every day in response to
wave action, rain runoff and inappropr iate development.
The unconsolidated sediments that make up a coastal
beach are much more mobile, and beaches are features
that change with each tide. Wave runup sets the sand in
motion, and currents pick up the suspended sand and move it laterally alonghe beach in a
process called longshore transport. Beach sand moves offshore for the winter as well, when more
intense wave action pulls the sand away from the beach into offshore bars, only to return with the
more gentle waves of summer, to rebuild thebeach. Erosion is most often not a lifehreatening
condition, but the economic impacts are significant in a community that relies on its harbors for
almost all its transportation needs and where theprosperity of the inhabitants is linked very closely
to the summer vacation industry. Above, the red line marks the former extent of popular Pay
Beach in Oak Bluffs.

Coastal structures play an important role in the impacts of erosion. A number of important
breakwaters and jetties have been constructed in ta community, particularly in connection with
navigation and harbor protection. Maintenance and improvement of these structures is critical to
the infrastructure of the islands.

Vulnerability to Coastal Erosion and Shoreline Change:

Due to sea leel rise and general subsidence of the land, most of the shoreline of Dukes County is
erosional . Parts of Martha®s Vineyard, in part
shore, including the north sides of Aquinnah, Chilmark, West Tisbury, andmost of Tisbury and

Oak Bluffs, is relatively stable, with headlands and bluffs of morainal sediments, losing a foot or

so each year. The sandy south shore, however, experiences much more loss and movement of the
unconsolidated sandy outwash plain sedimats. Longshore transport takes sand from the

Aquinnah and Chilmark bluffs and moves it along the coast to Muskeget Channel. Erosion rates

on the south side range from a foot or so per year at the Gay Head cliffs to more than 10 feet per
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year at the Edgartown end. Some spots are
more dynamic than others, apart from the Edgartown Great Pond
overall outcome of the play between
accretion (building up) and erosion (losing
ground). Wasque Point on Chappaquiddick
is a good example, with interaction in a
breach-and-heal cycle at Norton Point
barrier beach.

This shoreline in Edgartown loses about 1@12 feet every year.

Although the south shore is more dynamic and loses more, it is really the more developed north
shore harbors and beaches that are more vulnerable to damaging erosion, particularly where
inlets have been stabilized by jetties that interfere with the
longshore transport of sand, and must therefore be
properly constructed and maintained. Much of the older
infrastructure was built by the U.S. Army Corps of
Engineers or the Commonwealth, and has not been
properly maintained, or in some cases was never
completed An example is the stone dike on Canapitsit
Beach, Cuttyhunk, Town of Gosnold, where the USACOE
is returning some 40 years later with plans to complete this
important project to protect the navigational channel into
Cuttyhunk Harbor. In some cases, theolder structures were not built with the best configuration to
get the job done. Examples are the Oak Bluffs Harbor jetties (right), where reconfiguration of the
dogleg on the northeast jetty would greatly improve the
protection in the event of a storm, and Lake Tashmoo
inlet (right), where reconfiguration of the southernmost
jetty could greatly improve storm protection afforded the
boats sheltered there.

Nantueke! Sowng

Shoreline change in the area of Lake Tashmoo showing
shorelines from 1955, 1978 and 1994 and 1978
(CZM data), right

Hazard Mitigation Plan for Seven Dukes County Towns 27



Dam Failures:

Hadlock Pond Dam, in Fort Ann, New York,
failed in 2005. Similar in scale to our local
sites, the pond was enlarged by the dam to 220
acres.

There were no casualties, but lots of property
damage.

Damage from Hadlock Pond Damfailure, Fort Ann, NY

Although much of the terrain is welldrained outwash plain sediments, and streams are few, there
are some dams in Dukes County, at least in West Tisbury and Chilmark, remnants of our early use
ofhydr ol ogic power (for the colonists® mills).

Vulnerability to Dam Failures:

The Office of Dam Safety rates dams in accordance with what kind of damage could be done by
failure:

Significant Hazard : Dams located where failure or misoperationmay cause loss of life and
damage home(s), industrial or commercial facilities, and secondary highway(s) or railroad(s) or
cause interruption of service of relatively important facilities.

