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I. INTRODUCTION 

Given the magnitude of climate change impacts on the natural environment, development and 

infrastructure, economy, and public health in the region; it is imperative that climate change 

adaptation is adequately addressed at the regional level. The primary goal of this Strategy is to 

prepare recommendations for local, regional, and state action to reduce vulnerability to future 

hazards and impacts of climate change within Eastern Massachusetts. This Strategy builds upon 

findings of the Massachusetts Climate Change Adaptation Report1and other pertinent publications 

developed to date. 

The Metropolitan Area Planning Council is a regional planning agency serving the people who live 

and work in the 101 cities and towns of Metro Boston. Our mission is to promote smart growth and 

regional collaboration.  Our diverse region includes a number of varying community types from urban 

centers to country suburbs with rural-based agriculture, as shown in the figure below. 

Figure II.1: MAPC Community Types 

  

                                                           
1 Massachusetts Climate Change Adaptation Report, Commonwealth of Massachusetts Executive Office of Energy and Environmental Affairs, 
September 2011.  
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I.A. PURPOSE AND VISION OF THE STRATEGY 

The Regional Plan for the metropolitan area, MetroFuture, indicates one goal for adaptation: the 

region will be prepared for and resilient to natural disasters and climate change. This goal, and 

numerous others included in the MetroFuture Plan, was created by the thousands of people who 

participated in the process in order to reflect the special character of Metro Boston and the diverse 

values of the people who live and work here. The MetroFuture Goals are the specific and measurable 

òend stateó outcomes that MetroFuture seeks to achieve. Objectives are specific quantitative targets 

or milestones, generally based on available data, which can be used to determine whether a goal 

has been achieved. Unless otherwise noted, the time horizon for most objectives is the year 2030. 

Strategies have been developed to achieve the goals and objectives of the MetroFuture Plan. The 

Regional Climate Change Adaptation Strategy (Strategy) is the most recent addition to the 

MetroFuture Plan, as fully described in this report. 

The primary purpose of this Strategy is to outline specific sub-strategies and recommendations to 

fulfill the stated adaptation goal and associated objectives (explained in Section 2). The overarching 

public purpose of the Strategy is to reduce the impacts of climate change through effective risk 

management. The Strategy is intended as a proactive approach in response to the findings of the 

vulnerability assessment conducted for the Metro Boston Region. A primary planning 

recommendation of the Strategy is the integration of information about emerging climate change 

risks into current disaster planning systems and arrangements at the community and regional level, 

as appropriate. Such a strategy is urgently needed because any increase in the number or intensity 

of disasters due to climate change will adversely impact quality of life and economic development in 

the region. Ideally, the Strategy can significantly limit the adverse effect of climatic hazards on public 

health and safety, critical infrastructure and development, and the regionõs natural resources and 

ecosystems. This in turn will reduce the disruption of the local economy, lessen the costs of post-

disaster response, and increase the ability of the region to bounce-back more quickly and completely 

The underlying vision for the Strategy is climate-resilient communities, businesses, and ecosystems 

across the 101 cities and towns of Metro Boston. This will require a clear framework for adaptive, 

flexible, phased, and decisive actions to reduce climate change risks across households and 

businesses in partnerships ranging from the municipal to regional level and ultimately to the state 

and national level. Due to the complexities of adaptation and the need to make immediate and 

longer-term changes, the vision includes measures that can be implemented under the following 

time horizons: 

1. Near-Term (2015-2020): Development of an enabling environment for adaptation that cuts 

across key sectors, institutions, and administrative divisions in the MAPC region. This 

involves the development of action measures that incorporate risk management and suggest 

financing mechanisms, as well as establishing regional coordination mechanisms. An 

important characteristic of near-term adaptation actions is that they include the adjustment 

of existing local planning mechanisms that will fulfill both mitigation and resiliency goals. 

2. Mid-Term (2021-2030): Implementation of action measures that are focused on the key 

vulnerable sectors identified in the vulnerability assessment: natural resources, coastal zone, 

built environment and infrastructure, public health and welfare, and local economy. Mid-term 

measures include planned investments in specific measures and technologies, as well as the 

introduction of new practices that build disaster-resilient communities and systems across 

the region.  
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3. Long-Term (i.e., 2031-2050): Iterative adaptation and risk management modifications in light 

of information that emerges from monitoring and evaluation of mid-term strategies. These 

actions are not included in the current Strategy, as the Strategy will evolve through time and 

information collected. 

I.B. VISION GUIDING PRINCIPLES 

The Strategyõs vision was guided in part by the following four principles:  

1. The Strategy will be a holistic, multi-hazard approach that integrates climate change risks 

and focuses on prevention, preparedness, response and recovery, with an emphasis on 

prevention and preparedness measures.  

2. Effective regional partnerships, state government, and private sector engagement are 

essential building blocks. The Strategy will include a focus on strengthening existing 

networks that are already making progress in order to advance regional cooperation and 

take advantage of risk reduction synergies. It will propose mechanisms to improve 

communication of risks and opportunities in order to increase awareness among state and 

federal lawmakers. 

3. The continued development of accurate information on present and future climate risks is a 

necessary prerequisite for effective adaptation. The improvement of relevant data and 

information, including the access to climate change modeling information at the scales 

relevant for the region is a resource on which to base decision-making and action.  

