
The town of Deerfield is truly blessed with an abundance of natural 
resources, which are as productive as they are beautiful—from the 

cool, forested uplands of the Berkshire Foothills and fertile banks of the 
Deerfield River, to the rich, sun-lapped cliffs of the Pocumtuck Range and 
iconic, meandering river channel of the Connecticut. 

Like many towns in New England, Deerfield is a forested place: More than 
half of its land area is covered by a dense canopy of trees, which are finally 
beginning to stretch their mature limbs after being cut to stumps not 
two centuries ago. In the age of climate change, it is clear that protecting 
Deerfield’s trees is paramount for future generations of people and the 
ecosystems they inhabit. Trees purify air and water, support wildlife 
habitat, sequester and store carbon, provide fuel and construction 
materials, and beautify our built environments and communities. They are 
Earth’s ultimate living infrastructure. 
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a Senior Planner for the Franklin Council of Governments. 
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On the cover: Close-up of bark on the largest street tree in Old 
Deerfield, a sycamore that measures 82 inches in diameter. It’s 
likely to be more than 250 years old 
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Executive summary

In recent years, the Franklin Regional Council of 
Governments (FRCOG) has conducted street 
tree analyses and green infrastructure initiatives in 

Deerfield and across Franklin County. Tree surveys 
in Old Deerfield and South Deerfield (completed in 
2017) expanded upon the 2014 Complete Streets and 
Livability Plan and 2014 Open Space and Recreation 
Plan. This report builds on the tree inventory and 
takes the project town-wide, assessing Deerfield’s 
ecological resilience from forest, to river, to village 
and offering planning recommendations.

Deerfield’s landscape is composed of four different 
“bio-regions”: parallel bands that extend north to 
south and have unique ecological characteristics 
and land use patterns. These bio-regions—the 
Berkshire Foothills, the Deerfield River Valley, 
the Pocumtuck Range, and the Connecticut 
River Valley—are distinguished by forest cover, 
topography, and bedrock geology, and each contains 
unique ecological, cultural, and economic assets 
and vulnerabilities. This delineation can help 
conservationists build on existing frameworks for 
understanding Deerfield’s landscape and develop 
future ecological resilience strategies.

Resilience is the capacity of a system to adapt 
to environmental changes and to maintain its 
functions after a disturbance. To create resilience, 
conservation planners must consider the effects of 
climate change, which in New England will likely 
include higher temperatures, shifting season lengths, 
increased precipitation, and a rise in the frequency of 
extreme storm events. In the face of these changes, 
the protection of broad ecological processes and 
function—rather than the preservation of individual 
species—becomes critical. 

Climate change will impact Deerfield’s distinct 
forest types differently; unlike the Pocumtuck Ridge, 
the Berkshire Foothills will probably undergo a 
greater shift in species due the prevalence of cold-
adapted trees. The forest contiguity, high biodiversity, 
and proximity to the Connecticut River increase 
the conservation value of the Pocumtuck Ridge and 
predicate its state and regional importance.  

This report prioritizes areas around protected land 
for conservation and recommends the protection of 
an interior forest “reserve” surrounded by sustainably 
managed woodlands.

The Deerfield River and its surrounding lands 
boast some of the best agricultural soils in the 
world and are important natural resources in the 
town. The River’s riparian areas provide valuable 
habitat for wildlife, mitigate flood damage, and 
protect water quality. As climate change intensifies, 
triggering more frequent storms and floods, farms 
in the Deerfield River’s expansive floodplain have 
a critical role to play, including restoring, installing, 
and maintaining tree buffers between farms and the 
River, as well as adhering to best farming practices 
such as perennial crops, regenerative grazing, and 
reduced tillage. Communities have an equally urgent 
responsibility to support this stewardship by funding 
agricultural protections, grants, and incentive 
programs to help farmers reconcile economic 
livelihood and ecological resilience in the Deerfield 
River floodplain.

In the town’s two villages, hundreds of majestic 
trees line the streets, providing shade, carbon 
sequestration, wildlife habitat, and mitigation of 
stormwater runoff. However, these populations are 
vulnerable to pests, diseases and climate change 
because there are too few young trees. In addition, 
the population lacks species diversity. With an 
infusion of young trees in a balanced mix of species, 
Deerfield’s tree population has a better chance to 
thrive and expand in a changing climate. 

Trees are the living infrastructure of Deerfield that 
fosters ecological resilience in an uncertain future. 
They should be planted (abundantly!), preserved, and 
celebrated.
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Speaking for the trees

The two villages in the Town of Deerfield are known for their 
tree-lined streets, which enhance the historic buildings and 
homes. These trees create a sense of place in South Deerfield 

and Old Deerfield. To ensure the health of this living asset, the town 
highway department and tree warden worked with the Franklin 
Regional Council of Governments to assess the tree population. 

This tree inventory is part of a larger effort by communities and the 
FRCOG to build “green infrastructure” throughout Franklin County. 
Green infrastructure is a system that uses vegetation to provide some 
of the functions of conventional “gray infrastructure,” such as water 
treatment plants and stormwater systems. The difference is that green 
infrastructure comes with benefits for humans (ecosystem services) that 
are economic and environmental as well as social. 

To fund a street tree assessment, the FRCOG partnered with the Town 
to apply for an Urban and Community Forestry Challenge Grant from 
the state of Massachusetts. The grant is for groups that want to help 
develop, grow and sustain programs that plant, protect and maintain 
a community’s public tree resources and develop partnerships with 
residents and community institutions.

An inventory survey of street trees in South Deerfield and Old 
Deerfield was completed in 2017, providing a baseline of the tree 
population, including tree species, size, and condition. This built 
on other recent studies, including the 2014 Complete Streets and 
Livability Plan and the 2014 Open Space and Recreation Plan. In a 
survey conducted for the Complete Streets and Livability Plan, survey 
respondents advocated these themes: sense of place; networks of 
vegetation and habitat; and walkable and sociable neighborhoods that 
are connected to each other. 

In 2018, a team from the Conway School was asked to expand the 
scope of the project. In this report, the Conway team builds on 
the 2017 tree inventory and takes the project town-wide, assessing 
Deerfield from forest, to river, to village. 

Research
SEE WHAT’S BEEN 
DONE; WHAT’S 
UNDER WAY
• Reports for the Town of 

Deerfield, including the 
open-space plan

• Ecological studies 
and assessments for 
Massachusetts and New 
England, including peer-
reviewed scientific journals

• Climate-change studies
• Spatial data and maps, 

including tree inventories
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Ask
MEET WITH 
STAKEHOLDERS TO 
UNDERSTAND THE 
CHALLENGES
• Agricultural Commission
• Conservation Commission
• Open Space Commission
• Community Preservation 

Committee
• Deerfield River Watershed 

Association
• Deerfield Tree Warden
• Planning Board
• Department of Public Works 
• Department of Conservation 

and Recreation
• Deerfield Academy

Listen
BRING IN THE 
COMMUNITY FOR 
FEEDBACK AND 
ADVICE

The Result
“ECOLOGICAL 
RESILIENCE IN 
DEERFIELD: 
TREES AS LIVING 
INFRASTRUCTURE”



State Library of Massachusetts
An 1871 map of the Town of 
Deerfield shows the portion 
of the town that was added 
to Greenfield, marked in red 
at the top of the map.
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Two villages, one town

At the heart of Deerfield is a sparkling river—
the Deerfield River. It meanders across a 
broad, flat valley, surrounded by more than 

5,000 acres of fertile, floodplain soil. To the west, 
the Berkshire foothills begin their ascent to Mount 
Greylock. To the east, the Pocumtuck Range and 
Mount Sugarloaf rise and fall quickly, forming a 
narrow, rocky ridge between the broad valley and the 
Connecticut River.

The distinctive shapes of Sugarloaf and the 
Pocumtuck Range define Deerfield, one of the 
region’s first European settlements (between 1500 
and 1620). The Town was incorporated in 1673, but 
its history was punctuated by periods of violence 
as the settlers fought Native Americans, who had 
inhabited the region for at least 8,000 years.

Farmers, makers, and teachers 

By the mid-1700s, European settlers were farming 
the region’s fertile soils. Yields were abundant, 
including wheat, cucumbers, tobacco and broom 
corn. By the late 1700s, the stall-fed oxen industry 
fueled Deerfield’s economy. And the rivers—the 
Deerfield and the Connecticut—served as natural 
highways to transport goods and crops to New York 
and Boston. 

The arrival of the railroad in the mid-1800s 
brought new prosperity to Deerfield in the form of 
manufacturing. Specialty products included wallets, 

pocketbooks and pickles. Many of the workers 
settled in one of two centers in Deerfield, the Village 
of South Deerfield (OSRP). 

The town was already known as a center for 
education, with the establishment of Deerfield 
Academy in 1797. In the 1920s, two more private 
schools were established: the Eaglebrook School 
and the Bement School. Today, education still drives 
Deerfield’s economy, with 20 percent of people 
employed in the sector, including those who work at 
Frontier Regional School and other public schools. 
Deerfield Academy is one of the town’s largest 
employers (U.S. Census, 2010).

Deerfield’s past plays a dominant role in its present. 
Since the opening of Memorial Hall Museum in 
1880, tourists have been coming to see New England 
history. The town’s second-most popular tourist 
attraction is one of its two villages: Old Deerfield. 
Designated a National Historic Landmark in 1968, 
the village is a showcase of preserved 18th and 19th 
century buildings maintained by Historic Deerfield, 
Inc., a nonprofit.

In South Deerfield, the Village thrives with 
manufacturers, shops, restaurants, toolmakers and a 
printing plant. The largest tourist attraction in town 
is Yankee Candle, which attracts almost two million 
visitors each year. With a workforce that peaks at 
almost 5,000, the candle maker is Franklin County’s 
largest employer.

About 1900, farm workers stand in 
a field of stubble in autumn. Behind 
them is the Mill River and the 
hills of Conway, where many were 
cleared for pasture.

Pocumtuck Valley Memorial Association, Memorial Hall Museum, Deerfield, MA



Least bittern (Ixobrychus exilis)
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The 4 Bio-Regions of Deerfield
FOREST COVER, TOPOGRAPHY & GEOLOGY

Deerfield’s landscape is composed of four different “bio-regions”— 
parallel bands that extend north to south and express unique 
ecological characteristics and land use patterns. These bio-regions 

are defined based on forest cover, topography and bedrock geology—the 
underlying substrate that largely determines soils, vegetation, land use, 
and species richness or distribution. 

For example, while the Berkshire Foothills and Pocumtuck Range have 
similar elevations and forest cover distributions—as well as several 
shared plant communities—the bedrock geology is significantly different. 
The Berkshire Foothills are underlain with more alkaline, sedimentary 
limestone, whereas the Pocumtuck Range is composed of more acidic, 
iron-rich basalt—a more uncommon substrate that hosts rather unique soils and plant communities.
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4. Connecticut River 
Valley
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1The western third of Deerfield lies within the 
Berkshire Foothills and is predominantly 
within the EPA-defined Vermont Piedmont 

ecoregion. This region is composed of upland, glacial 
till soils and transitional-northern hardwoods like 
maple, beech, and birch. Of the town’s four bio-
regions, the Berkshire Foothills contain the most 
unfragmented forest tracts and are most connected 
to larger regional areas of high conservation value. 
They also include several water-protection zones 
for the Town’s water supply. Because of its largely 
forested areas, the Berkshire Foothills bio-region 
is vulnerable to conversion and development. Two 
species of conservation concern live here: the wood 
turtle (Glyptemys insculpta) and autumn coralroot 
(Corallorhiza odontorhiza).

2The Deerfield River valley forms a central, 
low-lying artery that is home to the villages 
of Old Deerfield and South Deerfield, as well 

as the principal roads of I-91 and Routes 5 and 10. 
The floodplain of the Deerfield River (rated “good” 
quality in watershed reports) has the town’s best 
agricultural soils. The floodplain is the largest in the 
entire watershed, and spans almost 3,000 acres. 

