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EXTREME TEMPERATURES
Average temperatures in the Northeast have been 
slowly rising for over a century. Temperatures in 
the northeastern United States increased by almost 
two degrees Fahrenheit between 1895 and 2011.

The rate of increase in average temperatures 
is accelerating, and Boston’s average summer 
temperatures and number of days with extreme 
heat will increase. Heat waves will become 
more common, last longer, and be hotter. While 
the average summer temperature in Boston from 
1981 to 2010 was 69 degrees, it may be as high 
as 76 degrees by 2050 and 84 degrees by 2100. In 
other words, by 2050 Boston’s summers may be 
as hot as Washington, DC’s, summers are today, 
and by the end of the century, they may be hotter 
than Birmingham, AL are today. Compared to the 
period from 1971 to 2000, when there were 11 days 
per year over 90 degrees, there may be as many 
as 40 by 2030 and 90 by 2070—nearly the entire 
summer. Heat waves—extended periods of  
extreme heat—are a leading cause of weather-
related mortality in the United States.

Although winters will be warmer, the risk of 
frost and freeze damage and cold snaps will 
continue. While from 1981 to 2010, Boston reached 
below freezing almost one out of three days per 
year, by the end of the century, this may happen 
only around one in ten days. 

As an urban area, Boston tends to be hotter 
than surrounding communities that are more 
suburban or rural. Urban areas generally tend to 
be hotter than nearby rural areas because concrete, 

steel, and other building materials retain more 
heat than vegetation. This phenomenon, known as 
the “urban heat island effect,” is compounded by 
climate change.

Future temperatures in Boston will depend on 
how much we are able to cut our greenhouse gas 
emissions. The rise in temperatures between now 
and 2030 is largely consistent between all emission 
scenarios. However, the scenarios show that 
cutting emissions now can greatly slow the rise in 
temperatures in the second half of the century. 

SEA LEVEL RISE
The pace of relative sea level rise is accelerating. 
Over the entire twentieth century, sea levels rose 
about nine inches relative to land. Another eight 
inches of relative sea level rise may happen by 2030, 
almost three times faster. By 2050, sea levels may be 
as much as 1.5 feet higher than they were in 2000, 
and by 2070, they may be as much as 3 feet higher 
than in 2000. This is driven by a combination of 
the melting of land ice, the expansion of water as 
it warms, and changes in the amounts of water 
extracted from below ground or stored behind 
dams.

A major reduction in global greenhouse gas 
emissions can have a tremendous impact on 
the future of Boston Harbor. While sea level rise 
projections for 2030 are about the same across 
all emission scenarios, in later years there are 
big differences between scenarios. With a sharp 
reduction in global emissions, end-of-century 
sea level rise could stay under two feet, but a 
continuation of business as usual may result in over 
seven feet of sea level rise. 

THE NUMBER OF VERY HOT DAYS WILL INCREASE

SEA LEVELS IN BOSTON WILL CONTINUE TO RISE

Data Source: 
BRAG Report, 2016
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GET INVOLVED
CONTEXT: CLIMATE CHANGE IN BOSTON 

16 OF THE 17 HOTTEST YEARS IN RECORDED HISTORY HAVE 
OCCURED SINCE 2001    2016= HOTTEST     2017 = 3RD HOTTEST

33 OVER 100 DEGREES

Source: Climate Ready Boston Executive Summary, City of Boston, 2016, boston.gov/departments/environment/climate-ready-boston/.



CONTEXT: CLIMATE CHANGE IN BOSTON 

2070+2030+
85,000 PEOPLE

2,000 BUILDINGS 12,000 BUILDINGS

18,000PEOPLE

People and Buildings Exposed to a 1% Flood Risk

$20B $85B

WHAT’S AT STAKE?

Source: Climate Ready Boston, City of Boston, 2016, boston.gov/departments/environment/climate-ready-boston/.



CONTEXT: CLIMATE CHANGE IN BOSTON 

“These U.S. Cities are Most Vulnerable to Major Coastal Flooding and Sea Level Rise,”Climate Central, 2017, climatecentral.org/news/.
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Neighborhoods Total  
Land Area 

(Acres)

 9” SLR
1% annual 

chance

 21” SLR
1% annual 

chance

 36” SLR
1% annual 

chance

 36” SLR
AMHT

 9” SLR
1% annual 

chance

 21” SLR
1% annual 

chance

 36” SLR
1% annual 

chance

 36” SLR
AMHT

I. Greatest Exposure & increasing throughout century

Charlestown 870 120 310 460 110 14% 36% 54% 12%
Downtown 770 110 240 350 70 14% 31% 45% 10%
East Boston 3,340 540 1,040 1,680 480 16% 30% 49% 14%
Harbor Islands 820 200 230 260 200 25% 28% 32% 24%
South Boston 1,940 470 930 1,220 360 24% 48% 63% 19%