4. Strengthened communication is needed across institutions and communities. Apart from a 

general sense that action is needed in metro Boston, there still remain persistent gaps 

between the results of climate risk studies and the ability of elected and appointed officials 

to interpret and react to such information with specific measures.  

I.C. REPORT STRUCTURE 

This Report provides a summary of the entire project resulting in the Regional Climate Change 

Adaptation Strategy to be established for the region. The Strategy Report includes the following 

sections, which are designed to also be utilized as stand-alone data and guidance: 

1. Executive Summary 

2. Vulnerability Assessment 

3. Goals and Objectives 

4. Adaptation Strategies 

Each section of the Strategy Report, as well as the analysis behind it, is organized topically; 

addressing five major sectors:  

5. Natural Resources and Habitat 

6. Coastal Zone 
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7. Developed Areas and Key Infrastructure 

8. Human Health and Welfare  

9. Local Economy and Government 

These five Sectors are the same used within the Massachusetts Climate Change Adaptation Report. 

MAPC maintained this categorization for consistency with the statewide report in order to ensure 

synergy between local, regional, and state analysis and recommendations.   

I.D. DEFINITIONS 

Due to the wide range of climate change topics, as well as the complexities within these topics, a 

series of key terms and their definitions have been provided below. These terms have been utilized 

throughout the Report.  

Base Flood Elevation: The flood having a one percent chance of being equaled or exceeded in any 

given year. This is the regulatory standard also referred to as the "100-year flood." The base flood is 

the national standard used by the National Flood Insurance Program (NFIP) and all Federal agencies 

for the purposes of requiring the purchase of flood insurance and regulating new development. Base 

Flood Elevations (BFEs) are typically shown on Flood Insurance Rate Maps (FIRMs). 

Bankfull Depth: The volume of flow, and the flow width or depth associated with the bankfull 

elevation: that point where water fills the channel just before beginning to spill onto the flood plain. 

Climate Change: A change in the state of the climate that can be identified (e.g., by using statistical 

tests) by changes in the mean and/or the variability of its properties, and that persists for an 

extended period, typically decades or longer.2 

Climate Change Adaptation: The process of adjustment to actual or expected climate and its effects. 

In human systems, adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. 

In some natural systems, human intervention may facilitate adjustment to expected climate and its 

effects. 

Climate Change Mitigation: Efforts to reduce or prevent emission of greenhouse gases. Mitigation 

includes the use of new technologies and renewable energies, making older equipment more energy 

efficient, or changing management practices or consumer behavior.  

Climate Resiliency: The capacity of social, economic, and environmental systems to cope with a 

hazardous event or trend or disturbance, responding or reorganizing in ways that maintain their 

essential function, identity, and structure, while also maintaining the capacity for adaptation, 

learning, and transformation.3 

Floodplain: Also sometimes called the òfloodway,ó is the area next to a river that experiences flooding 

when water comes out of the banks of the main channel. Floodplain is the term FEMA used to 

include: òany land area susceptible to being inundated by flood waters from any source.ó Therefore, 

generally this is the term used within the Strategy unless also describing the areas listed below. 

                                                           
2 Intergovernmental Panel on Climate Change Fifth Assessment Report (http://www.ipcc.ch/report/ar5/index.shtml)  
3 IPCC Fifth Assessment Report  

http://www.ipcc.ch/report/ar5/index.shtml
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Floodprone Area: Is an area bordering a stream that will be covered by water at a height of twice the 

maximum bankfull depth.  

Special Flood Hazard Area (SFHA): are areas designated by FEMA as òhaving special flood, mudflow, 

or flood-related erosion hazards, and shown on a Flood Hazard Boundary Map or a Flood Insurance 

Rate Map (Zone A, AO, A1-A30, AE, A99, AH, AR, AR/A, AR/AE, AR/AH, AR/AO, AR/A1-A30, V1-V30, 

VE, or V).ó NOTE: in determining Community Rating System premium discounts AR and A99 zones 

are treated as non-SFHAs.)  

Green Infrastructure: An approach to infrastructure and natural resource management that includes 

sustainable water infrastructure, preserving and protecting natural or ògreenó systems, decentralized 

solutions, or other innovative approaches and technologies that provides multiple benefits. 

Techniques include but are not limited to: decentralized wastewater systems; water conservation 

and reuse, stormwater recharge (bioretention, rain gardens, tree boxes), porous pavement, green 

roofs, water efficient landscaping, preservation and restoration of natural landscape buffers (i.e. 

forests, floodplains, and  wetlands); restoration of natural stream channels. 

Hazard: The potential occurrence of a natural or human-induced physical event or trend or physical 

impact that may cause loss of life, injury, or other health impacts, as well as damage and loss to 

property, infrastructure, livelihoods, service provision, ecosystems, and environmental resources. 

Impact: Effects on natural and human systems. In this report, the term impact is used primarily to 

refer to the effects on natural and human systems of extreme weather and climate events and of 

climate change. Impacts generally refer to effects on lives, livelihoods, health, ecosystems, 

economies, societies, cultures, services, and infrastructure due to the interaction of climate changes 

or hazardous climate events occurring within a specific time period and the vulnerability of an 

exposed society or system.  