This bio-region holds most of the town’s wetland 
communities and six important floodplain 
forests. Wildlife habitat has been fragmented by 
development in the villages and Deerfield’s two 
major roads. Bloody Brook runs through the heart 
of South Deerfield, and is listed as “impaired” 
in the most recent watershed report due to high 
phosphorus levels. One species of conservation 
concern lives here: the least bittern (Ixobrychus exilis).

BERKSHIRE FOOTHILLS DEERFIELD RIVER VALLEY

N N
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3The Pocumtuck Range and Mount 
Sugarloaf compose Deerfield’s ‘ecological 
crown jewel.’ The entire range is 3,699 acres, of 

which 93% is forested and one-quarter is protected 
(935 acres). Of 52 fern species in Massachusetts, 
30 can be found on the ridge alone. It is home to 
an important natural community: the dry, western-
facing circumneutral rock cliffs around Mount 
Sugarloaf. Many species of conservation concern live 
here: 

• Purple clematis (Clematis viticella)
• Marbled salamander (Ambystoma opacum)
• Whorled pogonia (Pogonia ophioglossoides)
• Fogg’s goosefoot (Chenopodium fremontii)
• Linear-leaved milkweed (Asclepias verticillata)
• Michaux’s sandwort (Minuartia michauxii)
• Orange sallow moth (Pyrrhia aurantiago)
• Peregrine falcon (Falco peregrinus)

4The Connecticut River valley forms a thin 
band on the eastern boundary of town. It has 
been in agriculture for centuries due to its rich 

river terrace soil deposits, and there are currently 
dozens of agricultural preservation restrictions 
(APR) along its banks. Due to its topography, this 
stretch of the Connecticut River has an extremely 
narrow floodplain compared to the Deerfield River; 
steeper, more vegetated banks make it less prone to 
flood damage. Here, the Connecticut River is rated 
“good” condition by watershed reports, but some 
of the larger fish contain elevated PCB levels. An 
industrial rail yard site is located on the northeast 
“horn” of the town, and has been repeatedly audited 
for pollution control after petroleum and chlorine 
were detected in waters leaving the site. One species 
of conservation concern lives in this bio-region: the 
shortnose sturgeon (Acipenser brevirostrum).
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Climate Change and Resilience in New England

Climate change is fully and unequivocally 
underway in New England, causing 
alterations to ecosystems in the form of higher 

temperatures, shifting season lengths, increased 
precipitation, and a rise in the frequency of extreme 
storm events. These changes are affecting how 
conservation planners strategize to preserve and 
protect the region’s treasured natural resources. 
Moreover, with an escalation in the frequency of major 
storm events, built environments and infrastructures—
roads, bridges, buildings, houses, farms—are 
increasingly at risk, especially from coastal and riverine 
flooding. 

In the Northeast, temperatures have warmed by an 
average of 1.44°F over the last century, and this rate 
of warming is accelerating. By the end of the century, 
models suggest that mean annual temperatures in 
New England will increase up to 9.5°F. In such 
a “high-emissions” (greenhouse gas) scenario, by 
2100 Massachusetts’ summer temperatures will be 

comparable to those of South Carolina’s current 
summer temperatures. 

As a result of overall temperature increases, winters 
are becoming shorter: the average number of days 
with snow on the ground in the winter months is 
projected to decrease by as much as 5.2 days per 
month by 2100. The frost-free season in the Northeast 
has increased by 10 days in the past 50 years. While 
the growing seasons are longer, they are also drier—a 
trend exacerbated by reduced recharge from spring 
snowmelt. 

New England’s average annual precipitation of 40.8 
inches has increased by about 3.7 inches, or 9% 
over the last century. At the same time, the amount 
of precipitation occurring in very heavy events has 
increased 71%. 

The implications of climate change for conservation 
planning and natural resource management in New 
England are manifold. Warmer winters and longer 
growing seasons will increase evaporation and water 
use by forests. Greater water use will likely reduce 
summertime soil moisture and increase the occurrence 
and length of droughts on farms across the region. 
Drought will decrease productivity on cropland and 
forests, increasing the susceptibility of plants to pests 
and pathogens and changing species compositions and 
ranges. 

Projected summer temperatures in  
Massachusetts by 2099

Change in frost-free season length from 
the first half of the 20th century

Source: Union of Concerned Scientists (2006)

Source: NOAA/NCDC



Increase in heavy precipitation events 
between 1958 and 2012

Source: National Climate Assessment Draft

Planning for climate change means adapting our 
ecosystems—both wild and managed—to be resilient 
in the face of disturbance. 

RESILIENCE
A number of new approaches are emerging that are 
designed to help ecosystems and populations adapt 
to climate change. Often aggregated under the term 
Climate Change Adaptation, nearly all of these 
strategies aim to promote resistance and resilience in 
some manner.

Resistance is the ability of an ecosystem or 
population to remain relatively stable in response 
to climate change or other stressors. Disturbances 
and changes in climate affect resistant ecosystems 
and populations less than they otherwise would. For 
example, in a diverse forest, tree loss due to disease is 
generally minimized and reduced because potential 
host species are dispersed among trees unsuitable for 
that disease. The pest or pathogen cannot devastate the 
forest because it is unable to move through it. 

Resilience is the capacity of an ecosystem or 
population to return to a desired state after 
a disturbance. In this scenario, a population or 
system may endure significant losses or damage due 

to disturbance, but is able to bounce back to desired 
conditions. For example, in a resilient forest system, 
as some species are pushed out of a region due to 
unsuitable climate conditions, other tree species take 
their place. In this case, species die off locally because 
they are not able to survive new climate conditions 
(they are not resistant), but as new species take 
their place, the same forest ecosystem functions are 
maintained by the new species. Targeting conservation 
and management efforts toward one species or 
population may not produce the intended results, 
because that species may respond in an unpredictable 
way to environmental changes that are similarly 
difficult to anticipate.  

In the face of so much uncertainty regarding 
local climate change impacts, conservation and 
management decisions that “emphasize ecological 
process, rather than structure and composition, 
become critical” (Millar et al.). No one can be 
completely sure how individual species or populations 
will fare over the next half-century, so conservationists 
and land managers should focus on strategies that 
facilitate robust ecosystem functions as opposed to 
protecting an individual species or population. The 
variety of strategies to create and maintain resilience 
is too extensive to detail here, but “preserving the 
stage” (protecting ecological settings) may equip 
conservationists and land managers with a usable 
conceptual framework.

Protecting the Stage

Although climate plays an important role in 
determining species distributions, in this region 
distributions are “strongly influenced by features 
such as local geology and topography because 
these factors contribute to the availability of water, 
nutrients, and other resources needed by plants and 
animals.” (BioMap2, 19) In long-term biodiversity 
and resilience planning, it is important to incorporate 
such variation in ecological setting because these 
settings will endure over time even as species shift in 
response to climate change (BioMap2). Biodiversity 
is critical for resilience, and these varied settings are 
the foundation upon which local biodiversity depends. 
Their protection is paramount.
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The Forest

Introduction

With excellent agricultural soils, two major rivers, and 
forest cover of 56 percent, Deerfield is rich in natural 
resources. The town’s residents prize their forests for 

their recreational, scenic, and ecological value. 

Deerfield’s forests fit into two broad categories based on topography, 
bedrock, and their typical tree species. To the west, northern hardwoods 
like maple, birch, and beech, and conifers like white pine and hemlock 
dominate the Berkshire Foothills. To the east, the Pocumtuck Ridge, 
isolated from nearby forests, shares many of the same species with 
the Berkshire Foothills, but more oak-hickory forests colonize the 
slightly drier areas of the Pocumtuck. Although the greatest threat to 
the integrity of these forests is conversion to a non-forested state by 
residential development (Deerfield: A Conservation Vision, pg. 1), 
climate change also presents significant challenges for these ecosystems. 

CLIMATE CHANGE IMPACTS
Changing temperature and precipitation patterns continue to force the 
conversion of maple, birch, and beech forests (in red in the graphic at on 
following page) of the Berkshire Foothills to those dominated by oak 
and hickory (in yellow).

During this transitional period, some tree species health will decline 
as cold-adapted trees like sugar maple (Acer saccharum) struggle due 
to warmer temperatures and other stressors. This struggle reduces the 
ability of the species to resist disease and to regrow after major damage 
due to disturbances like a storm or fire. Natural and human-caused 
disturbances are inevitable, but struggling and unhealthy trees will not 
be able to withstand these disturbances as well as tree species better-
suited to this changing climate. 

Sycamores in Old Deerfield

SUMMARY

Protecting Deerfield’s 
forests is a high priority 

for the town’s residents. 
In an attempt to aid 
conservationists applying for 
state and federal funding, 
this section provides a 
detailed rationale for 
the local, regional, and 
statewide significance of the 
Pocumtuck Ridge. 

Climate change will impact 
Deerfield’s distinct forest 
types differently; the 
Berkshire Foothills will likely 
undergo a greater shift in 
species due the prevalence 
of cold-adapted trees. 
The biodiversity, forest 
contiguity, and proximity 
to the Connecticut River 
increase the conservation 
value of the Pocumtuck 
Ridge and predicate its state 
and regional importance. 
Finally, we prioritize areas 
around protected land 
for conservation and 
recommend the protection of 
an interior forest “reserve,” 
surrounded by sustainably 
managed woodlands.
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As new environmental conditions compromise tree health, the effects of these disturbances will likely be 
magnified. Over time sugar maple will begin to die out in Deerfield, but this process will take decades and 
possibly much longer. Climate change is not the only vector for new pests and pathogens; many originate 
from other continents, and they will continue to be brought into this region from international imports. 
Managing and planning for disturbance from pests and pathogens is necessary regardless of the effects of 
climate change.

FOREST RESILIENCE
Planning and managing forests for resilience is a multifaceted endeavor, requiring careful development 
planning, forest conservation, preservation, and restoration. Creating resilience in the face of a changing 
climate, potentially increased pressure from pests and pathogens, and changing forest compositions—with 
the associated increase in vulnerability of plant communities—is complicated by the fact that there is a great 
deal of uncertainty regarding how forest systems will react to climate change. 

Research suggests that forest systems are best able to absorb and respond to disturbances and environmental 
changes if forest habitats are contiguous, because this connectivity supports biodiversity and plant and 
animal migration, essential parts of forest resilience. (Wildlands and Woodlands, Hunter et al. 1988, 
Thompson 2002, Day et al. 2009). The best way to create resilience in Deerfield’s forests is to maintain the 
unfragmented forest habitats. This is the most effective way to “protect the stage” of variable topography, 
geology, and natural communities in Deerfield. An alternative, species-based approach —that champions the 
protection of smaller, isolated areas of habitat prized for their presence of one or more important species—is 
less appropriate for Deerfield’s forests. This report’s landscape-based conservation approach to resilience 
forms the basis of the recommendations and analysis in this study. An assessment of existing conditions in 
Deerfield leads to recommendations for the protection of valuable interior forest. 

Current Trends - 1990-1999 High-Emissions  
Scenario

Low-Emissions Scenario
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Analysis
INTRODUCTION

According to the landscape-
based conservation 
approach adopted in this 

study, the strategy for creating 
resilient forest ecosystems 
within Deerfield begins 
with the protection of large, 
contiguous landscape blocks. 

The assessment of conservation 
value is informed by statewide 
assessments (BioMap2, University 
of Massachusetts Conservation 
Assessment and Prioritization 
System, Massachusetts Audubon 
Mapping and Prioritizing 
Parcels for Resilience (MAPPR), 
“Changes to the Land: Four 
Scenarios for the Future of the 

Massachusetts Landscape”), 
conversations with local ecologists, 
and local documents, analyses, 
and reports, such as Deerfield’s 
Open Space and Recreation 
Plan, Deerfield: A Conservation 
Vision, and the Ecological 
Inventory Report of the 
Pocumtuck Ridge. This study also 
integrates documents regarding 
regional conservation and 
forestland—such as Wildlands 
and Woodlands: A Vision for 
the New England Landscape 
(Harvard Forest, 2012)— and 
peer-reviewed literature.