Low Hazard:  Dams located wherefailure or misoperation may causeminimal property
damage to others. Loss of life is not expected.

1 There are 12 dams in West Tisbury;11 are rated low to moderate risk and 1 is rated
significant risk (Mill Pond Dam). Failure or misoperation of the Mill Pond Dam presents a risk
to the adjacent Edgartown\West Tisbury Road.

1 There are also 4 dams in Chilmark; all are rated low to moderate risk.

Heavy Rainstorms and Thunderstorms:

Heavy rain generates stormwater runoff that has significant ptential for localized flooding and

for erosion of beaches and other waterfront areas where the collection system outlets, particularly
for systems which discharge directly to a water body with no treatment. The thunderstorms which
are common in our area in the spring and summer may bring flash flooding and also damaging
winds and lightning. According to the National Weather Service, a thunderstorm is severe if it
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produces hail at leastone inch in diameter, brings winds of 58 mph or greater, or produce s a
tornado®.

Vulnerability to Heavy Rainstorms and Thunderstorms:

MEMA has recorded a number of severe hailstorms and thunderstorms with wind in our area

between 1973 and 2013. All occurred in spring or summer, with the exception of one
thunderstormwhc h occurred i n January, 1999 at Mart ha®s
Hailstorms were recorded in Tisbury in 1997 and in Oak Bluffs in 2000. Thunderstorms were

recorded in Tisbury, Oak Bluffs, Edgartown and West Tisbury. Climate change has bgun and

will continue to bring about a change in precipitation patterns that includes more shorterm

droughts punctuated by heavy downpours. This is quite a change from the gentle summer rains

that Vineyarders are used to. According to the InternationalPanel on Climate Changé, ~ Ext r em
precipitation events over most of the midatitude land masses and over wet tropical regions will

very likely become more intense and more frequent by the end of this century, as global mean

surface temperature increases .

Tornadoes, Waterspouts and Downbursts:

Tornadoes and waterspouts form when thunderstormdevelop a spinning circulation that gets
tipped upright. According to the State Hazard Mitigation Plan*, the most destructive tornado
ever to strike New England was the Worcester tornado of 1953. With wind speeds of 200 to
260 mph, the F5 tornado took 94 lives and holds the rank of 20 ™ deadliest tornado in the United
States.

Tornado damage is measured by the Enhanced Fuijita scale. The Enhanced3¢ale and
Enhanced FScale Damage Indicators are illustratedfollowing:

8 National Weather Service, 2013

o Approved Summary for Policymakers2013, Contribution of Working Group 1 to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change

10" commonwealth of Massachusetts State Hazard Mitigation Plan2013, Prepared by The Massachusetts Emergency Management Agency
(MEMA) and the Department of Conservation and Recreation (DCR)
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THE ENHANCED F-SCALE
Fujita Scale Derived Operational EF Scale
Fastest % mile 3-second gust 3-second gust 3-second gusts
F Number (mph) (mph) EF Number (mph) EF Number (mph)
0 40-72 45-78 0 65-85 0 65-85
| 73-112 79-117 1 86-109 1 86-110
2 113-157 118-161 2 110-137 2 111-135
3 158-207 162-209 3 138-167 3 136-165
4 208-260 210-261 4 168-199 -4 166-200
5 261-318 262-317 5 200-234 5 Over -200
ENHANCED FUJITA SCALE DAMAGE INDICATORS
No. Damage Indicator No. Damage Indicator
1 Small barns, frames outbuildings 15 School — 1-story elementary (interior or exterior halls)
2 One or two-family residences 16  School — junior or senior high school
3 Single-wide mobile home 17 Low-rise (1-4 story) building
4 Double-wide mobile home 18  Mid-rise (5-20) building
5 Apt, Condo, townhouse (3 stories or less) 19 High-rise (over 20 stories
6 Motel 20  Institutional bldg. (hospital, govt. or university)
7 Masonry Apt. or motel 21 Metal building system
8 Small retail building (fast food) 22 Service station canopy
9 Small professional (Doctor office, Bank) 23 Warchouse (tilt-up walls or heavy timber)
10 Strip Mall 24  Transmission line tower
11 Large shopping mall 25  Free-standing tower
12 Large, isolated (big box) retail building 26  Free standing pole (light, flag, luminary)
13 Automobile showroom 27  Tree— hardwood
14 Automobile service building 28 - Tree - softwood

Waterspouts are tornadoes that form over water, and are rare in our area. Harmless water devils
are sometimes seen in our waters on hot days, similar to dust devils on land. More capable of
damage, downbursts (including microbursts and macrobursts) areolcalized columns of sinking

air, with wind speeds up to 75 mph.