II. Lower Exposure today, but significant jump late century

Allston / Brighton 2,940 30 70 240 20 1% 2% 7% 1%
Back Bay / Beacon Hill 460 <10 <10 80 <10 <1% 1% 17% <1%
Roxbury 2,770 <10 <10 130 <10 <1% <1% 5% <1%
Dorchester 3,780 240 430 750 220 6% 11% 20% 6%
South End 640 <10 20 450 <10 <1% 3% 71% <1%

III. Other Neighborhoods
Fenway / Kenmore 620 <10 <10 <10 <10 <1% <1% <1% <1%
Hyde Park 3,260 0 0 0 0 0 0 0 0

Jamaica Plain 2,260 0 0 0 0 0 0 0 0

Mattapan 1,560 0 0 0 0 0 0 0 0

Roslindale 2,250 0 0 0 0 0 0 0 0

West Roxbury 3,350 0 0 0 0 0 0 0 0

Boston Total 31,720 1,720 3,280 5,630 1,470 8% 10% 18% 8%

PERCENT OF NEIGHBORHOOD EXPOSEDLAND AREA EXPOSED (ACRES)

 AMHT is the Average monthly highest tide

LATER TERM (2070s ONWARDS) 
FLOOD PROGRESSION
In the late century (2070s or later), a significant  
portion of Boston’s current land may be inundated  
every month. Exposure to severe coastal and 
riverine flooding will expand to vast areas of the city, 
including inland neighborhoods like the South End and 
neighborhoods along the Charles River. By penetrating 
past low-lying areas around Fort Point Channel and by 
the New Charles River Dam, floodwaters from storms 
can reach these areas that are not currently exposed to 
significant coastal and riverine flooding. Compared to 
the near term (2030s–2050s), over three times the amount 
of land—almost one-fifth of Boston’s land area—will 
be exposed to inundation from a lower probability (1 
percent annual chance) event. Five percent of Boston’s 
total land area will be inundated at high tide at least 
once a month, even without any storm conditions.

Climate Ready Boston selected sea level rise 
scenarios (9 inch, 21 inch, and 36 inch) that 
are likely to occur within the century to focus 
the discussion on how Boston will adapt to 
climate change. The actual sea level rise Boston 
experiences will be driven by many factors, 
including global carbon emissions. Climate 
models show that sea level rise in the near and 
intermediate term is largely locked in due to 
emissions that have already been released into 
the atmosphere. In the first half of the century 
(2030s–2050s), nine inches of sea level rise are 
expected even if there is a major reduction in 
emissions. Twenty-one inches or more of sea level 
rise are expected in the second half of the century 
(2050s–2100) regardless of the level of emissions. 

The highest sea level rise 
considered in this report,  
36 inches, is highly probable 
toward the end of the century 
if emissions remain at the 
current level or even if there 
is a moderate reduction in 
emissions. 
If there is a major emissions reduction, the  
chance of 36 inches or more of sea level rise by 
the end of the century is still just slightly less 
than 50 percent. If emissions remain at current 
levels, there is an approximately 15 percent chance 
that sea levels will rise at least 7.4 feet by the end 
of century, a scenario far more dire than those 
considered here. Any adaptation to even the lower 
end of projections for sea level rise will require 
significant long-term effort, and the city must 
therefore start adapting now. 

CONTEXT: CLIMATE CHANGE IN BOSTON 

54% OF CHARLESTOWN 
EXPOSED WITH 36” SLR

Source: Climate Ready Boston Executive Summary, City of Boston, 2016, boston.gov/departments/environment/climate-ready-boston/.



Source: Boston During the Revolutionary War, 1807, bostonraremaps.com/wp-content/uploads/2015/08/brm1955-marshall-boston-1807-3000x1944.jpg
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CHARLESTOWN HISTORIC FILL
MAP OF BOSTON, 1800



Sea Change Boston, Sasaki, 2016, seachange.sasaki.com/.

CHARLESTOWN NAVY YARD
CURRENT BASE FLOOD MAP 
1% (100 yr storm) Coastal Flood Extents

*



Sea Change Boston, Sasaki, 2016, seachange.sasaki.com/.

CHARLESTOWN 2050
2’ Sea Level Rise + 5’ Storm Surge

*



Sea Change Boston, Sasaki, 2016, seachange.sasaki.com/.

*
CHARLESTOWN 2100
6’ Sea Level Rise + 5’ Storm Surge



CLIMATE READY BOSTON

Adapted Buildings; Resilie nt  Infrastructure; Prepared Communities; Prote cted Shorelines

WHAT DOES A CLIMATE READY BOSTON LOOK LIKE?

Climate Ready Boston, Sasaki, City of Boston, 2017, boston.gov/departments/environment/climate-ready-boston/.

CURRENT IDEAS FOR BOSTON

2017- Climate Ready Boston
Mapped the problem



Source: Boston Harbor Barrier Study, UMass School for the Environment, 2017, wbur.org/news/2017/09/06/boston-harbor-barrier-proposals

- 3 options                                          
- Barrier was recommended                  	
  in the 2016-2017 CRB Report                                  
- Similar to Big Dig in scale.               
- Rough Cost: $10 Billion

+UMass Sustainable Solutions Lab 
Preliminary Feasibility Analysis    to 
be released in June 2018

HARBOR BARRIER
UMASS 2017

CURRENT IDEAS FOR BOSTON



Climate Ready Boston
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SEA LEVEL RISE SCENARIOS
Climate Ready Boston selected three sea level rise scenarios (9 inch, 21 inch, and 36 inch) that are likely to 

occur within the century to focus the discussion on how Boston will adapt to climate change. The actual sea 

level rise Boston experiences will be driven by many factors, including global carbon emissions. 