BIOMAP2
Mapping habitat using BioMap2 
reveals important ecosystems and 
areas within Deerfield worthy of  
conservation. BioMap2 features 
the Deerfield River, its floodplain, 
the Connecticut River, wetlands, 
floodplain forests, and upland 
forests. The Pocumtuck Ridge and 
the southern Berkshire Foothills 
represent the largest forest blocks 
delineated as Critical Natural 
Landscape by BioMap2.

Southern Berkshire Foothills

Northern Berkshire Foothills

Pocumtuck Ridge

The American wood turtle (Threatened—
Glpetmys insculpta) lives in southeast 
Deerfield.
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A maple, birch, and beech forest typical of the Berkshire Foothills
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BIOMAP2 BACKGROUND

The Commonwealth of Massachusetts partnered with The Nature Conservancy to develop BioMap2, a tool 
for protecting the state’s biodiversity in the context of climate change (BioMap2, 1). BioMap2 combines 

thirty years of rigorously documented rare species and natural community data with spatial data identifying 
wildlife species and habitats across the state (BioMap2, 1). BioMap2 calls this Core Habitat. BioMap2 also 
integrates “The Nature Conservancy’s assessment of large, well-connected, and intact ecosystems and 
landscapes across the Commonwealth, incorporating concepts of ecosystem resilience to address anticipated 
climate change impacts.” (BioMap2, 1). This second category is called Critical Natural Landscape. 

BIOMAP2: BERKSHIRE FOOTHILLS

In southwestern Deerfield, Critical Natural 
Landscape extends along the Berkshire Foothills 
into the Town of Conway to the west, and includes 

a Forest Core providing habitat for an orchid 
called autumn coralroot, a Species of Conservation 
Concern. To the east, residential development, 
roads, and agricultural fields abut habitat for the 
endangered wood turtle. Although these areas are 
habitat for some Species of Conservation Concern, 
much of their conservation value depends on their 
connectivity to regional forestland. 

In light of Deerfield’s considerable variety of 
ecological assets, natural community types, and 
species of conservation concern, the Forest Core 
habitats and Critical Natural Landscape of the 
Berkshire Foothills represent only a small portion of 
Deerfield’s ecological assets.

BIOMAP2: POCUMTUCK RIDGE
The authors of BioMap2 recognize that although 
the Pocumtuck may be “small from a statewide 
perspective, this 1,357-acre Forest Core provides 
important habitat in the otherwise largely 
fragmented Connecticut River Valley ecoregion. 
Along with a smaller Forest Core just to the north, 
this Core is largely unprotected, thus vulnerable 
to losing its habitat values.” (BioMap2: Deerfield, 
pg. 20, emphasis added). The Pocumtuck Ridge 
presents the most pressing and exciting opportunity 
for conservation in Deerfield. The combination 

of its recreational, ecological, and place-making 
characteristics contribute to its high conservation 
value. 

The Pocumtuck Ridge provides unfragmented 
habitat of statewide importance. However, it is 
at risk of fragmentation, mostly from residential 
development. This contiguous forest represents 
a unique opportunity for conservation, as most 
forest habitats along the Connecticut River have 
already lost much of their conservation value due 
to fragmentation. Because grants are generally 
competitive, the statewide significance of the 
Pocumtuck could be an important consideration 
when applying for state and federal funding for 
conservation.

The Berkshire Foothills are habitat for the orchid autumn 
corralroot (Corallorhiza odontorhiza), a Species of 
Conservation Concern.
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UNIVERSITY OF MASSACHUSETTS INDEX OF 
ECOLOGICAL INTEGRITY: CONSERVATION 
ASSESSMENT AND PRIORITIZATION SYSTEM

The University of 
Massachusetts created the 
Conservation Assessment 

and Prioritization System 
(CAPS) using GIS data and 
does not include information 
about specific species or plant 
community types. It is a tool for 
displaying areas of potentially 
high ecological integrity. This 
understanding of ecological 
integrity (and the Critical Natural 
Landscape designation used in 
BioMap2) represents congruence 
between this study’s landscape-
based conservation approach and 
the priorities of Massachusetts 
(BioMap2) and academic 
institutions like UMass. 

Analysis

According to CAPS, the 
northern Berkshire Foothills 
of Deerfield have potentially 
moderate ecological integrity. 
BioMap2, surprisingly, did not 
list this area as either Critical 
Natural Landscape or Core 
Habitat, even though it surrounds 
some interior forest, which 
likely explains its presence on 
the CAPS map. Similar to the 
southern Berkshire Foothills, 
this portion of the Foothills owes 
much of its conservation value 
to the fact that it sustains forest 
habitat connectivity to larger 
regional forest blocks. With 
the exception of the northern 
Berkshire Foothills, the CAPS 
priorities for forest conservation 
are similar to BioMap2’s, focusing 

primarily on the Pocumtuck 
and the Southern Berkshire 
Foothills.  In summary, this Index 
of Ecological Integrity reaffirms 
that the Pocumtuck Ridge and 
Berkshire Foothills represent the 
greatest opportunities for forest 
conservation within Deerfield. The 
finer filter used by the Ecological 
Inventory Report clarifies and 
reinforces that the Pocumtuck 
Ridge is the most precious 
and vulnerable of Deerfield’s 
ecological assets. CAPS Index of Ecological Integrity (IEI)

Town of DEERFIELD, MA

The IEI, or Index of Ecological Integrity, delineates the relative wildlife habitat and
biodiversity value of any point on the landscape based on landscape ecology principles
and expert opinion. The IEI is calculated by the Conservation Assessment and
Prioritization System (CAPS) computer program developed at the University of
Massachusetts, Amherst. Depicted on this map are those areas representing 50% of the
landscape with the highest IEI values; the darker the color the higher the integrity value.
For more information see: http://www.masscaps.org.

Coastal beaches and rocky intertidal shores are included as Coastal Wetland and Aquatic.

These maps were funded by grants from The Nature Conservancy and the Federal
Highway Administration via a grant administered by the Massachusetts Department of
Transportation, the Massachusetts Department of Environmental Protection and the U.S.
Environmental Protection Agency under section 104 (b) (3) of the U.S. Clean Water Act.
Data sources include the Office of Geographic and Environmental Information (MassGIS).
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Prepared in cooperation with the Massachusetts Department of Transportation Office of Transportation Planning, and
the United States Department of Transportation, Federal Highway Administration. The contents of this report reflect the
views of the author(s), who is (are) responsible for the facts and the accuracy of the data presented herein.  The
contents do not necessarily reflect the official view or policies of the Massachusetts Department of Transportation or the
Federal Highway Administration. This report does not constitute a standard, specification, or regulation.

“The Index 
of Ecological  
Integrity 
reaffirms that the 
Pocumtuck Ridge 
and Berkshire 
Foothills represent 
the greatest 
opportunities 
for forest 
conservation 
within Deerfield”
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ECOLOGICAL INVENTORY REPORT: POCUMTUCK RIDGE

In 2002, UMass Extension’s Natural Resource and Environmental Conservation Program created an 
Ecological Inventory Report of the Pocumtuck Ridge for the Deerfield Land Trust. (Referred to as “The 
Pocumtuck Report”, or “the inventory” in this document). Ecological inventories are useful because they 

can help identify and prioritize parcels for conservation based on their biological and ecological values.” 
(Sanders, et al. 1).  This inventory was originally made as a tool for prioritizing land for conservation. It 
describes the natural communities on the Pocumtuck, and serves as evidence for its high conservation value. 

Biodiversity on the Pocumtuck

The biodiversity on the Pocumtuck Ridge is outstanding. According to the Pocumtuck Report, “eight species 
protected under the Massachusetts Endangered Species Act or currently Watch-Listed in Massachusetts 
were found, two rare lichens were detected, eight vernal pools were confirmed, and seventeen distinct natural 
community types were identified within the focus area” (Sanders et al, 3). This diversity is particularly 
impressive given the Pocumtuck’s relatively small size and isolation from other forest blocks. 

RARE BEDROCK ON THE POCUMTUCK RIDGE 

For any given piece of land, animal 
and plant species richness 

and distribution are determined 
by a suite of conditions. Some 
major factors include current 
and historic land-use, climate, 
disturbance regimes, bedrock 
and surficial geology, and spatial 
conditions (location relative to 
other landscape-scale elements 
like mountains, rivers, gorges, etc.). 
The Pocumtuck Ridge shares nearly 
all environmental conditions with 
many of nearby forests, including 
the Berkshire Foothills.  However, its 
rare basaltic bedrock geology and 
unique topographic features like 
cliffs and rock-outcroppings create a 
diverse array of habitats and community 
types, some of which support rare or 
endangered species that are either not 
present elsewhere in Deerfield, or are rare statewide. Basalt makes nutrients more available for plants and 
neutralizes pH, strongly influencing which species will thrive in these areas. 

A basalt outcropping reveals its distinctive sharp edges. Unlike the 
surrounding bedrock, basalt neutralizes pH and binds nutrients well, creating 
conditions for distinctive natural communities.
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BIODIVERSITY ON THE POCUMTUCK 
(CONTINUED)
The rich palette of species, habitats, and community types 
residing on the Pocumtuck’s regionally rare basalt bedrock type 
support resilience and increase the overall conservation value of 
this area. An understanding of local bedrock geology will frame 
the source of that diversity along with the state and regional 
significance of the Ridge.

RARE BEDROCK TYPE ON THE 
POCUMTUCK
Roughly 180 million years ago in what is now New England, 
massive volcanic eruptions resulted in the formation of 
basaltic surface flows that spread for great distances across the 
lower portions of alluvial basins like the Connecticut River’s. 
Eventually the flows were buried beneath the more gradual 
accumulation of basin sediments, now known as Mesozoic 
Basin Sedimentary rock. (USGS). Most of the Pocumtuck 
Ridge consists of this generally acidic and nutrient-poor 
Mesozoic Basin sedimentary rock, referred to locally as 
Sugarloaf Arkose. Bedrock directly affects soil type, which 
largely impacts plant species richness and distribution. 
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Basalt, in red, is a  rare bedrock type statewide 
and in the Connecticut River valley. Its presence 
in Deerfield creates the conditions to support a 
diverse array of natural community types on the 
Pocumtuck Ridge. 
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During the last ice age, as a result of glacial uplift, 
some basalt reached the surface, where its neutral 
pH and high nutrient qualities allow some rare and 
particularly diverse communities to live. 

Volcanic basalt, the second-least-common type of 
bedrock in Massachusetts, forms a central spine 
along the north-south axis of the Pocumtuck Ridge. 
Basalt’s effect on the chemistry of this area is a 
major contributing factor to the species richness 
and conservation value of the Pocumtuck. A few 
isolated outcrops of basalt, sometimes referred to as 
“traprock,” on the eastern side of the Ridge and along 
its northern extension, provide particularly valuable 
habitat (Sanders et al). 

0           15         30
Miles

Basalt in Massachusetts

White Spruce, a species at the southern end of 
its range, will likely be pushed out of Deerfield as 
climate change continues.

Basalt is found almost exclusively in the 
Connecticut River valley. 

N
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NATURAL COMMUNITY TYPES ON THE POCUMTUCK RIDGE

The diversity of upland natural communities on the Pocumtuck directly supports forest resilience. 
The map of natural community types produced during the ecological inventory can help inform 
conservation priorities within the Pocumtuck Ridge. While all of these communities are valuable, 

some have higher conservation 
value due to their composition, size, 
or delicacy. The following section 
lists some of the most important 
communities, details important 
notes for conservation, and 
provides examples of community 
types and species dependent on 
the Pocumtuck’s rare bedrock. 
Because biodiversity directly 
supports resilience, the Natural 
Community status of a parcel—
the presence of one of these rare, 
small, or delicate communities—
will be an important criteria 
when prioritizing parcels for 
conservation. For more information 
regarding these communities, 
please see appendix section A2 or 
the Ecological Inventory of the 
Pocumtuck Ridge, available online.

