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Introduction
Pepperell is a community that in some intangible but completely knowable way is inviting and welcoming. We are a community that strives to support its citizens of all ages, races, abilities and socioeconomic status with dignity. We are a community that cherishes and safeguards its rural character,
cultural history and natural resources. And finally, we are a community that supports its citizens’
quality of life through its public services and infrastructure.
Climate change threatens our community and our way of life. In fact, its impacts are already being
felt today and, unless addressed, it will continue to impact future generations. According to the
Northeast Climate Science Center at UMass Amherst, annual air temperatures in the Northeast have
been warming at an average rate of 0.5°F per decade since 1970, and winter temperatures have been
rising at a faster rate of 0.9°F per decade on average. By mid-century temperatures could rise another
6.2°F on average and 7.4°F in winter.
These changes will stress every living thing within our small ecosystem including, most significantly,
our most vulnerable populations. Climate change introduces hazards to Pepperell’s infrastructure,
public safety and health, local businesses and natural habitats. Projected increases in annual temperatures and precipitation may lead to increased frequency of severe storm activity, increased frequency
of drought and shifts in seasonal hydrological patterns.
These climate stressors will, in turn, induce a range of hazards including increased flooding, increased frequency of heat-related emergencies, increased prevalence of chronic diseases, increased
incidence of vector-borne diseases, reduced water recharge and lower oxygen levels in our cold-water
streams and rivers. Pepperell’s residents, businesses, infrastructure and natural habitats will have
varying degrees of vulnerability to these climate change related hazards.
The recently released report from the Intergovernmental Panel on Climate Change, Global Warming
of 1.5°C, underscores the urgency to act before the global and local consequences are all but irreversible. This need to act on climate change has been recognized at the State level, and programs
have been put in place to help communities resist and adapt:
In 2016 Governor Baker signed Executive Order 569 Establishing an Integrated Climate Change
Strategy for the Commonwealth. In that same year, the Baker Administration launched the Municipal
Vulnerability Preparedness (MVP) grant program providing support for cities and towns across the
Commonwealth to identify climate change vulnerabilities, prioritize critical actions, and build community resiliency.
In March 2018, Governor Baker filed “An Act Promoting Climate Change Adaptation, Environmental
and Natural Resource Protection, and Investment in Recreational Assets and Opportunity.” This legislation provides for $1.4 billion in capital authorizations, including $50 million for the State’s MVP
program. In a speech announcing the Act, Governor Baker stated, “We have 351 cities and towns in
Massachusetts, and they all need a vulnerability plan.”
In addition to these resiliency measures, the state is acting, as required by law, to reduce greenhouse
emissions. The Global Warming Solutions Act (GWSA) of 2008 requires a 25% reduction in green3

house gas (GHG) emissions from all sectors of the economy below the 1990 baseline emission level
in 2020 and at least an 80% reduction in 2050.
However, we cannot and should not rely on our state government to bear all the responsibility to
achieve these GHG reduction goals. Pepperell must do its part as well. Planning for a more sustainable and resilient Pepperell in the face of climate change must be our goal. The plan must speak clearly on two key points: What we can do to adapt to climate change and what we can do to reduce our
contribution to it.

Approach
The Climate Change Resiliency and Sustainability Working Group (CCRS) is working to:
- Assess direct climate change-related threats, hazards, vulnerabilities and impacts to Pepperell’s assets (the “Impact Assessment”) within the context of the Master Plan elements;
- Assess potential indirect hazards to which the community might be vulnerable (e.g. degradation of water quality in the Nashua River Watershed);
- Make recommendations to enhance the Town’s resiliency to climate change and the sustainability of the Town’s assets;
- Recommend strategies and policies to limit Pepperell’s own greenhouse gas footprint and contribution to climate change.
We have reached out to municipal department heads to collect their thoughts and recommendations.
Additionally, the Working Group developed its own recommendations based on independent research
and review of best practices in the Master Plans of other forward-thinking Massachusetts communities who are addressing climate change, sustainability and resiliency in planning for the future of their
towns and cities.
Our approach in addressing many climate change strategies is to embed the controls within local zoning and land use by-laws so that town departments can act in a coherent, collaborative, and focused
manner. Furthermore, as key elements of this Master Plan are incorporated, the zoning by-laws will
become an important operational document helping to move the town’s planning forward.
We also look to enhance the stewardship of Pepperell’s resources and spaces going forward and to
join collaboratively with other towns throughout the state such that, collectively, our incremental efforts will have a broader effect. Thus, in planning for our future, we should also keep in mind that regional collaboration is very important, even essential.
We request that the members of the Master Planning Committee review this report. We seek your
support for incorporating its recommendations into the final document written by the North Middlesex Council of Governments (NMCOG) representatives.
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Climate Change Projections and Impacts
Projections
The MA Executive Office of Energy and Environmental Affairs uses two downscaled emission scenarios for modeling climate change projections to the Commonwealth developed by the Northeast
Climate Science Center at the University of Massachusetts Amherst: (1) A “moderate” scenario of
future greenhouse gas emissions assumes a peak around mid-century, which then declines rapidly
over the second half of the century, and (2) a “high” scenario, which assumes the continuance of the
current emissions trajectory.1 These projections have been applied geographically to counties and
major drainage basins for use by municipalities and other stakeholders to plan for and adopt climate
change mitigation and adaptation measures.
The table below highlights several of the key metrics and changes that will impact Pepperell and other communities in the Nashua Basin over the remainder of the century as compared to the baseline
period of 1971-2000.2
Period