Climate models show that sea level rise in the near and intermediate term is largely locked in due to carbon 

emissions that have already occurred. By 2050, possibly by 2030, at least nine inches of sea level rise are likely, 

even if there is a major reduction in emissions. At least twenty-one inches of sea level rise is possible by 2050. 

The highest sea level rise considered in the Climate Ready Boston vulnerability analysis, 36 inches, has a one-

sixth chance of being exceeded by 2070, if emissions remain at the current level, and a 1-in-20 chance with a 

moderate reduction in emissions. The three scenarios were intended for conducting a high-level assessment of 

flood risk and were not intended for detailed planning and development of regulations.

The Boston Planning and Development Agency now requires developers to evaluate the vulnerability of new 

projects to 40 inches of sea-level rise through its “Climate Change Resiliency and Preparedness Checklist”.  

This level is derived from the Boston Harbor Flood Risk Model (BH-FRM) and is equivalent to the Climate 

Ready Boston data.  However, to be consistent with Climate Ready Boston, this report refers to the long-term 

scenario as “36 inches” of sea level rise.

See Climate Ready Boston for more details on sea level rise probabilities. The data in that report show how sea 

level will continue to rise for more than 100 years.

Climate Ready Boston’s vulnerability assessment 

identified East Boston and Charlestown as two of the 

neighborhoods most vulnerable to sea level rise and 

coastal flooding. Climate Ready Boston recommended 

that the City “prioritize and study the feasibility of 

district-scale flood protection” for these and six 

other focus areas (Initiative 5.3), and “develop local 

climate resilience plans in vulnerable areas to support 

district-scale climate adaptation” (Initiative 4.1).  

Coastal Resilience Solutions for East Boston and 

Charlestown focuses on two vulnerable study areas:

 » East Boston’s Jeffries Point, Maverick, Central 

Square, and Lower Eagle Hill; and 

 » Charlestown’s Sullivan Square, the Neck, and 

Rutherford Avenue, plus areas of Somerville and 

Cambridge. 

These study areas were selected as the first because 

they are currently at risk from 1% annual chance 

coastal flooding, have high concentrations of 

vulnerable residents and critical infrastructure, and 

are affected by relatively narrow and well-defined 

flood pathways. Other vulnerable areas will be studied 

as part of similar future initiatives. 

Climate Ready Boston identifies nine areas for flood protection interventions based on a city-wide vulnerability assessment.  

Image Credit: Climate Ready Boston.

 1) The sea level rise (SLR) numbers and probability analysis in the CRB report were established to align the Boston 

Research Advisory Group (BRAG) projections, data from Boston Water and Sewer Commission on stormwater flooding, 

and data on SLR conditions from the MassDOT-FHWA Boston Harbor Flood Risk Model (BH-FRM). Actual sea level rise 

value is 3.2 feet above 2013 tide levels with an additional 2.5 inches to account for subsidence. 
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CHARLESTOWN ANNUALIZED LOSSES
36 INCH SEA LEVEL RISE CONDITION

EXPECTED ANNUALIZED LOSSES TO STRUCTURES AND CONTENTS
36 INCHES OF SEA LEVEL RISE AT 10%, 2%, 1%, 0.1% ANNUAL CHANCE COASTAL FLOOD EVENTS.

Each circle represents annualized losses suffered by an 
individual building. Larger circle size indicates higher contents 
and structures losses. Annualized losses take into consideration 
the annual probability of an event occurring, as well as the 
projected impacts of such an event. 

Probable annualized losses are based on generalized 
assumptions, as opposed to site-specifi c assessment of 
structures. Site-specifi c evaluations of vulnerability are 
beyond the scope of this assessment and should be 
reserved for detailed evaluation of specifi c resilience 
initiatives or a next phase of this project.

Climate Ready Boston



Chalrlestown Flooding- 2050



31              30              COASTAL FLOODING RISKS

“

“

WE ASKED CHARLESTOWN 
RESIDENTS WHAT CONCERNS 
THEM MOST ABOUT COASTAL 
FLOODING AND SEA LEVEL RISE. 

I am concerned about failing 
infrastructure, especially public 
transportation connecting 
Charlestown to the rest of the city. ”
I am concerned about development 
that does not prioritize the public 
realm, affordable housing and 
public transportation.”

CHARLESTOWN
POTENTIAL IMPACTS
The Charlestown study area includes much of Sullivan 

Square, the Neck, Rutherford Avenue and areas of 

Somerville and Cambridge. Flooding of the study area 

would directly impact the following:

 » Socially vulnerable residents.

 » Dense residential development.