N
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Circumneutral Rock Cliff (CRC)

Discontinuous basalt cliffs running along a 
north-south axis host “distinct and specific flora 
communities,” some of which are rare or endangered.   
(Sanders et al 8) The Word ‘circumneutral’ refers 
to the pH of the rock, and means ‘close to neutral’, 
or a pH of 6.0-7.0. “Neutral soils and rocks have 
a greater ability to bind nutrients like calcium and 
phosphorus, which are essential for plant growth. 
Because of this, circumneutral soils and rocks have 
distinct flora and lichen communities” 

Among lichens, cyanolichens are somewhat 
peculiar because they fix atmospheric nitrogen, an 
important ability in the nitrogen-limited forests 
of the northeast. The combination of air pollution, 
habitat alteration, and the lack of mature, humid 
forests in the Northeast has resulted in a loss of 
the region’s diversity and abundance of lichen” 
(Sanders et al 7). The diversity of cyanolichens on 
these rocks is therefore somewhat surprising. The 
circumneutral rock outcrops, both on arkose 
sandstone and traprock, provide excellent refuge 
for cyanobacteria-containing lichens. Eight of 
these lichens were identified, and one (Coccocarpia 
palmicola) is a diminutive species that, at the time 
of study, had not been recorded in Massachusetts or 
New England for many decades and was believed 
to have been extirpated from New England. An 
isolated outcrop supports a rich array of lichens, 
the largest patch of Geranium carolinianum in the 
county, and the watch-listed species rock spikemoss 
(Selaginella rupestris). This patch is one of the largest 
in the Connecticut River valley.

Coccocarpia palmicola was believed to have been eradicated 
New England for many decades.

One of the largest populatations of Rock spikemoss (Salaginella 
rupestris) in the Connecticut River valley can be found on the 
Pocumtuck Ridge.

“From an ecological perspective, this community type 
is one of the most significant on the Ridge”
-Sanders et al

Ja
so

n 
Ho

llin
ge

r h
ttp

://c
re

at
ive

co
m

m
on

s.o
rg

/lic
en

se
s/b

y/2
.0



28 | Ecological Resilience in Deerfield: Trees as Living Infrastructure

Acidic Rocky Summit/Rocky Outcrop (ARS)

Among a suite of common grasses, forbs, shrubs, 
and trees one “curious find here was two thalli of 
Hypogymnia physodes. This species is moderately 
sensitive to air pollution but is probably equally 
sensitive to a dry climate. Its presence in this rather 
xeric [dry] habitat may indicate a past environment 
that had more moisture and cleaner air.” (Sanders et 
al 4-5). Because of its sensitivity to environmental 
conditions, this could be a useful species to observe 
to learn about local differences and changes in 
environmental conditions like air quality.

Location of land in relation to other landscape 
elements (rivers, mountains, etc.) is a major 
contributing factor to conservation value. The 
proximity of these hilltops to the Connecticut River is 
one such relation. For example, “ridgetops like these are valuable for dragonflies, which use hilltops during 
their adult phase for foraging. Several rare species are found in the Connecticut River, and this area is likely 
used by many—if not all—of them” (Sanders et al 5). In this case, the proximity of the Pocumtuck and 
Connecticut River is responsible for the presence of these rare dragonflies on the Ridge. 

Acidic Rock Cliff (ARC)

These, dry, acidic rock cliffs are found 
in many areas on the Pocumtuck Ridge. 
They are a slightly lower priority for 
conservation partially because they 
are abundant, and because they are 
cliffs, which means they are either 
unlikely to be developed or completely 
undevelopable. 

They range between five and thirty 
feet high, and most are too dry to 
support many vascular species. They 
do, however, represent a rich array 
of lichens, some of which are rare in 
southern New England (eg. Ramalina 
intermedia). Ramalinas are sensitive 
to air quality, and could be used by 
researchers as an indicator species. 
Some cliffs have groundwater seepage 

that appear to be influenced by basalt’s calcareous chemistry, and they support at least six rare lichen species. 
(Sanders et al) To the south, on the southeast side of Mt. Sugarloaf, a pair of endangered peregrine falcons 
have historically been seen on these cliffs. Although it is unlikely they would nest on the cliffs, they might 
use this forest for hunting. 

Tube lichen (Hypogymnia physode) is a rare species that grows 
on the acidic rocky outcrops of the Pocumtuck

Peregrine Falcons (Falco pereginus), have been sighted in Deerfield. Although they 
generally nest in urban environments, they likely hunt in the rich forests of the 
Pocumtuck Ridge. 
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Circumneutral Talus Forest/Woodland (CTF)

This community type is combined with 
circumneutral rock cliffs (CRC) on the natural 
communities map. 

This community’s diversity is in part due to the 
neutralizing and fertilizing effects of the underlying 
bedrock. “Herbaceous plants are diverse and 
characteristic of the species that depend on fertile, 
neutral soils” (Sanders et al 9)

Additionally, of the “52 species of ferns found in 
Massachusetts, thirty were encountered within the 
area defined by the circumneutral talus slopes, the 
adjacent circumneutral cliffs and the wetland areas 
to the immediate west...This area represents one of 
the richest sites for fern diversity in Massachusetts.” 
(Sanders, et al. 10) A species of Special Concern in 
Massachusetts also finds its home in this community 
type. “Of conservation interest was the discovery 
of two small stations of purple clematis (Clematis 
occidentalis)” (Sanders et al 9-10.) Historically, a 
Deerfield resident and botanist Roberta Poland 

found climbing fumitory (Aldumia fungosa-
Threatened) in this area. It is likely that this delicate 
climbing vine is still present, but was missed during 
the survey” (Sanders et al 10).

Maidenhair fern (Adiantum pedatum) is a rare species in 
Massachusetts that lives on the Pocumtuck Range.

“This area represents 
one of the richest sites 
for fern diversity in 
Massachusetts”
-Sanders et al
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Mixed Oak (MO)

This community type characterizes the top of the 
ridge and most of the forest on the west-facing 
slopes. Of conservation interest are an extensive 
population (hundreds of plants) of the watch-
listed large whorled pogonia (Isotria verticillata) 
and rare dragonfly habitat near the ridge. “Many 
of the slopes covered by this community type are 
gradual, and if access were available,  would be 
suitable for building. Therefore, from a perspective 
of safeguarding the continuity of the ridge and its 
veil of contiguous forest, protecting these woods is 
important” (sanders et al 11). 
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“Seldom does history provide us with second chances. Seldom does an 
investment in the infrastructure that supports both nature and human 
activity offer the promise to yield so much” -Wildlands and Woodlands, 
regarding forest conservation in New England

Judy Gallagher
Habitat for the watch-listed whorled pogonia is vulnerable to 
destruction due to development
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RESEARCH VALUE OF THE POCUMTUCK 

To manage forest sustainably, forest and natural resource managers need a good understanding of ecosystem dynamics. As climate 
change marches forward, old models of ecosystem dynamics become increasingly outdated, and “historical ecology becomes ever 

more important for informing us about environmental dynamics and ecosystem response to change” (Millar et al.). Good records of 
ecological status and qualities through time are fairly unusual for most forests, but on the Pocumtuck Ridge, highly detailed records 
of species richness and distribution provide a historical perspective unavailable in most areas. Roberta Poland (1899-1989), a local 
botanist to whom the ecological inventory was dedicated, “maintained careful records of her botanical discoveries and deposited 
over 2,000 specimens for the Ridge at the Umass Herbarium” (Sanders et al, 1). As a result, the presence and status of plants on 
the Pocumtuck is unusually well-cataloged. This provides a unique and valuable opportunity to study environmental dynamics and 
ecosystem response to climate change. Research on the Pocumtuck could be used to help inform forest conservation and adaptation 
strategies. With respect to research opportunities, the Pocumtuck Ridge is particularly interesting in comparison to the Berkshire 
Foothills. The dominant species composition of oak, hemlock, and white pine on much of the Pocumtuck Ridge is better suited to the 
new climatic conditions than the northern hardwoods and conifers of the Berkshire Foothills. Into the future, researches could use 
these two forests, less than two miles apart, to study how climate change effects differ between forests of varied compositions. For 
research purposes, the fact these forests are nearby is important because this controls for a large variable: differences in weather.  

A popular vista from Mt. Surgarloaf overlooks the Connecticut River 
as it flows south through Whately and Sunderland. The Holyoke 
range creates a ragged horizon in the distance



32 | Ecological Resilience in Deerfield: Trees as Living Infrastructure

FRESHWATER WETLANDS 

Circumneutral Hemlock-Hardwood Swamp (CHHS)

This community type is supported by the soils typical of circumneutral 
settings. Of conservation interest is the watch listed Goldie’s fern 
(Dryopteris goldiana).

Shallow Emergent Marsh (SEM)

As the only emergent marsh within the focus area, it likely increases 
overall diversity of species in the focus area. However, “no trespassing” 
signs were posted around it so researchers did not enter this area. The 
report lists species that are likely present. 

Shrub Swamp (SS)

“Because of varying hydrology, it is likely that this shrub swamp also 
functions as a vernal pool. Although none were found in 2002, this 
site appears to be suitable for the rare species, marbled salamander, 
and other amphibians. This site might be used by box turtles (Terapena 
carolina - Special Concern), but is probably too shrubby to provide 
good habitat for spotted turtles (Clemmys guttata - Special Concern). 
It may provide breeding habitat for state-listed, four-toed salamanders 
(Hemidactylium scutatum-Special Concern)” (Sanders et al. 17)

Judy Gallagher 

Marbled Salamander (Threatened)
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Box Turtle (Special Concern)
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MASS AUDUBON “MAPPING AND PRIORITIZING PARCELS FOR 
RESILIENCE (MAPPR)”

Overview

MAPPR is a tool for prioritizing parcels for conservation based on 
habitat quality, climate change resilience, and other metrics such 
as parcel size and adjacency to existing protected parcels (Mass 
Audubon). The criteria available through MAPPR are listed at right. 

Selecting criteria most relevant to forest conservation reveals high 
priority parcels; criteria with no or insignificant results relevant to 
forest conservation in Deerfield were ommitted. For each criterion, 
MAPPR assigns a score from 0 (does not exist), to 3 (very important). 
For each parcel, the cumulative values create a total resource 
number. The higher the number, the higher priority the parcel is for 
conservation. Parcels with higher numbers are assigned darker colors.

REGIONAL CONSERVATION AND DEERFIELD

There currently is not a widely-adopted conservation plan for New England. However, regional conservation 
plans exist and, if adopted, could aid in coherent and coordinated land-use planning that would improve 

human and environmental well-being. A particularly compelling plan, Wildlands and Woodlands: A Vision for 
the New England Landscape, suggests the protection of 70 percent of the New England landscape in order 
to safeguard the economic, recreational, scenic, and ecological values forests provide. When framed in the 
context of a regional forest conservation plan, Deerfield’s forests are particularly valuable for conservation, 
because they present the option to preserve forests that are 1) of statewide importance, and 2) in a portion of 
the region that is generally less forested. Deerfield has the opportunity to take part in the bold vision detailed 
in Wildlands and Woodlands, and a document prepared for the for the commonwealth, Changes to the Land: 
Four Scenarios for the Future of Massachusetts’ Landscape, details how and why this is a goal worth pursuing 
in Massachusetts. For a more complete explanation of how Deerfield can be part of a broader conservation 
plan, and why Deerfield’s forests are of state and regional importance, please see appendix section A3.
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Priority and Permanently Protected Parcels

To simplify the map, existing protected parcels 
are shown in blue. MAPPR’s 16 categories are 
reduced to 4 to emphasize bands of significant value. 
Protecting highest priority lands that are adjacent 
to protected lands would form a central forest core, 
ensuring connectivity of this valuable forest. In 
the Berkshire Foothills, protection of important 
and very important parcels would maintain  the 
connectivity of these forests to larger regional blocks. 
The significance of these areas contributes to the 
following section’s conservation recommendations.