Observed
Baseline
1971-2000

Annual

46.8 °F

+3° to +6.4 °F

+3.9 to +11 °F

Winter

25.2 °F

+2.8 to +7.6 °F

+3.9 to +10.6 °F

Summer

67.6 °F

+3.1 to +7.0 °F

+4.0 to +12.6 °F

Days with Maximum Temperature Over 90°F

Annual

4 Days

+9 to +30 Days

+13 to +70 Days

Days with Minimum Temperature Below 32°F

Annual

156 Days

-19 to -38 Days

-23 to -64 Days

Annual

45.9 in

+1.2 to +6.3 in

+1.3 to +8.4 in

Winter

11 in

+0.2 to +2.5 in

+.06 to +4.3 in

Summer

11.3 in

-0.3 to +2.2 in

-1.1 to +2.2 in

Climate Change Projections for the
Nashua Basin
Average Temperature

Total Precipitation

Projected Change in Projected Change in
2050s
2090s

Source: Northeast Climate Science Center

Impacts
The consequences of these climatic changes to public health, natural systems, infrastructure and our
economy can be significant. The following impacts are either direct quotes or derived directly from
the Resilient MA website and related sources:

1

For an overview of greenhouse gasses and emission scenarios please see Appendix A.

The range of change noted for each future period is based on modelled GHG emissions under different scenarios. Please
see Appendix A for additional information.
2
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Public Health Consequences
Extreme heat, which is generally considered to be temperatures over 90 °F, can have significant impacts on the elderly, ill and very young populations especially those living/working in urban areas and
where more paved surfaces and a lack of vegetation create a “heat island effect” that makes them
much hotter than neighboring rural areas.
As the number of days when temperatures exceed 90°F may reach as high as 34 days in the 2050s
and 74 days in the 2090s, the number of heat related health events also will increase, as will demand
on first responders and public health services.
Rising temperatures are also a factor in the incidence of vector borne diseases. Warming conditions
are one of several factors that have contributed to increased populations of black-legged ticks in
northern states that can transmit pathogens causing serious diseases like Lyme disease and anaplasmosis.
Agriculture and Livestock
Warming temperatures will change plant hardiness zones and the viability of certain crops in the
Northeast, notably apples and maple syrup production which are prevalent in our area. Although
growing seasons are projected to be longer, weather variability including thaw followed by frost in
Spring and increased severe weather in summer can damage crops and reduce yields. Extreme heat
and the dry conditions or drought could be detrimental to crop production and harvest, and could also
cause heat-related stress among livestock and reduce milk yield from dairy cattle.
Aquatic Habitats
Warming temperatures can deplete lakes and ponds of oxygen and create more favorable conditions
for harmful algal blooms. Cold water fisheries that support cold-adapted species like brook trout are
particularly sensitive to changes in in-stream temperatures. Brook trout play an important role in the
lifecycle of the listed brook floater mussel, which means a decline in the trout population may well
lead to a decline in the brook floater. Both the Nissitissit River and Sucker Brook in Pepperell have
populations of brook trout and brook floater mussels.
Forest Habitats
Climate change will cause major shifts in the tree species and the composition of forest habitats, potentially threatening some of the Commonwealth’s wildlife species. Forest health is also likely to be
at higher risk from droughts, invasive pests, storms and fires.
Infrastructure
While warmer winters may reduce burdens on energy systems, more heat in the summer may put
larger demands on aging systems, creating the potential for power outages. The number of cooling
degree days is expected to increase significantly by the end of the century. In addition, heat can stress
transmission lines, substations, train tracks, roads and bridges, and other critical infrastructure.
Drought and Wildfires
Seasonal drought risk is projected to increase during summer and fall in the Northeast as higher temperatures lead to greater evaporation and earlier winter and spring snowmelt, coupled with more vari6

able precipitation patterns. Drought and warmer temperatures may also heighten the risk of wildfire,
by causing forested areas to dry out and become more flammable.
Climate Change Impact Summary
As reported in the Fourth National Climate Assessment, Volume 1, there is very high confidence that
“the observed increase in global carbon emissions over the past 15–20 years has been consistent with
higher scenarios” (Hayhoe, 2017). In the global context, a continuation of this pattern would result in
a carbon dioxide concentration commensurate with a 3.6°F (2°C) increase by 2035. That is the temperature increase above pre-industrial levels set by the Paris Agreement that we want to stay below
(DeAngelo, 2017).
In terms of local impact, the implications are clear: unless carbon emissions are controlled at or reduced from current levels, Pepperell may experience the most extreme outcomes of the scenarios presented above. The citizens and the municipal government of Pepperell have the opportunity to do
their part by adopting the recommendations outlined in this document.

Framework for Sustainability
Sustainability is based on a simple principle: everything that we need for our survival and well-being
depends, either directly or indirectly, on our natural environment. To pursue sustainability is to create
and maintain the conditions under which humans and nature can exist in productive harmony to support present and future generations.
The common elements of a sustainable community are a healthy environment, the well-being of the
people living in the community and a strong economy. When sustainability areas are addressed in
tandem with each other, they have a powerful, positive effect on the quality of life and future of a
community. By overlapping work in these areas, efficiencies emerge and better results are achieved.
It’s an approach that solves local problems while being innovative about progress. Sustainable communities possess a strong capacity to respond to and bounce back from adversity. Local government
in these communities prepares for, and helps residents and institutions prepare for disruptions and respond to them swiftly, creatively and effectively.
Using the Massachusetts Sustainable Development Principles as our guide, Pepperell can redirect the
focus of future development to help preserve the rural character of Pepperell without further loss of
open space, a decline in farming base and the spread of single-family subdivisions. Additionally, embracing these principles may be key in securing state grant funding to help us achieve some of our
goals and realize our recommendations.
Recommendations in this report align with the Massachusetts Sustainable Development Principles:
The Commonwealth of Massachusetts shall care for the built and natural environment by promoting
sustainable development through integrated energy and environment, housing and economic development, transportation and other policies, programs, investments, and regulations. The Commonwealth will encourage the coordination and cooperation of all agencies, invest public funds wisely in
smart growth and equitable development, give priority to investments that will deliver good jobs and
7