Low Impact Development (LID): This is a development process that begins with smart growth-based 

best site planning practices to identify critical natural resource areas for preservation and uses 

Green Infrastructure to maintain natural drainage flow paths and reduce impervious surfaces. LID 

also includes a specific set of innovative strategies to treat stormwater management at the site level, 

ensuring that water is managed locally rather than engineering the discharge of water away from its 

source. 

Non-Potable Water: Water that has not been examined, properly treated, nor approved by 

appropriate authorities as being safe for consumption. 

Potable Water: Water suitable for drinking. 

Riparian Zone: i.e., riverbank; is the land located immediately adjacent to a channel, and it provides 

the buffer between a channel and upland areas. Parts of active floodplains and riparian zones are 

often times the same areas of land.4   

Stream Crossings: A stabilized area designed to cross a stream to provide a travel way for people, 

livestock, equipment, or vehicles. 

Vulnerability: The propensity or predisposition to be adversely affected. Vulnerability encompasses a 

variety of concepts and elements including sensitivity or susceptibility to harm and lack of capacity to 

cope and adapt. 

                                                           
4 Ward, Andy et al. Floodplains and Streamway Setbacks. The Ohio State University Extension. Fact Sheet # AEX-445-02. 2008. 
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II. VULNERABILITY ASSESSMENT 

One of the primary tasks of developing the Strategy was to first conduct a vulnerability assessment 

of climate impacts across the region. The vulnerability assessment provides a conceptual overview 

and introduction to climate change vulnerabilities and describes historical climate trends and the 

range of projected future climate changes that are expected over coming decades for this region. 

Climate change and related impacts are expected to continue to intensify within the region for many 

decades. Following the lead of the statewide Massachusetts Climate Change Adaptation Report (MA 

EOEEA, 2011), the current assessment considers two future time periods: mid-century around 2050 

and end of the century (2100). 

For each sector the assessment includes a discussion of baseline conditions that reflect current 

circumstances and resource endowments, followed by a description of current response strategies 

and an analysis of the sectorõs vulnerabilities to various impacts of future climate change.  

II.A. BACKGROUND ON CLIMATE CHANGES 

There is now wide consensus in the scientific community that human-induced greenhouse gas 

emissions contribute to global climate change. The Intergovernmental Panel on Climate Change 

(IPCC) is the leading international body for the assessment of climate change. In 2014 the IPCC 

produced their fifth assessment report (AR5)5, which included a summary of global climate change 

observations seen thus far, as well as projections for what we should anticipate in the future. The 

primary difference between the AR5 and all past IPCC reports is that the AR5 assesses a 

substantially larger knowledge base of relevant scientific, technical, and socioeconomic literature 

across a broader set of topics and sectors. The AR5 also included expanded coverage of human 

systems, adaptation, and the ocean. One of the most important items of note in the AR5 is that 

òclimate-change impacts are strongest and most comprehensive for natural systems.ó6  This makes 

an even stronger case for natural resource protection and restoration, as they are also the primary 

sources of òdefenseó from impacts to development. 

In summary, global mean surface temperatures have increased by .85̄ C (1.53̄ F) since the late 

1800s with most of this warming having occurred in the last 50 years.  Further, the AR5 reported 

environmental trends including sea level rise, increases in greenhouse gas emissions, surface ozone 

variations, ocean acidification and low-oxygen, increases in precipitation levels more intense 

precipitation patterns, decreases in sea ice cover, and increases in the flow off of the Greenland and 

West Antarctic ice sheets. Further observations include increased precipitation levels, 

simultaneously more intense precipitation patterns that result in more droughts, damaging rainfall 

and more variable climate patterns. These observations capture a global shift in weather patterns 

that are anticipated to continue further in the future, though the magnitude of these changes 

remains uncertain and is largely dependent on global emission rates.  

As we prepare for these anticipated changes, itõs important to note that there are significant 

variations in climate change impacts. For example, sea level rise has not been uniform globally and 

will have greater rates of change in the future as well.  Uneven sea level rise is caused by a number 

of factors.  One is that thermal expansion is a driving force behind sea level rise, therefore uneven 

changes in ocean temperatures lead to different rates of thermal expansion. Other factors 

                                                           
5 Intergovernmental Panel on Climate Change, Fifth Assessment Report: Climate Change 2014. (https://www.ipcc.ch/report/ar5/index.shtml)  
6 IPCC WGII AR5 Summary for Policymakers (https://www.ipcc.ch/report/ar5/wg2/)  

https://www.ipcc.ch/report/ar5/index.shtml
https://www.ipcc.ch/report/ar5/wg2/
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contributing to uneven sea level rise include the changes in gravitational forces as ice sheets melt 

and redistribute mass across the globe, changes in wind patterns, as well as land subsidence, which 

has had dramatic affects in certain parts of the United States.  While some places, such as along the 

Massachusetts coastline, have seen increases of 15-20cm (6 to 8 inches) over the past 50 years, 

other locations, such as some coastal regions in Alaska; have actually seen decreases in sea level.  

Variations also exist for other climate change impacts and in this report we explore the anticipated 

regional impacts for the Boston Metropolitan Area.  We first consider climate changes anticipated 

over the coming decades as well as the long term (100 year) outlook.  We then look at how these 

trends are expected to impact key sectors in the region over this period.  