Priority Parcels

The parcels shown on the map above have scores up 
to sixteen; dark green represents the lowest priority 
for conservation (1). Dark red represents the highest 
priority (16). Parcels in the interior of the Pocumtuck 
Ridge and in the southern Berkshire Foothills are the 
highest priorities for forest conservation, according 
to MAPPR.
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Forest Conservation Recommendations
OVERVIEW

The people of Deerfield care deeply for their forests; protecting them from development is 
one of the top priorities for town residents. Deerfield’s forests, particularly the Pocumtuck 
Ridge, have local, state, and regional conservation value. Permanently protecting them from 

development will ensure these values are not lost due to conversion or fragmentation. What is 
the best approach to protecting such a large proportion of the towns forests? While putting all 
forestland in Deerfield into permanent protection is recommended and would be ideal ecologically, 
it is likely not feasible. Informed by strategies like those outlined in Wildlands and Woodlands, this 
study proposes an interior “wildland” reserve surrounded by managed woodlands. A reserve of intact 
forest surrounded by managed woodland will perpetuate resilience by maintaining connectivity 
and protecting biodiversity. This reserve, protected from any development, agriculture, or forestry, 
would be restricted to low-impact uses like hiking. Managing the surrounding woodlands using 
“Improvement Forestry” (opposite).

CONSERVATION PRIORITY 1: POCUMTUCK RIDGE

Permanently protect all forestland on the 
Pocumtuck Ridge from development

Keep all forested land as forest

Protect central core as forest reserve. Some 
improvement forestry may be used in the 
fringes of the outermost parcels.

Land acquisition for conservation by municipal, 
state, or federal agencies is generally met with 
opposition and can create political divisions. For this 
reason, private landowners volunteering their land 
for conservation could form the foundation of this 
forest reserve.  As part of the process to recommend 
which areas should become wildland reserve and 
which should be managed woodland, this study 
used a number of criteria: MAPPR’s high priority 
parcels for conservation, Natural Community status, 
necessity for habitat contiguity, and parcel size.  

Permanently protecting the surrounding forest 
from development will help bolster and maintain 
the habitat value of the interior forest reserve, and 
will secure the economic, recreational, scenic, and 
ecological values of the Pocumtuck Ridge as a whole. 
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IMPROVEMENT FORESTRY

For the managed woodlands, this study recommends using improvement forestry practices outlined in Changes to the 
Land. “The ‘improvement forestry’ practices...are consistent with the principles of ecological forestry. The objective 

of improvement forestry is to improve the quality and value of timber by promoting forests comprised of large trees 
of species that have high economic and ecosystem value. To achieve that, it retains 100% of the white pine, red oak, 
and sugar maple that are less than 130 years old, and retains 20% of those older than 130 years. It removes 70% of 
all non-desirable species older than 40 years, thereby freeing up growing space for the desired species. Importantly, 
improvement forestry requires that a landowner return to the site every 20 years to repeat the harvest, showing a 
continued commitment to the land and the management objectives. These different forestry practices influence the 
composition and structure of the future forest and determine the amount of wood that can be harvested while still 
sustaining critical forest benefits .” (Thompson et al. 24) Using improvement forestry practices would preserve ecological 
integrity and value, promote resilience, and help ensure that Deerfield’s forests remain productive into the future.

Temporary Protection of High-Priority Parcels

A landowner’s use of the voluntary Chapter 
61 programs guarantees temporary protection 
from development, but it does not imply an 
interest in protecting the land permanently. 
These are not permanent protections, and there 
is no guarantee that woodlands will be managed 
sustainably. Conservation restrictions with stringent 
management stipulations could ensure protection 
and increase ecological value. Another option is for 
the Town of Deerfield to establish “improvement 
forestry” conditions for new Chapter 61 parcels. 

To prioritize parcels within this block for conservation, criteria 
included natural community status, necessity for contiguity 
(MAPPR), parcel size, and likelihood of development (Sanders et 
al
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Eleven high-priority parcels for conservation (in red)  
within the potential interior forest reserve are not 
taking advantage of any Chapter 61 programs 
or Agricultural Preservation Restrictions. As the 
least-protected of all the high-priority areas in 
this forest block, these eleven parcels are the most 
critical priorities for conservation on the Pocumtuck 
Ridge. Conservationists should work with willing 
landowners early in the conservation process, to build 
interest in and support for conservation restrictions 
stipulating only low-impact use on these parcels.

PRIORITY 2: BERKSHIRE FOOTHILLS
Residents of the western portion Deerfield identify strongly with this forested 
area. Conserving these forestlands will guarantee the recreational, economic, 
scenic, and ecological benefits they provide. 

The same principles of conservation on the Pocumtuck are effective in 
promoting resilience when applied to the Berkshire Foothills. In the south, 
protection of this forest core would ensure the persistence of valuable habitat 
for the endangered wood turtle. In the north, recreational trails would be 
maintained, and the surrounding woodlands could continue to provide forestry 
opportunities to landowners. 
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Options for Implementation

Deerfield’s conservation vision and Open Space and Recreation Plan thoroughly document 
options for land conservation through private, state, and town programs. Refer to these 
documents for information on state and federal grants. A few important grants include the 

Massachusetts State Landscape Partnership Grant Program, the Massachusetts State Conservation 
Partnership Grant Program, and the national Forest Legacy program. One option available to 
Deerfield is to allocate a greater percentage of Community Preservation Act (CPA) funding to forest 
conservation. The town currently spends most of this funding on historic preservation projects. 
Some or all of this could be directed toward forest conservation if landowners were interested in 
selling land for this reason. One of the first steps in implementing these recommendations is to 
encourage greater public support for forest conservation by promoting the multiple benefits these 
woodlands provide to all residents. Deerfield is home to valuable forests that are deeply loved by 
the towns residents.  With enough political will, these could be protected permanently. 

The forests of Massachusetts are more than just a collection of trees; they function as living 
infrastructure that works 24 hours a day to support basic needs of people and nature. Today, as 
through our state’s history, these woods provide abundant resources — timber, fuel, and paper; 
habitat for plants and animals; and a reliable source of clean water. They also supply fresh air, flood 
protection, the storage of carbon that would otherwise warm our earth, and local shading and 
cooling. In essence, forests support the “common wealth” of Massachusetts — the shared natural 
resources we all depend on. - Changes to the Land





The River

IRENE & THE DEERFIELD RIVER

Most New Englanders know where they were on August 28, 2011—the day that Tropical Storm 
Irene wreaked havoc in watersheds across the region, including catastrophic flood damage 
across the Deerfield River Valley. 

Throughout the valley, unusually high August 
precipitation prior to Irene had already saturated 
the landscape, exacerbating the storm’s destructive 
impacts. Eight of 16 U.S. Geological Survey stream 
gages in the valley that had been operating for 
more than 25 years set new stream flow records 
(Bent et. al 11). The Deerfield River rose 15 feet 
after an estimated 10 to 15 inches of rain swelled 
the river. (Deerfield’s average annual precipitation 
is 44 inches.) At its peak, Sunday at 2:30pm, the 
river flows in the Deerfield River were measured at 
102,000 ft3 per second, smashing historical records 

(15-times normal August flow rates) (MacPhee 
10). Carolyn Ness, head of Deerfield’s Conservation 
Commission, says the accidental simultaneous 
release of two major upriver dams intensified this 
flow, which at one point sent a 30-foot wall of water 
down the Deerfield portion of the River (Ness).

It has also been reported that Tropical Storm Irene 
caused the most severe erosion of any flood in 
Massachusetts historical records. The storm resulted 
in 274 landslides across the watershed (roughly 
the same number that has occurred in the previous 

SUMMARY

The Deerfield River and its surrounding lands boast some of the best agricultural soils in the world, and 
are important natural resources with enduring value. In addition, riparian areas also provide valuable 

habitat for wildlife, mitigate the effects of flooding, and protect water quality. As climate change intensifies, 
triggering more frequent storms and floods, farms in Deerfield River’s expansive floodplain have a critical 
role to play where land meets river. While many conventional agricultural practices have, historically, been 
in conflict with river health, farmers today have an increasingly important opportunity to be stewards and 
caretakers of these riparian ecosystems, and to embody climate change solutions on their lands. This includes 
restoring, installing, and maintaining tree buffers between farms and the Deerfield River, as well as adhering to 
best farming practices, such as perennial crops, regenerative grazing, and reduced tillage. Communities have 
an equally urgent responsibility to support this stewardship by funding agricultural protections, grants, and 
incentive programs to help farmers reconcile economic livelihood and ecological resilience in the Deerfield 
River floodplain.
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30 years combined) and formed a giant sediment 
plume entering the Long Island Sound that was 
visible from space days after the storm (MacPhee 42; 
Hatch, “Earth Matters, Hurricane Irene”). University 
of Massachusetts researchers estimated that 
sediment discharged from the Deerfield River on 
the day of the storm exceeded at least 10 to 40 years’ 
worth of normal sediment discharge and accounted 
for approximately 40% of total discharge from the 
entire Connecticut River Valley resulting from 
Tropical Storm Irene (MacPhee 19). Today, almost 
seven years after the storm, the amount of suspended 
sediments in the Deerfield River is double pre-Irene 
quantities (MacPhee 20).

The Deerfield River watershed experienced 
unprecedented damage to roads, wastewater 
treatment plants, public water supplies, 
schools, homes, and agricultural cropland 
during Irene—damage that could impact 
management protocols for years to come 

(OSRP; MacPhee 40 [appendix]). The USDA 
Natural Resources Conservation Service (NRCS) 
recorded approximately 800 acres of crop loss or 
damage in the Deerfield River Watershed, 500 acres 
of which were in the town alone (MacPhee 22). 
Savage Farm lost 16 feet of eroded soil adjacent 
to the river, and other farms had to grow flowers 
instead of food for the remainder of the growing 
season (Ness). JM Pasieknik Farms lost 100 acres 
of potatoes and sustained close to $500,000 in crop 
and property damage (MHM Plan). Two farms 
in Deerfield received a total of $15,000 from the 
Community Involved in Sustaining Agriculture 
(CISA) Farm Emergency Fund to help recoup losses 
from the storm, whose cost of damage to Town 
property was $23,480 and $5 million across the 
entire watershed (MHM Plan). (See Appendix B1 
for a partial list of town damage.)

“What do you do? You’re not going to get your topsoil 
back. You’d never expect to see land down to bedrock. 
It’s just heartbreaking. It’s a barren wasteland.” 
—Rita Thibodeau, Franklin County district conservationist, on Deerfiield 
River farm damage from Tropical Storm Irene, 2012

Source: 2014 Multi-Hazard Mitigation Plan (Photo by Paul Franz)
Flooded farm field and barn on Mill Village Road.

Source: 2014 Multi-Hazard Mitigation Plan
The Deerfield River and flooded adjacent fields. 
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Source: DHI-GRAS (image from NASA)
Sediment discharge in the Long Island Sound from the Connecticut River. Forty-percent of this sediment load 
originated from erosion on the Deerfield River. 

FLOODING HAS ALWAYS HAPPENED, BUT IT’S GETTING WORSE
Significant flooding in the Connecticut and 
Deerfield River valleys isn’t a new phenomenon. 
Floodplains—the relatively flat, lowland areas 
adjacent to rivers, lakes, and streams—are, as their 
name suggests, subject to flooding. They are the 
natural places for a river to dissipate its energy. 
Meanders form over the floodplain to slow down 
the flow of water and when the river channel is at 
capacity the water spills over the floodplain where it 
is temporarily stored. 