good wages, transit access, housing, and open space, in accordance with the following sustainable
development principles. Furthermore, the Commonwealth shall seek to advance these principles in
partnership with regional and municipal governments, non-profit organizations, business, and other
stakeholders.
1. Concentrate Development and Mix Uses - Support the revitalization of city and town centers and
neighborhoods by promoting development that is compact, conserves land, protects historic resources, and integrates uses. Encourage remediation and reuse of existing sites, structures, and infrastructure rather than new construction in undeveloped areas. Create pedestrian friendly districts
and neighborhoods that mix commercial, civic, cultural, educational, and recreational activities with
open spaces and homes
2. Advance Equity - Promote equitable sharing of the benefits and burdens of development. Provide
technical and strategic support for inclusive community planning and decision making to ensure social, economic, and environmental justice. Ensure that the interests of future generations are not compromised by today's decisions.
3. Make Efficient Decisions - Make regulatory and permitting processes for development clear, predictable, coordinated, and timely in accordance with smart growth and environmental stewardship.
4. Protect Land and Ecosystems - Protect and restore environmentally sensitive lands, natural resources, agricultural lands, critical habitats, wetlands and water resources, and cultural and historic
landscapes. Increase the quantity, quality and accessibility of open spaces and recreational opportunities.
5. Use Natural Resources Wisely - Construct and promote developments, buildings, and infrastructure that conserve natural resources by reducing waste and pollution through efficient use of
land, energy, water, and materials.
6. Expand Housing Opportunities - Support the construction and rehabilitation of homes to meet
the needs of people of all abilities, income levels, and household types. Build homes near jobs, transit, and where services are available. Foster the development of housing, particularly multifamily and
smaller single-family homes, in a way that is compatible with a community's character and vision and
with providing new housing choices for people of all means
7. Provide Transportation Choice - Maintain and expand transportation options that maximize mobility, reduce congestion, conserve fuel and improve air quality. Prioritize rail, bus, boat, rapid and
surface transit, shared-vehicle and shared-ride services, bicycling, and walking. Invest strategically in
existing and new passenger and freight transportation infrastructure that supports sound economic
development consistent with smart growth objectives.
8. Increase Job and Business Opportunities - Attract businesses and jobs to locations near housing,
infrastructure, and transportation options. Promote economic development in industry clusters. Expand access to education, training, and entrepreneurial opportunities. Support the growth of local
8

businesses, including sustainable natural resource-based businesses, such as agriculture, forestry,
clean energy technology, and fisheries.
9. Promote Clean Energy - Maximize energy efficiency and renewable energy opportunities. Support energy conservation strategies, local clean power generation, distributed generation technologies,
and innovative industries. Reduce greenhouse gas emissions and consumption of fossil fuels.
10. Plan Regionally - Support the development and implementation of local and regional, state and
interstate plans that have broad public support and are consistent with these principles. Foster development projects, land and water conservation, transportation and housing that have a regional or multi-community benefit. Consider the long-term costs and benefits to the Commonwealth.
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Review and Recommendations
The ability to sustainably plan for current and future housing needs, maintain an economically vibrant
business community, preserve our town’s rural character, agriculture and landscape, protect our natural resources and open space, and provide adequate support to our municipal and civic institutions, are
integral to promoting community engagement, and will support and enhance the quality of life of all
who reside here.

A. General
Recommendations
1. Adopt and adhere to the Massachusetts Sustainable Principles for future planning initiatives.
2. Consider the impacts of climate change in reviewing development projects and programs;
3. Adopt clean energy solutions that reduce the emission of greenhouse gasses with the goal of
meeting targets set in the Massachusetts Global Warming Solutions Act, and its successors;
4. Incorporate by reference, in the updated Master Plan, the chapter within the 2016 Pepperell
Open Space and Recreation Plan report, titled ‘Achieving Healthy Living for Older Adults.’
5. Pass a Community Preservation Act to protect and conserve open space and historic sites, create affordable housing and develop outdoor recreational facilities.

B. Land Use and Zoning
When evaluating land to be zoned and permitted for residential, commercial, industrial, recreational
and conservation purposes, communities may consider the fiscal relationship amongst these categories. In these evaluations both the potential tax revenue to be gained and the cost of community
services for each category are to be considered.
To aid in this evaluation the American Farmland Trust (AFT) created a Cost of Community Services
(COCS) toolkit which examines land use relationships based on tax and other revenues, as well as
public expenditures, in a single fiscal period. These studies conducted over the course of three
decades in dozens of communities conclude that “on average, residential development generates significant tax revenue but requires costly public services that typically are subsidized by revenues from
commercial and industrial land uses” (Freedgood, 2002).
A separate analysis of 125 COCS studies by university researchers confirmed these findings (Kotchen
and Schulte, 2009) and, more recently, a study by UMass Amherst for the towns of Great Barrington,
Whatley, Upton and Haverhill also arrived at similar results concluding that “new development brings
not only more revenue, but also more expenses as residents use more services than businesses or open
space including schools, parks, and human services” (Murray and Catanzaro, 2019).
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Great Barrington
(2018)

Whatley (2017)

Upton (2018)

Haverhill (2017)