 » Subway stations.

 » Commuter rail, bus, and highway maintenance 

facilities.

 » Highway ramps and underpass.

 » Fire and emergency medical service stations.

 » Combined stormwater and sewer systems.

 » Industrial and commercial businesses.

In a 1% annual chance flood with 21 inches of SLR 

(2050s), flooding through this area could reach the 

Charles River, bypassing the New Charles River Dam. 

This could put Beacon Hill, Back Bay, Allston, South 

End, and areas of Cambridge at risk for flooding  .

Charlestown has extensive areas at risk of coastal flooding with 

current, plus 9 inches (2030s), and plus 36 inches (2070s) sea levels.

Climate Ready Boston



ANP - 04

Charlestown Waterfront Resiliency Vision - A layered strategy of existing parks, new open 
space, living shorelines and raised roads creates an active, public waterfront to protect Charles-
town

78              79              IMPLEMENTATON ROADMAPS

Full implementation of near and long-term measures 

would protect about 1,000 residents, at least 100 

businesses, drainage and combined sewer systems, 

critical transportation infrastructure, and first 

responder facilities up to the 1% annual chance flood 

with 21 inches of SLR (2050s), plus 1 foot of freeboard. 

At this level of protection, from a single event these 

measures would prevent an estimated $591 million in 

losses. 

Additional measures would be needed to address the 

potential flanking (21 inches, 2050s) and overtopping 

(36 inches, 2070s) of the New Charles River Dam 

to extend the effectiveness of coastal resilience 

solutions. In addition, measures designed and built in 

the 2030s and 2050s would need to be evaluated to 

determine whether and how they should be adapted 

to provide higher protection when sea level rise 

exceeds 36 inches. For example, adding 2 feet of flood 

protection could extend their effective life by about 

20 years or more.

Local zoning changes for the three Schrafft’s Center properties could  facilitate implementation by allowing 

higher value land uses.

Charlestown’s long-term climate resilient waterfront 

Climate Ready Boston
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Charlestown Vision: 2070 Flooding - Waterfront parks and living shorelines protect Charlestown, 
areas of Sullivan Square, Somerville and Cambridge against water levels predicted as far out as 
2070
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Climate Ready Boston



ExEcutivE Summary

Financing climate  
resilience

Sustainable 
Solutions Lab

Mobilizing Resources and Incentives to Protect Boston from Climate Risks

8  |  Financing climate resilience

Source: city of Boston, coastal resilience Solutions for East Boston and charlestown, 2017

taBLE 2

estimates of costs by district

$ Million

2018–2025 2026–2030 2030–2050

East Boston $43–$69 $28–$46 $46–$77 

charlestown $16–$30 $14–$26 $3–$6  

South Boston tBD tBD tBD

Downtown tBD tBD tBD

2030s–2050s 2060s–2090s 2070s–2100

No. Buildings 8,970 9,610 11,230

residential 68% 68% 68%

commercial/Other 32% 32% 32%

taBLE 3

Boston Buildings exposed to Frequent Stormwater Flooding

Source: city of Boston, climate ready Boston, 2016

recent district-level studies have examined 
the cost of projects to address climate risks.9 
 the neighborhood studies have not been 
completed yet, so total figures cannot yet be 
estimated with any confidence. We propose, 
as an illustrative scenario rather than an  
estimate, that the total cost of near to   
mid-term district-level adaptation measures 
in Boston could be between $1–$2.4  
billion.10 
 considerable investments will also be 
needed to enhance resilience for individual 
buildings, or city parcels. Even if the district-
level investments are carried out, robust  
resilience requires a layered strategy with 
secondary lines of defense. Plus, some prop-
erties will be outside protected areas. most 
of these investments will be undertaken  
by individual building owners, such as home-
owners, commercial property owners, and 
government agencies. Disruption is minimized 
and recovery accelerated by enabling most  
of the population to shelter in place and in 
facilitating continuity of businesses and gov-
ernment services. However, the cost of these 
retrofits and distorted incentives facing prop-
erty owners could present a hurdle to making 
needed investments. as with energy efficiency 
retrofits, there is room for programs that  
provide assistance with resilience audits  
and any improvements needed. 
 the cost of retrofits for increased resilience 
is difficult to estimate because there is very 
limited experience or data availabile. the 
crB 2016 report provides data on the number 
of buildings exposed to frequent stormwater 
flooding in Boston. table 1 provides coarse 
estimates of the cost of building resilience  
retrofits, but we cannot estimate the total 
cost for Boston without more specific data.  
 a harbor-wide barrier to protect Boston  
and other towns from major storm surge is 
the subject of an ongoing study, expected  
to be released in spring 2018. the report  
examines the feasibility and cost of such a 
barrier, stretching from Winthrop to Hull with 
gates to allow shipping but that could close 
occasionally. the cost of such a barrier is  

Even if the district-level investments are 
carried out, robust resilience requires  
a layered strategy with secondary lines  
of defense, and some properties will  
be outside protected areas. 

taBLE 1

Scale of investments

individuals corporate public

individual Buildings—
residential 

$10–100 
thousand

Buildings/parcel—
commercial*

$0.1–8 million

District-level projects $40–1500 million (per district)

region-level  
(e.g. Harbor Barrier)

$7–15 billion

* including commercial multi-family residential. 