II.B. OBSERVED REGIONAL CLIMATE CONDITIONS TO DATE 

Due to the wide-ranging geographic scale of climate changes, observed changes for the Metropolitan 

Boston Region are similar to those described in the Massachusetts Climate Change Adaptation 

Report (September 2011). After all, the region comprises a significant portion of the geography of 

the Commonwealth with 101 municipalities and home to approximately half of the stateõs 

population. However, there are regional variations that will be explored throughout this assessment, 

in an effort to highlight and, ultimately, prioritize strategies for implementation.   

Massachusetts has experienced higher impacts than global averages for several climate change 

indicators.  The Massachusetts Climate Change Adaptation Report presents research concluding 

that temperature change in Massachusetts has been more severe than global averages, with about 

1°C (1.8°F) warming occurring since 1970, and winters warming more dramatically by 0.72°C 

(1.3°F) per decade.7  Massachusetts now experiences an average of 12 days per summer season 

above 32̄ C (90̄ F), and this number has been rising.  Regional sea level increases have been more 

extreme in Massachusetts with a 2.6mm (.1 inches) per year sea level increase since 1921 

compared to the global average of 1.7mm (.07 inches) per year. In the report, the increased rate of 

sea level rise is attributed to subsidence, which is estimated to be at a rate of 1mm (.04 inches) per 

year.  Regional precipitation has increased by about 10 percent in Massachusetts over the last 50 

years, with most of this increase in the form of rain in the winter months.  Massachusettsõ lake ice 

has been thawing earlier in the spring with the òice-outó days being now between 9 and 16 days 

earlier in the spring. The frequency of severe storms has also been increasing.  What was once a one 

in 100-year event is now predicted to occur 2 to 5 times as often.   

Massachusetts has also been especially vulnerable to extreme weather conditions that may be 

linked to increasingly variable global weather patterns. During the winter of 2013/2014 record low 

temperatures caused by fluctuations in the North Polar Vortex caused extreme weather and heavy 

snowfall in much of the northern United States. Hurricanes Irene (2011) and Sandy (2012) 

devastated both coastal and inland Northeastern regions; and while Massachusetts experienced 

minimal flooding and damages compared with other states, these events suggest the potential 

impacts of future weather occurrences. While evidence lacks in conclusively linking extreme weather 

to climate change impacts, the coastlines and inlands of Massachusetts are vulnerable to these 

events.     

                                                           
7 Massachusetts EOEEA. (2011). Massachusetts Climate Change Adaptation Report. Retrieved May 28, 2014 from 
http://www.mass.gov/eea/docs/eea/energy/cca/eea-climate-adaptation-firstpart.pdf. 
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The IPCC estimated a range of anticipated changes based on two emissions scenarios: the òB1ó, or 

òLow Emissions Scenarioó where Carbon Dioxide (CO2) concentrations level off at 550 parts per 

million (ppm), and the òA1F1ó scenario where concentrations level off at 970 ppm.  The 

Massachusetts Climate Change Adaptation Report, and therefore; this Regional Strategy, builds its 

estimations from these scenarios. It should be noted, however, that most climate scientists now 

believe that stabilizing CO2 levels at 550 ppm is no longer feasible. 

As summarized in Table 1, climate conditions in Massachusetts are expected to change considerably 

over the course of the next several decades.  Projected changes include: significant increases in 

temperature, both in summer and winter; increased annual average precipitation, though with 

important seasonal differences; a significant rise in sea level; earlier peak spring streamflow; more 

frequent droughts; and a longer growing season. 

Table II.1: Projected Climate Changes in Massachusetts  

Parameter 
Average Historical 
Conditions 
(1961-1990) 

Predicted Range  
of Change 
by 2050 

Predicted Range  
of Change 
by 2100 

Annual temperature (°C/°F) 8 / 46 2 to 3 / 4 to 5 3 to 5 / 5 to 10* 

Winter temperature (°C/°F) -5 / 23 1 to 3 / 2 to 5 2 to 5 / 4 to 10 

Summer temperature (°C/°F) 20 / 68 2 to 3 / 4 to 5 2 to 6 / 4 to 10 

Annual precipitation (cm/in) 103 / 41 5% to 8% 7% to 14%* 

Winter precipitation (cm/in) 21 / 8 6% to 16% 12% to 30%* 

Summer precipitation (cm/in) 28 / 11 -1% to -3% -1% to 0%* 

Droughts lasting 1-3 months 
(#/30 yrs) 13 5 to 7 3 to 10* 

Length of growing season 
(days/yr) 184 12 to 27 29 to 43 

Streamflow-spring peak flow 
(days following Jan. 1) 85 -5 to -8 -11 to -13* 

Annual sea surface temp. (°C/°F) 12 / 53 2 / 3 4 / 8 

Sea-level rise (cm/in)** 8 / 3 20 to 40 / 8 to 16  50 to 201 / 20 to 79 
Source: Adapted from Massachusetts Climate Change Adaptation Report, MA EOEEA, Sept. 2011, Table 1. 
  * Projections for period 2079-2099. 
** Historical sea-level rise based on MA Climate Change Adaptation Report, p. 15. Sea-level rise projections based on Pfeffer et 
al 2008 and Rahmstorf, 2007, as reported in MA Climate Change Adaptation Report, Table 2. 