Population

6,907

1,513

7,725

63,370

Total Town
Budget

$26,717,461

$5,572,091

$25,974,011

$182,124,250

RATIO OF REVENUES TO EXPENSES
Residential

1: 1.12

1: 1.13

1: 1.00

1: 1.04

Commercial/
Industrial

1: 0.37

1: 0.56

1: 0.51

1: 0.75

Open Space

1: 0.35

1: 0.46

1: 0.34

1: 0.74

Town Overall

1: 0.95

1: 0.98

1: 0.97

1: 1.01

The studies also reveal that in addition to commercial and industrial land use, open space has a net
positive economic impact on communities. Research conducted by the Trust for Public Land (2013)
supports this conclusion finding that conservation land in Massachusetts returns $4 in goods and services to the state and its residents in addition to ecosystems services such as drinking water protection, flood control, and support for wildlife.
These findings support our group’s conclusions that:
1. Increasing the town’s residential base as a means to increase tax revenue is not effective fiscal
planning, as it may well lead to a net income loss due to the cost of community services;
2. Rezoning that improves the town’s ability to attract agricultural, commercial and industrial
enterprises, while maintaining our small-town feel, is the most effective means to increase net
income to the town.
Recommendations
1. Maintain existing lot-size zoning in the residential and rural districts at two-acres;
2. Undeveloped or minimally developed land that becomes available to the town (e.g. through
tax takings) should be prioritized for conservation or for commercial use, as appropriate, and
not for residential development;
3. Reaffirm the current Master Plan recommendation to: “restrict Sewer District expansion to
designated areas with minimal natural resources.” The Plan’s stated aim is “to protect river
and habitat resources and promote groundwater recharge and the Sewer District limited to areas where increased density and development is encouraged;”
4. Concentrate development and mixed uses where appropriate and provide incentives to reduce
the scale and location of developments to prevent sprawl. Specifically, we recommend establishing a Mixed Use Residential/Commercial Overlay District along the Main/Tarbell Street
Corridor from Jersey Street and Railroad Square area to area around the rotary, bordered by
11

and encompassing River Road, Canal and Mill Streets to Nashua Road, with restrictions on
commercial enterprises in residential neighborhoods off the main street;
5. Adopt Form Based Codes (FBC) provisions for the Mixed Use Residential/Commercial Overlay District;
6. Consider mixed residential/commercial uses related to the farm to table and hospitality industries in designated areas;
7. Revise zoning of industrial district locations to reduce impacts on residential neighborhoods,
open space and recreation areas, and natural resources on which Pepperell residents and
wildlife depend;
8. Adopt street-scaping design elements that reduce hot zones, such as those depicted in the
satellite composite image below along Pepperell’s main commercial and transportation corridors;
9. Review existing town lighting regulations and pertinent bylaws and, drawing from authoritative sources, adopt best practices regarding energy consumption, light pollution and related
environmental impacts;
10. Incorporate Low Impact Development (LID) standards into the town’s “Design Guidelines”
for new construction and rehabilitation of existing buildings. (a). Establish site development
requirements and guidelines to (a) incorporate sustainable building designs; (b) meet LEED
certification standards; (c) that encourage preservation of forested habitat, large trees, and associated vegetative cover; (d) that use native trees, shrubs and grasses for landscaping; and (e)
that minimize the need for supplemental water from irrigation.

C. Open Space Preservation and Recreation
As noted in the Land Use and Zoning section, protected open space contributes to the community in a
number of ways. Amongst its many benefits, Open Space:
• Contributes to the “rural character” that Pepperell’s residents highly value;
• Provides recreational opportunities to the public;
• Helps maintain air and water quality for residents;
• Helps moderate temperatures;
• Provides habitat to wildlife, including 17 species listed as endangered, threatened or of special
concern;
• Delivers positive economic return by attracting visitors to Pepperell.
Recommendations
1. Revise the Open Space Residential Development (OSRD) Bylaw to incentivize smaller building lots and provide for more contiguous open space parcels that protect whole ecosystems
(continuity of forested habitats and wetland complexes) and species biodiversity, create
wildlife corridors, and provide for passive recreational experience;
2. Conduct a study of the town’s future and current population growth, its projected use of natural resources, and the impact on ecologically sensitive habits and municipal resource management, such as sewer treatment, in order to balance the type and level of development to resource capacity;
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3. Develop a floodplain overlay district to address flood hazard and other climate-related vulnerabilities that may damage vulnerable ecosystems including geographically shifting wildlife
habitats and management of invasive species.

C. Housing
Background
The Working Group undertook an analysis of housing needs using NMCOG data, housing sales data
from the Town of Pepperell Assessor’s department, the Board of Realtors’ Multiple Listing Service
and demographic data from the American Community Survey. Our analysis focuses on two key data
points: (1) Population and demographic trends and (2) Housing costs and economic burden. We examined this data in the context of current zoning and land use bylaws for insight into both issues and
opportunities the Master Planning Committee should consider for incorporation into the Master Plan.
Findings
In addition to the subsidized housing issues raised by NMCOG we find that:
• There is insufficient workforce single/multi-family housing and rental stock to meet the needs
of households at or near the median regional income;
• 28% of owner-occupied households and 34% of renter-occupied households are economically
burdened i.e. spend more than 30% of gross income on household expenses;
• Our current zoning is a barrier to the accommodation of more workforce and subsidized affordable housing and rental units;
• Our current zoning encourages and perpetuates the building of large homes on large lots
which not only puts them out of reach of a significant portion of the population but also detracts from our remaining open space.
Implications
• The shortage of affordable and workforce housing represents a barrier to entry to our community, particularly for young singles and families, who are critical to Pepperell’s future;
• The shortage of affordable and workforce housing imposes a hardship on seniors and disabled
people who want to live and age in place;
• The housing economic burden placed on approximately one third of Pepperell’s current residents adversely impacts overall community well-being;
• Unless we address the shortage of subsidized affordable housing the Town cedes control over
the location and characteristics of 40B developments, thus putting Pepperell’s rural character
at risk;
• Without zoning changes permitting smaller lot sizes in the Urban and Suburban Residence
Zones, and promoting cluster development, we cannot meet the workforce and affordable
housing needs referenced above.
Recommendations
1. Create a subsidized affordable housing and zoning plan that focuses development within the
Commercial and Urban Main Street corridor
13

2.