Note: these are very rough estimates based on scenarios derived from interviews, draft reports, 
and comparable projects in other cities.

Financing-  Umass



Building Upon the Olmsted Plan - Parks Connected
by Water to Protect the Boston Basin

The Sapphire Necklace

Harbor Ferry

Source: “The Sapphire Necklace: Building Upon the Olmsted Plan- Parks Connected by Water to Protect the Boston Basin, Robert Daylor, Tetra Tech, 2015, wbur.org/news/2017/09/06/boston-harbor-barrier-proposals 

SAPPHIRE NECKLACE
TETRA TECH 2017

CURRENT IDEAS FOR BOSTON
LIVING WITH WATER
Competition, 2014



Source: “The Sapphire Necklace: Building Upon the Olmsted Plan- Parks Connected by Water to Protect the Boston Basin, Robert Daylor, Tetra Tech, 2015, wbur.org/news/2017/09/06/boston-harbor-barrier-proposals 



300 Million for Coastal Planning

CURRENT IDEAS FOR BOSTON
Baker
1.4 Billion Environemental Bond Bill$



OCEAN WATER
STRATEGIES



“Urban Waterfront Adaptive Strategies,” Department of City Planning New York, 2013, nyc.gov/uwas/..

1. BLOCK THE WATER
Use levees or dikes, revetments, 
bulkheads, seawalls, floodwalls, and 
other landscape forms to block water

STRATEGIES



BLOCK THE WATER
STRATEGIES

Block the Water : Navy Yard Barrier



The Big U, BIG Architects, NYC Rebuild By Design Competiton, 2016, asla.org/2016 awards/.

Bjarke Ingels Group, 
NYC Rebuild By Design Competition
2014

THE BIG U

PRECEDENTS



The Big U, BIG Architects, NYC Rebuild By Design Competiton, 2016, asla.org/2016 awards/.



The Big U, BIG Architects, NYC Rebuild By Design Competiton, 2016, asla.org/2016 awards/.



“Urban Waterfront Adaptive Strategies,” Department of City Planning New York, 2013, nyc.gov/uwas/..

2.  RETROFIT BUILDINGS 

STRATEGIES 

Wet Floodproofing 
Dry Floodproofing 



“Urban Waterfront Adaptive Strategies,” Department of City Planning New York, 2013, nyc.gov/uwas/..

3. REBUILD ABOVE FLOOD ELEVATION

STRATEGIES 

Elevate existing or new development 
sites and streets above the expected 
storm level to protect from flooding.



PRECEDENTS

SPAULDING HOSPITAL



“Urban Waterfront Adaptive Strategies,” Department of City Planning New York, 2013, nyc.gov/uwas/..

4. RETREAT TO HIGHER ELEVATION

LANDSCAPE STRATEGIES 

Remove development from areas 
vulnerable to flooding and prevent 
future development in those areas. 
Requires finding availible land or 
vacant sites at higher elevations for 
communities to re-locate to.



Bjarke Ingels Group, 
NYC Rebuild By Design Competition
2014

THE BIG U

The Big U, BIG Architects, NYC Rebuild By Design Competiton, 2016, asla.org/2016 awards/.

PRECEDENTS



“Urban Waterfront Adaptive Strategies,” Department of City Planning New York, 2013, nyc.gov/uwas/..

5. LIVING SHORELINE

STRATEGIES 

Living shorelines are an alternative 
to bulkheads or revetments that 
stabilizes the shoreline and provides 
intertidal habitat and coastal 
vegetation. Living Shorelines use 
plants, sand/soil, and limited use of 
hard structures.



LIVING SHORELINES
STRATEGIES

Living Shoreline 
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East River Blueway Plan x

East River Blueway Plan, WXY Studio, 2013, wxystudio.com/projects/. 

NY State Division of Coastal Resources
2014
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East River Blueway Plan, WXY Studio, 2013, wxystudio.com/projects/. 
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East River Blueway Plan, WXY Studio, 2013, wxystudio.com/projects/. 



Seattle’s Central Seawall Project, James Corner Field Operations, Seattle, WA, asla.org/2017awards/.

City of Seattle, WA
2017
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JAMES CORNER FIELD OPERATIONS
SEATTLE CENTRAL SEA WALL



Seattle’s Central Seawall Project, James Corner Field Operations, Seattle, WA, asla.org/2017awards/.



Seattle’s Central Seawall Project, James Corner Field Operations, Seattle, WA, asla.org/2017awards/.
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Red Hoek Point, Scape Studio, NYC Seattle, scapestudio.com/projects/red-hook-point/.



Studio
About
People
Awards
Clients

Projects
Ideas
News
Contact



 



Red Hoek Point, Scape Studio, NYC Seattle, scapestudio.com/projects/red-hook-point/.
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Red Hoek Point, Scape Studio, NYC Seattle, scapestudio.com/projects/red-hook-point/.



