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Abstract 

Flooding is a leading billion-dollar disaster in the United States from lives lost, 

ecosystems disrupted, and properties damaged (NOAA, 2022). American cities are 

responding to hurricanes and rising tides accelerated from climate change by launching 

home protection plans. As individuals and taxpayers bear the cost of storm preparation, 

the variety of adaptation choices can be confusing. Should homeowners pay for flood 

insurance, elevate their living quarters, wait for repairs after a storm, or relocate their 

lives entirely? The fees to floodproof are often obscured on vendor websites and hidden 

in non-peer-reviewed literature (Aerts, 2018; Boynton, 2016; FEMA, 2023a). 

Communities need confidence that investing in private flood adaptations will pay off 

against the pain of evacuation. 

To help homeowners make informed decisions on emerging flood adaptations, 

this research analyzed neighborhoods in Cambridge, Massachusetts at risk of inundation 

by 2070 and estimated the costs to respond in the face of a 100-year storm. My two main 

research questions were: (1) Where and who are at the highest risk of flooding from 

climate change? And (2) what is the best course of action for homeowners to protect their 

residential property between three scenarios: assume repairs following a storm, retrofit 

buildings, or relocate?  

I designed a flood hazard map using ArcGIS to capture individual property 

features, values, occupant demographics, and flood projections from rainfall and sea level 

rise. Flood insurance was assumed for sites required to enroll if built inside a federally 



 
 

designated, high-risk FEMA special hazard flood area, with insurance rates determined 

by the City of Cambridge digital flood insurance rate map (City of Cambridge, 2023d). 

Insurance was not assumed for homes beyond these boundaries. I applied the Cambridge 

City Base (CCB) datum in all measurements to match the Cambridge standard for 

reporting ground elevation. CCB measures 3.6 m (11.65 ft) below the federal North 

American Vertical Datum (NAVD) which lies ~0.3 ft above the mean sea level in Boston 

(City of Cambridge, 2022). I found that Cambridge buildings at 21.9 m CCB (72 ft) 

altitude or higher are safe from flooding through 2070, meanwhile property below this 

elevation will face a range of inundation (City of Cambridge, 2022). 

My findings showed that Cambridge has five most vulnerable, residential 

neighborhoods to flooding: Cambridge Highlands, Wellington-Harrington, The Port, East 

Cambridge, and Cambridge Port. All five locations anticipate over half of its properties to 

partially flood in less than 50 years. Flooding will affect the city’s wealthiest residents 

earning over $160,000 a year to its poorest earning $30,000 a year, inclusive of all races, 

ethnicities, and English language proficiency. Coastal and inland flooding will impact 

people from every socioeconomic background. 

Using the hazard map to calculate flood exposure, a micro-scale benefit-cost 

analysis was applied to 15 random homes to estimate the cost disaster response. I 

measured affordability of responses against the neighborhood’s median income—a 

known driver for individual action. Among the 15 sample sites in floodplains, a 

residential building can cost $7,200–$103,300 to retrofit for flood protection through 

2070 compared to a wider range of $2,800–$204,200 to repair the home after a storm 

(Durante, 2020; FEMA, 2022c; Miguelez, 2022). In contrast, moving intrastate to a safer 



 
 

location was estimated to cost $532,700–$10 million (City of Cambridge, 2024; Snow, 

2024; Zillow, 2019).  

A benefit-cost analysis was applied to three flood preparation options to find 

which decision was financially favorable through 2070. Both repair and retrofit’s benefit-

cost ratios were greater than one and recommendable for Cambridge homeowners, 

whereby relocation ratio was less than one and not advised without external financial 

support. The capital investment for a home flood upgrade or relocation makes the current 

city guidelines unaffordable for most local median income earners—contradictory to the 

plans of the city. As 45% of Cambridge properties may experience partial flooding by 

2070, creating further resources to support the cost of living with climate risks will 

become critical preparation for the 100-year storm. 
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Chapter I 

Introduction 

In less than 80 years, scientists project global sea level rise to submerge coasts of 

the contiguous United States up to 2.1 m (6.8 ft) underwater from ocean expansion and 

glacial ice melt due to a warming planet (DeConto & Pollard, 2016; Sweet et al., 2017; 

Wuebbles et al., 2017; NOAA, 2022). Simultaneously, extreme rainfall is overwhelming 

communities built upon aging dams and stormwater infrastructure, costing the U.S. 

federal government $200 billion dollars in repair during the first seven months of 2024 

alone (NOAA, 2024; Rush, 2018; Sommer, 2022). Juxtaposed to rising flood risks, 

coastlines grow more densely populated than before, as about 23 million Americans live 

at 6.5 m (21 ft) of altitude or less, measured in Cambridge City Base datum; attracted to 

lucrative properties and increasing job prospects, populations could double by 2060 

(Neumann et al., 2015; NOAA, 2022). Rising sea level and accelerated storms may 

trigger unprecedented scales of human displacement and disappearing land (Neumann et 

al., 2015; Peterson, 2019). 

American cities from Miami to New York are launching flood adaptation plans to 

prepare. Municipal campaigns include blueprints for bolstering public infrastructure 

including raising dams and sea barriers, expanding drainage, planting greenery, and 

deploying emergency evacuation plans (City of Boston, 2017; City of Cambridge, 2017; 

City of Somerville, 2022). The vast amount of damage will come from buildings and its 

contents unprepared for floods—homes with occupied basements, low first floors, 

exposed electrical and water utilities, and construction vulnerable to saltwater erosion and 
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crushing water pressure (FEMA, 2023a; Smith, 2023b). To advance its security, a city 

must engage private homeowners to invest in residential floodproofing projects or 

manage a gradual retreat.  

In Cambridge, Massachusetts, private property can make up over 90% of 

buildings (Figure 1) (City of Boston, 2020). Just 2.5 cm (1 in) of flood depth costs 

$53,000 to repair an average multi-story home in the United States (FEMA, 2019). To 

avoid a wait-and-see approach, community leaders must activate a climate resilience plan 

that clarifies individual costs and benefits (Peterson, 2019). Who is at risk? How soon? 

How much will homeowners pay to prepare for flooding? 

 

Figure 1.  2021 aerial view of the City of Cambridge in Massachusetts. 

Note. Cambridge is marked with a dashed line adjacent to the Boston Harbor, protected 
from coastal and inland flooding by the Charles River Dam and Amelia Earhart Dam 
(City of Cambridge, 2021b). 
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Cambridge, Massachusetts provides an ideal case study to evaluate flood 

questions. The 400-year-old city is composed of old coastal and inland buildings and lies 

nearby dynamic waterbodies including the Boston Harbor to its east, Charles River to its 

south, and Mystic River and Alewife Brook to its north and west (Figure 1). Much of the 

city’s dry land is sustained artificially by the Charles River Dam built in 1910 and the 

Amelia Earhart Dam since 1966 (City of Cambridge, 2021b). 

The City of Cambridge also boasts strong socioeconomic resources to adapt 

homes for flooding. Its 118,000 inhabitants possess significant purchasing power and 

education to invest in home renovations (Appendix 1) (City of Cambridge, 2023e; U.S. 

Census Bureau, 2022). Between 2018 and 2022, the median household earned $160,739 a 

year (compared to $122,530 across Massachusetts state) with 81% of its population 

graduated with a bachelor or graduate degree (City of Cambridge, 2021a; U.S. Census 

Bureau, 2022). One third of households speak a language besides English and 43% are 

ethnic minorities (U.S. Census Bureau, 2020). Cambridge’s cultural diversity, 

socioeconomic prowess, and high education embrace an environmentally conscientious 

community—ripe for advancing urban flood resilience. 

Research Significance and Objectives 

To help homeowners make informed decisions on storm adaptation projects, this 

research assessed Cambridge neighborhoods, demographics, buildings, and residential 

flooding risk from climate change facing a 10-year and 100-year annual storm through 

2070. The paper assessed three possible flood disaster responses recommended by the 

U.S. Department of Homeland Security that homeowners can pursue: (1) wait and repair 

storm damage later, (2) retrofit homes to be floodproof in advance, or (3) relocate to safe 
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location (FEMA, 2014). Retrofit techniques followed elevation—hoisting living quarters 

above future flood heights—as recommended by the 2021 Resilient Cambridge Plan and 

greater Boston guidelines from Article 25A Coastal Flood Resiliency Design. 

Gauging the price of building-level adaptation offers valuable insights for 

residents managing emerging flood risks. Property owners and landlords can employ 

cost-effective disaster mitigation projects. Prospective buyers and renters can seek safer 

dwellings and home upgrades thereby placing market value on safer locations. 

Policymakers and municipal leadership can integrate cost into building guidelines, reduce 

engagement barriers, expand home insurance, and grant resources that address flood 

vulnerability. As increased inundation and rainfall become a permanent feature of North 

American cities, communities will have to build consensus on transforming urban design 

and legislature for effective climate crisis management. 

My objectives were: 

• To map the best-available, climate-based municipal data for where Cambridge 

homeowners may potentially experience 10-year and 100-year annual 

flooding from a 24-hour rainfall in 2022, 2030, and 2070. 

• To assess the building types, exposure to flooding, and residential 

demographics among the highest flood-impacted neighborhoods. 

• To evaluate the benefit-cost ratio for individuals to choose between three 

responses: wait and repair storm damage later, retrofit homes in advance, or 

relocate before a major storm. 
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Background 

Flooding impacts one in five people around the world (McDermott, 2022). 

Rising tides and changing precipitation demand strategic reimagination of how people 

live along the coast. National oceanic researchers predict that global mean sea level rise 

(SLR) will submerge the Atlantic North American shores up to 2.1 m (6.9 ft) by 2100, 

and extreme precipitation events compounds the stress on stormwater infrastructure 

(NOAA, 2022; Wuebbles et al., 2017; Massachusetts Department of Conservation and 

Recreation, 2023). Within 30 years, all 50 U.S. states are projected to grapple with 

climate-caused human migration and housing emergencies from flooding (Hauer et al., 

2019). These warnings are already being experienced by coastal and inland cities like 

greater Cambridge, where flooding overwhelms outdated transportation and buildings 

(Sommer, 2022). 

Cambridge, Massachusetts has a history of heavy rainfall and hurricanes spanning 

the Great New England Hurricane of 1938 to Hurricane Henri in 2021(Benmayor, 2024). 

Annual hurricane season for New England runs from June to November (Benmayor, 

2024). Cambridge’s proximity to the Atlantic Ocean exposes its community to tropical 

cyclones that are carried by warm waters of the Gulf Stream flowing up the eastern 

seaboard (Benmayor, 2024). In March 2010, historic flooding ensued from 38 cm (15 in) 

of rainfall by three torrential storms spanning ten days (City of Cambridge, 2015). High-

intensity rainfall have resulted in widespread flooding in Cambridge, where overflowing 

drainage and flood protection systems lead to sewage backups and surface flooding 

(Figure 2). Cambridge’s densely populated urban area is also built upon former mudflats 

which make the environment prone to flood (Benmayor, 2024). Once forming the banks 
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of a tidal Charles River, these low-lying neighborhoods were filled in to develop a city; 

today, tides and storm surges are managed by the Charles River Dam. 

 

Figure 2.  2010 surface flooding on Sacramento St. and Crescent St., Cambridge. 

Note. Cars drive through entirely submerged roads during a historic high tide in July 
2010, impeding buildings and sidewalks in the Harvard Museum of Natural History 
neighborhood (City of Cambridge, 2015). 

In the last 30 years, storm surge events have become American household names 

in attempts to stop tragedy from happening again. Each storm has been linked with a 

pattern of deficient infrastructure, unprepared residents, or social inequity across the 

United States (Doherty, 2015).The worst recent hurricane in Massachusetts was 

Hurricane Bob in 1991, a Category 2 storm that left 60% of the southeastern state without 

power, $39 million of damage, and eroding up to 15 m (50 ft) of shoreline in Martha’s 

Vineyard and Nantucket (Massachusetts Office of Coastal Zone Management, 2002). 
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Hurricane Michael (2018) was an unprecedented Category 5 storm in the Florida 

Panhandle that had 2.7 m (9 ft) deep inundations (U.S. Department of Commerce, 2018). 

Only 39% of 375,000 people warned to evacuate followed those orders, largely due to 

inadequately prepared households and age, as older residents were more likely ignore 

warnings due to ingrained habit and mobility restrictions (Associated Press, 2018; 

Mccollum, 2018). Hurricane Katrina (2005) in New Orleans remains the costliest U.S. 

disaster, a storm surge that stretched 7 m (23 ft) tall that breached levees and submerged 

80% of the city (Beven et al., 2008; NOAA, 2006). Impacting predominantly Black 

residents, 1,833 people were killed and 250,000 displaced, exposing the environmental 

harms to African American communities and sparking a shift in racial-conscious 

leadership and inclusive hazard mitigation governance (Beven et al., 2008; NOAA, 

2006). Designing for equal access to flood adaptation and increasing residential 

preparation are needed for effective climate adaptation strategies. 