Vulnerability to Tornadoes:
Tornadoes are found all over the world, but not with the intensity and destruction known in the
United States. Fortunately, this American icon tends to spare oyvart of the world, and Dukes

County is at low risk for tornadoes. There is, however, record of a single tornado that struck in
the Katama plains area of Edgartown in 1951.
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Winter -related Hazards:
Snow Events:

Winter storms in our area may be accompanied by rain or by snow, depending on the
temperature. If the system stalls, snow may accumulate to troubling depthsA blizzard is a
winter storm with sustained or frequent wind gusts to 35 mph or more, accompanied by falling or
blowing snow reducing visibility to or below a quartersmile. These conditions must be the
predominant condition over a 3-hour period.

Vulnerability to Snow Events:

Snow events are rarely an issue for the islands. The winters of 201412 and 2013 4, however,

were exceptionally snowy, and there was at least one heavy snowstorm early in 2015.

According to the 2013 State Hazard Mitigation Plan, there are 13 State -owned buildings with a
replacement cost of $8,112,024, and a replacement cost value for general building stock loss

potential due to a winter storm event of $3,037,454,000. Although there are sometimes narrow
bands of heavier snow even within the relativel
the overall vulnerability to snowfall is the same for the entirearea.

Ice:
Ice storms are defined by liquid rain falling and freezing on contact with cold objects, creating ice
build-ups of 1/4 "™ inch or more that can cause severe damage. Ice storms could cause significant
interruption of services such as electrity. Harbor ice can restrict ferry serviceby blocking the
navigational channel, impacting delivery of vital goods and services such as food and fuel. That
iS a rare occurrence.
Vulnerability to Ice:
Because of the open configuration of Vineyard HavenHarbor, icing severe enough to restrict ferry
service is rare. Icing may also be a factor in Edgartown Harbor, where the Chappaquiddick
Ferry runs year =-round between Chappaquiddick a
travel, particularly since the April 2007 breach of Norton Point Barrier Beach.

Fire -related Hazards:

Drought:
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Drought conditions exist when an area experiences an extended period of deficient water supply.
The fire hazards associated with drought are closely associated with theéime of year. Drought
conditions in spring, when trees have not leafed out, may be particular cause for concern for
wildfires.

Vulnerability to Drought:

Vulnerability to drought is not a localized issue that can be pinpointed to a specific place or time.
Unlike the more ephemeral natural hazards that quickly strike and leave, drought takes some time
to establish itself and some time to depart. Drought levels intensify from normal conditions
through the range of drought advisory, drought watch, droughtwarning and drought emergency.
According to the Massachusetts Department of Conservation and Recreatidn the most recent

local drought has ended. A Drought Advisory for two of the state®s d
the Cape and Islands Rgion, had been in effect from October 1 through November 30, 2014. As of December 1,
2014, the Drought Advisory is no longer in effect, and conditions have returned to normal.

Il n 2003, the Martha®s Vi Mayahd®E8oNMmMmneateaond [Soodoe
Protection Projectwhich assessed the needs for protection of the three major public water
supplies on Martha®s Vineyard, in part to be be
report recommended redundancy for the Oak Bluffs and Tisbury weer supplies, to be prepared

for emergencies, particularly establishing permission and infrastructure to cross the State Forest

and possibly to drill wells there. The report recommended similar improvements for Edgartown,

and also to add to the overall supply and infrastructure, which was not estimated to be adequate

to meet the projected demand. In addition, the report recommended that plans be considered to

bring public water supply to parts of Edgartown that are presently served by wells, and for the

Town of West Tisbury to consider initiating its first public water supply service (The entire town is
presently served by private wells). In order to meet existing demand and unable to use one well

because of high iron content, Edgartown has reported pumpng all available wells 17 24 hours

per day in the summer, with no redundancy available in case of emergency, which condition is

expected to continué?, leaving Edgartown particularly vulnerable to emergencies like drought.