Records of periodic flooding in New England 
stretch back to the 1600s in materials collected by 
the U.S. Geologic Survey (MacPhee 40 [appendix]). 
According to NOAA’s Historical Hurricane Tracker 
tool, 159 hurricane or tropical storm events have 
occurred in Massachusetts since 1858—about 2.5 
per year (MacPhee 22). The Great New England 
Hurricane of 1938, a Category 3 hurricane which 
occurred on September 21, 1938, was one of the 
most destructive and powerful storms ever to strike 

Southern New England. Sustained hurricane force 
winds occurred throughout the region, causing 
extensive damage to houses, trees, and crops. 
Widespread power outages occurred, which in some 
areas lasted several weeks. The combined effects 
from a frontal system several days earlier and the 
hurricane produced rainfall of 10 to 17 inches across 
most of the Connecticut River Valley—about the 
same quantity generated from Tropical Storm Irene 
in 2011 (MHM Plan).

While storms like Irene have happened in the 
past, general scientific consensus is that the 
frequency and intensity of similar natural 
disasters will continue to increase due to the 
effects of climate change. Annual rainfall in 
New England has increased nearly seven inches 
since 1901, and the United States Forest Service 
predicts additional precipitation upsurges of 15% 
in Massachusetts by 2080 (under high emissions 
scenarios), the majority of which will increasingly 

Long Island Sound

Connecticut River
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occur from heavy rainfall events in the fall and spring 
instead of being more evenly distributed throughout 
the year (“Climate Change & Adaptation”). In 
Deerfield, the number of days with two inches or 
more of precipitation is expected to increase from 
1.6 days per year in the 2030s to as much as 2.5 days 
by the end of the century (MacPhee 23). With the 
anticipated increase in ocean temperatures, warmer 
ocean water will cause storm systems to become 
larger and longer in duration. Climate change may 
double the frequency of Category 4 and 5 storms by 
the end of century, according to the Massachusetts 
Climate Change Adaptation Plan (22). 

Deerfield’s rivers are vulnerable to impacts 
from these climate changes. With more extreme 
precipitation patterns, stormwater discharge into 
rivers is expected to increase, which can affect both 

water quantity and quality. Problems associated with 
increased stormwater discharge include undermining 
of structures, downstream sedimentation, severe 
bank erosion, and disconnection of rivers from 
their floodplains, leading to a loss in the ability 
of the floodplain to provide flood storage, storm 
damage prevention, groundwater recharge, pollution 
attenuation, erosion control, and protection of water 
quality (MacPhee 47).

In response to the storm of October 2005 and 
Tropical Storm Irene, Franklin County received 
emergency NRCS funding for the entire Deerfield 
River watershed, which was earmarked mostly 
for retrofitting existing culverts (Ness). The Town 
also developed proposed “Efforts toward Climate 
Resiliency” that they hope will guide future 
development and stormwater management. Several 
of these efforts include attention to the relationship 
between agricultural fields and the Deerfield River:

• The Town supported conservation restrictions on 
agricultural floodplains using funds voted by the 
Town from the Community Preservation Act.

• The Town supported the maintenance of 
agricultural buffers with reduced assessment on 
agricultural land.

• The Town supported avoiding riverbank 
armoring and channelization.

Year # of Flood Events Annual Property 
Damage

2013 0 $0
2012 2 $0
2011 8 $22,275,000
2010 1 $150,000
2009 0 $0
2008 3 $38,000
2007 1 $250,000
2006 0 $0
2005 5 $11,435,000
2004 2 $10,000
2003 1 $10,000
2002 0 $0
2001 1 $0
2000 1 $0
1999 0 $0
1998 4 $75,000
1997 0 $0
1996 11 $1,800,000
1995 3 $0

Flooding events in Franklin County since 1995

Source: Multi-Hazard Mitigation Plan

Source: USFS

Projected annual precipitation change by 2100
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Articulating the challenge: How can 
agriculture co-exist with a healthy river?
DEERFIELD’S RICH AGRICULTURAL LEGACY
Farming in Massachusetts is diverse. Compared to 
the primarily corn, soybean, and livestock economies 
of the Midwest, the 6,000 farms in Massachusetts 
produce dairy products, vegetables, nursery crops, 
livestock, herbs, cut flowers, hay, garlic, trout, maple 
sugar, cranberries, orchard fruits, eggs, honey, wood, 
and quahogs. Yet, as in the rest of New England, the 
Massachusetts farm sector is struggling. In the face 
of high land expenditures, development pressures, 
and rising production costs, it is increasingly difficult 
for Massachusetts farmers to remain profitable. 

Deerfield’s location at the confluence of two major 
rivers—the Deerfield and Connecticut—likely 
prompted its colonial settlement as an agricultural 
center in the early 17th century. (Though, the 
Pocumtuck Indians fished, hunted, and cultivated 
the Deerfield Valley for at least 8,000 years prior) 
(OSRP). By the late 1700s, Deerfield’s growth in 
population and prosperity was largely a result of its 
thriving agricultural economy based specifically on 
wheat, onions, cucumber, broom corn, tobacco, and 
oxen (OSRP). Throughout the centuries, the town 
has remained faithful to its farming heritage: more 

Source: Pocumtuck Valley Memorial Association, Memorial Hall Museum, Deerfield, MA
Pickle house built in July 1896 on Elm Street in South Deerfield to support the town’s burgeoning cucumber industry.
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than 4,000 acres—20% of Deerfield’s land area—are 
still in active cultivation, and over 100 Deerfield 
residents (3% of town population) are employed as 
farmers (OSRP).

This legacy is in large part due to Deerfield’s rich 
alluvial soils deposited over thousands of years at 
the bottom of glacial Lake Hitchcock (in addition 
to hard-working farmers!). When the lake drained, 
the rich sediments were left behind. As a result, 
26% of the Town (5,664 acres) is considered “prime 
agricultural soil” according to the NRCS. 

The Deerfield Valley is composed of Hartland-
Ninegret silty and sandy soils and Hadley-
Winooski-Limerick deep silty loams, which together 
make up one-third of the town’s soils and, according 
to the Massachusetts’ Department of Agriculture 
(MDAR), are among the “most fertile agricultural 
soils in the country” (OSRP). Residents throughout 
the town and region highly value this agricultural 
heritage: protecting farmland in the county was 
identified as the top natural resource goal through 
the 2011 public participation process for the 
Franklin County 2035 Regional Plan for Sustainable 
Development (RPSD) (OSRP).

IN CONFLICT WITH THE RIVER
“New England agricultural and undeveloped rural 
forested lands are often located in river corridors and 
play a crucial role in diminishing the destructive power 
of floodwaters by receiving, spreading, and slowing the 
flood wave as it moves through a watershed. Farms 

are therefore at the forefront of flood concerns, both as 
potential source and victim of the problem.” 

(UMass Amherst: RiverSmart Communities)

While farms thrive in the nutrient-rich alluvial 
soils of floodplains, their coexistence with 
rivers is seldom entirely harmonious. Not 
only are many agricultural fields vulnerable to 
catastrophic damage from severe flooding in river 
valleys—as witnessed during Tropical Storm 
Irene—but they can also impair adjacent rivers via 
sedimentation from soil erosion and pollution from 
fertilizer runoff. The Environmental Protection 
Agency’s (EPA) 2017 National Water Quality 
Assessment shows that agricultural non-point 
source (NPS) pollution is the leading source of 
contamination of rivers and streams, countrywide. 
Impacts can be generated from activities like poorly 
located or managed animal feeding operations, 
manure, overgrazing, plowing, and fertilizer 
application. The EPA considers nitrogen from 
agricultural runoff one of the top stressors in aquatic 
ecosystems. Though it is an important nutrient for 
all organisms, excess nitrogen is a pollutant that 
causes eutrophication in water bodies, leading to 
algal blooms, oxygen depletion, fish kills, and loss 
of biodiversity (Mayer 13). Studies show that up to 
10% of applied fertilizer can leave the site as runoff, 
draining into the nearest water body as surface flow 
or through groundwater (National Academy of 
Sciences 177). However, many agricultural activities 
are exempt from state regulations related to water 
bodies, like the Wetlands Protection Act. 

Although rated “good quality” by recent watershed 
reports, the Deerfield River has been shown to 
be impaired by agricultural runoff in the form 
of elevated nitrogen, phosphorus, fecal coliform 
bacteria, and total suspended sediment levels 
(OSRP). The Town’s 2014 Hazard Mitigation 
Plan mentions the potential release of hazardous 
pesticides located on Deerfield’s largest farms as well 
the large quantities of toxic chemicals stored at Crop 
Productions’ facility in South Deerfield (OSRP). 
(See Appendix B2 for complete list.)

PRIME FARMLAND

Prime Farmland is land that has the best 
combination of physical and chemical 

characteristics for producing food, feed, forage, 
fiber, and oilseed crops. It has the combination 
of soil properties, growing season, and moisture 
supply needed to produce sustained high yields 
of crops in an economic manner if managed with 
acceptable farming methods. (OSRP)
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RECONCILIATION: RIPARIAN 
BUFFERS & AGRICULTURE
Lands next to water are fundamental to the 
wellbeing of many species of plants and animals, 
including humans. Birds and other wildlife aggregate 
in riparian areas, often in abundance. At the same 
time, society values riparian areas for production of 
food and fiber, access to transportation, opportunities 
for recreation, and natural scenic beauty (National 
Academy of Sciences 8). 

Riparian areas differ from uplands because of their 
high levels of soil moisture, frequent flooding, and 
unique assemblage of plant and animal communities 
(Klapproth et al). These areas are extremely valuable 
for ecological functioning—they are the protective, 
biodiverse buffers between human land use and 
aquatic ecosystems. But they are also valuable for 
economic livelihoods of food producers: the most 
fertile soils are often located in riparian areas, and 
there is economic incentive for their conversion to 
cropland. 

Deerfield’s agricultural legacy can continue in 
the age of climate change. Through sustainable 
management techniques, conservation restrictions, 
and the establishment of robust riparian buffers 
between farms and the Deerfield River, farmers 
can retain economic viability while simultaneously 
protecting the ecological integrity of their watershed 
and their own lands. In addition to contributing 

to the local food economy, farmland can also 
provide important ecological services through the 
adoption of best management practices, including 
incorporating riparian buffers and keeping 
floodplains undeveloped. Various state and federal 
programs exist to help farmers implement practices 
to promote soil health, nutrient management, 
and overall ecological resilience in the ways their 
land interacts with the river. After all, “farmers are 
important caretakers of our natural resources, and 
should be supported in and recognized for this 
stewardship role” (MacPhee 23).

Source: National Academy of Sciences
Effects of several common farm management practices on river water flows and sedimentation. 

Source: Massachusetts Office of Travel & Tourism
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The Deerfield River: Existing Conditions & 
Vulnerabilities 
THE WATERSHED

From its headwaters at Stratton Mountain in 
Vermont, the Deerfield River flows southward 
for 70 miles through the steep Berkshire 

foothills to its confluence with the Connecticut 
River. The entire watershed covers all or part 
of 20 different municipalities in Vermont and 
Massachusetts. The Deerfield River holds a Class 
B water quality designation according to the 
Massachusetts Department of Environmental 
Protection (MassDEP). Class B waters are 

suitable for supporting aquatic life, recreational use 
(swimming and boating), and fish consumption. 
(OSRP) In fact, the Deerfield River has been 
identified as containing one of the best fisheries in 
the Commonwealth since the early 1990s, and is the 
most intensively fished and managed trout fishery in 
Massachusetts (OSRP). It provides spawning habitat 
for the blueback herring and the American shad, and 
is one of Massachusetts’ premier Atlantic salmon 
restoration rivers (OSRP). As previously noted, 
the river is in “good quality” despite concerns of 
elevated non-point source agricultural runoff at the 

Source: Deerfield River Watershed Sub-watershed Plans
The Deerfield Mainstem sub-watershed. Two significant flood risk areas are Shelburne Falls and the River Valley in the town of 
Deerfield, both of which have had extensive forest converted to development and agriculture.

Deerfield River Valley

Shelburne Falls
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Deerfield-Connecticut River confluence in the form 
of fecal coliform, nitrogen, and phosphorus. 