STORMWATER
STRATEGIES



INCREASING STORM EVENTS

STORMWATER + CLIMATE CHANGE

Source: Climate Ready Boston, 2017, boston.gov/departments/environment/climate-ready-boston/.

By 2060, heavy precipita tio n event s could 
dro p more than 6 inches of water within  24 
hours, whi ch is the height of an average city 
curb , and 20% more th an what we get now. 

INCREASED PRECIPITATION

20% MORE WATER



*

Source: Climate Ready Boston Map Explorer, City of Boston, 2018, boston.maps.arcgis.com/.

2050 SW: NAVY YARD 

STORMWATER 



*

Source: Climate Ready Boston Map Explorer, City of Boston, 2018, boston.maps.arcgis.com/.

2050 SW + SLR FLOODING

STORMWATER + SLR



Source: “Low Impact Development: A Design Manual for Urban Areas,” University of Arkansas Community Design Center, 2010

LID TECHNIQUES
STORMWATER STRATEGIES 



Source: “Low Impact Development: A Design Manual for Urban Areas,” University of Arkansas Community Design Center, 2010



Disconnect Your Roof Drains



Source: “Low Impact Development: A Design Manual for Urban Areas,” University of Arkansas Community Design Center, 2010



Rain Reuse



Plant Vegetation



Add a Green or BLUE Roof 



Use Permeable Pavement



NEIGHBORHOOD + CITY WIDE

STORMWATER STRATEGIES 

Source: “Low Impact Development: A Design Manual for Urban Areas,” University of Arkansas Community Design Center, 2010



Source: “Low Impact Development: A Design Manual for Urban Areas,” University of Arkansas Community Design Center, 2010



1.1.

2.2.

3.3.

4.4.

Soak Up Stormwater 

OPPORTUNITIES NEAR THE NAVY YARD

STORMWATER STRATEGIES 



Source: Landezine, landezine.com/index.php/2016/11/nature-based-climate-adaptation-wins-scandinavias-biggest-architecture-award/

PRECEDENTS 

 Copenhagen, Denmark
2016

SLA - Stig L. Andersson Architecture
THE SOUL OF NØRREBRO



Source: Landezine, landezine.com/index.php/2016/11/nature-based-climate-adaptation-wins-scandinavias-biggest-architecture-award/



“Urban Waterfront Adaptive Strategies,” Department of City Planning New York, 2013, nyc.gov/uwas/..

CHARLESTOWN NAVY YARD SPECIFIC BUILDING MITIGATION STRATEGIES

BUILDING FLOODING + MITIGATION STRATEGIES

RETROFIT BUILDINGS 
Wet Floodproofing 
Dry Floodproofing 



INTEGRATE GREEN INFRASTRUCTURE
Source: “Low Impact Development: A Design Manual for Urban Areas,” University of Arkansas Community Design Center, 2010

SEEP STOMRWATER AT THE SOURCE
WHAT CAN WE DO?



FLOOD ZONES OVERVIEW AND 
ALLOWED MITIGATION STRATEGIES 

Coastal Engineering Company
April 24, 2018



OVERVIEW

1.	Understanding a Flood Map and the different zones

2.	 Determining which Flood Zone  your building falls within

3.	 Regulations (Federal, State, Local)

4.	 Design implications for retrofit projects



WHAT IS PURPOSE OF NFIP?

• Administered by FEMA

• Offers flood insurance  to property owners

• Flood Insurance required if you have a mortgage



FLOOD INSURANCE RATE MAP (FIRM)

• Shows the special flood hazard areas (SFHA)

• Shows the locations of buildings in relation to 
   these zones (must be verified by site survey)

• Used for more than just Insurance:

- Wetland Regulation 
- Building Code 
- Site Sanitary (Title V) 
- Floodplain Management



Flood Insurance Rate Map (FIRM): Official map of a community on which FEMA has delineated the Special Flood Hazard 
Areas (SFHAs), the Base Flood Elevations (BFEs) and the risk premium zones applicable to the community. Flood hazard areas 
identified on the Flood Insurance Rate Map (FIRM) are identified as a Special Flood Hazard Area (SFHA). SFHA are defined as the 
area that will be inundated by the flood event having a 1-percent chance of being equaled or exceeded in any given year. The 1-percent 
annual chance flood is also referred to as the base flood or 100-year flood. SFHAs are labeled as Zone A, Zone AO, Zone AH, Zones 
A1-A30, Zone AE, Zone A99, Zone AR, Zone AR/AE, Zone AR/AO, Zone AR/A1-A30, Zone AR/A, Zone V, Zone VE, and Zones V1-V30. 
Moderate flood hazard areas, labeled Zone B or Zone X (shaded) are also shown on the FIRM, and are the areas between the limits of 
the base flood and the 0.2-percent-annual-chance (or 500-year) flood. The areas of minimal flood hazard, which are the areas outside 
the SFHA and higher than the elevation of the 0.2-percent-annual-chance flood, are labeled Zone C or Zone X (unshaded).
Base Flood: A flood having a 1% chance of being equaled or exceeded in any given year.
Base Flood Elevation (BFE): The elevation of surface water resulting from a flood that has a 1% chance of equaling or 
exceeding that level in any given year. The BFE is shown on the Flood Insurance Rate Map (FIRM) for zones AE, AH, A1–A30, AR, 
AR/A, AR/AE, AR/A1– A30, AR/AH, AR/AO, V1–V30 and VE.
Floodproofing: Any combination of structural and nonstructural additions, changes or adjustments to structures,  
which reduce or eliminate risk of flood damage to real estate or improved real property, water and  
sanitation facilities or structures with their contents.