Wildfires:

We are less familiar with wildfires as a hazard, maybe thinking that they are more likely to occur

in the vast western wildernesses of our nation.Wildfires have happened closer to home. In

1957, a fire burned 18,000 acres from Carver to Plymouth, burn ing all the way to the sea, which

is the only reason that it stopped. In the first 6 hours, 12,500 acres burned at the rate of 53

acres/ minute. For scale, the Martha®s Vineyard

1 http://www.mass.gov/eea/agencies/dcr/water  +esprotection/water -data-tracking/drought status.html

12 Superintendent Fred Dumont, Edgartown Water Department2007, personal communication
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area more than twicethesized t he State Forest burning in 6 h
between 1867 and 1929, there were 16 fires greater than 1,000 acres, including the largest

(known) 12,000 acres in 1916, which burned from West Tisbury to Farm Neck, Ocean Heights

and Edgartown. Since then, fires have generally been smaller. The last big fire was in 1965,

1,200 acres from Great Plains to Katama.

This type of natural disaster would strike quickly and with potential for great loss of life and
property.

Vulnerability to Wildf ire:

According to the Commonwealth of Massachusetts State Hazard Mitigation Plai, Mas s ac hus ¢

forests are potential fuels for wildfiresa. °Par
Plymouth County, Cape Cod, and the Islands, where forested areas pose wildland fire and urban
interface fire hazards. Sandy soils, whichdr y out quickly, increase t he
The table which follows, Major fires of Martha's Vineyard, 1855 -1999, lists the major fires that

have occurred on Martha®s Vineyard, and their |

Major fires of Martha's Vineyard, 1855 1999+

Year | Date | Size (ac) Location
1855( 4/7 large | Willis Plain

1864| 4/27 4,000 near Lagoon ( south central Martha's Vineyard)
1875 7/2 7-10,000] Quompacha Bottom

1883| 8/12 Vineyard Haven town fire

1885| 4/4 small Gay Head-Chilmark boundary

1886| 5/3 1,000 near Vineyard Haven

1889| 3/25 4,000 Quampeche Bottom

1892| 4/9 5-8,000 | near Middletown

1894( June large location unknown
1900| 4/27 5,000 Scrubby Neck toward Edgartown
1903| 5/18 Inisfail Hotel

1909| 7/23 10,000 | on Plains

1914] 12/25 1,200 western Great Plains to Katama (south eastern Martha's Vineyard)
1916| 5/19 12,000 | West Tisbury to Farm Neck, Ocean Heights, and Edgartown

1920| 8/6 large Vineyard Haven fire

1926| 5/14 6,400 West Tisbury toward Ocean Heights

1927| 4/30 6,400 from Dr. Fisher Road to Edgartown

1927| 524 6,400 from Dr. Fisher Road towards Edgartown

1928| 4/28 small Indian Hill Road

1929| 4/6 2,500 Watcha to Tiah's Cove, Waldron's Bottom, to Oyster Pond
1929| 5/4 2,560 Waldron's Bottom

1929 7/3 small Tashmoo/Herring Creek

13 commonwealth of Massachusetts Ste Hazard Mitigation Plan, 2013, Prepared by The Massachusetts Emergency Management Agency
(MEMA) and the Department of Conservation and Recreation (DCR)
“The Modern and Historic Fire Regi mes , 2002, AClaasis Presdntedbgt AdarhMo®s Vi neyar d, Ma
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1930| 5/10 200 West Chop
1930| 5/17 5,000 between Edgartown and Oak Bluffs

1930| 6/7 1,000 north to northeast through State Forest
1932 two fires in State Forest

1935| 3/30 4,000 Edgartown Great Pond to Katama
1936 8 fires, none in State Forest

1937 Chappaquiddick

1939| 4/1 4,000 Quampacha Bottom on Dr. Fisher Road to Vineyard Haven Road
1940| 5/18 1,000 State Forest near Edgartown - Vineyard Haven Road