Increased Frequency of Billion-Dollar Disasters 

Sea level rise and storm damage are soaking up U.S. national disaster relief funds 

and require an intervention. Since 1980, the United States has sustained 373 climate 

disasters, each costing or exceeding $1 billion (Figure 3) (NOAA, 2024). Disaster struck 

an average of 18 times annually in the last five years, with the leading expense from 

repairs caused by hurricanes. Flooding has become so frequent that U.S. cities are 

experiencing 100-year storms as often as every eight years (Cappucci, 2022; Eby, 2023; 

Kirshen et al., 2008). One study projects a 52% increase in extreme precipitation across 

the Northeast by 2100 (Picard et al., 2023). 
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Figure 3.  1980–2024 U.S. billion-dollar disasters (unadjusted). 

Note. From 1980–2024, the U.S. billion dollar weather events have increased in 
frequency and damage, totaling $2.7 trillion in repairs (NOAA, 2024). 

Timely adaptation of buildings is known to dramatically slash these costs. In the 

contiguous United States, the cumulative discounted damage to properties are projected 

to reach $3.6 trillion by 2100, but well-timed mitigation could curtail this cost to just 

$800 billion under the RCP4.5 and $820 billion under RCP8.5 IPCC scenarios—saving 

72% of national weather security expenses (EPA, 2017). Flood mitigation projects 

already recover the federal government $7 in damage repair for every $1 spent on 

retrofitting (FEMA, 2018b; NIBS, 2019). An analysis by the National Institute of 

Building Sciences calculated that above-code designs for public-sector riverine flood 

mitigation projects have seven-times a return on investments over losses accrued from 

storms (FEMA, 2018b). This economic benefit came as a result of advanced occupant 

safety, avoided business disruptions, and sustained lifestyles for the community (FEMA, 

2018b). Buildings designed to resist flood and wind damage that exceeded the minimum 
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National Flood Insurance Program requirements were less likely to sustain damage than 

those that were not (FEMA, 2019). Operationalizing flood resiliency designs have 

positive impact for the government and may be similar for individuals. 

The Legacy and Limitations of Flood Insurance 

In response to mounting flood damage costs, the U.S. Federal Emergency 

Development Agency (FEMA) designed the landmark National Flood Insurance Act of 

1968 which implemented two foundational resources for Americans to engage with flood 

mitigation: the National Flood Insurance Program and the Flood Insurance Rate Map 

(FIRM) (FEMA, 2023b). Both continue to advance and demand change for national 

security. 

FIRM was created to restrict residential development in known floodplains and 

delineate Special Flood Hazard Area (SFHA) in places that experience 100-year storm 

flooding, or at least a 1 in 4 chance of flooding during a 30-year mortgage (FEMA, 

2018a). Buildings within these high-risk flood zones, with mortgages from federally 

regulated or insured lenders, are required to enroll in flood insurance (FEMA, 2018a, 

2023b). Qualified members gain access to flood repair, retrofit, and relocation grants 

(FEMA, 2018a, 2023b). Homeowners and renters outside of SFHAs are considered 

moderate to low flood risk so flood insurance enrollment is voluntary (FEMA, 2018a). 

To join the National Flood Insurance Program, a community must submit an application 

to FEMA and adopt floodplain management regulations that meet or exceed the NFIP 

minimum requirements (FEMA, 2023b).  

To qualify for assistance from the National Flood Insurance Program, flooding 

must submerge at least two acres, or alternatively two properties, of normally dry land 
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(FEMA, 2020). If one property gets flooded, that is not considered eligible for flood 

insurance coverage. Inundation can be caused by an overflow from inland or tidal waters, 

precipitation, groundwater mounding, and a collapse of land next to a waterbody, among 

others. (FEMA, 2020). 

For an national average of $815 a year, homeowners can insure their residential 

property up to $250,000 in repair costs and up to $100,000 for personal belongings 

(FEMA, 2024c; Schlichter, 2024). Building and content coverage includes the home, its 

foundation, electrical, plumbing, detached garages, furnaces and water heaters, 

appliances, permanent carpeting, furniture, window blinds, debris removal, and more 

(FEMA, 2024b). Insurance does not cover cars, outdoor belongings like pools and fences, 

fiscal losses caused by business disruption, or temporary housing (FEMA, 2024b).  

FEMA remains vital as the largest flood research and insurance program for 

Americans (FEMA, 2023b). However, FEMA’s resources have adversely incentivized 

some residents to remain in hazardous areas and await subsidies for repair (Colby & 

Zipp, 2021). For example, in July 2023, 46th U.S. president Joseph Biden declared a 

major disaster in Montpelier, Vermont following the submersion of the State Capital 

Building, costing an estimated $100 million in repair for public property (Figure 4) 

(Davis, 2023; Kinzel, 2023). Montpelier was anticipated by FIRM as a special flood 

hazard area ten years before the major disaster (FEMA, 2013). The 2023 state of 

emergency witnessed streets turning into rivers as the downtown area closed and 

thousands of homes and businesses were claimed underwater (Mascarenhas, 2023). 
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Figure 4.  2023 major storm in Montpelier and 2013 FEMA flood hazard map. 

Note. The State Capital Building submerged in a 100-year storm floodplain along the 
Winooski River bridge (left), anticipated by FIRM as a special flood hazard area marked 
since 2013 (left) (FEMA 2013). 

A critical gap of the flood insurance model is that FEMA has traditionally relied 

on historic flooding records to estimate flood risks, lacking current and future projections 

on accelerated global sea level rise and storms (Baird & Associates Ltd., 2020; Vill, 

2023). New data reveals that flood risks are spreading to double the area on the current 

FEMA map with almost 14.6 million properties at risk from a 100-year storm (Figure 5). 

The national flood insurance program is facing rapid financial loss from the frequency of 

flooding (Aerts, 2018; Peterson, 2019; Wing et al., 2018). 
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Figure 5.  2020 hidden flood risk across the contiguous United States. 

Note. Compared to 8.7 million American properties estimated to flood by FEMA (left), a 
2020 effort to map flood dangers finds that nearly 14.6 million properties are estimated 
at risk from a 100-year storm (right) (Flavelle et al., 2020). 

Uninsured homes could amass $1.5 billion of future flood damage to the Federal 

Housing Administration (Office of Inspector General, 2022). Insured American 

homeowners pay rising rates, rendering certain areas unaffordable, particularly in Florida 

and Louisiana, where individuals can pay an annual rate up to $10,996 and $6,354, 

respectively, as a direct result of stronger, recurrent hurricanes (Insurify, 2024). 

Another growth opportunity for flood insurance programs is to educate 

homeowners to purchase properties with transparent flood risks (Viall, 2023). Flood risk 

disclosure is determined by state, and sellers and landlords lack the incentive to provide 

liability data to buyers and renters (Mathis, 2022). Thirty-four states require flood risk 

disclosure to prospective buyers (Figure 6); states that do not require flood disclosures 

are Alabama, Arkansas, Florida, Georgia, Kansas, Maine, Massachusetts, Minnesota, 

Missouri, Montana, New Hampshire, New Mexico, Utah, Vermont, West Virginia, and 

Wyoming (FEMA, 2022b). Just seven states—California, Georgia, Indiana, New Jersey, 
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Oklahoma, Oregon, and Texas—require flood risk disclosure to potential renters, 

meaning landlords are often exempt (Mathis, 2022). 

 

Figure 6.  2022 strength of U.S. state flood risk disclosure requirements. 

Note. Among 34 states that require property sellers to disclose flood risk about their 
property, Louisiana, Texas, South Carolina, Delaware, and Mississippi have the most 
flood risk disclosure requirements (FEMA, 2022b). 

Hawai’i leads the United States as the first and only state to mandate real estate 

transactions that identify exposure to sea level rise (SB474, 2021). Enacted in 2021, the 

Hawai’i Climate Change Mitigation and Adaption Commission collaborated with the 

University of Hawai’i Sea Grant Program and the state Office of Conservation and 

Coastal Lands to mandate sellers to disclose sea level rise up to and including 1 m NAVD 

(3.2 ft) (Ige & Case, 2022). The partnership launched a state sea level rise viewer 

application that engages users to assess the danger of oceanfront properties and areas 

likely to flood in heavy rainfall (Ige & Case, 2022). The law addressed the heightened 

risk to oceanfront property from eroding shorelines, flooding, drainage failure, and 
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overtopping waves, documented in scientific and government studies around Hawai’i 

(Hawaii, 2022). The bill was written as a direct result of recommendations from the 2017 

Hawai’i Sea Level Rise Vulnerability and Adaptation Report (Hawaii, 2023). 

Like required flood disclosures, this state-wide real estate initiative advances the 

awareness of flood risk by the National Flood Insurance Program (Ige & Case, 2022). 

Increased awareness of flood risks to homeowners and buyers must continue to protect 

people’s lives, longevity of homes, and improve nationwide resilience to present and 

projected flooding. 

Mapping Future Floods for Sea Level Rise and Precipitation  

In 2015, 44th U.S. President Barack Obama signed an executive order that 

established an important Federal Flood Risk Management Standard (Obama, 2015). The 

new national standard requires agencies to integrate emerging rainfall and storm risk 

when using taxpayer dollars to develop and rebuild roads, buildings, and projects near 

floodplains (U.S. Army Corp of Engineers, 2024). Agencies must apply one of three 

approaches to determine future flood dimensions to mitigate long term risks into their 

site, design, and construction, increasing the lifetime value of a federally funded project 

(FEMA, 2024a): 

• Climate Informed Science Approach (CISA) finds flood dimensions using the 

best-available, actionable hydrologic and hydraulic data and methods to address 

present and projected flooding based on climate science. 
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• Freeboard Value Approach (FVA) finds flood dimensions by adding an additional 

61 cm (2 ft) to the base flood elevation for non-critical actions, and 1 m (3 ft) for 

critical actions, where even a slight chance of flooding is too high of a risk. 

• 500-year floodplain defines areas with a 0.2% chance of flooding in any given 

year. 

The Federal Flood Risk Management Standard advances national guidelines to 

identify flood height and width as part of construction and insurance decision making and 

influences cities to modernize their climate building plans. The standard was revoked by 

45th U.S. President Donald Trump during a larger government deregulation campaign 

when 125 environmental procedures and climate policies were rolled back in four years. 

It was reinstated by 46th U.S. President Joseph Biden in 2021, and now encouraged across 

agencies (Bomberg, 2021; U.S. Army Corp of Engineers, 2024).  

Building upon the standards, cites have sophisticated ways to integrate global 

climate and flood modeling into regional flood risk hazard maps. Among the new models 

is Cambridge, Massachusetts’s flood viewer map which projects sea level rise and 

rainfall impacts for over 12,000 properties (Appendix 2). Designed as part of the 2021 

Resilient Cambridge Plan, the 2022 Cambridge flood viewer initiative is a role model for 

cities to assess building-level adaptations, viewable at CambridgeGIS.maps.arcgis.com 

(City of Cambridge, 2021b). These Cambridge flood hazard zones were adopted by the 

Cambridge City Council in 2023 to require new development to meet flood resilience 

standards in Section 22.80 of the Zoning Ordinance (City of Cambridge, 2023c). New 

habitable spaces, including sleeping areas and living spaces, must be designed to protect 

https://cambridgegis.maps.arcgis.com/apps/webappviewer/index.html?id=1d30c73456d246f48daf8489405c6629
https://cambridgegis.maps.arcgis.com/apps/webappviewer/index.html?id=1d30c73456d246f48daf8489405c6629
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the building from flooding up to 2070 100-year storm projections (City of Cambridge, 

2023c). 

Regarded as the first in the United States to project climate change impacts with 

existing stormwater infrastructure, the Cambridge flood viewer combines numerous 

regional features to predict building-level flooding: stormwater pipe capacity, pipe 

conditions, catch basin inlets and restrictions, impervious surfaces, connectivity of drains, 

topography, soil type, groundwater, and land usage (Reinert, 2023; Resilient Cambridge, 

2021). This detailed hydrologic and hydraulic performance can reasonably predict where 

flooding hotspots will occur citywide under future storm conditions (Resilient 

Cambridge, 2021).  

City of Cambridge as a Case Study 

The City of Cambridge is an exemplary location to research residential storm 

adaptions because the government has actively engaged in flood adaptation for over 25 

years (City of Cambridge, 2023a). To reduce flooding concerns across its 18.42 square 

kilometers area—60 % impervious land use—Cambridge invested $532 million so far in 

stormwater systems and public sewage upgrades to handle larger volumes of rainfall from 

combined waste and surface water overflow since 1998 (Jeanty et al., 2024; City of 

Cambridge, 2023a). Residents of Cambridge pay for these systems through utility bills 

labeled water and sewer services charges (Huang et al., 2023).  

Cambridge is also vulnerable to sea level rise. The 2017 Cambridge Climate 

Vulnerability Assessment reported that the two flood barriers around the city, the Amelia 

Earhart Dam and Charles River Dam, will likely be overtopped by sea level rise and 

storm surges around 2045 and 2055, respectively (City of Cambridge, 2017). Current 
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Charles River Dam conditions protect Cambridge against a tidal surge during a 100-year 

storm where the maximum surge height would reach 20 cm (8 in) beneath the dam lip 

(Cambridge Climate Protection Action Committee, 2010). Any increase in sea level—

projected to reach 30 to 49 cm (1 to 1.6 ft) by 2050—will carry a wave over the dam and 

sea water will flood areas of East Cambridge, Boston, North Point, most of MIT campus, 

and southern areas of Harvard Square (Cambridge Climate Protection Action Committee, 

2010). 