The Deerfield Mainstem, part of the river’s sub-
watershed that includes the Town of Deerfield, 
is rated the 3rd-lowest sub-watershed in terms 
of water quality, and the 3rd-highest in terms of 
flood risk vulnerability, according to the Deerfield 
River Watershed Association’s Resilience Plan 
(30). The report indicates the following as crucial 
metrics for determining water quality and flood risk 
vulnerabilities:

• Impervious cover

• Developed land use 

• Agricultural land use

• Unprotected or “developable” land

• Potential pollution sources

• “High and Significant Hazard” dams

Two areas of significant concern in relation to water 

quality and flood risk hazard are Shelburne Falls and 
the river valley in Deerfield. Tellingly, the Deerfield 
valley has the largest area of combined agricultural 
and developed land in the sub-watershed, as well 
as the largest designated 100-year floodplain in 
the entire watershed. Combined, these two factors 
present serious concerns for resiliency planning in 
the town: extensive agricultural and developed 
areas are both extremely vulnerable to flooding 
from the Deerfield River. 

THE FLOODPLAIN
The Deerfield River is the town’s water body most 
vulnerable to disturbance—and therefore most apt 
for resilience planning—because of its floodplain 
size, adjacent land use, and riparian vegetation. 

Size

At 2,828 acres, the Deerfield River’s floodplain is the 
largest in the watershed as it empties into Deerfield’s 
flat, central valley from the Berkshire uplands, where 
the topography constrains its ability to overflow its 
banks. The stretch of the Connecticut River that 
forms Deerfield’s eastern town boundary also has 
constrained banks, which is why its floodplain within 
the town is dwarfed by that of the Deerfield River—
water can’t easily overflow into adjacent fields. As a 
result, the most catastrophic flooding damage from 
Tropical Storm Irene occurred in the Deerfield River 
flooding—not adjacent to the Connecticut River.

Land use & vegetation

The Deerfield Hazard Mitigation Plan identifies 
agricultural land use as an important risk factor 
for the floodplain. Almost half (49%) of the 2,828 
floodplain acres is working agricultural land. In 
urban, highly impermeable settings, it is estimated 
that less than 10% of stormwater is infiltrated. In 
contrast, the infiltration rate in mature forests is 80-
90% due to perennial, multi-layered vegetation cover 
and richer, deeper soil (Motzkin). For cultivated 
cropland, infiltration rates are 40-50% despite land 
being almost fully vegetated. This means that 
farms and pastures without trees are almost 
half as effective at mitigating runoff as forests, 

1 mile

100-year floodplains of major rivers and streams in Deerfield 
(shown in light blue). 

N
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which presents important challenges for achieving 
ecological balance between farms and rivers. 

Zoning, Development & Wetlands Protection 
Act

According to the 2014 Hazard Mitigation Report, 
flooding from the Deerfield River is the town’s most 
significant and dangerous natural hazard (136). 
While 43% of Deerfield lies within the Deerfield 
River watershed, 13% of the town (2,828 acres) is 
in the floodplain—the majority of which is zoned 
Residential Agricultural District (RA). Only 1% 
of the Town’s population (58 people) live in the 
floodplain (MHM Plan). 

The total assessed land value of commercial, industrial, 
and public/institutional land use within the floodplain 
is about $14 million, and the total building value is 
$300 million (MHM Plan). Significant town features 
include Old Deerfield, Frontier Regional School, the 
Old Deerfield Wastewater Treatment Plant (which 
was entirely cut off by flooding during Tropical 
Storm Irene but never stopped functioning), parts of 
Deerfield Academy, and the Bement School. 

The Town participates in the National Flood 
Insurance Program, and as of May 2012 there were 
27 policies in effect for a total of $7.2 million (MHM 
Plan). Deerfield also passed Zoning Bylaw Section 
4300 in 1980, which administers a Floodplain 
Overlay District that corresponds with the Deerfield 0 1.5

Mile

1% Lawn + garden

9% Water

3% Impervious surface

49% Crop and pasture

11% Non-tree

26% Tree

VEGETATION IN THE DEERFIELD 
RIVER FLOODPLAIN

N

Cropland occupies almost half of the floodplain’s land area.

The Deerfield River floodplain
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River’s 100-year floodplain—an area that Carolyn 
Ness suggests is likely even larger than established 
Flood Insurance Rate Maps (FIRM) after Irene. 

The overlay district stipulates:

encroachments, including fill, new construction, 
substantial improvements to existing structures or 
developments, are prohibited unless certification by 
a registered professional engineer is provided by the 
applicant demonstrating that such encroachment shall 
not result in any increase in flood levels during the 
occurrence of the 100-year flood. (MHM Plan)

The Floodplain Overlay District bylaw is 
essentially a replication of the Massachusetts 
Wetlands Protection Act (WPA), which prohibits 
similar actions within 200 feet of adjacent rivers. 
Crucially, however, both policy measures 
contain exemptions for agricultural activities, 
including for retaining riparian buffers “in 
their natural vegetative state to the maximum 
extent feasible”, which can be disregarded 
if farms abut rivers. (Commonwealth of 
Massachusetts) (Vermont has actually legislated 
vegetated riparian buffers without exemptions 
for farmland, as shall be discussed in sections to 
follow.) 

ECOLOGICAL & CONSERVATION 
VALUE 
Although the riparian zones around the Deerfield 
River are extremely vulnerable to natural 
disturbances due to conversion of floodplain 
vegetation to development and agriculture, the 
river valley remains a rich, biodiverse habitat with 
much ecological value. The Natural Heritage & 
Endangered Species Program (NHESP) has 
designated much of the Deerfield River floodplain 
as “an integrated and functional ecosystem” for 
aquatic species and as an “intact river corridor within 
which important physical and ecological processes” 
can occur (“BioMap 2, Deerfield”). It is also home 
to the endangered least bittern (Ixobrychus exilis), a 
small heron that typically nests in cattail marshes 
interspersed with open water and is very sensitive to 
disturbance (21).

  

Floodplain forests

Additionally, there are six important, intact 
remnant floodplain forests along the Deerfield 
River identified by NHESP as “priority natural 
communities”—assemblages of plant and animal 
species that share a common environment and occur 
together repeatedly in the landscape. Of these six—
North Meadows Island, Wapping Floodplain, South 
Meadows, Academy Island, Pine Hill Floodplain, 
and Deerfield Academy Playing Field Woods—the 
South Meadows site is listed by NHESP and The 
Nature Conservancy as particularly important due 
to its small size and unusual diversity (OSRP). 
The University of Massachusetts’ CAPS Index 
of Ecological Integrity (IEI) similarly identifies 
riparian areas around the Wapping floodplain forest 
as in the top 50% of statewide conservation priority. 
This forest tract is already protected by the state.

N

BioMap2 in the Deerfield River Floodplain
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Floodplain forests provide innumerable ecosystem 
services for riparian habitats and adjacent lands. 
However, they are considered to be “among the 
most threatened, globally significant wetland 
community types in New England” (OSRP). 
Along the Deerfield River—as in most major-river 
floodplains—soils are sandy loam and very well-
drained. Flooding in major-river floodplain forests 
occurs annually and is usually severe. These forest 
types are usually dominated by silver maple (Acer 
saccharinum) in the overstory (>60% cover), with 
lesser amounts of cottonwood (Populous deltoides). 
Shrubs are generally lacking, and the herbaceous 
layer is commonly composed of wood-nettles 
(Laportea canadensis) and ostrich fern (Matteuccia 
struthiopteris) (Marks).

These areas are insect-rich habitats, and are 
critical for migratory songbirds like warblers and 
thrushes. Bald eagles use riverbank trees as nest 
and perch sites. In spring floods, wood ducks 
and hooded mergansers like the shaded edges 
of floodplain forests and interior pools. Eastern 
comma butterflies feed on elm, nettles, and hops, 
and shady riverbanks host several dragonfly species 
like beaked (and fawn) darners. Where vernal pools 
occur in floodplain forests, leopard, pickerel and 
red spotted frogs, toads, and mole salamanders can 
be found (Commonwealth of Massachusetts). (A 
complete list of Species of Special Concern within 
Deerfield can be found in Appendix B3.) However, 
despite their conservation and biological resilience 
value, because of their high soil fertility and scenic 
qualities, floodplain forests are critically threatened 
by conversion to agriculture or development.

Deerfield: A Conservation Vision

In Deerfield: A Conservation Vision (2007), the 
Town maps conservation priorities based on several 
“individual resources,” one of which is wildlife 
habitat (“Protect Habitat”). This conservation 
priority map is created using 12 indicators or goals 
for protection: 

• Rare & endangered species 
• Large & contiguous forested areas
• Wetlands

Pine Hill

North Meadows Island

Academy Island

Deer�eld Academy Woods

Wapping 

South Meadows

0 1.5
Mile

N

Six floodplain forests along the Deerfield River
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• Wildlife connectivity 
• Vernal pools
• Floodplain forests
• Ravines & drainage areas
• Headwater streams
• Adjacent to protected lands
• Huntable forest tracts
• Lands at water body confluences
• Water quality vulnerability
According to this assessment, a majority of 
the Deerfield River’s floodplain is rated as 
“high priority” for conservation, with the 
only exceptions being parcels that are 
already permanently protected through 
conservation restrictions (CR) or 
agricultural preservation restrictions 
(APR). However, as already discussed, 
permanently protected farms 

don’t necessarily result in a protected Deerfield 
River if best management practices and adequate 
riparian vegetation are absent. A discussion on 
recommendations for land protection based on 
existing and priority conservation parcels in 
Deerfield will follow later in this report.
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Recommendation: Restoration of riparian tree 
buffers and expansion of floodplain forests 
along the Deerfield River

A resilient river is one that maintains a robust 
and intact riparian zone and interacts with its 
surrounding landscape in healthy ways. In the 

age of climate change, it is all the more imperative 
that rivers be given room to be rivers—moving, 
changing, and evolving through time. During 
Tropical Storm Irene, hard infrastructure like walls 
and rip rap along riverbanks in the Deerfield River 
watershed prevented flood water from accessing 
floodplains with abundant and absorbent, organic 
matter-rich soils. Allowing rivers to “connect to 
their floodplains”— to vibrant riparian and wetland 
habitats—will help create more flood-resilient 
communities and healthier riverine ecosystems by 
allowing, and attenuating, natural flooding and 
deposition of sediment.

Maintaining the healthy ecological function 
of riparian areas and floodplains will help 
mitigate the impacts from severe storm events 
and improve climate change resilience in 
the broader community. The installation and 
management of riparian tree buffers and expansion 
of floodplain forests should be based on prioritizing 
vulnerable conservation areas along the Deerfield 
River.

Riparian buffers: A point of contention & 
intervention

Farmers and conservationists often become 
embroiled in debates over the use of riparian areas. 
If you are a farmer and trees are planted in the 
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riparian zone, you may be concerned about the loss 
of access to grazing land and crop revenue. If you 
are a conservationist or environmentalist and trees 
are removed from the riparian zone, you may be 
concerned about the loss of habitat for wildlife 
and aquatic species that depend on this diverse 
and fragile ecosystem. If you are a downstream 
water user, you are no doubt concerned about 
the contamination of drinking and recreational 
waters with nutrients, pathogens, and pesticides. 
You might be concerned that, nationwide, 
agriculture is the largest contributor to 
the decline of riparian area quality and 
functioning (“Riparian Areas” 174). 

Farmers’ management practices don’t just affect 
their own lands and livelihoods. Although the 
vast majority of the nation’s riparian lands are in 
private ownership—and often provide significant 
socioeconomic benefits to landowners when these 
lands are farmed—many of the benefits derived from 
functional riparian areas also cross into the public 
domain.

WHY RIPARIAN TREE BUFFERS?