1942| 5/27 350 Job's Neck Pond to Jayne's Cove

1942 1,200 near Edgartown Great Pond

1944 240 in State Forest

1946| 4/20 5,120 Head of Tisbury Great Pond towards Edgartown/Oak Bluffs
1948| 9/4 300 south & west towards Clevelandtown/Edgartown Airport
1951 10 fires on the Island

1954| 4/10 1,000 between Bames Road, Wing Road and Edgartown-Vineyard Haven Road
1954| 5/30 2,500 Tiah's Cove, West Tisbury to Edgartown

1954| 7/17 100 Chappaquiddick near four comers

1957 4/20 35 near state highway at Deep Bottom

1957| 5/4 100 North of Chilmark cemetery, toward Chilmark Pond
1958 6/14 east and north from State Forest

1959| 4/25 25 between Old Courthouse Road and state Highway
1959| 5/9 500 West Tisbury Road near Deep Bottom

1960| 4/23 25 Katama

1963| 10/26 300 Quampache Bottom to West Tisbury Road
1965| 12/19 1,200 Great Plains to Katama

1971| 5/15 20 Oklahoma, Tisbury

1975| 4/26 50 Northeast from Edgartown dump

19761 1/1 85 Edgartown: Herring Creek Road to Katama Airfield
1987| 8/1 20 Oak Bluffs behind Crosslands Nursery

1987 July ~8 State Forest

1999 July -16 State Forest, along Edgartown-West Tisbury Rd.

Geologic -related Hazards:
Earthquakes:

There have been earthquakes recorded and remembered here. Sidney Perleyrote about the
earthquake in1638, the strongest of the seventeenth centurywhich shook the new settlements and
probably the settlers too, particularly following so closely on the heels of the very intense
hurricane of 1635

~ The s h #eearhgncreaked to such a violent extent that people could not stand erect without supporting

themselves by taking hold of posts or pilings and other fixtures. Not only the mainland, but the islands in the ocean

were shaken violently, and the vesselshat rode in the harbors and those sailing along the coast were acted upon as

if a series of tidal waves had passed under themoesEarthquz:
the time when this one occurred must have had many doubts anddars in their minds. They were not only
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superstitious, but this was a new and unknown world, which but a few years before was pictured with the most awful
terrors. °

There has not been a major earthquake since. Quakes have been felt here as barely nateable;
similar to a large truck passing. An example is the New Brunswick earthquake of 1982, with a
magnitude of 5.9 and lasting 30 seconds. It was felt on the islands as a mild rumble, as it was all
over the coast of the Northeast U.S. and Canada.

Earthquakes occur when a sudden release of ener
The potential for damage is greatest closest to the epicenter and with a great magnitude of quake.

The magnitude and the location of the epicenter are measuredising seismometers. The

magnitude is measured using the Richter scale, with the greatest in historic times measuring

slightly over 9. There is no limit to the possible magnitude. Distance from the epicenter is an

important factor in damage; distance being significant both laterally and in depth. Shallow

earthquakes tend to cause more damage, for instance.

Vulnerability to Earthquakes:

Fortunately, Dukes County is at low risk for damaging earthquakes. Earthquakes may be felt at
times, but our locationis far from the fault zones where the more damaging quakes areproduced.
In addition, there is no exposed bedrock to shake. The islands are made up entirely of soft
sediments.

Landslides:
Landslides occur when unstable areas slip, due to environmentdhctors such as rainfall or
freeze/thaw action. This hazard is most problematic in developed areas where homes,
businesses or roadways may be at risk.
Vulnerability to Landslides:
Minor landslides have occurred in the high sea cliffs of Aquinnah and Chilmark. This is most
often due to freeze/thaw action, runoff, or undermining of the cliff by erosion. Fortunately, this
type of hazard does not threaten developed parts of the planning area, and it is unlikely that

these landslides would pose a safetyhazard.

Sea Level Rise :

15 Historic Storms of New England, 1891, Sidney Perley
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Sea level fluctuates in response to natural processes such as glaciation and plate tectonics, and in
response to manmade influences on the atmosphere. Sea level is rising in our area, with the
result that erosion is increasing,and that development and infrastructure in floodprone areas is
more and more at risk.