The Amelia Earhart Dam is actively undergoing redesign funded by the American 

Rescue Plan to raise its elevation and adjoining land to withstand a 100-year storm up 

through 2070; constructed is anticipated to begin in 2026 (City of Cambridge, 2023b; 

Massachusetts Department of Conservation and Recreation, 2023). Concurrently, the City 

of Boston is considering a Charles River Dam upgrade, and has partnered with the U.S. 

Army Corp of Engineers to study storm risk management of the city’s 75 km (47 mi) 

coastline; researchers are slated to publish recommendations in 2028 alongside the New 

Charles River Dam Planning Assistance project (City of Boston, 2022).  

Meanwhile, there are over 100 dams constructed in the Charles River Watershed 

(Charles River Watershed Association, 2024). Upstream towns of Natick and Wrentham 

are actively removing old, defunct dams to restore river ecosystems, rehabilitate fish 

migration, and mitigate flooding (Charles River Watershed Association, 2024). The 

physical impacts caused by removing upstream dams and erecting downstream ones will 

have to be negotiated. The city has been historically engaged in ongoing advancement of 

climate resiliency projects, and encouraging residents to do the same for private property 

(WoodPLC, 2021). 
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Three Leading Flood Mitigation Strategies for Cambridge Homeowners 

National and municipal flood mitigation guidelines recommend homeowners to 

implement one of three leading strategies to engage with flood preparations: (1) pay the 

cost of repairs after a storm, (2) build resilient homes before a storm, or (3) relocate. 

However, the price to adapt private property is largely assumed by the individual 

(Davlasheridze et al., 2019). Some individuals living in existing floodplains may qualify 

for federal assistance for home repair by applying to the Hazard Mitigation Grant 

Program or home improvement loans (FEMA, 2023c; U.S. General Services 

Administration, 2024).  

Urban residents in Cambridge might negotiate the cost and benefits of retaining a 

way of life with high access to diverse relationships, businesses, cultures, trade, and 

critical opportunities, and desire to shelter in place with construction-based solutions as 

opposed to relocate (Davlasheridze et al., 2019). Households with strong ties and 

meaning to the land, or adults caring for small children and elders may also prefer to 

repair and retrofit homes to rely on local medical care and community services. Each of 

these choices has a different return on investment, explored below. 

Repairing After the Flood 

Cambridge residents who join the National Flood Insurance Program (NFIP) can 

opt to pay and get funding for repairs later after a storm. FEMA provides Hazus Flood 

Assessment Structure Tool (FAST) to calculate residential flood damage to benchmark 

the cost of recovery for different U.S. homes (Floodsmart, 2023). This option affords 

homeowners the time and space to continue their way of life, so long as they have the 

means to cover repair costs.  
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If residents demonstrate the ability to afford flood repairs, this approach provides 

insurance. A best practice for banks and loan organizations could be to require 

homebuyers at the time of their mortgage application to evaluate repair affordability 

when purchasing a home in a current or future floodplain. Repair costs entail both the 

price to fix damaged property and possessions, including vehicles, electronics, furniture, 

clothing, and artwork.  

The recent severity and recurrence of storms could trigger costly repairs. Over 

time, a 10-year annual storm that has a 10% chance of happening any given year may 

recur enough to topple the affordability of a home located in expanding floodplains 

(Kirshen et al., 2008). To find the total cost of flood repair, homeowners should calculate 

the expected annual damage (EAD), the cost to cover storm damage by a probability of 

recurrence over time.  

An expected annual damage is the expense incurred in any given year if the 

damage from all flood hazard probabilities and magnitude were evenly distributed over 

time. Not every year incurs a flood damage cost, and some years homeowners will 

experience high damage or low damage, but overall, cumulative damage cost is expected 

over time (Colorado Department of Natural Resources, 2020). For example, every flood 

hazard across the U.S. can be plotted with an associated damage cost ($) with the event 

(Figure 7). Figure 7 illustrates that each year economic damage is plotted, expenses vary 

annually.  

Those same values can be ranked in order from the largest to smallest damage 

(Figure 8). The annual exceedance probability is the percent chance a storm of that 
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magnitude or less may occur in any given year (Colorado Department of Natural 

Resources, 2020). Figure 8 demonstrates how likely a storm of a certain damage was.  

 

Figure 7. 1920–2020 total U.S. flood damage by year. 

Note. The time series illustrates that damage cost is variable each year based on storm 
probability (Colorado Department of Natural Resources, 2020).  

 

Figure 8.  1920–2020 Total U.S. flood damage by probability. 

Note. The probability series illustrates flood costs from most to least damaging, where in 
general, the most expensive storms are the most rare (Colorado Department of Natural 
Resources, 2020). 
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From there, we can plot a curve—the damage probability curve—to connect the 

dollar amount of a damage to its annual likelihood (Figure 9).    

 

Figure 9.  Expected annual damage curve using limited damage data. 

Note. With just a few available data points for a particular location or storm, you can 
still plot those points to construct a damage-probability relationship (Colorado 
Department of Natural Resources, 2020).  

Often, expected annual damages can be built from a single event’s damage cost 

and its probability. Figure 9 illustrates an expected annual damage curve by plotting the 

$1 million cost from one 100-year flood (marked as 1%). You can assume there are many 

more probabilities and damage costs, which means a true calculation of expected annual 

damages sums all probabilities and associated costs (Colorado Department of Natural 

Resources, 2020). You can estimate the more complete expected annual damage value by 

conceptualizing lots of slices of data under the curve and adding them together (Figure 

10).  
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Figure 10.  Expected annual damage curve. 

Note. In this conceptual example, the expected annual damage (area under the curve) is 
$5 million, five times higher than the plotted 100-year storm damage of $1 million 
(Colorado Department of Natural Resources, 2020).  

 The expected annual damage is derived by finding the area under the damage 

probability curve (Figure 10). In other words, you are summing the damage costs and 

probabilities over time to account for the damages from multiple probability levels. In 

this case, the expected annual damage from flooding is $5 million, five times higher than 

the historic data of one 100-year storm costing $1 million. The expected annual damage, 

summarized in Figure 11, is essential to represent the full range of storm magnitudes and 

offers a more complete estimate of financial impacts to a mitigation budget. 
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Figure 11.  Expected annual damage curve and the damage-probability curve. 

Note. The expected annual damage cost is measured by finding the area underneath the 
damage probability curve by plotting storm damage costs and its annual recurrence 
probability (Foudi, 2015).  

Retrofitting Before the Flood 

Residents may want to opt to invest in capital projects that retrofit their homes to 

reduce future costs of flooding. The City of Boston requires new construction to protect 

buildings up to 2070 10-year storm levels and anticipate repairs for 2070 100-year storms 

(Coastal Flood Resilience Overlay District, 2021). Among retrofit techniques, the 

prominent path is elevation—hoisting homes on stilts or floodproof foundations above 

base flood elevations to rise above the tides, resembling the floating city of Venice, Italy 

(Figure 12) (FEMA, 2014).  
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Figure 12.  Retrofit: home elevation on stilts and floodproof foundations. 

Note. Elevation helps mitigate flooding in residential buildings by designing living 
quarters and utility equipment above flood levels (FEMA, 2014). 

Elevation prevents water from entering living spaces, while preserving space 

underneath for storage, steps, or parking. This adaptation commonly applies to new 

developments witnessed across Cambridge but can support the remodeling of existing 

buildings. Costs depend on building type, house condition, electrical and plumbing, 

permits, and location (Aerts, 2018). National recommendations are to move the ground 

floor above base flood elevation (BFE) of 100-year storms (FEMA, 2023b). Cambridge 

homeowners follow the City’s Zoning Ordinance that endorses elevating living quarters 

above 2070 10-year annual flood elevations (Figure 13). Therefore, any cost projections 

should calculate retrofit costs to raise homes 1 m (3 ft) above the 2070 100-year storm to 

maximize protection (de Ruig et al., 2020). 
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Figure 13.  Cambridge flood adaptation requirements for buildings. 

Note. New building are designed to protect habitable spaces from floods above 2070 
annual storm projections (City of Cambridge, 2021b).  

Relocation Beyond Flood Zones 

Relocation is the third and final recommended option for homeowners. Across the 

United States, individuals are making tough decisions to leave behind their home to seek 

safer ground from recurring storms (FEMA, 2022a). In 2022, President Biden launched a 

community-driven relocation subcommittee under the National Climate Task Force to 

explore partnerships for voluntary movement outside of floodplains (FEMA, 2022a). 

Relocation cost is based on the value of land left behind, plus the cost of moving and real 

estate fees. Prices vary based on the number of bedrooms and distance of moving, among 

others (Snow, 2024). This choice saves low elevation coastal and inland homes from 

permanent inundation (Hauer et al., 2019).  

Relocation can provide peace of mind from moving outside of floodplains and 

reinvent life outside of harm’s way. Increased storm surges has driven entire 

communities away in search for potable water and arable land (Hauer et al., 2019). Those 
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who are most likely to move are “healthy, skilled, working-age adults” who have agility 

to adapt to disruptions in life and best absorb the financial costs from big change (Hauer 

et al., 2019). A house that is left behind should ideally be demolished and transformed 

into natural space to add a benefit to absorb additional stormwater and reduce flooding. 

One tried technique to incentivize relocation is federal and state buyout programs 

which help communities purchase flood-prone properties, remove buildings, and convert 

the land into recreational areas, usually activated after a major storm (Pew Charitable 

Trusts, 2022). The federal government distributes available funds to states and localities 

to buy from willing sellers through FEMA, the Department of Housing and Urban 

Development, and others, to reduce further damage from future storms (Pew Charitable 

Trusts, 2022). In the United States, 40,000 voluntary buyouts have occurred since 1989 

(Mach, 2019).  

Managed relocation has been successful with smaller populations and strong 

centralized planning (Peterson, 2019), and market-based interventions may make sense 

for private property owners. On the other hand, forced relocation has strong failure rates 

due to rejection of authority, limited regulations, and ad hoc, self-reliant relocation 

strategies (Marlow & Sancken, 2017). Residents may associate honor in defending homes 

in the face of a disaster and shame with losing them (Siders, 2019). Even in flood-prone 

areas where relocation is desired by residents, public officials have reported that buyout 

assistance is too slow, limited, and challenging to access (Pew Charitable Trusts, 2022). 

Low-income communities tend to be disproportionately vulnerable to climate disasters 

due to high prices of moving, and require more robust, accessible buyout programs 
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(Siders, 2019). Overall, U.S. homeowners who initiate relocation experience the highest 

satisfaction by pursuing it themselves.  

A second tool to manage gradual relocation is Transfer of Development Rights 

(TDR), a zoning technique that permanently protects land from future development and 

growth by sending the development that would have taken place on this land to a 

designated receiving area (Pennsylvania Land Trust Association, 2019). Typically used to 

preserve spaces with cultural or ecological value, a TDR can be provided by a 

municipality or land trust to a landowner by compensating the individual from selling 

that land and restricting its usage (Pennsylvania Land Trust Association, 2019). These 

landowners can choose under municipal zoning to forfeit the right to develop their land 

and sell these rights to another person or real estate development to use at a different 

location (Pennsylvania Land Trust Association, 2019). The remaining land is 

permanently protected through a conservation easement or a restrictive agreement 

(Pennsylvania Land Trust Association, 2019) 

A third initiative for relocation is for cities to establish stronger regulations that 

reduce development in floodplains and encourage property owners to move. Best 

practices exist to restrict new development but are less developed for relocating existing 

occupants and require further analysis. In Virginia, for example, the City of Norfolk 

updated its zoning ordinance to account for climate flooding data and created a scoring 

system that encourages development in safer areas (Wright, 2019). In North Carolina, the 

City of Brevard set a no-adverse-impact certification aimed to regulate construction in 

floodplains so buildings do not lead to flood problems for downstream neighborhoods 

(Wright, 2019). And in Fort Collins, Colorado, the city enacted a law that limits the 
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amount and type of development in flood-prone areas (Wright, 2019). Sharply decreasing 

development in a flood zone is the first step, and bridging adequate flood prevention with 

relocation is the next step. 

Benefit-cost Analysis for Flood Adaptation Scenarios 

A benefit-cost analysis is frequently used in disaster management research as a 

systemic approach to compare the financial impacts of a project (FEMA, 2023a; WHO, 

2013). The benefit-cost ratio (BCR) is the numerical expression for describing the cost 

effectiveness of a project by comparing the present value of benefits to the present value 

of costs. The equation integrates the time value of money and inflation during the lifetime 

of a project: 

 

where BT is total benefits and CT is total costs over T years, where annual costs and 

benefits are discounted back to present value (Peng & Song, 2018). If BCR is greater 

than one, the project will sufficiently cover its costs and the investment is reasonable; if 

equal to one, it is not necessary to invest in the project; and if less than one, the costs 

outweigh the benefits. The ratio helps gauge the affordability of a project and in turn 

empowers homeowners to pursue what is within their means.  