3.

4.

5.
6.

a. Emphasize the development of multi-unit rental complexes that will enable Pepperell
to achieve “safe harbor” status quickly while working toward the 10% target
b. Create age and family friendly village style developments that facilitate pedestrian access to businesses, municipal and outdoor amenities. Incorporate protective land-scaping and heat-island reduction strategies, using shade trees, benches etc.;
Create a work-force housing and zoning plan that conserves open space
a. Re-zone the Suburban and Urban Residential zones to one-half acre lots;
b. Extend the OSRD requirements to the Suburban and Urban Residential zone to encourage more cluster development;
Conduct a housing needs analysis to address people with disabilities and seniors wishing to
age in place
a. Pursue community housing grants to develop and implement a home repair program
for older and disabled adults, focusing on repairs and improvements to major home
systems, and safety and barrier elimination;
b. Expand education and application assistance to eligible homeowners and renters to
access state resources and programs, such as LIHEAP, to live more economically and
sustainably;
c. Provide information to homeowners about accessibility options to facilitate independence and aging in place;
Establish a Housing and Community Development Board to meet the housing and service
needs of low and moderate income residents, build and repair infrastructure vital to the health
and safety of the residents and support business development and retention. This Board can
pursue all sources of funding including community development block grants, downtown revitalization funding programs, neighborhood rehabilitation funding programs, municipal incentive grants, development of a community land trust, home improvement loan programs,
micro-enterprise loans, etc;
Consider exploring options for working collaboratively with adjacent towns on a regional affordable housing and transportation plan;
Ensure all development is sensitive to Pepperell’s rural and historic character and to the sustainable use of our natural resources.

D. Economic Development
Pepperell’s future sustainability requires encouraging business growth while preserving the quality of
life its residents enjoy: its natural resources, historic heritage, recreational and agricultural assets. The
challenge is to leverage these assets to attract small and medium-size businesses that will contribute
to the economic vitality of our town and our way of life. We believe the best way to grow our local
economy while retaining Pepperell’s small-town character is through a combination of two primary
initiatives: attracting small scale businesses, promoting agriculture and promoting the town’s natural
and historical assets. These are discussed in summary below:
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Attracting small-scale businesses
Small scale businesses ranging from specialty retail stores to modest office parks generate more net
revenue and drive more economic growth than large scale box retail stores, chain stores and fast food
restaurants. For example, a study done for the Town of Barnstable, MA shows that the average net
annual cost per 1000 square feet to the town exceeded revenues for shopping centers, big box retailers, restaurants and fast food restaurants. In contrast, specialty retail and business parks had the best
return (See chart below):

Source: Tischler and Associates, 2002
The two main factors behind costs were road maintenance and greater demand for public services.
Another study conducted by Ridley & Associates for the Cape Cod Commission found that the local
economic impact of local stores was as much as three times that of big box chains. The location of
labor, suppliers and ownership were cited as the primary differentiators between the two business
models, with locally owned stores leading in all three factors.
Agriculture
The growing demand for fresh produce and farm to table eating by both retail and institutional consumers neatly dovetails with Pepperell’s heritage and resources. Using state aid, farmers are investing
in hoop houses and hydroponic greenhouses to farm year-round and reduce weather-related risks.
However, to succeed farmers need cold storage and distribution facilities to reach consumers, restaurants, and institutions on a year-round basis. Development of a regional food hub based on the successful models in Worcester and Greenfield may be a key to ingredient to growing Pepperell’s agricultural business.
Recreation
We can leverage the growing popularity of the outdoor/recreation economy because our town is very
fortunate to have attractive assets such as the Rail Trail, the Nashua and Nissitisset Rivers, woodland
trails and open spaces, and, if we are careful, nighttime skies for star gazing. According to the U.S.
Department of Agriculture's 2016 report Federal Outdoor Recreation Trends: Effects on Economic
15