Vulnerabilityto S  ea Level Rise:

For Mart ha®s Vi neeatvethasaeed risBgssice the retreat ef continental

glaciation some 12,000 years ago. In re latively recent time, sea level rise has accelerated in

response to worldwide climate change. Stakeholders and decisioamakers want cut and dry
answers to the questions How much?° and When?
inprecise. Repats and future projections seem to bring worse and worse news as the atmosphere
continues to degrade.

The Record : The Intergovernmental Panel on Climate Change has met and reported on the

status of climate change since 1990. I.P.C.C. reports are widely accepted and viewed as

conservative. The panel ®s projections wAaadngtothd20led i n
Working Group | report of the I.P.C.C., the situation continues to decline. Estatic (worldwide)

sea level rosel.7 millimeters per year between 1901 and 2010, 2.0 mm per year between

1971 and 2010, and 3.2 (2.8 to 3.6) mm per year between 1993 and 2010. The most recent
measureof 3.2 mm per year, is equivalent to .126 inches per year'® (about one foot in 100

years).

Locally, NO AA has tracked sea level since1932 at Woods Hole and since 1965 at Nantucket.
According to the data, sea level has risen2.8 millimeters per year at Woods Hole between 1932
and 2012 and 3.94 mm per year at Nantucket between 1965 and 2012. The Woods Hole
trend of 2.8 mm per year is 65% more than the world-wide rate of 1.7 mm per year for a similar
time period. The Nantucket trend of 3.52 mm per year is 76% more than the world-wide
measure of 2.0 mm for a similar time period. There should be no surprisehat sea level rise in
our part of the world is greater than world-wide. This is due to local subsidence, compared to
emergence of other areas of the world.

16 Approved Summary for Policymakers2013, Contribution of Working Group 1 to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change
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Mean Sea Level Trend - 8449130 Nantucket Island, Massachusetts 17
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As more data are collected at water level stations, the linear mean sea level trends can be recalculated each year. The figure compares linear mean
sea level trends and 95% confidence intervals calculated from the beginning of the station record to recent years (2002011). The values do not
indicate the trend in each year, but the trend of the entire data period up to that year.
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Projection:  As for future projections, the IPCC ventures as follows: @ War mi ng of t he
system is unequivocal, and since the 1950®s, ma
over decades to millennia. The atmosphere and ocean have warmed, the amounts of snow and

ice have diminished, sea level has risen, and theconcentrations of greenhouse gases have
increased®, so that we-wideasgalewetrpeitthe nexu83 yearsimtee ( wor
range of 10.2 2 21.7 inches (lowest scenario) to 20.5 2 38.6 inches (highest scenario), with a

rate during 2081 2100 of .3 to .6 inches per year [compared to the 2007 projection of 7 -15

inches (for a temperature increase of 1.8 degrees C) to 1623 inches (for a temperature increase

of 4 degrees C), in the next century]*®

o http://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?stnid=8449130

18 Approved Summary for Policymakers2013, Contribution of Working Group 1 to the Fifth Assessment Repat of the Intergovernmental Panel on
Climate Change
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Some other scientists anticipate more sea leveise than indicated by IPCC. Rahmstorf et af®,
acknowledge that the IPCC reports have been accurate as far as air temperature, but suggest that
the rise in water temperature, which is what drives sea level rise (thermal expansion), has
consistently exceded the IPCC projections. They suggest that the IPCC projections for the future
are similarly understated. Vermeer and Rahmstoff suggest sea level rise ranging from 75 to 190
cm (2.5 to 6.2 feet) for the period 1990 2 2100.

For planning purposes, itappears prudent to use the Rahmstorf projection. It also appears
prudent to use the high emission scenario, because there has been no indication of emissions or
energy consumption slowing down or even of therate of acceleration slowing down world-wide.
There isn®t yet enough certainty about the 1|ike
their impacts toinclude a numeric estimate although that is something that is certain to impact
shorelines to some extentpossibly even catastrophically There is also concern for possible
additional sea level rise in our area due to climateinduced changes expected in the nearby Gulf
Stream. The projections used here are meant as likely scenarios for use in mapping projections,
not as enduring statemets of fact. The projections provide a basis for predicting and illustrating
the geographic extent of impacts. This should enable the towns and other stakeholders to include
this longerterm component in planning for infrastructure investments. Adding at least 4.4
inches/100 years to the Rahmstorf projections to account for local subsidence, the projections for
this plan are 18.2 inches by 2050 and 59.4 inches by 2100 . Note that increased
acceleration of temperature increase is expected to cause sea lal to rise about three times as
much in the latter part of this century as in the first part.