Several benefit-cost analysis frameworks have been evaluated around the world to 

seek the best flooding response. On a global scale, Tiggeloven et al. (2016) applied a 

flood benefit-cost model by producing a world flood hazard map through year 2100, then 

assessing the expected annual damage from flooding with protective barriers by 

estimating its damage probability curve (Meyer et al., 2009). On a city scale, Peng and 
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Song (2018) charted flood hazards in Miami through year 2100, then utilized a Depth-

Damage Function (DDF) to estimate annual repair damage on an X-Y graph, where X 

was the year of expected storms and Y was the cost of damage (Figure 14). This model 

considered price variations from flooding depth and recurrence by considering building 

type and local real estate value. On a building scale, de Ruig et al. (2020) applied a 

micro-scale BCA that evaluated flood damage in Venice Beach and Naples in Los 

Angeles County. De Ruig et al. (2020) calculated individual property adaptation costs 

and benefits of elevating homes for every 60 cm (2 ft) of flood depth, and used a discount 

rate of 4% (de Ruig et al., 2020). The study was able to determine that home retrofit 

techniques will range between $4,000–$70,000 for homeowners to pay up-front costs, 

which saves up to 33% in repairs (de Ruig et al., 2020). 

The benefit-cost methods of Tiggeloven (2016), Peng and Song (2018), and de 

Ruig et al. (2020) demonstrate that a thorough approach to finding flood adaptation costs 

starts first with creating a flood map for the research scope, then graphing the damage 

cost and storm probability over time to find the expected annual damage. For 

homeowners who lack access to flood risk for their property, flood adaptation benefit- 

cost analysis can help increase the awareness of risk and willingness of individuals to 

protect their homes. These methods informed this research’s approach. 
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Figure 14.  Damage probability curve with depth-damage function.  

Note. The damage probability curve applies the depth damage function to predict annual 
costs of repair from sea level rise and storms (Peng & Song, 2018). 

Research Questions, Hypotheses and Specific Aims 

The central research questions I addressed were: 1) Where and who in the City of 

Cambridge are at the highest risk of flooding by the year 2070? Based on adaptation costs 

and median income, 2) what is the best course of action a homeowner can take to protect 

their home from a major storm? To answer these, I generated a building-level flood 

hazard map and calculated where, how many, and how soon flooding will impact 

Cambridge. Three scenarios were analyzed: (1) repair after the flood, (2) retrofit before a 

flood, and (3) relocate away from floodplains.  

My primary hypotheses were:  
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• 30% of homes will experience up to 5 m (16 ft) depths of flooding during a storm 

within the next 50 years 

• homeowners will save $2 in damage repair for every $1 they spend to elevate a 

home above 2070 100-year storm flood levels 

• homeowners will lose $10 in relocation for every $1 invested in home retrofit 

projects for 2070 100-year storm flood levels 

Specific Aims 

To complete my research, I: 

1. Analyzed the number of properties at risk of floods in Cambridge by mapping 

residential plots against projected hazards of inundation and rainfall in the years 

2022, 2030, and 2070. 

2. Determined five most vulnerable flood areas in Cambridge and identified 15 

residential buildings, their property value, exposure to flooding, and homeowner 

income and demographics in these areas. 

3. Calculated the benefit-cost ratio for a homeowner to repair, retrofit, and relocate 

homes as a median out of pocket expense from 2022–2070.
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Chapter II 

Methods 

I used four core methods to examine the best course of action for coastal and 

inland homeowners to protect their homes from future storms: a flood hazard map, a 

building inventory, a calculator to measure vulnerability, and a benefit-cost analysis 

(Figure 15). Expected annual damage (EAD) from flooding was measured as a 

cumulative cost through year 2070 for a 100-year storm, integrating storm probability 

and recurrence over time.  

 

 

Figure 15.  Flood risk model for the City of Cambridge. 

Note. Adapted by author from de Ruig et al., 2020. 
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The study area was focused on the City of Cambridge, Massachusetts (Figure 12). 

I used the City of Cambridge Base (CCB) datum, a standard elevation measurement used 

by Cambridge that is 3.6 m (11.65 ft) below the North American Vertical Datum 

(NAVD) of 1988 to match the datasets derived from the Resilient Cambridge Plan.  

First, I designed a flood hazard map using ArcGIS software to plot locations of 

hydrologic and hydraulic flooding projected from climate change, demographics, and 

property assessment in Cambridge’s 13 neighborhoods (Figure 16). This located 

neighborhoods most vulnerable to flooding.  

Second, exposure was assessed by collecting features of 15 randomly selected 

homes identified in Cambridge’s five most flooded, residential neighborhoods. A modest 

sample size was chosen to give a rough estimate of damage costs, apportioned from the 

6,000 properties projected to be impacted by flooding in the next 50 years. A statistically 

significant sample size would have been 5% of impacted buildings or 300 properties, 

which was outside the limits of this research. Each property was evaluated by tracking its 

building age, occupancy, value, existence of a basement, and first floor elevation, among 

others.  

Third, vulnerability was calculated using flood repair costs generated by Hazus 

FAST and Annual Expected Damage curves through year 2070.  

Finally, a benefit-cost analysis was applied to compare the price of repair, retrofit, 

and relocation to find the best course of action. Methods are adapted from the Resilient 

Cambridge Plan (2021), de Ruig (2020), Kirshen (2009), and U.S. Department of 

Homeland Security Homeowner’s Manual for Flood Protection (2016). 
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Identifying Study Areas of Highest Flood Risk  

Cambridge, Massachusetts is home to 13 neighborhoods and ranks the tenth most 

densely populated city in the nation (Figure 16). I designed a map that combines house 

locations, property assessment, and residential income and demographics from the EPA 

Environmental Justice Screening and Mapping tool (version 2.2) (EPA, 2023). This was 

layered with a 2022 flood viewer database from the City of Cambridge. Flooding is 

projected at a reasonable, worst-case scenario during a 10-year and 100-year storm and 

sea level rise (BPDA GIS Lab, 2021; City of Boston, 2017). 

 

Figure 16.  Thirteen neighborhoods of Cambridge, MA.  

Note. Varied flood risks are expected in each neighborhood flanked by the Boston 
Harbor (east), Charles River (south), Fresh Pond (west), and Alewife Brook (north). 

The flood hazard map combined flooding datasets from the State of 

Massachusetts and City of Cambridge which predict current and future sea level rise and 
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rainfall events. Flooding from accelerated storms is based on a business-as-usual carbon 

emission scenario (City of Cambridge, 2022). From this map, I identified five residential 

neighborhoods facing the largest areas of flooding by tracing the impact areas and land 

areas per neighborhood using the measuring tool in ArcGIS. 

Categorizing Exposures of Residential Buildings 

From the five identified neighborhoods, I collected a building inventory of 15 

homes in Cambridge, three selected randomly, stratified across each of the five 

neighborhoods. Using Google Street View and the City of Cambridge Property Database, 

I examined features of homes that make buildings prone to flood damage, including the 

building’s age, occupancy, construction style, frame material, foundation material, 

stories, number of bedrooms, existence of a basement, ground floor area, and land value, 

among others (FEMA, 2023d; Xing et al., 2023). This building inventory helped assess 

the exposure of homes to flood repair.  

Important to measuring building exposure is the height of first floor living 

quarters, but this number was excluded from the Cambridge Property Assessment 

database and Red Fin real estate sites. To find this figure, I applied what FEMA 

researchers do by visually estimating a floor elevation using Google Satellite images to 

count the number of front porch steps to reach the front door, where each step is 

estimated to be 12.7 cm (5 in) tall. Results were summarized in an inventory table. 

Calculating Vulnerability Based on Adaptation Costs 

Vulnerability was measured per building by calculating the flood damage repair 

cost using Hazus FAST software. By entering our inventory information, the software 
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generated the cost of storm damage repair for every 0.3 m (1 ft) of flood depth. This 

repair cost was integrated into the Annual Expected Damage curve to seek total repair 

costs through 2070 with a discount rate of 4%. 

The retrofit cost was determined by online market research based on building 

square footage and elevation permit and foundation excavation fees for the year 2022. 

National Flood Insurance Program enrollment was applied to any home built in 2022 

FEMA Special Flood Hazard Areas (SFHA).  

The relocation cost was the sum of assessed land value, real estate fees, and price 

to move inland in Massachusetts state for the year 2022. The median income earned in 

that neighborhood helped determine affordability of each scenario. 

Conducting a Benefit-Cost Analysis for Home Flood Responses 

The fourth and last method was a building-level benefit-cost analysis (BCA) that 

compared the economic efficiency between three homeowner choices: pay for flood 

damage repairs after a storm, retrofit before a storm, or relocate. The BCA was modeled 

with costs and benefit variables for each scenario outlined in Table 1 and 2.  

FEMA recommends that benefits be based on the annualized losses avoided 

during a project life. For retrofit, for example, if the housing elevation lifespan was long 

enough, typically 30 or 50 years, it may be enough to see the benefit from future base 

flood elevations. The benefit of relocation was calculated expressly by the savings from 

avoiding repair and retrofit, vice versa for repair and retrofit. Economic benefits were not 

quantified for the resale of elevating homes and improving buildings as this price was 

ambiguous in current available data.  
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Table 1.  Costs of three home flood adaptation scenarios. 

Repair Retrofit Relocate 
Flood insurance coverage 
if located in a Special 
Flood Hazard Area 
(SFHA) 

Cost to elevate home 1 m 
(3 ft) above 2070 100-year 
storm flood levels in 2022 

Cost to move intrastate in 
2022 

Cost of possession and 
building repair 2022 
through 2070 

 Cost of real estate fee in 
2022 

  Loss of assessed land value 
in 2022 

Data by author and Floodsmart, 2023. 

Table 2.  Benefits of three home flood adaptation scenarios. 

Repair Retrofit Relocate 
Saving from not retrofitting Saving from not relocating Saving from not retrofitting 
Saving from not relocating Saving from not repairing Saving from not repairing 
Flood insurance coverage 
if located in a SFHA 

Flood insurance coverage 
if located in a SFHA 

 

Data by author and Floodsmart, 2023. 



 

38 

 

Chapter III 

Results 

I designed a flood hazard map plotting who, where, and when flooding will 

impact Cambridge. The city borders are defined along the Atlantic coast which will 

experience the world’s greatest sea level rise (Figure 17). Its 13 neighborhoods were 

inputted into the ArcGIS Online software using the City of Cambridge GIS data and 

enhanced by important geological features including local water bodies, Amelia Earhart 

and Charles River Dams, and topography to create the base layer map. My Cambridge 

Flood Map 2022-2070 is interactive and available online for public use (Figure 18). 

 

Figure 17.  2024 City of Cambridge boundaries. 

Note. The study area is marked in a box along the Atlantic coast in eastern 
Massachusetts (Google Maps, 2024). 

https://arcg.is/0T5Lq90
https://arcg.is/0T5Lq90
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Figure 18.  2022–2070 Cambridge flood hazard map. 

Note. Users can access flood impacts and property details by building (image by author). 

Users can zoom into individual properties to examine flood projections, property 

details, and environmental justice index. For example, Harvard Extension School’s 

sustainability thesis preparation course is in the 2 Oxford St block of Cambridge, 

projecting 3 m (10 ft) of flood depth by 2070 100-year storm. Flooding will impact this 

historical property assessed at $1 billion (built in 1900) with 53% ethnic minority 

residents making an approximate median income of $55,270 (Figure 19). 
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Figure 19.  Flood impacts Harvard Extension School classrooms. 

Note. 2 Oxford Street shows a block of $1 billion property with majority minority 
residents and modest income earners slated to experience flooding 

The Environmental Justice Index (EJI) is the first national map that tracks the 

cumulative impacts of environmental burden on public health and social inequity (ASH 

Media, 2023). These data help detect and prioritize areas that may require additional 

resources to improve access flood mitigation plans. The Massachusetts Environmental 

Justice Index layer was imposed to illustrate communities with potential socioeconomic 

vulnerability to flood disasters (Figure 20). Light gray areas illustrate residences with 

majority ethnic and racial minorities, and darker grey areas identify intersectional 

neighborhoods with minority, English as a second language, or low-income earners. The 

darkest gray concentrations combine all three demographics. 
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Figure 20.  Cambridge Environmental Justice Index and FEMA. 

Note. Communities with minority, low income, and English isolation highlighted in 
shades of gray; FEMA special flood hazard areas (100-year flood zones) are clustered 
north). 

The flood hazard map illustrates that highest socioeconomic vulnerability is 

evident in two spots: Cambridge’s Riverside neighborhood (central) and North 

Cambridge (northwest) regions. The northwest is also exposed to FEMA’s special flood 

hazard areas bordering Alewife. These areas include up to 97% racial minorities, one 

third of residents with limited English, and the city’s lowest median annual household 

income at $29,973. In the same neighborhoods are residents earning five times the annual 

income at $166,474, with up to 66% racial minorities, and almost everyone speaks 

English. People of all socioeconomic backgrounds will be impacted by flooding in 

Cambridge. 
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Next, Cambridge tax parcels were added to analyze building values (Figure 21). 

Cambridge is an expensive city, where the median home value in year 2024 is $2.2 

million, and median priced homes exist evenly throughout the city. The most expensive 

buildings are built along the Charles River coastline (est. $21 million property) and inner 

city (over $1 billion) comprised of industries, universities, and private property. 

 

Figure 21.  Cambridge assessed property values.  