Due to variations in elevation and proximity to the coast, climate change impacts throughout the 

region are expected to vary.  Climate patterns in the Metro Boston area are affected by differences in 

vegetation and ground cover as a result of urban development. 

II.B.1. SEA LEVEL RISE 

As ambient air temperatures increase, the effects of ocean thermal expansion are anticipated to 

intensify.  While the IPCC predicts global increases in sea level to be between 15 and 95 cm (6 ð 37 

inches) by 2100, this number largely reflects the impacts of thermal expansion and does not include 

the potential contributions from melting of the great ice sheets.  We therefore do not use these IPCC 

estimates as the bases for defining coastal vulnerability and subsequent development of adaptation 

strategies.  Rather, we rely on global average sea level projections that include the contributions 
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from the great ice sheets, which range from 20 to 40 cm (8 to 16 inches) by 2050 and 50 to 201 cm 

(20 to 79 inches) by 2100.8  If subsidence continues at the same rate as estimated by the IPCC, 

then these ranges would increase to between 24 to 44 cm (9 to 17 inches) in 2050 and 59 and 210 

cm (23 to 83 inches) by 2100.  This could have severe impacts on coastal zones, in particular low 

lying zones that could be subject to more frequent or permanent inundation.  Further, sea level rise 

will exacerbate erosion, threaten beaches and salt-water marshes, and cause greater damage to 

coastal infrastructure.  

Sea level projections in the IPCC Fifth Assessment Report, which now include Greenland and 

Antarctica ice sheet contributions, can be compared with other and geographically-specific 

projections. There are now observations, modeling, and paleoclimate studies that suggest sea-level 

rise on the order of 80-150 cm (31 to 59 inches) or more by 2100. Moreover, recent research points 

to the possibility that the Northeast, including the Boston region, will experience particularly high sea-

level rise, far more than the projected global or U.S. average.9  

II.B.2. SEVERE STORMS 

In order for hurricanes to form, they require sea surface temperatures of at least 80°F.  For 

hurricanes or tropical cyclones to gain momentum, they feed off of warm, moist air.  Therefore, with 

an increase in sea surface temperatures, the potential for severe tropical cyclones to develop 

increases.  With climate change there is an anticipated increase in severe storms hitting the 

Massachusetts coast, with an estimated 2 to 10 times more damage as a result of severe storms by 

the end of the century.10 Previous storm surge heights along the Massachusetts coast have been as 

high as 10 feet.  These heights are expected to be reached more frequently and even exceeded with 

the additional intensity and increased sea level. Further, as coastal erosion worsens, the impacts of 

storms will be felt that much more. Increased storm intensity will therefore lead to more frequent 

and extreme inundation without appropriate adaptation measures. 

II.B.3. PRECIPITATION, DROUGHTS AND FLOODS 

Although summer months are expected to become dryer, the annual precipitation levels are 

expected to increase in Massachusetts by as much as 14 percent by the end of this century with an 

estimated 30 percent increase in precipitation in winter months.11 With increased temperatures, 

winter precipitation will likely be mostly in the form of rain meaning a decrease in snow cover and 

earlier and less intense spring flows.  The projected decrease in snow cover in the Boston metro area 

is consistent with a broader regional trend throughout the Northeast.  As illustrated in II.1, the area 

historically covered with snow for at least 30 days in the average year is expected to shrink 

dramatically by late-century.12 

  

                                                           
8 Intergovernmental Panel on Climate Change (2014), Fifth Assessment Report: Climate Change 2014, Chapter 5: Coastal Systems and Low-Lying 
Areas. Retrieved on May 28, 2014 from http://ipcc-wg2.gov/AR5/images/uploads/WGIIAR5-Chap5_FGDall.pdf. 
9 {ŀƭƭŜƴƎŜǊΣ άIƻǘǎǇƻǘ ƻŦ ŀŎŎŜƭŜǊŀǘŜŘ ǎŜŀ-level rise on the Atlantic coast of North America, Nature Climate Change, June 24, 2012; Parris, Global 
Sea Level Rise Scenarios for the United States National Climate Assessment, December 6, 2012; .ƻƻƴΣ ά9Ǿƛdence of Sea-Level Acceleration at 
¦Φ{Φ ŀƴŘ /ŀƴŀŘƛŀƴ ¢ƛŘŜ {ǘŀǘƛƻƴǎΣ !ǘƭŀƴǘƛŎ /ƻŀǎǘΣ bƻǊǘƘ !ƳŜǊƛŎŀΣέ WƻǳǊƴŀƭ ƻŦ /ƻŀǎǘŀƭ wŜǎŜŀǊŎƘΣ ±ƻƭΦ нуΣ bƻΦ сΣ нлмнΦ. 
10 http://www.epa.gov/otaq/climate/420r06003.pdf  
11 Massachusetts Climate Change Adaptation Report, MA Executive Office of Energy and Environmental Affairs, September, 2011. 
12 According to the Northeast Climate Impacts Assessment report of 2007 (p. 11), άLŦ ƘƛƎƘŜǊ ŜƳƛǎǎƛƻƴǎ ǇǊŜǾŀƛƭΣ ŀ ǘȅǇƛŎŀƭ ǎƴƻǿ season may 
become increasingly rare in much of the Northeast toward the end of the century. The red line in the map captures the area of the 
northeastern United States that, historically, has had at least a dusting of snow on the ground for at least 30 days in the average year. The white 
area shows the projected retreat of this snow cover by late-century to higher altitudes and latitudes, suggesting a significant change in the 
character of a Northeast winter.έ 

http://www.epa.gov/otaq/climate/420r06003.pdf
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Figure II.1:  Projected Changes in Winter Snow 