GLOSSARY



FEMA FLOOD ZONE DEFINITIONS

Zone VE (V1-30) – Areas of 100-year coastal flood  
with velocity waves 
• Wave height 3 feet or greater 
• Wave runup depth 3 feet or greater 
• Within primary frontal dune (first dune landward of the beach)

Zone AE (A1-30) – Areas of 100-year flood; flood elevations 
• May be coastal or riverine 
• Coastal can contain up to 2.9 feet wave height 
• Coastal flood elevations at top of wave envelope

Coastal A Zone (MoWA) – Portion of A Zone with 1.5 – 3.0’ waves 
• Separated from the rest of the A Zone by the LiMWA

Zone AO – “Overwash” areas with flow depths of 1 to 3 feet 
• Generally coastal with sloping ground 
• Flow velocities can vary greatly 
• Flow paths are typically not well defined

Zone A – Areas of 100-year flood; 
NO flood elevations given

Shaded Zone X (B) –  
Areas of 500-year flood

Unshaded Zone X (C) –  
“Areas of minimal flooding”



Interpreting Federal Emergency Management Agency 
Flood Maps and Studies in the Coastal Zone

Publication Date: October 2015

KNOW YOUR RISK: FEMA FLOOD ZONES



NAVY YARD FLOOD ZONES

Zone VE (EL 13)

Zone VE (EL 11)

Zone AE (EL 10)

Zone X (Shaded)

Zone X (Unshaded)



BUILDING/FLOOD REGULATIONS

•	 Conformance to the State Building Code  
(IBC/IRC-2015, with MA Code Amendments)

•	 FEMA/ASCE regulations

•	 MA DEP/Wetland Protection By-Law (310 CMR)

•	 DEP Waterways  
(Ch. 91 license required for any site located in filled tide lands)

•	 Any local zoning ordinance and wetlands bylaw

Similar to any other structure  
located in the Coastal Flood Plain:

SPECIFIC TO THE NAVY YARD



FLOOD RISK MITIGATION STRATEGIES

1. WETPROOFING



FLOOD RISK MITIGATION STRATEGIES

2. DRYPROOFING

Application of a waterproof membrane on the exterior  
(positive side) of a wall (top) and fiber-reinforced polymer wrap  
applied to the interior (negative side) of a wall (bottom)

FRP Appplied on Wall

Holes cut out for infilling of CMU 
with mortar



FLOOD RISK MITIGATION STRATEGIES

3. UTILITIES PROTECTION

•	 Install housekeeping pads

•	 Suspend above basement ceiling

•	 Raise above basement

Elevate mechanical  
and electrical equipment: 
furnace, water heater  
and electric panel



FLOOD RISK MITIGATION STRATEGIES

4. MISCELLANEOUS

•	 Repair/retrofit surface corrosion  
on structural steel columns and  
beams in the basement

•	 Upgrade sump system  
and install “check valves”

•	 “Harden” exterior walls

•	 Regrade the site to divert water  
away from the building 

•	 Seal wall openings and install barriers  
around basement window wells



Flood Mitigation
Charlestown Navy Yard



Effects of Lateral and Vertical Hydrostatic and Hydrodynamic Forces



Debris is a Fact of Flood



Performance Testing Video



Non-Residential Buildings Wet Floodproofing



Major Power Generation Company Along East River, NY





Careful Planning Needed

Planning: Is it possible? What to consider?

• Emergency, Maintenance, 
Inspection Plan

• Cost and Liability

• Warning Time, Safety & Access 
Frequency, Set Up Time

• Flood Velocities, Depths, and Debris



Dry Floodproofing    FEMA TB-3 / ASCE 24-14

• Makes Building watertight, impermeable to 
Floodwaters.

• Nonresidential or mixed us structures shall  be 
allowed to have the lowest floor (including 
basements) below the DFE, provided the 
structures meet the dry floodproofing
requirement.  

• Maximum accumulation of 4 in. of water depth 
in such space during a period of 24 hours. 

• Requires flood emergency and inspection plans 
and for a periodic deployment of shields and 
barriers. Just like a fire drill we need to practice 
to insure the system will work.

• Floodwarning time of 12 hours dry 
floodproofing must be installed in this time.

• Sump pumps shall remove water during flood.
• Design must to certified.