Note. City of Cambridge property assessment data shows median valued homes are $2.2 
million and scattered across the city in a dark brick shade. 

Cambridge Flood Viewer data was added as a layer to capture the extent of 

regional flooding from projected sea level rise and rainfall events during a 10-year and 

100-year storm (Figures 22-27).  Each is overlayed with Environmental Justice Index and 

Property Data layers. 
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Figure 22.  2022 10-Year Storm Cambridge flood projection. 

 

Figure 23.  2022 100-Year Storm Cambridge flood projection. 
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Figure 24.  2030 10-Year Storm Cambridge flood projection.  

 

Figure 25.  2030 100-Year Storm Cambridge flood projection.  
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Figure 26.  2070 10-Year Storm Cambridge flood projection. 
 

 

Figure 27.  2070 100-Year Storm Cambridge flood projection. 
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Figures 22-27 show the increasing flood damage anticipated across Cambridge. 

Under 2022 conditions, Cambridge projects that both Amelia Earhart and Charles River 

Dams will overflow with sea level rise and storm surge events, flooding 5,879 parcels 

within the next 50 years (City of Cambridge, 2022). 

Table 3 summarizes the flood projections and depth calculations from six storm 

scenarios. In 2022, the median flood depth during a 100-year storm is 0.3 m (1 ft) with a 

margin of 6 cm (0.2 ft) error, impacting 27% of Cambridge. By 2030, flooding will 

impact 34% of Cambridge. By 2070, median flooding may reach 0.7 m (2.4 ft) with a 

margin of 3 cm (0.1 ft) error, impacting 45% of Cambridge (Figure 28). 

By using the flood hazard map measuring tool, I recorded the surface area of 

future flooding, and analyzed that Cambridge has six most vulnerable neighborhoods to 

flooding: Cambridge Highlands, Area 2, Wellington-Harrington, The Port, East 

Cambridge, and Cambridge Port (Table 4). All locations anticipate 50% to 97% of their 

properties to flood in less than 50 years (Table 4). Flooding will affect the city’s 

wealthiest residents to its poorest, inclusive of all races and English language proficiency. 

Massachusetts of Technology Institute’s Area 2 neighborhood contains industrial, 

academic, dormitory, and corporate buildings that are not owned by median income 

earners of Cambridge. To narrow this scope of research to homeowners, I removed Area 

2 from the benefit-cost analysis.
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Figure 28.  2070 100-Year Storm Cambridge parcels flood projection by depth. 

Note. Flood inundation ranges from 0 to over 5 m (0 to 16 ft) across Cambridge properties, with the most common flood depths 
between 61 to 91 cm (2 to 3 ft). 
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Table 3.  Six storm scenarios’ flood areas and depths. 

Storm 
Scenario 

24-
Hour 
Rain 
Fall 
(in) 

# 
Flooded 
Parcels 

% 
Parcels 
Flooded 

Median 
Minimum 
Ground 
Elev. (ft) 

Median 
Maximum 
Ground 
Elev. (ft) 

Median 
Flood 
Depth 
(ft) 

Median 
Minimum 
Flood 
Depth (ft) 

Median 
Maximum 
Flood 
Depth (ft) 

Standard 
Deviation 

Z 
Score 

Margin 
of 
Error 

2022 10-
year  

4.9 681 5% 18.4 21.6 19.7 -1.9 1.3 3.7 0.5 0.1 

2030 10-
year  

5.6 1,239 10% 19.0 22.0 20.3 -1.7 1.3 4.5 1.5 0.2 

2070 10-
year    

6.4 2,800 22% 19.6 22.4 21.9 -0.5 2.3 3.8 0.7 0.1 

2022 1 %  8.9 3,566 27% 20.5 22.9 21.5 -1.4 1.0 5.4 2.2 0.2 
2030 100-
year  

10.2 4,378 34% 20.8 23.3 21.8 -1.5 1.0 5.7 2.6 0.2 

2070 100-
year 

11.7 5,879 45% 21.1 23.8 23.5 -0.3 2.4 5.0 2.1 0.1 

Data by author and City of Cambridge, 2022. 
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Table 4.  Projected flooding by neighborhood in 2070 100-year storm. 

Neighborhood 
Land Area 
(acre) 

Land Area  
(sq mi) 

Flood Area 
(sq mi) 

% Area 
Flooded 

Cambridge Highlands 189 0.30 0.29 97% 
Area 2/MIT 242 0.38 0.31 82% 
Wellington-Harrington 152 0.24 0.16 67% 
The Port 191 0.30 0.2 67% 
East Cambridge 405 0.63 0.42 67% 
Cambridge Port 338 0.53 0.34 64% 
Riverside 202 0.32 0.16 50% 
North Cambridge 550 0.86 0.33 38% 
Neighborhood Nine 410 0.64 0.13 20% 
West Cambridge 679 1.06 0.2 19% 
Baldwin 192 0.30 0.04 13% 
Strawberry Hill 224 0.38 0.04 11% 
Mid-Cambridge 293 0.46 0.04 9% 

By 2070, six neighborhoods will flood over 50% of land area (data by author and City of 
Cambridge, 2022). 

Exposure of Cambridge Buildings 

 I zoomed into residential buildings across the five most impacted neighborhoods 

to assess the homeowner exposure to flooding. Three homes from each neighborhood 

were selected, totaling 15 sites (Figure 29). My flood hazard map and the Cambridge 

Property Assessment database produced details for each site in the year 2022. Google 

Satellite View produced 15 images to visually identify a home’s construction type, frame, 

and foundation material. The homes are spread across different streets to represent a 

diverse occupancy level, single to multiple stories, age, material, condition, and 

elevation. The building inventory is summarized in Table 5. 
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Figure 29.  Fifteen Cambridge residential buildings. 

Note. Homes randomly selected from five most vulnerable Cambridge neighborhoods 
projected to flood by 2070 (image by author and Google Satellite, 2024).  

None of the buildings exist in the FEMA special hazard flood area, so I assumed 

them to be unenrolled in national flood insurance. Though insurance was not required, 

Red Fin real estate websites detail each property’s estimated flood insurance costs, 

reported in Tables 5 to 8.
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Table 5.  Building inventory: flood project, demographics, and assessed value. 

St # St Name 

2070 100-year 
Flood Depth 
Range (ft) 

Minority 
(%) 

Limited 
English 
(%) 

Median 
Household 
Income ($) 

Current Building 
Assessed Value Land Value 

603 Concord Ave 0-7.3 42% 8% $      102,417 $    32,811,100 $ 8,731,400 
27 Normandy Ter. 0-4.3 42% 8% $      102,417 $      1,040,100 $     602,300 
17 Smith Pl 1.3-3.3 42% 8% $      102,417 $         897,200 $     481,700 
88 Sixth St 3.2-4.2 40% 1% $      107,500 $      1,456,200 $     659,900 
164 Charles St 0-2.3 46% 0% $      157,946 $      1,161,900 $     723,100 
75 Winter St 0.6-1.6 na na na $         955,700 $     627,500 
22 Harding St 1.3-2.3 na na na $         944,600 $     594,100 
12 Plymouth St 0.3-1.3 na na na $      1,087,300 $     616,000 
36 Webster Ave 3.2-4.2 43% 2% $      148,304 $      1,190,000 $     697,500 
36 Essex St 0-0.8 50% 9% $        63,458 $      1,145,700 $     711,300 
167 Windsor St 3.3-4.3 53% 2% $      110,682 $      1,479,000 $     814,200 
6 Eaton St 4.3-5.3 62% 0% $      107,692 $         874,600 $     708,100 
172 Pleasant St 0-3.6 28% 1% $      141,933 $      1,974,400 $     918,200 
205 Green St 0.5-2.5 53% 12% $        84,779 $      3,010,900 $     983,600 
112 Magazine St 1.5-2.5 35% 4% $      104,875 $      1,913,400 $     944,500 

Data by Cambridge Flood Viewer, Environmental Justice Index, Cambridge Property Database, and author.
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Table 6.  Building inventory: occupancy and area. 

St # St Name Occupancy Class 
Living Area 
(sq ft) 

Ground Floor 
(sq ft) 

Basement  
(sq ft) 

603 Concord Ave RES3F - Multi Family Dwelling - 50+ Units 56,976 15,996 0 
27 Normandy Ter. RES3A - Multi Family Dwelling Duplex 1,216 1,216 1,175 
17 Smith Pl RES1 - Single Family Dwelling 2,605 1,000 0 
88 Sixth St RES1 - Single Family Dwelling 1,620 740 740 
164 Charles St RES3A - Multi Family Dwelling Duplex 1,680 840 840 
75 Winter St RES1 - Single Family Dwelling 1,280 512 512 
22 Harding St RES3A - Multi Family Dwelling Duplex 1,716 780 780 
12 Plymouth St RES1 - Single Family Dwelling 1,520 708 486 
36 Webster Ave RES1 - Single Family Dwelling 1,560 826 734 
36 Essex St RES1 - Single Family Dwelling 1,463 649 651 
167 Windsor St RES3C - Multi Family Dwelling - 5-9 Units 1,817 817 795 
6 Eaton St RES3A - Multi Family Dwelling Duplex 1,668 725 725 
172 Pleasant St RES3B - Multi Family Dwelling 3-4 Units 1,009 1,009 0 
205 Green St RES3C - Multi Family Dwelling - 5-9 Units 6,234 1,671 1,257 
112 Magazine St RES1 - Single Family Dwelling 1,566 837 837 

Data by FEMA, 2022b and City of Cambridge, 2024.
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Table 7.  Building inventory: age, unit, flood insurance coverage. 

St # St Name Year Built # Units 
Special Flood 
Hazard Area 

Flood Insurance 
(Redfin) 

Flood Insurance 
Enrollment 

603 Concord Ave 2013 61 no  no 
27 Normandy Ter. 1969 2 no $508 to $851 no 
17 Smith Pl 1900 1 no $750 to $7588 no 
88 Sixth St 1902 1 no $508 to $851 no 
164 Charles St 1854 2 no  no 
75 Winter St 1843 1 no $473 to $860 no 
22 Harding St 1873 2 no $508 to $851 no 
12 Plymouth St 1886 1 no $508 to $851 no 
36 Webster Ave 1902 1 no $508 to $851 no 
36 Essex St 1873 1 no $508 to $851 no 
167 Windsor St 1920 6 no $435 to $905 no 
6 Eaton St 1854 2 no $508 to $851 no 
172 Pleasant St 1894 3 no  no 
205 Green St 1900 0 no $435 to $905 no 
112 Magazine St 1873 1 no  no 

Data by FEMA, 2022b and City of Cambridge, 2024.
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Table 8.  Building inventory: first floor elevation and construction. 

St # St Name 
1st Floor 
Elevation (ft) Exterior Material Building Frame Foundation Type Construction Type 

603 Concord Ave 12 Frame Clapboard Concrete 1-Pile Apartment 
27 Normandy Ter. 1.25 Wood Shingle Wood Frame 4-Basement Average - 1 story 
17 Smith Pl 0.5 Wood   Wood Frame 7-Slab Economy - 3 story 
88 Sixth St 3 Frame Clapboard Wood Frame 4-Basement Average - 3 story 
164 Charles St 1.25 Aluminum Vinyl Wood Frame 4-Basement Average - 3 story 
75 Winter St 1.25 Frame Clapboard Wood Frame 4-Basement Average - 3 story 
22 Harding St 1.67 Wood Shingle Wood Frame 4-Basement Average-3 story 
12 Plymouth St 2.08 Wood Shingle Concrete / Wood Frame 4-Basement Average-3 story 
36 Webster Ave 4 Aluminum Vinyl Concrete/wood 4-Basement Average-3 story 
36 Essex St 3.75 Wood Shingle Wood Frame 4-Basement Average-3 story 
167 Windsor St 3.33 Frame Clapboard Brick/wood 4-Basement Average-3 story 
6 Eaton St 2.08 Aluminum Vinyl stone/wood 4-Basement Average-3 story 
172 Pleasant St 1.67 Frame Clapboard Concrete/wood 7-Slab Apartment 
205 Green St 2.92 Brick Masonry 4-Basement Apartment 
112 Magazine St 3.33 Frame Clapboard stone/wood 4-Basement Custom-2 story 

Data by FEMA, 2022b and City of Cambridge, 2024, and author
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The inventory demonstrated that Cambridge’s residential buildings are old (built 

more than 50 years ago), wood frame construction (not floodproof), with basements 

(vulnerable to flooding). Building occupancy is diverse ranging from single family homes 

to 61-unit apartments, and hovers around 40% minority residents, large English 

proficiency, earning $63,000 to $157,000 a year. Property values are high. The cheapest 

single-family home of 0.03 acres (1,600 sq ft) assessed at over $874,000 and its land an 

additional $708,000. 

Financial Vulnerability to Flooding 

I calculated the financial vulnerability of homes to flooding by tracking the cost 

of three flood adaptations per building: to repair, to retrofit, and to relocate. 