 

Source, NECIA, 2007 

According to the Massachusetts Climate Change Adaptation Report winter snowpack currently melts 

on average 84.5 days after January 1st.  This average is anticipated to decrease to be between 76.5 

to 79.5 days by mid-century and 71.5 to 73.5 days by 2100. Increased winter precipitation and early 

snow-melts would lead to more flooding events in winter and earlier peak flows in spring. Extended 

low-flow periods are expected in summer months, increasing the number of droughts by as much as 

75 percent by 2100, with lower water levels threatening water supplies.13   

Frequency of extreme precipitation is also expected to increase by as much as 8 percent by mid-

century and up to 13 percent by 2100.  This increase would lead to more frequent and damaging ice 

storms and increased flood levels.  What is currently the 100-year flood is expected to become the 

once in 2 to 3 year flood by mid-century and to further increase to being once every 1 or 2 years by 

the end of the century.14 

II.B.4. TEMPERATURE CHANGE AND EXTREME HEAT 

The average temperature in Massachusetts between 1961 and 1990 has been about 8°C (46.4°F).  

By mid-century this is anticipated to increase by 2 to 3°C (3.6 to 5.4°F) and by 2100, average 

temperatures are expected to increase by 3 to 5°C (5.4 to 9.0°F).  Due to urban heat island effect, 

the increases in temperature are expected to be more dramatic in urban areas where there is less 

shade and a higher fraction of dark, absorbing surfaces.  

                                                           
13 Massachusetts Climate Change Adaptation Report, MA Executive Office of Energy and Environmental Affairs, September, 2011. 
14 Massachusetts Climate Change Adaptation Report 
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With an increase in average temperatures, comes an increase in the number of days with extreme 

heat.  By the end of this century, the number of days in a year with temperatures above 90°F (32°C) 

is anticipated to be between 30 and 60 whereas previously there have been between 5 and 20 days.  

Moreover, as shown in Figure 2, days above 100°F (38°C) are expected to increase by between 3 

and 28 days, whereas historically such extreme temperatures averaged fewer than two days per 

year.15  

Figure II.2:  Projected Changes in Winter Snow 

 

Source: NECIA, 2007 

Over the course of the next century the projected temperature increases for Massachusetts will have 

a profound impact on how we experience daily life. For example, as depicted in the 2007 Northeast 

Climate Impacts Assessment report (NECIA, 2007), reproduced below in Figure 3, summer 

temperatures in our region will feel like New Jersey or Maryland by mid-century and Virginia or the 

Carolinas by late century. While this portends dramatic changes, it should be noted that the 

forthcoming IPCC Fifth Assessment Report will make the higher emissions scenario used in the 

NECIA report a conservative/low estimate. 

  

                                                           
15 Massachusetts Climate Change Adaptation Report, MA Executive Office of Energy and Environmental Affairs, September, 2011. 
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Figure II.3: Temperature Change Impacts: How will it feel? 

 

Source: Confronting Climate Change in the U.S. Northeast: Science, Impacts, and Solutions, NECIA, 2007.   

 

II.C. VULNERABILITIES OF OUR NATURAL RESOURCES 

As discussed previously, the IPCC Climate Change Assessment of 2014 reported that natural 

resources will suffer the greatest impacts from climate change. This is primarily due to the existing 

stress placed on natural systems: aquatic, terrestrial, and associated species; by development. The 

vulnerabilities described in this section are those of particular importance since natural systems are 

not only important to the environment in which we live, but ð in a healthy state ð are the best 

protectors of human developed areas.  

II.C.1. ECOSYSTEM VALUES & EXISTING CONDITIONS 

The concept of ecosystem values is relatively new in the environmental field. Over the past several 

years that included an economic recession, where the primary societal concerns are focused on 

economic development, it has become increasingly important for environmentalists to attempt to 

place an economic value on ecosystem functions and òservices.ó Ecosystem function is the term 

used to describe the physical, chemical, and biological attributes that maintain an ecosystem. For 
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example, nutrient cycling, soil development, and water budgeting, are ecosystem functions. 

Ecosystem òservicesó are the beneficial outcomes to man or nature resulting from these functions 

such as providing wildlife habitat, clean water and carbon sequestration. Although not an exact 

science and often difficult, ecologists and economists have identified methods to quantify ecosystem 

services in order to assign a monetary value based on actual market values. For example, pollinators 

could be estimated to be worth at least $20-$40 billion, which equates the value of the crops that 

wouldn't exist without their pollination. Another way to estimate value is to calculate the cost of 

replacing an ecosystem service. For example, water purification services by natural habitats have 

been valued to equal the cost of a new water filtration plant ($3-$8 billion).  