Whitney Museum: Active Deployment Dry Floodproofing System

2 days, a lot of people, and $50,000 each time 



Major Power Generation Company Along East River, NY



Major Power Generation Company Along East River, NY



Examples of Spans for Point-of-Use Storage Systems



Vertically Deployed Flexible Wall



Flex Cover



Flex-Cover® DW System

• Standard Sizes Up to 6’

• Up to 70% lighter than traditional metal 
shields/barriers.

• Deployed in minutes by 1-2 people.



Perimeter Protection Boston



Perimeter Flood Barriers



Standard Production Dimensions: 14’ x 4' / 70 lbs.

Find one or two people and unroll the barrier to set it up yourself. It 
uses a simple set of cables and battens. 

Attach multiple pieces together as needed with a waterproof zipper.

Rinse the barrier with fresh water and dry completely before storing 
after a flood emergency.

Diluvium Flood Barriers



• Applications – Protection for Residential, Commercial, Transit, Farmland, Livestock

• Ability to air drop in emergency situations

• Point-of-use stored solutions available

• Materials – Coated PVC Fabric, Fiberglass Batons & Rods, Stainless Steel Cables

• Best solution on the market for long spans of protection needed (perimeter)

Exterior Barrier Systems



Considerations for Floodproofing Strategy



Comments From Helge Krogenes Site Visit

• Shipway Place-(Protectable) FlexWall or FlexCover opening protection, upon inspection if sufficient water load and  waterproofing is found. 

Perimeter protection could also be used away from the building wall.

• Constellation Wharf-(Protectable) Vertical FlexWall or FlexCover, upon inspection if sufficient waterload and watherproofing in walls and floor.

• Flagship Wharf-(Protectable) Window sills are base level to pavement, possible vertical FlexWall or perimeter protection away from the building. 

• Harborview-(Protectable) Base of building a little higher. Perimeter protection place around the building effective or vertical FlexWall.

• Building 125-(Protectable) Protectable with Flex Wall  or FlexCover opening protection, upon inspection if sufficient water load and waterproofing 

is found.

• Parris Landing-(Protectable) Protectable with FlexWall or FloodCover opening protection, upon inspection if sufficient water load and 

waterproofing..

• Constitution Inn & 45 1st Avenue (Protectable) Theses building are higher so would not be at as great a chance of flooding. The best option is 

perimeter protection.



Shipway Place



Constellation Wharf, Pier 7



Constellation Wharf , Pier 7



Building 125



Flagship Wharf



Harborview



Harborview



Parris Landing



3rd Avenue and 9th Street



45 1st Avenue



Additional Sites 

• Ropewalk Buildings

• Bricklayers Row Houses

• Marina Office



Ropewalk Buildings



Bricklayers Row Houses



Marina Office

Recommendation:
Flex-Cover®



Get Started Today

Flood Plans Division

Send plans to:
plans@smartvent.com

• Our team of Certified Floodplain Managers and Engineers 
will customize any Wet and/or Dry Floodproofing solution to 
your residential or non-residential floodplain projects.

• We will make sure your project is compliant with all FEMA 
and NFIP Regulations, ICC Building Codes, as well as is 
receiving the lowest flood insurance premium possible.



HIRE A BUILDING CONSULTANT FOR CLIMATE RESILIENCY

WHAT CAN WE DO?
SUMMARY



Spread the word to family + friends
Talk to the City
Become a trained leader:
- Climate Corps
- Climate Ready Boston
- Climate Reality Leaders

SENATE CLEAN ENERGY OMNIBUS BILL
Reach out to your state lawmaker:
  + SAL D. DOMINICO
  + MA HOUSE REP: DAN RYAN

GET INVOLVED
Climate Ready Boston, Sasaki, City of Boston, 2017, boston.gov/departments/environment/climate-ready-boston/.



Sullivan Square and 
Rutherford Ave Redesign

GET INVOLVED



REDUCE YOUR CARBON FOOTPRINT
THINK GLOBALLY, ACT LOCALLY

WHAT CAN WE DO?

Source: https://s-i.huffpost.com/gen/1524679/images/o-COW-FEED-facebook.jpg

EAT LESS BEEF



Source: https://media.cntraveler.com/photos/57067c1e9adc6caf5afe3f4c/master/pass/plane-landing-cr-getty-sb10062851ai-001.jpg

FLY LESS



Source: https://cdn.vox-cdn.com/thumbor/l5748mogq_IVbIg6MHP94TdHsqQ=/0x0:5685x4061/

CHOOSE GREEN ENERGY/ GREEN TRANSPORTATION



GREENOVATE BOSTON  greenovateboston.org

BOSTON HARBOR NOW  bostonharbornow.org

CLIMATE REALITY  climaterealityproject.org

CITIZENS CLIMATE LOBBY  citizensclimatelobby.org

HUB EVENTS BOSTON  hubevents.blogspot.com

SENATE CLEAN ENERGY OMNIBUS BILL
Reach out to your state lawmaker and advocate today!
  + MA SENATOR: SAL D. DOMINICO
  + MA HOUSE REP: DAN RYAN

RESOURCES

Climate Ready Boston & Zero Waste Boston
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