Repair Cost 

To find repair costs, I applied the 15 building inventory data into FEMA’s Hazus 

FAST software (Appendix 3) collaborating with a FEMA researcher. They created 

Universal Transverse Mercator (UTM) tiff files for flood levels 0.3 m through 3 m (1 ft 

to 10 ft) of projected flood elevation for Cambridge. I uploaded these custom tiffs into the 

Hazus Tool along with field details outlined in Appendix 3. The flood type was 

considered “riverine” and analysis type “standard.” This generated 150 unique repair 

costs per building for every 0.3 m (1 ft) depth of flooding expected by storms from 2022 

through 2070, graphed in Figure 30 (data presented as a table in Appendix 4). 
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Figure 30.  Projected repair cost for 15 buildings by flood depth. 

Note. Repair cost increases for all buildings through 2070 except for 112 Magazine St 
which avoids flooding (image by author). 

Next, FAST results were applied to Depth Damage graphs per building, to 

integrate storm probability for one year by flood depth (Figure 31). In reality, these costs 

may be steeper, as each storm event adds a flooding cost to the last event’s damage, 

however, to keep this analysis simple, I focused on this linear increase of building 

damage costs by flood depth.  
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Figure 31.  Depth damage curve of 15 buildings by flood depth. 

Note. 36 Webster Ave is especially vulnerable to recurring repair costs through 2070, 
costing $1.2 million (data by author). 

I extracted three repair costs per storm year (2022, 2030, and 2070) and applied a 

4% discount to future storms (2030 and 2070) (Appendix 5). Damage repair costs and 

storm years were plotted on an X-Y graph where X is the year and Y is the cost. I 

calculated the area under each curve to find the total, discounted repair cost over the next 

48 years. The formulas were used below, 

Damage cost 2022 = (0.1-0.01) *(D1-D2) *50%+(0.1-0.01) *D2 

Damage cost 2030 = (0.09 *(D3-D4) *50%+0.09 *D4) / 1.04^ (2030-2022) 

Damage cost 2070 = (0.09 *(D5-D6) *50%+0.09 *D6) / 1.04^ (2070-2022) 
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The term (0.1-0.01) calculates the probability of storms occurring in any given 

year, and D1 through D6 equals the six repair costs during storm scenarios 2022 10-year 

and 100-year storm, 2030 10-year and 100-year storm, and 2070 10-year and 100-year 

storm, respectively. Appendix 5 summarizes the cost for a homeowner to live where they 

are until the year 2070. The cost of repair for the 15 homes proved variable, ranging from 

$2,876 to $373,216 (Appendix 5). 

Retrofit Cost  

To find retrofit costs, I researched online market prices for 2022 and 2020 U.S. 

national residential building elevation prices, assuming the homeowner upgrades their 

home today (Table 9). The retrofit cost assumed no flood insurance benefit, regional 

adjustment (not available), or the cost of foundation repair. The results were calculated 

by multiplying the cost of elevation found online on construction and home remodeling 

project sites by the base flood elevation for 2070 100-year storm plus 1 m (3 ft) and the 

living area and adding the cost of an elevation permit and foundation excavation. The 

cost of retrofit for the 15 homes ranges from $6,850 to $103,352 (Table 9). 
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Table 9.  Projected retrofit costs for 15 buildings. 

St 
# St Name 

2070 
100-year 

storm 
Max. 
Flood 

Depth (ft) 

BFE = 
Flood 

Depth +  
3 ft 

1st Floor 
Elevation 

(ft) 

1st Floor 
Elevation 

– BFE 
(ft) 

Flood 
Elevation 
Required 

(ft) 

Elevation 
Fee 

(1ft/sq ft) 

Living 
Area 
(sq ft) 

Permit 
Fee 

Foundation 
Excavation 

Fee 
Retrofit 

Cost 
603 Concord Ave 7.3 10.3 12.0 -1.7 0.0 6 56,976 3,750 3,100 6,850 
27 Normandy Tr. 4.3 7.3 1.3 6.05 6.1 6 1,216 3,750 3,100 51,356 
17 Smith Pl 3.3 6.3 0.5 5.8 5.8 6 2,605 3,750 3,100 97,504 
88 Sixth St 4.2 7.2 3.0 4.2 4.2 6 1,620 3,750 3,100 47,674 
164 Charles St 2.3 5.3 1.3 4.05 4.1 6 1,680 3,750 3,100 48,178 
75 Winter St 1.6 4.6 1.3 3.4 3.4 6 1,280 3,750 3,100 32,578 
22 Harding St 2.3 5.3 1.7 3.6 3.6 6 1,716 3,750 3,100 44,224 
12 Plymouth St 1.3 4.3 2.1 2.2 2.2 6 1,520 3,750 3,100 27,096 
36 Webster Ave 4.2 7.2 4.0 3.2 3.2 6 1,560 3,750 3,100 36,802 
36 Essex St 0.8 3.8 3.8 0.0 0.0 6 1,463 3,750 3,100 7,289 
167 Windsor St 4.3 7.3 3.3 4.0 4.0 6 1,817 3,750 3,100 50,131 
6 Eaton St 5.3 8.3 2.1 6.2 6.2 6 1,668 3,750 3,100 69,100 
172 Pleasant St 3.6 6.6 1.7 4.9 4.9 6 1,009 3,750 3,100 36,696 
205 Green St 2.5 5.5 2.9 2.6 2.6 6 6,234 3,750 3,100 103,352 
112 Magazine St 2.5 5.5 3.3 2.2 2.2 6 1,566 3,750 3,100 27,239 

Data by author and elevation fees by Durante, 2020 and Miguelez, 2022. 

. 
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Relocation Cost  

To find relocation costs, I assumed homeowners would move today in advance of 

a storm, selling their property and leaving behind their lucrative land for another home 

intrastate in Massachusetts. I also presumed that their new property costs equal to their 

sold home, and the moving distance was not differentiated between homeowners. None 

of the homes are ostensibly enrolled in flood insurance; if they were, FEMA relocation 

assistance may cover private home moving costs during a declared national emergency 

(disasterassistance.gov). The Hazard Mitigation Grant also provides moving costs for 

tribal nations to acquire homes in hazard prone areas to relocate to safer areas after a 

major disaster declaration. 

I used a moving calculator to compare cheapest moving fees intrastate between 

Massachusetts vendors in 2022. The average cost to hire full-service movers is based on 

distance, cost/hour, and home size (number of bedrooms), summarized in Appendix 6. 

The total relocation cost (Table 10) shows the major monetary loss homeowners would 

experience when moving out of greater Boston, ranging from $532,672-$10,553,094. If 

the relocation was funded by FEMA, they require the title be changed to prohibit future 

development in the floodplain and allow only land use without human habitation such as 

green spaces and parks. This successfully removed the risk of shifting disaster risk to new 

owners. Should the city or local organizations offer a Transfer of Development Right, 

there may be further financial incentives for protecting a floodplain from human 

occupancy. 
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 Table 10.  Projected relocation costs for 15 buildings. 

St # St Name Land Value 
# 

Bedrooms 
Cost to Move 

Intrastate 
Realtor Fee 
(5.45% MA) Relocation Cost 

603 Concord Ave $        8,731,400 61 $                      549 $                      1,788,205 $             10,553,094 
27 Normandy Ter. $           602,300 4 $                   2,353 $                           56,685 $                  661,338 
17 Smith Pl $           481,700 3 $                   2,075 $                           48,897 $                  532,672 
88 Sixth St $           659,900 3 $                   2,075 $                           79,363 $                  741,338 
164 Charles St $           723,100 6 $                      549 $                           63,324 $                  789,718 
75 Winter St $           627,500 3 $                   2,075 $                           52,086 $                  681,661 
22 Harding St $           594,100 3 $                   2,075 $                           51,481 $                  647,656 
12 Plymouth St $           616,000 3 $                   2,075 $                           59,258 $                  677,333 
36 Webster Ave $           697,500 4 $                   2,353 $                           64,855 $                  764,708 
36 Essex St $           711,300 4 $                   2,353 $                           62,441 $                  776,094 
167 Windsor St $           814,200 4 $                   2,353 $                           80,606 $                  897,159 
6 Eaton St $           708,100 4 $                   2,353 $                           47,666 $                  758,119 
172 Pleasant St $           918,200 6 $                      549 $                         107,605 $               1,029,099 
205 Green St $           983,600 6 $                      549 $                         164,094 $               1,150,988 
112 Magazine St $           944,500 2 $                   1,003 $                         104,280 $               1,049,783 

Data by author, City of Cambridge, 2024 and Snow, 2024. 
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Benefit-Cost Analysis 

 A micro-scale benefit-cost analysis was conducted for 15 buildings by comparing 

the repair, retrofit, and relocation costs (Table 11). All costs were divided by the retrofit 

price. The median ratio was 0.4 for repair to retrofit, meaning it is better to repair than 

retrofit in Cambridge, costing 40 cents to repair a home after a storm for every 1$ spent 

elevating before a storm (Table 12). Opposingly, the median ratio was 17.9 for retrofit to 

relocation, meaning it is better to retrofit than relocate, costing $17 to move for every $1 

spent on retrofitting. Overall, despite the large variability of flood adaptation costs for 15 

buildings, current repair costs can be almost 60% more affordable than the option to 

retrofit, and moving out of the city is financially discouraged.  

Table 11.  2022–2070 projected flood adaptations costs for 15 buildings. 

Properties Repair Retrofit Relocate 
603 Concord Ave $ 204,236.00 $     6,850.00 $10,553,093.95 
27 Normandy Ter. $   16,848.00 $   51,355.60 $    661,338.45 
17 Smith Pl $   19,177.00 $   97,504.00 $    532,672.40 
88 Sixth St $ 110,140.00 $   47,674.00 $    741,337.90 
164 Charles St $   19,782.00 $   48,178.00 $    789,717.55 
75 Winter St $     2,876.00 $   32,578.00 $    681,660.65 
22 Harding St $   32,433.00 $   44,224.48 $    647,655.70 
12 Plymouth St $     4,657.00 $   27,096.40 $    677,332.85 
36 Webster Ave $ 373,216.00 $   36,802.00 $    764,708.00 
36 Essex St $   30,082.00 $     7,288.90 $    776,093.65 
167 Windsor St $ 119,467.00 $   50,130.94 $    897,158.50 
6 Eaton St $ 193,271.00 $   69,099.76 $    758,118.70 
172 Pleasant St $   10,273.00 $   36,696.22 $ 1,029,098.80 
205 Green St $   14,980.00 $ 103,352.32 $ 1,150,988.05 
112 Magazine St $                - $   27,239.32 $ 1,049,783.30 
Median $   19,782.00 $   44,224.48 $    764,708.00 
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Table 12.  Projected flood adaptations costs divided by retrofit cost. 

Properties Repair Retrofit Relocate 
603 Concord Ave 29.8 1.0 1540.6 
27 Normandy Ter. 0.3 1.0 12.9 
17 Smith Pl 0.2 1.0 5.5 
88 Sixth St 2.3 1.0 15.6 
164 Charles St 0.4 1.0 16.4 
75 Winter St 0.1 1.0 20.9 
22 Harding St 0.7 1.0 14.6 
12 Plymouth St 0.2 1.0 25.0 
36 Webster Ave 10.1 1.0 20.8 
36 Essex St 4.1 1.0 106.5 
167 Windsor St 2.4 1.0 17.9 
6 Eaton St 2.8 1.0 11.0 
172 Pleasant St 0.3 1.0 28.0 
205 Green St 0.1 1.0 11.1 
112 Magazine St 0.0 1.0 38.5 
Median 0.4 1.0 17.9 

 

Nine of the 15 properties cost less to wait for a major storm to arrive in 2070 and 

repair later, rather than retrofit today. All nine buildings are located at 5.7 m (19 ft) 

altitude or higher, and five of the buildings would not start flooding until 2070 100-year 

storm conditions (Appendix 7). Median flooding will be 0.8 m (2.5 ft) deep for these 

homes in 2070, and median first floor elevation is low at 0.5 m (1.7 ft) (Appendix 7). 

The remaining six out of 15 properties show retrofit is cheaper than repair costs; a 

homeowner might spend a median of $1 for elevating a home for every $3.46 spent on 

home repair (Appendix 7). Upgrading homes can be the better choice depending on 

unique home exposures. All six of these buildings shared commonalities including that 

most properties were located at less than or equal to 5.7 m (19 ft) altitude (Appendix 7). 

Median flooding will be 1.3 m (4.3 ft) deep for these homes, and median first floor 

elevation was twice as tall as the other group at 1 m (3.5 ft) (Appendix 7).  
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Finally, I divided the total benefit by total cost for the three flood adaptations to 

measure the benefit-cost ratio (Table 13 and 14).  

Table 13.  2022–2070 projected flood adaptations benefit for 15 buildings. 

Properties Repair Retrofit Relocate 
603 Concord Ave $      10,559,944 $      10,757,330 $       211,086 
27 Normandy Ter. $           712,694 $           678,186 $         68,204 
17 Smith Pl $           630,176 $           551,849 $       116,681 
88 Sixth St $           789,012 $           851,478 $       157,814 
164 Charles St $           837,896 $           809,500 $         67,960 
75 Winter St $           714,239 $           684,537 $         35,454 
22 Harding St $           691,880 $           680,089 $         76,657 
12 Plymouth St $           704,429 $           681,990 $         31,753 
36 Webster Ave $           801,510 $        1,137,924 $       410,018 
36 Essex St $           783,383 $           806,176 $         37,371 
167 Windsor St $           947,289 $        1,016,626 $       169,598 
6 Eaton St $           827,218 $           951,390 $       262,371 
172 Pleasant St $        1,065,795 $        1,039,372 $         46,969 
205 Green St $        1,254,340 $        1,165,968 $       118,332 
112 Magazine St $        1,077,023 $        1,049,783 $         27,239 
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Table 14.  2022–2070 benefit-cost ratio of flood adaptations for 15 buildings. 