II.C.1.a) FORESTED AREAS 

In terms of climate mitigation, as an adaptation feature; forested areas provide a number of 

important ecological services that are important to consider. One of the most important services 

provided by forested areas is carbon sequestration. In 2005, forests throughout Massachusetts were 

estimated to sequester nearly 85 million metric tons of carbon or about 13.3% of all carbon 

emissions in the region. There is a diverse mix of tree species in the MAPC region. Commonly found 

are northern trees species (sugar, maple, beech, yellow and white birch), southern species (e.g. oak, 

hickories and chestnut), together with wide ranging species (red maple). Within the City of Boston 

alone, there are over 120 different tree species, with the largest share (23%) being Norway maples. 

II.C.1.b) WATERSHEDS 

Of the 27 major river basins in Massachusetts, all or significant portions of seven watersheds are 

located in the MAPC region: Boston Harbor, Charles, Ipswich, North Coastal, Shawsheen, South 

Coastal, and SuAsCo.  In addition, portions of one or more MAPC communities are located in several 

other basins, including the Merrimack, Parker, and Taunton watersheds (see Figure II.4).  

Mainstream rivers, such as the Charles, are characterized by wide low gradient streambeds and 

extensive flood plains with organically enriched soils. These soils support diverse ecosystems that 

span forests, shrub swamps and other habitats. Figure II.4 shows the extent of river basins within 

the MAPC region. Several of the larger watersheds in the region and key ecosystem attributes are 

described below. 
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Figure II.4:  Watersheds ð MAPC Region 

 

Ipswich River Watershed 

The Ipswich River Watershed encompasses approximately 155 square miles of land and includes all 

or part of 21 communities in northeastern Massachusetts, with an estimated population of 160,000 

people. Beginning in the northeast corner of Burlington, the Ipswich flows through various land uses 

to Plum Island Sound in the Town of Ipswich. The river and its tributaries flow through and adjacent 

to several wetlands, which help to maintain high water quality throughout the watershed. About 74 

percent of the basin is forestland, which includes various levels of residential land use, and about 10 

percent is covered by lakes, ponds, and marshes. 

The base flow of the Ipswich River is mainly from groundwater and wetlands. During much of late 

summer and early fall, when evapotranspiration rates and water withdrawals are high, streamflow in 

the Ipswich River Watershed is severely affected, causing the river to flow backwards and sometimes 

run dry. 

Approximately 350,000 people, a significant portion of who reside outside the watershed, rely on the 

Ipswich River Watershed as their source of drinking water. USGS has determined that groundwater 

withdrawals are mainly responsible for summer low flows, especially in the upper watershed. 

Municipal water suppliers in Wilmington, North Reading, Lynn, Lynnfield, Danvers, Salem, Beverly, 

and Peabody all withdraw from the Ipswich basin, as do a number of private wells.  

These low flows harm critical habitat for fish and other aquatic organisms, cause water temperatures 

to rise and lower dissolved oxygen levels. This has led to the loss of river dependent fish such as 

brook trout and reduced summertime recreational opportunities.   
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North Coastal Watershed 

The North Coastal Watershed has a total drainage area of approximately 168 square miles. It 

encompasses all or part of five river sub-basins, including the Danvers, Essex, Saugus, Pines, and 

Annisquam Rivers. There are approximately 2,428 acres of lakes and ponds in the watershed. The 

North Coastal encompasses all or part of 26 Massachusetts municipalities, and supports a 

population of approximately 500,000 people. The major resources in the region include a major 

lobster fishery, as well as shellfishing. 

In the upper portions of the watersheds, groundwater, rainfall and runoff create small streams that 

flow year round.  These streams typically have low fish variety, low productivity and relatively high 

gradients but they support environmental integrity by maintaining soil quality, reducing flood impacts 

and maintaining summer base flow.  The southern portion of the watershed is dominated by the 

shores of Cape Ann, which provide the most distinctive rocky coastline in Massachusetts, with an 

irregular coastline of rocky peninsulas, interspersed with embayments, pockets of salt marsh and 

estuaries. 

Boston Harbor Watershed 

The Boston Harbor Watershed, encompassing approximately 293 square miles of land area, 

including all or part of 45 municipalities, as well as most of downtown Boston, is located in and 

around historic Boston Harbor. The watershed includes some portions of the Mystic River Watershed 

to the north and the Neponset, Fore, Back, and Weir River Watersheds to the south. 

Although the Boston Harbor Watershed is comparatively small in area, it contains over one million 

people, more than one-sixth of the state's population. The Boston Harbor Watershed is approximately 

34% urban, 27% forestland, and 3% wetland (including salt marsh habitat). 

As a result of long-term community involvement and major investments in wastewater and 

stormwater infrastructure improvements, (e.g., MWRAõs Deer Island Waste Water Treatment Plant 

and, in conjunction with Boston and other municipalities, implementation of an extensive Combined 

Sewer Overflow Control Plan) the harbor has seen dramatic improvements in water quality over 

recent decades. Many species that had not been seen in the harbor for years are on the rebound, 

including harbor porpoises, seals, river herring, and other marine species. The Boston Harbor Islands 

were designated as a National Recreation Area on November 12, 1996. 