Opportunities” communities can take advantage of the growing popularity of outdoor activities to revitalize their Main Streets and create jobs.
A 2015 study by the National Recreation and Park Association finds that recreational activity in the
US generated $154 billion in economic activity and $1.1 million in jobs. The report summarizes the
economic impact of local park and recreation agency spending for each state. In Massachusetts the i
$1,092,808,420 in transactions; $464,179,319 in labor income, and 8,539 jobs. Focusing on our
recreational assets can attract businesses that offer biking, kayaking, river expeditions, riding, hiking,
and night sky viewing, for example. Businesses that serve the recreation industry include equipment,
athletic wear, and footwear.
Recommendations
1. We recommend that the town create an Economic Development Commission to create a plan
to expand its small-business community that is supported by infrastructure and proximity to
housing (affordable, multi-family, senior);
2. Improve the main Street corridor from Railroad Square to the Peter Fitzpatrick School, including:
a. Improve its roads, parking, safe pedestrian access, traffic control and traffic patterns;
b. Improve public amenities such as comfort facilities;
c. Install green hardscape and cooling stations in anticipation of more extreme heat by
mid-century (as defined by number of days over 100 degrees Fahrenheit);
d. Consider installation of information infrastructure (e.g. kiosks);
e. Install EV charging stations as electric vehicles become more common;
f. Make necessary zoning changes to create a more vibrant downtown for both businesses and residents;
g. Develop a plan for pedestrian connections between abutting neighborhoods along the
commercial artery and between abutting neighborhoods and Main Street;
3. Develop a plan for providing and/or expanding bed and breakfasts, student hostels, and other
tourist accommodations in town. B&B’s can also serve to showcase the works of local artists
and craftspeople, and local history;
4. Develop a plan to promote, sustain and grow Pepperell’s agricultural business, including a
commercial kitchen and a regional food hub;
5. Move forward with the following recommendation made by the Peter Fitzpatrick Feasibility
Committee (PFFS) to create “a zoning overlay for restricted light mixed commercial uses (i.e.
coffee shop, farmer’s market, shared office space, small business office space, art/music studios) within the next 1-3 years.” We would add commercial kitchen space for home-grown
enterprises such as finished product businesses (e.g. baked goods) that can be sold at local
restaurants;
6. Leverage the town’s natural and historical assets to expand the business base
7. Explore all potential financing inducements and develop internal protocols to judiciously apply them;
8. Target state and federal funding for Pepperell.
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E. Natural and Cultural Resources
Recommendations
All recommendations in this section are approved by the Pepperell Conservation Commission. The
Work Group used the Climate Change Vulnerability Evaluation Table (see Appendix A), to conduct
an interview with the Conservation Commission’s subject matter expert in plant ecology.
Forest Habitats
1. Increase continuity of forest habitat through additional land conservation;
2. Increase continuity of forest habitat by requiring housing developments of five parcels or larger
be proposed as OSRD and ensure open spaces identified in OSRD are in line with goals identified
in Master Plan;
3. Promote best management practices to reduce the hazard of pest transportation from site to site by
humans;
4. Develop and implement Forest Management Plans for Town and Conservation Commissionowned land to:
- actively monitor for pest outbreaks in their earlier stages, combined with aggressive elimination and control activities to eliminate outbreaks in early stages;
- promote resilience by aggressively managing current stressors: grazers and browsers, invasive species and pests;
- promote resilience by managing the age structures of forest stands to favor an increased representation of young vigorous trees;
- manage change by selective cutting, introductions of preferred species, and control of nonclimate stressors.
Fresh Waters and Streams
1. Develop and implement rivers and streams management plan to:
maintain and expand riparian buffer zones that shade the streams and assist in keeping water
temperatures low;
remove barriers to fish passage to allow access to and spawning in upriver areas;
replace smaller-bore culverts with culverts that meet Massachusetts Stream Crossing Standards, which facilitate wildlife passage;
2. Encourage partnerships with federal, state, and local agencies, watershed associations, land conservation organizations and educational institutions to identify challenges and opportunities for addressing climate change impacts;
3. Develop and implement regulatory solutions so that warmed water from retention ponds is not released into streams; and to preclude the building of impervious surfaces (e.g., parking lots and other
developments) close to coldwater streams and rivers, as this may result in warmed runoff entering the
waterbody.
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Wetland Habitat
Increase continuity of wetland habitat through additional land conservation
1. Increase continuity of wetland habitat by requiring housing developments of five parcels or more
be proposed as OSRD and ensure open spaces identified in OSRD are in line with goals identified
in Master Plan;
2. Develop and implement a wetland management plan for Town and Conservation Commissionowned land to:
- control non-climate stressors. The threats currently posed by invasive plant species to wetlands will be exacerbated under climate change. If we are to continue to protect valued wetlands, it will be vital to increase efforts aimed at detecting and eliminating or controlling
outbreaks. This will require more active monitoring and detection, aggressive elimination,
and the education of the public about and the enforcement of best management practices;
- preserve wetlands by protecting the hydrologic, geomorphological, and ecological matrices
within which they are situated. This requires the management and conservation of watersheds;
- protect, restore, and manage large, functionally-healthy wetland complexes. We must aim to
preserve and support the large wetland complexes that remain in the Commonwealth. We
should also aim to increase the size of existing wetland complexes through habitat restoration (e.g., on floodplains);
3. Install culverts that are compatible with wildlife migration by ensuring culverts meet Massachusetts Stream Crossing Standards;
4. Require developers to use native species for wetland mitigation.
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Appendix A – Climate Change Overview
Historical Perspective
Carbon dioxide, along with water vapor and other gases, plays an important role in regulating the
earth’s temperature by absorbing heat radiated from the earth and warming its surroundings. Decrease carbon dioxide levels and the earth cools; increase carbon dioxide levels and the earth warms.
It’s that “greenhouse” effect that helps keeps the earth’s average temperature at close to 60°F today
(Lindsey, 2018), and carbon dioxide is responsible for twenty-five percent of that effect (Smil, 2006).
Over hundreds of thousands of years, atmospheric carbon dioxide levels have stayed within a pretty
well-defined band, ranging from a low of 180 parts per million (ppm) to a high of 300ppm. However,
in 1950 the concentration of atmospheric carbon dioxide crossed the 300ppm mark and has grown
rapidly so that it now exceeds 400ppm. (Hayhoe, 2017).

As carbon dioxide levels increase, more radiative energy is captured, and temperatures rise. The correlation between carbon dioxide levels and temperature change is illustrated in the graph below (the
“Temperature Anomaly” referenced is the variation against the historical average). In short: the higher
the carbon dioxide levels, the greater the temperature variation against the historical average.
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These increases in carbon dioxide levels, especially since 1950, have led to steady increases in temperature across the globe. The impact to the United States is represented in the chart below, which
shows the change in temperature between the average for present-day (1986–2016) and the average
for the first half of the last century (1901–1960 for the contiguous United States, 1925–1960 for
Alaska and Hawaii (Fahey, 2017).

Source: Fourth National Climate Assessment, Volume 1

These national scale changes are reflected at the local level, as the following chart of annual average
temperatures from 1895 to 2017 for Middlesex County, MA, represents. The trendline indicates a
.2°F increase per decade.
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As temperatures increase, the atmosphere is able to hold more moisture, which results in more precipitation. The following chart represents average annual rainfall from 1895 to 2017 for Middlesex
County, MA, with the trendline indicating a .47-inch increase per decade.