Properties Repair Retrofit Relocate 
603 Concord Ave 52 1570 0.02 
27 Normandy Ter. 42 13 0.10 
17 Smith Pl 33 6 0.22 
88 Sixth St 7 18 0.21 
164 Charles St 42 17 0.09 
75 Winter St 248 21 0.05 
22 Harding St 21 15 0.12 
12 Plymouth St 151 25 0.05 
36 Webster Ave 2 31 0.54 
36 Essex St 26 111 0.05 
167 Windsor St 8 20 0.19 
6 Eaton St 4 14 0.35 
172 Pleasant St 104 28 0.05 
205 Green St 84 11 0.10 
112 Magazine St - 39 0.03 

 

 

Repair and retrofit resulted in benefit-cost ratios of 32:1 and 20:1, respectively 

(Table 15). As the ratios are greater than one, both projects are financially preferable. In 

contrast, the relocation ratio was 0.10, or less than one, with costs outweighing benefits, 

and is not suitable for homeowners by 2070 (Table 15). 

Table 15.  2022–2070 median benefit-cost ratio for 15 buildings. 

Properties Repair Retrofit  Relocate  
15 buildings 38 20 0.10 
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Chapter IV 

Discussion 

Flooding caused by climate change will impact a vaster number of houses than I 

predicted, and lead to expensive storm adaptation options. I first hypothesized that 30% 

of Cambridge, Massachusetts homes will experience from 1 cm up to 5 m (16 ft) depths 

of flooding during an extreme storm within the next 50 years. Results showed that flood 

hazard areas and elevations are wider than expected—almost half (45%) of the city tax 

parcels are potentially at risk of partial flooding, with median flood elevations of 0.7 m 

(2.4 ft) with a margin of 3 cm (0.1 ft) error, with the deepest flooding reaching over 3 m 

(10 ft) by shorelines. By a 2070 100-year storm, over 3,500 parcels will experience up to 

1 m (3 ft) of flooding; over 1,800 parcels will experience between 1–2 m (3–6 ft) of 

flooding; almost 500 parcels will experience over 2 m (6 ft) of flooding (Figure 21). 

My second hypothesis was that homeowners will save $2 in damage repair costs 

for every $1 spent on retrofitting over the next 50 years. Results demonstrated that by 

2070, homeowners might in fact save just 40 cents in damage repair for every $1 invested 

in retrofit, and payoff strongly depends on the individual property, its location, building 

type, age, and condition. None of the proxy buildings across Cambridge are mandated to 

be enrolled in National Flood Insurance in 2022 due to their location outside of a FEMA 

Special Flood Hazard Area which expressly requires insurance, though all locations are 

projected to be impacted by some flooding within 50 years from rainfall, sea level rise, 

and storm surge.  
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Finally, I hypothesized that homeowners would lose $10 to relocate intrastate for 

every $1 spent retrofitting their current home because Cambridge land value is 

remarkably high. Indeed, leaving behind land was considered a major loss, as the median 

relocation cost was 17 times higher than the cost to retrofit, making the incentive to 

shelter in place, regardless of growing flood risk, more financially sound for 

homeowners. The micro-scale BCA summarized that repair and retrofit are the best two 

options and requires more financial support for the median income earner. 

Flood adaptation for individual homeowners in Cambridge is projected to cost 

thousands, if not hundreds of thousands of dollars to repair and retrofit homes to meet 

safety recommendations, urging cities to provide grants and financial resources to make 

projects affordable (Table 11). Residential flood elevation project prices can cost $6,800 

to over $103,000 to elevate homes 1 m (3 ft) above projected 2070 flood depths from a 

100-year storm, following the elevation height of most studies that evaluate the costs and 

benefits of flood risk adaptation measures (de Ruig et al., 2020). (Table 11). FEMA 

requires a minimum of 0.3 m (1 ft) of elevation above 100-year storm flood elevations, so 

this cost can be reduced for individuals (Kiest, 2020). This large range shows the 

variability of retrofit prices based on unique home conditions and encourages 

homeowners to conduct their own audit of flood risks using a Cambridge flood hazard 

map, such as my Cambridge Flood Hazard Map 2022–2070. For median income earners, 

the option to renovate their home above future flood elevations could compromise their 

annual income by 10% to 68% (Appendix 1). 

Cambridge’s flat and low sloping topography invites floodplains to grow as sea 

levels rise and rainfall events accelerate. By 2070, five residential neighborhoods will 

https://harvard-cga.maps.arcgis.com/apps/mapviewer/index.html?webmap=cc782a02c5ea4c9aa2f5426cb6abd7b5
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flood over 50% to 97% of its surface area: Cambridge Highlands, Wellington-Harrington, 

The Port, East Cambridge, Cambridge Port, and Riverside. Among these future flood 

zones, 15 randomly selected residential buildings were chosen to demonstrate the 

variability of storm exposure. The buildings house 40%-62% ethnic and racial minorities, 

0 to 9% of them speaking limited English, and earning up to $148,000 in median 

household income. Most buildings are built in altitude less than 6 m (20 ft) and are 

vulnerable to flooding: more than 50 years old with basements, low lying living quarters, 

and construction made of non-flood resilient materials like wood, vinyl, and clapboards 

(Table 16 and 17). 
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Table 16.  Six buildings cheaper to retrofit than repair. 

St 
# St Name 

Ground 
Elevation 
Min (ft) 

2070 
100-
year 
Flood 
Depth 
Range 
(ft) 

Current 
Building 
Assessed 
Value 

Year 
Built 

1st Floor 
Elevation 
(ft) 

Building Frame Foundation 
Type 

Construction 
Type 

36 Essex St 22.0 0-0.8 $      1,145,700 1873 3.75 Wood Frame 4-Basement Average-3 story 
88 Sixth St 19.0 3.2-4.2 $      1,456,200 1902 3 Wood Frame 4-Basement Average-3 story 
36 Webster Ave 19.0 3.2-4.2 $      1,190,000 1902 4 Concrete/wood 4-Basement Average-3 story 
167 Windsor St 19.0 3.3-4.3 $      1,479,000 1920 3.33 Brick/wood 4-Basement Average-3 story 
6 Eaton St 18.0 4.3-5.3 $         874,600 1854 2.08 stone/wood 4-Basement Average-3 story 
603 Concord Ave 16.0 0-7.3 $    32,811,100 2013 12 Concrete 1-Pile Apartment 
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Table 17.  Nine buildings cheaper to repair than retrofit. 

St 
# St Name 

Ground 
Elevation 
Min (ft) 

2070 100-
year 
Flood 
Depth 
Range (ft) 

Current 
Building 
Assessed 
Value 

Year 
Built 

1st Floor 
Elevation 
(ft) 

Building Frame Foundation 
Type 

Construction 
Type 

12 Plymouth St 22.0 0.3-1.3 $      1,087,300 1886 2.08 Concrete / 
Wood Frame 4-Basement Average-3 story 

164 Charles St 21.0 0-2.3 $      1,161,900 1854 1.25 Wood Frame 4-Basement Average-3 story 
75 Winter St 21.0 0.6-1.6 $         955,700 1843 1.25 Wood Frame 4-Basement Average-3 story 
22 Harding St 21.0 1.3-2.3 $         944,600 1873 1.67 Wood Frame 4-Basement Average-3 story 
205 Green St 21.0 0.5-2.5 $      3,010,900 1900 2.92 Masonry 4-Basement Apartment 
112 Magazine St 21.0 1.5-2.5 $      1,913,400 1873 3.33 stone/wood 4-Basement Custom-2 story 
17 Smith Pl 20.0 1.3-3.3 $         897,200 1900 0.5 Wood Frame 7-Slab Economy-3 story 
172 Pleasant St 20.0 0-3.6 $      1,974,400 1894 1.67 Concrete/wood 7-Slab Apartment 

27 Normandy 
Terrace Ext 19.0 0-4.3 $      1,040,100 1969 1.25 Wood Frame 4-Basement Average-1 story 
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Research Limitations 

To get a statistically accurate price of Cambridge flood adaptations, I would have 

had to survey about 200 parcels across Cambridge. Due to limited money and time, I 

could only survey a modest sample with localized outcomes. My 15 buildings excluded 

finding the location of hot water and electricity utilities as it required internal building 

information not available online. First flood elevation for buildings were estimated for 

visual identification of front porch steps from Google Satellite images, whereas it would 

have been more precise to visit each home with measuring tape.  

Flood hazard data assumed that two essential infrastructures, Charles River Dam 

and Mystic River’s Amelia Earhart Dam, have not changed since 2022 and will safely 

manage stormwater discharge through 2030 storm events. However, the City of 

Cambridge is already investing in their reconstruction to prepare for 2070 sea level rise 

and may reduce the scale of flooding captured in my Cambridge flood hazard map. 

Defining “protection” of homes also impacts the measurements of adaptation, 

between making a building resilient to flooding up to 2070, or even longer as the level of 

flooding continually increases. While my retrofit technique was focused on elevation of 

buildings, it excluded alternative retrofits such as wet proofing and dry proofing homes, 

demolition, and relocating entire buildings above flood zones. The cost of adaptation for 

retrofit and repair excluded costs for temporary displacement during construction. My 

benefit-cost analysis was simplified to online available databases, therefore not as 

comprehensive as peer-reviewed relocation and retrofit costs. 

The cost and efficiency of flood adaptive home design will also vary by what 

exists around the building and what the neighborhood is surrounded by. The City of 
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Cambridge is already investing in improving neighborhood-wide flood infrastructure by 

increasing the height of dams, expanding stormwater drainage, and planting more green 

spaces to absorb future flood waters. 

Questions for Further Research  

Further research is recommended to evaluate benefits from investing in capital 

retrofit projects. Does flood proofing a home increase its value on the market? By how 

much? Quantifying the benefits of retrofits on the house value and insurance payment 

reduction will elevate the comprehension of future BCAs.  

Cambridge is also a dominant renter city, where the people paying the price for 

capital projects are not only the landlord but many tenants. A $100,000 retrofit on a two-

million-dollar house, for example, will raise rent, split by the number of occupants for the 

next several years. Would that cost be affordable for smaller houses or only affordable 

for larger apartment buildings?  

A more wholistic repair price in the future could include the impacts of flooding 

to residents, the environment, and livelihood and health. I recommend further exploration 

of peer-reviewed costs of flood contamination of well water, salination of soil for food 

production, habitation loss, long term property damage, increasing risk, loss of services 

and access to work, cultural resources, or school, and acute illness, disease, or death 

caused by inundation. 

Flood protection investments also vary based on individual risk tolerance levels. 

Future research may explore how much a person’s life would be disrupted if flooded. 

Creating an index for a decision tree could help homeowners determine the best action 

beyond a direct financial assessment. This decision tree could explore how many days 
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you could not attend school or work because of flooding, if you have a substantial 

savings account, if they are a do-it-yourself repair person, or mind working remotely. 

Finally, though relocation is the most expensive option among the three flood 

adaptations, there may be conditions in which this choice becomes inevitable due to 

permanent inundation. Lower valued homes might be purchased by low-income 

households which increases their risk of flood dangers without proper mitigation. Will a 

future migration of Cambridge homeowners who have the means and ability to depart 

leave a vacuum for residents with less means to fill those dangerous areas? How might 

the environmental justice index change in these neighborhoods? 

 

Conclusions 

Based on three adaptation costs and median income, the results of this research 

indicate that the best course of action a Cambridge homeowner can take to protect their 

coastal and inland home for a future major storm is either retrofit in advance of a storm  

io to standby and wait to repair storm damage later. Relocating outside Cambridge to 

another Massachusetts town can be exorbitant at 17 times the cost to retrofit. 

Local and state governments have engulfed the cost of major storm and flood 

recovery to repair infrastructure for the last century and now individuals are being asked 

to do the same (Sacks & Dennis, 2024). The U.S. federal government has recognized 

climate-related disasters as a risk to the nation’s financial stability and the federation 

itself (The White House, 2021). A principal issue will be how to manage sea level rise by 

redesigning the barrier height and longevity of the Charles River Dam and Amelia 

Earhart Dam reconstruction. These dams are managed by the City of Boston and City of 
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Somerville with direct impact on the City of Cambridge and will have to be a regional 

effort to mitigate tidal flooding and storm surges before 2045.  

To mitigate combined sea level rise and storm events, I recommend that cities 

apply a micro-scale benefit-cost analysis with climate-change informed flood hazard 

maps, building inventories, and vulnerability assessment to reduce the challenge and 

convenience of climate action preparation (Medicine et al., 2019). With nationally low 

citizen engagement on storm provisions (Medicine et al., 2019), it is time to use local 

flood data and adaptation costs as illustrated in this thesis to share ways forward for 

homeowner responses who have much to protect. As 45% of Cambridge properties 

confront partial flooding in the next 50 years, creating further regional risk analysis of the 

cost to live here or evacuate will be critical to serve people from all background, 

inclusive of every income, race, and English language proficiency.
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Appendix 1 

Demographics 

Table 18.  City of Cambridge socioeconomic data. 