Mystic River Watershed 

The Mystic River Watershed covers 76 square miles of land area that drains into the Mystic River. 

The "Lower Mystic River Watershed" refers to the area below the Amelia Earhart Dam in Somerville, 

which is tidally influenced. Whereas the "Upper Mystic River Watershed" refers to the freshwater area 

above the Amelia Earhart Dam. There are 44 lakes and ponds within the Watershed, with Spot Pond 

being the largest at 307 acres in size. The Watershed headwaters begin in Reading, MA and form the 

Aberjona River, then flow into the Upper Mystic Lake in Winchester. From the Lower Mystic Lake, the 

Mystic River flows through Arlington, Somerville, Medford, Everett, Chelsea, Charlestown, and East 

Boston before emptying into Boston Harbor. The Mystic River Watershed is one of the most urban 

and densely populated watersheds in the Commonwealth, inclusive of three Superfund sites and 

various Environmental Justice communities.  
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Neponset River Watershed 

The Neponset River Watershed includes roughly 130 square miles of land southwest of Boston. All of 

this land drains into the Neponset River, and ultimately into Boston Harbor. The Watershed includes 

parts of 14 cities and towns: Boston (Hyde Park, Mattapan, and Dorchester), Canton, Dedham, 

Dover, Foxborough, Medfield, Milton, Norwood, Randolph, Quincy, Sharon, Stoughton, Walpole and 

Westwood. Approximately 300,000 people live within the watershed boundary, Because the 

Neponset River ultimately flows into Boston Harbor, the Watershed is itself a part of the larger 

Boston Harbor Watershed, along with the Mystic River Watershed to the north of Boston, the Charles 

River Watershed to the west of Boston and the Weymouth-Weir River Watershed, which, like the 

Neponset River Watershed, originates south of Boston. 

Sudbury-Assabet-Concord  

The Sudbury-Assabet-Concord (SuAsCo) Watershed is located in the metro-west area, includes a 

large network of tributaries that ultimately flow into the Merrimack River. The watershed has a total 

drainage area of approximately 377 square miles. The SuAsCo encompasses all or part of 36 

municipalities, most of which are within the MAPC region, and supports a population of over 

365,000 people. 

Twenty-nine free-flowing miles of the three major rivers in the SuAsCo Watershed were designated as 

Wild and Scenic in 1999. The rivers were recognized for their outstanding ecological, historical, 

scenic, and recreational values. The SuAsCo also encompasses two National Wildlife Refuges 

(NWRs) - the Great Meadows NWR, located primarily in Sudbury and one of the largest wetlands in 

the region, and the Assabet NWR, located primarily in Stow. 

Charles River Watershed 

The Charles River is 80 miles in length and has a drainage area of approximately 308 square miles 

and encompasses all or part of 35 municipalities, including a portion of Boston. It is generally divided 

into three distinct regions: the rural upper basin, the suburban lakes or middle region, and the urban 

lower basin.  

The watershed supports a population of over 900,000 people. In the area surrounding its 

headwaters in Hopkinton along Route 495, the watershed contains some of the fastest growing 

communities in the state. The Charles basin contains over 8,100 acres of protected wetlands, 

referred to as Natural Valley Storage areas, which play a critical role in flood protection and provide 

various habitats for the numerous plant and animal species that contribute to the state's wealth of 

biodiversity.  

The Charles River and its tributaries are home to many species of resident fish and provide 

important breeding habitat for anadromous fish. Currently, most migrating fish enter the river 

through the locks in the Charles River Dam and use a series of fish ladders to navigate dams 

upstream of the Lower Basin. 

South Coastal Watershed 

The South Coastal Watershed has a total drainage area of approximately 240 square miles that span 

all or part of 19 municipalities, including all or large portions of nine communities within the MAPC 

region. The towns of Kingston and Plymouth in the southern portion of the watershed are not within 

the MAPC region. The major coastal sub-watersheds include the North and South Rivers. There are 

numerous wetlands and many small coastal lakes and ponds scattered throughout the basin. 
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Portions of the South Coastal Watershed are biologically significant because they are home to rare 

and endangered species. For example, the Town of Duxbury (as well as Plymouth, south of the MAPC 

region) provides habitats to shore birds of the sandpiper family that migrate in the late summer. 

II.C.2. CLIMATE THREATS 

Impervious surfaces within developed areas create climate vulnerabilities to both natural resources 

and developed areas. As development and redevelopment occurs, typically, natural green spaces 

decrease and impervious surfaces increase, thereby; changing the areaõs hydrologic cycle. Figure II.5 

illustrates the percentage of impervious surface across the region. As shown, the highest 

percentages of impervious surface appear within the Inner Core area of the MAPC Region; within the 

most urbanized municipalities.  

Figure II.5: Impervious Surfaces  

 

There have been a number of studies on the impacts of climate change on the hydrological cycle. 

Increased impervious surfaces and subsequent flooding is expected to alter the volume and timing 

of streamflow of rivers, which will in turn alter both the runoff over watersheds and the distribution of 

river-born pollutants. Steady urbanization adds to impervious surface area thereby increasing the 

volume of runoff. In addition, many studies link climate change with increased streamflow variability, 

which adversely affects water quality. 






































































































































































