Sources of Climate Change
Unlike historical temperature changes, which were due primarily to small shifts in the earth’s orbit
(Strelich, 2017), changes observed since the industrial revolution are almost entirely due to human
activity (Dahlman, 2017). The chart below illustrates the contribution of human activity to temperature rise versus other causes. It captures the influence of global annual average radiative forcing3
changes from 1750 to 2011 due to human activities, changes in total solar irradiance, and volcanic
emissions.

3

Radiative forcing is the influence that something has in changing the global balance of incoming and outgoing energy. It
is usually expressed in watts per square meter averaged over a particular period of time and quantifies the energy imbalance that occurs when the imposed change takes place (Myhre, 2013). Black bars indicate the uncertainty in each. Radiative forcings greater than zero produce climate warming; forcings less than zero produce climate cooling (Wuebbles,
2017).
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Source: Fourth National Climate Assessment, Volume 1

Human-caused carbon dioxide emissions are largely a byproduct of the burning of carbon-based fuels
for electricity and thermal generation. Methane emissions result from mining, natural gas extraction,
animal husbandry, and agricultural practices. Nitrous oxide is emitted in the nitrogen cycle in natural
ecosystems and has a variety of human based activity sources, including the use of synthetic fertilizers in agriculture, motor vehicle exhaust, and some manufacturing processes (Fahey, 2017).

Appendix B – Climate Change and Public Health
Background
As outlined in the charts below, climate change will have a direct effect on the population’s health,
particularly the elderly, the very young and those suffering from illness.
Heat Stress Emergency Department Visits
Tracking Links between Climate and Health
One predicted impact of climate change is an increase
in the number of days over 90 degrees. More days of
extreme heat increase the number of residents at risk
for experiencing heat stress, the effects of which include fatigue, cramps, dehydration and heat stroke.
EPHT tracks the number of emergency room visits
for heat stress in each community in Massachusetts.

Pepperell
Statewide
Age-adjusted rate per 100,000 people
Massachusetts Center for Health Information and Analysis (CHIA), 2012
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Percent of Population over 65 Living Alone
Tracking Vulnerable Populations
Studies of deaths during extreme heat
events found that older adults, especially those living alone, are more vulnerable. EPHT provides a vulnerability
mapping tool that displays this measure and other demographic data for
each community.

Identifying Possible Interventions
Green space decreases overall outdoor
temperature because trees and shrubs
can provide shade. Green space is
measured as the percent of land in the
town devoted to agriculture, forest,
open space, and recreation. EPHT provides percent of green space in each
community in the vulnerability mapping tool.

U.S. Census American Community Survey (ACS), 5-year estimates,

Percent Green Space
Calculated using data from the Office of Geographic Information (MassGIS), 2005
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Recommendations
Public Health recommendations are based on an interview with the Nashoba Public Health Nurse,
whose emphasis was on public health education, as well as adaptations of Public Health recommendations in the “Massachusetts Climate Change Adaption Report.”
Evaluation Table: Heat and Air Quality
Threat

Hazards

Winter and summer
temperature rise –
General

•

Heat-related stress

•

Rise in in.luenza

Increase in frequency
and severity of heat
waves

•

Heat-related stress

Potential Impacts
•

Heat-related illnesses or death (asthma,
cardiovascular, etc) increase for youth, elderly, poor, and other vulnerable populations

•

Heat-related illnesses or death (asthma,
cardiovascular, etc) increase for youth, elderly, poor, and other vulnerable populations

Recommendations Source: Climate Change Interventions from the Massachusetts Climate
Change Adaptation Report
-

Promote heat island reduction strategies: erect cool roofs, green roofs, green spaces, and designs that
minimize heat magnification
Support implementation of DPH’s Mass in Motion and other Wellness programs to increase community resilience

Evaluation Table: Vector Borne Disease
Threat

Hazards

Winter and summer
temperature rise - General

•

Drought

•

Pest Outbreaks

Increase in frequency
and severity of extreme
precipitation events

•

Potential Impacts
•

Earlier seasonal tick activities and risk of increase of Lyme disease

•

Migration of southern tick species

Severe thunderstorms

•

Increase risk of West Nile Virus (mosquito)

•

Hurricanes

•

•

Pest outbreak

Increase risk of Eastern Equine Encephalitis
(mosquito)
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Recommendations Source: Climate Change Interventions from the Massachusetts Climate
Change Adaptation Report
-

Continue requiring reporting of human cases and positive laboratory results of vector borne diseases, including diseases that are not currently endemic to Massachusetts
Educate the public, particularly high-risk groups about personal prevention practices and encourage
their adoption
Maintain mosquito surveillance at multiple sites
Educate the public about mosquito breeding habitats and opportunities to eliminate them (such as
reducing areas of standing water)
Use community-based groups, organizations and town website or town social media to do outreach
and education about risks and prevention and to connect citizens to appropriate services.

Evaluation Table: Water Borne Illness
Threat

Hazards

Increase in frequency
and severity of extreme
precipitation events

•
•

Severe thunderstorms
Hurricanes

•

Erosion

•

Flooding

•

Contaminated water/
.lood debris

Potential Impacts
•

Contaminated water / .lood debris

•

Water borne disease outbreaks

Appendix C – Climate Change and Natural Habitats
Natural Habitats
Evaluation Table: Fresh Water Rivers and Streams
Threat
Winter and
summer temperature rise - General

Hazards
•

Decreased groundwater reserves

•

Decline in cold water
refugia

•

Increased evapotranspiration

•

Increased seasonal
flows and velocity
and river scour

•

Decrease in dissolved oxygen levels

Potential Impacts to Pepperell’s waters and streams
Cold-water fish die-off
Fish egg burial depths, displacement, and survival of some fish species

25

Increase in frequency and
severity of extreme precipitation events

•
•
•
•
•

Increased nutrient
levels and runoff into
lakes and rivers
Severe thunderstorms
Hurricanes
Erosion
Increased seasonal
flows and velocity
and river scour

Degraded water clarity and increased stratification (i.e., increasing the
difference between warmer surface waters and colder bottom waters).
These chemical and physical changes have important impacts on photosynthesis and aquatic food-webs.
Acidification of water due to atmospheric deposition of sulfur and nitrogen oxides, which changes the chemistry of waters
Excessive dissolved organic carbon in a system leading to increased
rates of decomposition and ultimately hypoxic (low oxygen) conditions that can be deadly to other organisms.