The Martha®s Vineyard Commi ssion staff prepared
which was widely presented and distributed. The visualization appears on the following pages.

19 Rahmstorf et al, 2012, Comparing climate projections to observations up to 2011 http://iopscience.iop.org/1748 -9326/7/4/044035/article

20 vermeer and Rahmstorf, 2009, Global sea level linked to global temperature http://www.pnas.org/content/106/51/21527
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Visualizing Sea Level Rise
Around Martha®s Vineyard

Images prepared by Caitlin Michniewicz, MVC intern 2013

The 2013 update to the PreDisaster Mitigation Plan for Dukes County pojectsa bout a 1. 5®
sea | evel by 2050 for the region and a 5® rise

of Il ocations around Martha®s Vineyard with pred
could look like. The images are used to slow high tide level estimates.

Some projections show sea level rise added to typical flooding situations around the Vineyard.
Those remind us that BOTH flooding and sea level rise will continue.

Some images represent watedependent facilities such as fery transfer bridges and boat
launches. Planning for them will need to address the continued need to access land from the

water (and vice versa).

Some images represent vulnerable infrastructure in the form of roads. Some difficult decisions lie
ahead for the future disposition of these vulnerable roads.

NOAA®s CANVI S program (available for free downl
images.

The images are available in slide show format through the following link:

http://youtu.be/hFHzgQzd4 c
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Water-dependent facilities are vulnerable to storms as well
as to sea level rise, and need to maintain access to rising
waters.

Menemsha, Chilmark

1.5' Sea Level Rise

5' Sea Level Rise




This road is the only access to Chilmark and Aquinnah and has
been impacted by storm surge in past hurricanes. Rising
waters will only add to the vulnerability to storm damage.

ashaquitsa Pond;
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This town beach is only sandy at low tide. The
Town of Chilmark is wisely exploring long-range
options.

Squibnocket-Beach, Chilmark

1.5' Sea Level Rise

5' Sea Level Rise
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The Chappaquiddick ferry will need continued
access to therising waters. The Chappy side
Is particularly vulnerable to rising sea level

because of its flat terrain.

Chappaquiddick Ferry, Edgartown

1.5' Sea Level Rise

5' Sea Level Rise
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This popular boat beach is vulnerable due to its
flat terrain. Options such as retreat would
involve considerable long-range planning.

5 Sea Level Rise
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Dock Street, Edgartown

Typi cal flooding on Edgartowndés wat
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Edgartownds waterfront
vulnerable to sea level rise. Most

of the infrastructure dates back to

the whaling days, and flooding is a

routine thing.

1.5' Sea Level Rise

B ’g:'i.'a-

Dock Street, Edgartown

5' Sea Level Rise

Hazard Mitigation Plan for Seven Dukes County Towns 46



Sea View Avenue should remain high and dry
for some time. Sand supply for the adjacent
beaches is and will remain an issue.

Seaview Avenue, Oak Bluffs

1.5' Sea Level Rise

5' Sea Level Rise
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Oak Bluffs Harbor is surrounded by bulkhead
and is less vulnerable to sea level rise than to
storm damage.

1.5' Sea Level Rise

5' Sea Level Rise
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Long range planning is needed for
many of the most vulnerable roads.

5 EastChop Drive, Oak Bluffs
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1.5' Sea Level Rise

"‘\"——‘

5' Sea Level Rise
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This road borders a saltmarsh.
Decisions about the road will have
to include consideration for
landward retreat of the marsh.

Farm Pond, Oak Bluffs

1.5' Sea Level Rise

5' Sea Level Rise
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Steamship Authority terminal -

This water-dependent facility provides the

only year Oround passenge:
passage.

Vineyard Haven Harbor

1.5' Sea Level Rise

5' Sea Level Rise
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Typical storm flooding in this major intersection may cause drivers hesitation; nothing like the deterrence that is
to come.
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