Variable Statistic Source 
Population 118,488 

 
 

Median Household 
Income 
 

$83,883 - $164,686 (City of Cambridge, 2021a) 

Ethnic Diversity 57.3% White 
10.6% Black 
19.2% Asian/Pacific Islander 
3.4% Some Other Race 
9.2% Two or More Races 
(9.1% Hispanic) 
 

(U.S. Census Bureau, 2020) 

Language Spoken at 
Home Not English 
 

30.3% (City of Cambridge, 2011)  

Households 49,564 
 

(U.S. Census Bureau, 2020) 

Residential Dwellings 57,894 
 

(City of Cambridge, 2023e) 
 

Poverty Rate 12.3% (City of Cambridge, 2021a) 
 

Affordable Housing 8,517 (City of Cambridge, 2021a) 

Data by City of Cambridge, 2021 and U.S. Census Bureau, 2020. 
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Appendix 2 

Precipitation from Climate Change 

 

Figure 32.  Projected rainfall trends in Cambridge. 

Note. Due to climate change, Cambridge predicts precipitation to increase during a 24-
hour rainstorm (City of Cambridge, 2021b).
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Appendix 3 

Flood Assessment Structure Tool (FAST) Hazus Entry 

Table 19.  FAST Hazus tool UDF entry. 

Flty 
Id 

Occupancy 
Type Cost ($) Stories 

Foundation 
Type 

1st Floor 
Height 
(ft) 

Living 
Area 
(ft^2) 

Content 
Cost ($) 

Year 
Built Latitude Longitude 

1 RES3F 12615004 5 1 12 56976 6307502 2013 42.38923 -71.1445 
2 RES3A 182128.1 1 4 1.25 1216 91064.06 1969 42.39478 -71.1546 
3 RES1 350823.2 3 7 0.5 2605 175411.6 1900 42.39079 -71.1509 
4 RES1 282864.1 3 4 3 1620 141432 1902 42.369 -71.0855 
5 RES3A 251624.4 2 4 1.25 1680 125812.2 1854 42.36823 -71.0831 
6 RES1 223497.5 3 4 1.25 1280 111748.8 1843 42.37306 -71.0818 
7 RES3A 257016.3 3 4 1.67 1716 128508.2 1873 42.37348 -71.0902 
8 RES1 265403.3 3 4 2.08 1520 132701.7 1886 42.36871 -71.0912 
9 RES1 272387.6 3 4 4 1560 136193.8 1902 42.36781 -71.0929 
10 RES1 255450.7 3 4 3.75 1463 127725.3 1873 42.36714 -71.1015 
11 RES3C 505964.5 3 4 3.33 1817 252982.2 1920 42.3658 -71.0963 
12 RES3A 249827.1 3 4 2.08 1668 124913.5 1854 42.36476 -71.0978 
13 RES3B 132852.9 3 7 1.67 1009 66426.46 1894 42.35928 -71.1138 
14 RES3C 1735929 3 4 2.92 6234 867964.4 1900 42.36482 -71.1027 
15 RES1 408950.2 2 4 3.33 1566 204475.1 1873 42.36036 -71.1098 

Data by author, Google Satellite, 2024, Cambridge Property Data, 2024, and Hazus inventory, 2023. 
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Figure 33.  FAST python user interface. 

Note. Image by author.
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Figure 34.  FAST flood and analysis setup. 

Note. Image by author.
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Appendix 4 

Hazus FAST Results 

Table 20.  FAST Hazus tool repair cost by flood depth. 

Property 1 ft 2 ft 3 ft 4 ft 5 ft 6 ft 7 ft 8 ft 9 ft 10 ft 
603 Concord $  42,099 $  66,656 $  88,583 $102,616 $114,018 $126,296 $135,944 $153,485 $   179,797 $   200,846 
27 Norman. $  32,100 $  42,345 $  53,500 $  64,655 $  77,632 $  91,975 $103,813 $118,839 $   133,181 $   144,792 
17 Smith Pl $  44,349 $  58,503 $  73,915 $  89,327 $107,255 $127,070 $143,426 $164,185 $   184,000 $   200,041 
88 Sixth St $  40,509 $  52,801 $  70,122 $  84,091 $  98,060 $110,911 $119,012 $128,232 $   139,127 $   151,978 
164 Charles  $  37,203 $  54,359 $  68,482 $  84,764 $101,457 $121,157 $140,022 $157,988 $   179,847 $   197,851 
75 Winter St $    9,207 $  30,968 $  43,117 $  56,888 $  61,325 $  64,859 $  73,242 $  85,444 $     91,436 $     95,634 
22 Harding $  36,201 $  50,586 $  65,183 $  87,105 $102,340 $119,378 $134,188 $142,681 $   154,305 $   167,469 
12 Plymouth $  29,080 $  47,217 $  60,208 $  76,147 $  91,237 $109,674 $129,560 $144,950 $   166,835 $   185,871 
36 Webster $136,444 $218,727 $345,450 $434,329 $546,470 $652,709 $783,598 $919,695 $1,028,017 $1,182,168 
36 Essex St $  26,872 $  39,601 $  55,158 $  70,716 $  94,759 $110,317 $128,703 $144,261 $   152,747 $   165,475 
167 Windsor $  30,434 $  53,202 $  86,140 $115,613 $145,996 $177,189 $212,632 $252,274 $   285,971 $   326,499 
6 Eaton St $  40,282 $  64,839 $  98,271 $118,636 $145,975 $171,146 $197,073 $225,700 $   255,696 $   287,737 
172 Pleasant $  16,604 $  27,142 $  39,276 $  53,325 $  69,291 $  89,088 $103,777 $119,743 $   132,196 $   140,817 
205 Green St $  14,981 $  25,877 $  38,134 $  53,116 $  68,097 $  91,250 $106,231 $123,936 $   138,918 $   147,089 
112 Magazi. $         - $         - $         - $         - $         - $         - $         - $         - $            - $            - 

Data by author. 
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Appendix 5 

Expected Damage Value Curve for 15 Buildings 

Table 21.  Flood depth, flood probability, and damage by building. 

603 Concord Ave    

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 3.7 0.01 $   100,000.00 
2030 10-year storm 3.2 0.10 $     90,000.00 
2030 100-year storm 3.7 0.01 $   100,000.00 
2070 10-year storm 6.0 0.10 $   125,000.00 
2070 100-year storm 7.3 0.01 $   140,000.00 

 
27 Normandy Terrace Ext 

  

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.0 0.01 $                  - 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.0 0.01 $                  - 
2070 10-year storm 3.0 0.10 $     53,000.00 
2070 100-year storm 4.3 0.01 $     70,000.00 

 
17 Smith Pl 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.0 0.01 $                  - 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.0 0.01 $                  - 
2070 10-year storm 2.0 0.10 $     60,000.00 
2070 100-year storm 3.3 0.01 $     80,000.00 
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88 Sixth St    

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.6 0.10 $     25,000.00 
2022 100-year storm 1.8 0.01 $     50,000.00 
2030 10-year storm 1.0 0.10 $     40,508.00 
2030 100-year storm 2.4 0.01 $     58,000.00 
2070 10-year storm 1.8 0.10 $     50,000.00 
2070 100-year storm 4.2 0.01 $     88,000.00 

 
164 Charles St 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.0 0.01 $                  - 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.4 0.01 $     15,000.00 
2070 10-year storm 0.0 0.10 $                  - 
2070 100-year storm 2.3 0.01 $     58,000.00 

 
75 Winter St 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.0 0.01 $                  - 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.0 0.01 $                  - 
2070 10-year storm 0.0 0.10 $                  - 
2070 100-year storm 1.6 0.01 $     21,000.00 

 
22 Harding St 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.5 0.01 $     19,000.00 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.8 0.01 $     28,000.00 
2070 10-year storm 0.0 0.10 $                  - 
2070 100-year storm 2.3 0.01 $     50,500.00 
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12 Plymouth St    

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.0 0.01 $                  - 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.0 0.01 $                  - 
2070 10-year storm 0.0 0.10 $                  - 
2070 100-year storm 1.3 0.01 $     34,000.00 

 
36 Webster Ave 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 2.3 0.01 $   250,000.00 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 2.7 0.01 $   305,000.00 
2070 10-year storm 1.5 0.10 $   179,000.00 
2070 100-year storm 4.2 0.01 $   460,000.00 

 
36 Essex St 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.9 0.01 $     24,000.00 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 1.2 0.01 $     29,000.00 
2070 10-year storm 0.0 0.10 $                  - 
2070 100-year storm 0.8 0.01 $     21,000.00 

 
167 Windsor St 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.7 0.10 $     20,000.00 
2022 100-year storm 2.4 0.01 $     66,000.00 
2030 10-year storm 0.8 0.10 $     23,000.00 
2030 100-year storm 2.8 0.01 $     81,000.00 
2070 10-year storm 1.4 0.10 $     37,000.00 
2070 100-year storm 4.3 0.01 $   123,000.00 
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6 Eaton St    

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.7 0.10 $     28,000.00 
2022 100-year storm 3.4 0.01 $   105,000.00 
2030 10-year storm 1.8 0.10 $     60,000.00 
2030 100-year storm 3.8 0.01 $   115,000.00 
2070 10-year storm 2.4 0.10 $     75,000.00 
2070 100-year storm 5.3 0.01 $   153,000.00 

 
172 Pleasant St 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.0 0.01 $                  - 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.0 0.01 $                  - 
2070 10-year storm 1.9 0.10 $     27,000.00 
2070 100-year storm 3.6 0.01 $     48,000.00 

 
205 Green St 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.4 0.01 $       5,500.00 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.8 0.01 $     12,000.00 
2070 10-year storm 0.0 0.10 $                  - 
2070 100-year storm 2.5 0.01 $     33,000.00 

 
112 Magazine St 

   

storm event flood depth (ft) probability damage ($) 
2022 10-year storm 0.0 0.10 $                  - 
2022 100-year storm 0.4 0.01 $                  - 
2030 10-year storm 0.0 0.10 $                  - 
2030 100-year storm 0.6 0.01 $                  - 
2070 10-year storm 0.8 0.10 $                  - 
2070 100-year storm 2.5 0.01 $                  - 

Data by author.
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Table 22.  2022–2070 Expected value of annual damage. 

Data by author. 

 

 

 

 

 

 

 Year 
Property 2022 2030 2070 
603 Concord Ave $                 4,500 $             6,247 $            1,815 
27 Normandy Ter. $                       - $                   - $               842 
17 Smith Pl $                       - $                   - $               959 
88 Sixth St $                 3,375 $             3,239 $               945 
164 Charles St $                       - $                493 $               397 
75 Winter St $                       - $                   - $               144 
22 Harding St $                    855 $                921 $               346 
12 Plymouth St $                       - $                   - $               233 
36 Webster Ave $               11,250 $           10,029 $            4,376 
36 Essex St $                 1,080 $                954 $               144 
167 Windsor St $                 3,870 $             3,420 $            1,096 
6 Eaton St $                 5,985 $             5,754 $            1,562 
172 Pleasant St $                       - $                   - $               514 
205 Green St $                    248 $                395 $               226 
112 Magazine St $                       - $                   - $                  - 
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Table 23.  2022–2070 Expected value, discounted damage and equations. 

Properties Sub Area 1 
2022-2030 

Sub Area 2 
2030-2070 

Total Area 
Under Curve 

603 Concord Ave  $ 42,989.60   $ 161,246.40   $ 204,236.00  
27 Normandy Ter.  $             -     $   16,848.00   $   16,848.00  
17 Smith Pl  $             -     $   19,176.60   $   19,176.60  
88 Sixth St  $ 26,456.20   $   83,683.60   $ 110,139.80  
164 Charles St  $   1,972.88   $   17,809.00   $   19,781.88  
75 Winter St  $             -     $     2,876.40   $     2,876.40  
22 Harding St  $   7,102.68   $   25,330.60   $   32,433.28  
12 Plymouth St  $             -     $     4,657.20   $     4,657.20  
36 Webster Ave  $ 85,114.88   $ 288,101.60   $ 373,216.48  
36 Essex St  $   8,134.20   $   21,947.40   $   30,081.60  
167 Windsor St  $ 29,158.52   $   90,308.60   $ 119,467.12  
6 Eaton St  $ 46,956.76   $ 146,314.20   $ 193,270.96  
172 Pleasant St  $             -     $   10,273.20   $   10,273.20  
205 Green St  $   2,568.28   $   12,411.60   $   14,979.88  
112 Magazine St  $             -     $               -     $               -    

Data by author. 

 

Sub Area 1 =   (2030-2022) *(cost2030-cost2022) *50%+(2030-2022) *(cost2022)  

Sub Area 2 =  (2070-2030) *(cost2030-cost2070) *50%+(2070-2030) *(cost2070)  
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Appendix 6 

Projected Moving Cost 

Table 24.  Intrastate relocation fee in Massachusetts. 

Home Size Average Total Cost 
1 Bedroom $460 
2 Bedroom $7250 
3 Bedroom $1,625 
4 Bedroom $1,860 
5 Bedroom $2,850 

 
Note. Data by Snow, 2024.
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