Recommended Actions
• Develop and implement rivers and streams management plan to:
o Maintain and expand riparian buffer zones that shade the streams and assist in keeping water temperatures low.
o Remove barriers to fish passage to allow access to and spawning in upriver areas.
o Replace smaller-bore culverts with culverts that meet Massachusetts Stream Crossing Standards,
which facilitate passage.
• Develop and implement regulatory solutions that:
o Warmed water from retention ponds is not released into streams
o Precludes building of impervious surfaces (e.g., parking lots and other developments) close to
coldwater streams and rivers, as this may result in warmed runoff entering the waterbody;
• Encourage partnerships with federal, state, and local agencies, watershed associations, land conservation
organizations and educational institutions to identify challenges and opportunities for addressing climate
change impacts

Evaluation Table: Forest Habitats
Threat

Hazards

Potential Impacts to Pepperell’s forest habitat

Winter and
summer temperature rise General

Drought
Invasive
species
Pest Outbreaks

Tree mortality and forest decline due to increased populations
pests and disease such as woolly adelgid, emerald ash borer,
beech bark disease and gypsy moth. Larger populations of pest/
disease species surviving because of decreased winter mortality
from extreme winter cold or because of shorter cold spells.
Loss of native species and biodiversity due to invasive species incursion
Loss of native species and biodiversity due to inability to survive and/or
reproduce (from loss of trigger cold temperatures or shorter winters that
in some species affect embryonic development, triggers for germination/
hatching/birth, growth/development, and/or reproduction.

Increase in
frequency and
severity of
extreme precipitation
events

Severe thunder- Increased tree damage from storms. Increased tree fall from repeated or
storms
severe storms. Damaged and downed trees are more susceptible to disHurricanes
ease and pests, leading to mortality and species decline
Erosion
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Recommended Actions:
• Increase continuity of forest habitat through additional land conservation
• Increase continuity of forest habitat by requiring housing developments of five parcels or more be proposed as OSRD and insure open spaces identified in OSRD are in line with goals identified in Master
Plan
• Promote best management practices to reduce the hazard of pest transportation from site to site by humans
• Develop and implement Forest Management Plans for Town and Conservation Commission-owned
land to
o Actively monitor for pest outbreaks in their earlier stages, combined with aggressive elimination and control activities to eliminate outbreaks in early stages.
o

Promote resilience by aggressively managing current stressors: grazers and browsers, invasive
species, pests.

o

Promote resilience by managing the age structures of forest stands to favor an increased representation of young vigorous trees.
Manage change by selective cutting, introductions of preferred species, and the control of nonclimate stressors.

o

Evaluation Table: Freshwater Wetland Habitats
Threat
Winter and
summer temperature rise - General

Hazards

Drought
Hydrological pattern
changes
Invasive species

Potential Impacts to Pepperell wetland habitat
Drying and shrinking of wetland habitats will lead to increased
wildlife migration, increasing the risk of mortality (e.g. Blandings
turtle road kills). Wetland habitat becomes dense and can support fewer species, e.g. Vernal pools. Breeding habitat lost for blue spot and
marbled salamanders; wood frogs. Drying of wetlands will also result
in species competition by invasives more suited to warmer and drier
conditions.

Loss of native species and biodiversity due to inability to survive and/or reproduce in the shorter winters and warmer conditions.

Shifts in arrival of seasons, such as Spring, can create mismatches
between food and habitat resources leading to negative impacts on fish
and other wildlife individual fitness, population success, and overall
community structure and function
Warmer winter and early spring temperatures are leading to earlier
snowmelt, more rain-on-snow episodes, and the breakup of winter ice
on regional water bodies. Because of this, the timing and magnitude of
spring flows is shifting, which affects fish and other aquatic or wetland species that depend on flows and aquatic corridors for migration,
spawning, development of early life stages, or other vital life cycle
transitions.
Species that would have migrated northward over time may not be
able to do so due to manmade and natural barriers such as roads or
lack of natural carriers.
Climatic conditions may not be conducive to germination
Increased temperature may impact turtle egg sex and species survival
rate
Warmer temps will increase oxidation of peat. Plants and animals supported in bogs will have less available habit and could disappear.
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Recommended Actions
• Increase continuity of wetland habitat through additional land conservation
• Increase continuity of wetland habitat by requiring housing developments of five parcels or more be
proposed as OSRD and insure open spaces identified in OSRD are in line with goals identified in Master Plan
• Develop and implement wetland management plan for Town and Conservation Commission owned land
to:
o Control non-climate stressors. The threats currently posed by invasive plant species to wetlands will be exacerbated under climate change. If we are to continue to protect valued wetlands, it will be vital to increase efforts aimed at detecting and eliminating or controlling outbreaks. This will require more active monitoring and detection, aggressive elimination, and the
education of the public about and the enforcement of best management practices
o Preserve wetlands by protecting the hydrologic, geomorphological, and ecological matrices
within which they are situated. This requires the management and conservation of watersheds.
o Protect, restore, and manage large, functionally-healthy wetland complexes. We must aim to
preserve and support the large wetland complexes that remain in the Commonwealth. We
should also aim to increase the size of existing wetland complexes through habitat restoration
(e.g., on floodplains).
• Install culverts that are compatible for wildlife migration by insuring culverts meet Massachusetts Stream
Crossing Standards.
• Require developers to use native species for wetland mitigation
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