Water Storage & Flood Attenuation 

According to the Northern Institute of Applied 
Climate Science (NIACS), maintaining and 
restoring forested riparian buffers is a core strategy 
for climate change mitigation and adaptation 
(NIACS). The main reason for this has to do with 
retaining water on-site—from precipitation, runoff, 
and flooding. Studies from the Hubbard Brook 
Experimental Forest in New Hampshire have shown 
that when trees are removed from a sub-watershed, 
there is a 450% increase in stream flow and 400% 
decrease in evapotranspiration one year after 
removing vegetation (Bormann et al.). As climate 
change intensifies both summer droughts and heavy 
precipitation events, the need for preserving tree 
cover becomes all the more critical. 

Healthy riparian areas have highly permeable soils 
that allow water to percolate instead of carrying 
soil and nutrients off-site. They have a water table 
that extends underground and outward from the 

streambanks and that provides a large amount of 
groundwater storage (Prichard et al.). In contrast, 
degraded riparian areas have a low water table with 
limited storage capacity. Plants growing in riparian 
areas can help reduce flooding by taking up and 
transpiring thousands of gallons of water per acre 
per day (Elmore and Beschta). Across the U.S., 
as much as 95% of riparian vegetation has 
been lost or degraded, and so reversing this 
trend is crucial for attenuating stormwater and 
remediating sedimentation and nutrient runoff 
(“Riparian Areas” 26). One study in Fairfax County, 
Virginia showed that the retention of forested 
riparian buffers reduced costs caused by post-
stormwater runoff by $57 million (Palone and Todd).

Nutrient Capture

There is also strong scientific consensus that riparian 
buffers can help manage nutrient runoff from 
adjacent agricultural fields—including nitrogen 
fertilizer and livestock manure—and drastically 
improve water quality ( Jorgensen et al. 1). If 
properly maintained, buffers can remove up to 94% 
of total nitrogen runoff from farms, or 35 pounds per 
acre per year ( Jorgensen et al. 18). Because saturated 
soils are necessary for bacteria to transform nitrogen 
fertilizer into N2 gas, riparian areas are very well-

Stream Flow and Evapotranspiration 
Response to Vegetation Removal

Source: Bormann et al (1974)
Dashed lines represent the deforested sub-watershed; darker 
lines represent the intact sub-watershed. 
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suited for remediating agricultural runoff ( Jorgensen 
et al. 13). Like most other states, Massachusetts 
doesn’t regulate buffers between agricultural fields 
and water bodies. Farming is exempt from the 
Wetlands Protection Act.

Wildlife Habitat

Finally, riparian tree buffers provide habitat 
for wildlife throughout the food web. Riparian 
vegetation is an essential food source for many 
invertebrates. It provides habitat for insects (midges, 
stoneflies, mayflies) that emerge from the river—an 
extremely important food source for migratory and 
resident birds that nest in riparian zones. 

Riparian buffers also protect fish habitat by 
minimizing the movement of eroded sediments 
into streams. Heavy silt loads disrupt reproductive 
behavior and destroy feeding and spawning areas 
for many aquatic species (Thompson). High water 

levels caused by rapid flooding can increase water 
temperatures, which can be fatal to some fish and 
other aquatic organisms. Stable water levels provide 
the moderate water temperatures required for the 
growth of fish and the aquatic organisms that they 
use for food (Wenger). 

Large woody debris that falls into streams traps 
sediments and creates pools that provide protected, 
shaded habitats for aquatic species (Stuart et al). For 
trout and other fish, vegetation cover provides food 
and places to hide from predators (Burgess). For 
many aquatic organisms, leaves, twigs, and insects 
falling from overhanging trees are an important 
food source (Bellows). In forested riparian zones, 
retaining at least 50% of the tree canopy is critical 
for providing moderated temperatures required for 
good fish habitat (Bellows). Indicators for healthy 
riparian zones based on vegetation, riverbank and 
channel, soil and wildlife can be found in Appendix 
B4.

Source: Pascal Gaudette (Doundounba on Flickr, CC BY-NC-SA 2.0)
Mayflies (Ephemeroptera spp.) are important food sources for migratory and resident birds that nest in vegetated riparian areas.
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What does the riparian buffer look like?

The value of riparian buffers has already been 
recognized by Deerfield town planning reports 
(MacPhee 29, 72, 82; MHM Plan; OSRP), 

and even the need to legislate buffers has been 
considered (“Riparian Areas” 29). But few town 
documents detail what a riparian buffer actually 
looks like. 

What is its structure, composition, and width? 
Farmers may want to know the minimum buffer 
width for achieving the environmental benefits 
without sacrificing lost cropland revenue. 

General scientific consensus is that riparian tree 
buffers should be composed of three different 
zones—each containing a distinct species mix—
which together span at least 100 feet from the river 

channel, or 30% of the floodplain width (whichever 
is less) (“Riparian Areas” 387). 

Another caveat is that the amount of sediment 
captured by riparian buffers declines by 7 to 38% as 
the slope increases from 11% to 16%, so to account 
for this decreasing efficiency, a generalized buffer 
width recommendation for the protection of water 
quality is 100 feet plus an additional two feet for 
each 1% of land slope (Dillaha et al.). 

The first zone is an unmanaged, mature mini-forest 
community that spans 15 to 30 feet. Its primary 
functions are to increase bank stability, provide 
habitat for terrestrial and aquatic wildlife, regulate 
river temperatures via a large canopy, and provide 
leaf litter and large woody debris. The shade canopy 
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from mature trees is very important: 
maximum summer temperatures 
of a non-forested river may be 
10 to 20°F warmer than water 
temperatures shaded by trees. This 
is significant because a 4 to 10°F long-
term change in water temperature 
can alter the life cycles of many 
macroinvertebrates. (Klapproth et al.) 

Zone 1 may be planted with four or 
five rows of fast-growing trees directly 
next to the riverbank, with slower 
growing hardwoods interspersed or 
planted several feet further inland, 
and a native, flood-tolerant shrub 
and herbaceous layer. Suitable tree 
species might include silver maple 
(Acer saccharinum), swamp white oak 
(Quercus bicolor), black gum (Nyssa 
sylvatica), box elder (Acer negundo), 
white and green ash (Fraxinus 
americana and Fraxinus pennsylvanica), 
river birch (Betula nigra), black willow 
(Salix nigra), Atlantic white cedar 
(Chamaecyparis thyoides), balsam fir 

(Abies balsamea), and American 
sycamore (Platanus occidentalis). 

The second zone, located upslope from Zone 1, is 
typically a managed tract of predominantly fast-
growing coppice or woodlot tree species from which 
the farmer can periodically and selectively cut for 
timber, fuel, and/or harvested for tree crops. Its 
primary function is to remove fertilizer runoff and 
provide additional farm revenue to offset lost annual 
crop profits. For optimal removal of nitrogen, it is 
essential that fertilizer move through a wet, organic-
matter rich root zone so bacteria can interact 
with it (“Riparian Areas” 388). Leaves, twigs, and 
branches from trees will slow and trap sediments 
and decompose to form soil organic matter, helping 
denitrifying bacteria function more effectively.

The third zone is located immediately downslope of 
active cropland and is predominantly composed of 
native grasses and flowering plants with large root 

ZONE 1:  
UNDISTURBED FOREST
• 15-30 feet wide

• Native trees and shrubs that thrive in extremely 
wet conditions

• Un-managed

ZONE 2: MANAGED FOREST
• 45 to 75 feet wide

• Selectively harvested for timber, fuel, tree crops

ZONE 3: RUNOFF CONTROL
• 20 feet wide

• Native, flood-tolerant grass with deep root 
systems
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systems. It should span at least 20 feet. Zone 3 is 
the primary defense against nutrient runoff—and, 
of the three zones, it is best suited to do so as the 
grass buffer can remove up to 80% of total nitrogen 
runoff before nutrient flow even reaches the woody 
shrub and tree zones. Grasses are also highly 
effective at intercepting sediments of surface runoff 
because of their density of above- and below-ground 
plant material, which reduces water’s tendency to 
channelize and pool ( Jorgensen et al. 25). 

Over time, excessive sediments may accumulate 
upslope of the grasses, so occasional grading and 
material removal may be required to maintain the 
buffer’s efficiency (“Riparian Areas” 388). Excess 
sediment can be moved back upslope to cropland 
from where it eroded. 

Some suitable wet-tolerant grasses include palm 
sedge (Carex muskingumensis), giant silver banner 
grass (Miscanthus sacchariflorus [Giganteus]), fountain 
grass (Pennisetum alopecuroides), and blue-eyed grass 
(Sisyrinchium).

CROPLAND

WILDLIFE DEPENDENT ON 
RIPARIAN ZONES

DESIRED 
WIDTH

bald eagle, nesting heron, cavity 
nesting ducks

600’

pileated woodpecker 450’

bobcat, red fox, fisher, otter, muskrat 330’

beaver, dabbling ducks, mink 300’

amphibians and reptiles 100-330’

belted kingfisher 100-200’

SONGBIRDS

scarlet tanager, American redstart, 
rufous-sided towhee

660’

brown thrasher, hairy woodpecker, 
red-eyed vireo

130’

blue jay, black-capped chickadee, 
downy woodpecker

50’

cardinal 40’

COLD WATER FISHERIES 100-300’

Riparian buffer widths that support different 
wildlife habitats

Source: Bellows (2003)
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WHERE SHOULD RIPARIAN 
BUFFERS BE RESTORED?
Unlike the steep, forested banks of the Connecticut 
River on the eastern boundary of Deerfield, riparian 
zones along the Deerfield River’s meandering 
channel are in most places flush with the water, 
and contain significant gaps in vegetation. In most 
areas along the banks, tree buffers are less than 100 
feet wide, and in some cases, there are none at all as 
cropland extends right to the edge of the river. 

The first recommendation is to restore 100-foot 
tree buffers where there are currently complete gaps 
in vegetation. These stretches of the river are most 
vulnerable to erosion and flood damage, as well as 
least resilient, biologically, in terms of wildlife habitat 
and capturing nutrient runoff from adjacent farms. 
Two examples of this occur on the north and south 
bends of the river in the floodplain (see photos).

100’ tree buffers along this 
entire span of Connecticut 
River

1 mile
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Riparian buffer restoration should be prioritized 
according to Deerfield: A Conservation Vision, 
which maps vulnerable areas in the town based on 
community input and certain ecological criteria. 
These areas are currently not conserved. 

In the Deerfield River floodplain, the majority of 
riparian buffer gaps occur within high-priority 
conservation areas, threatening the integrity of 
ecological connectivity and resilience.

In addition to the guidelines from A Community 
Vision, riparian buffer restoration should also be 
prioritized according to Mass Audubon’s MAPPR 
(Mapping and Prioritizing Parcels for Resilience) 
2.0 tool. This model combines data from The Nature 
Conservancy’s Resilience mapping, UMass’s Critical 
Linkages, the NHESP’s BioMap2 (Core Habitat and 
Critical Natural Landscape), as well as other criteria 
like “adjacency to already protected land.” While the 
spatial analysis doesn’t include land that is already 
permanently protected, MAPPR is useful to identify 
high-priority conservation areas in both unprotected 
and temporarily protected parcels (e.g., Chapter 
61A) in the Deerfield River floodplain. 

When these data are combined, three core areas 
emerge as critical spans of the riparian corridor that 
contain gaps in tree buffers and are rated as high 
conservation priority by both A Conservation Vision 
and the MAPPR tool.

 Insufficient 
buffer

 A Conservation 
Vision priority 
lands

 MAPPR high-
priority parcel

 MAPPR medium-
priority parcel

 Floodplain

 Floodplain 
Forests

 Aggregate high-
priority areas

1

2

3

Overlapping conservation priorities in the 
Deerfield River floodplain: A Conservation 
Vision + MAPPR

N
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Expanding & Connecting Floodplain Forests

Restoring 100-foot riparian buffers may also 
provide opportunities to connect and restore the 
six important floodplain forests along the Deerfield 
River. In many ways, floodplain forests are riparian 
buffers; they are simply larger, and have more mature, 
complex plant communities. They are ecosystems. 
These remnants of New England floodplains’ “long 
lost ecosystems” are plant communities that have 
evolved with dynamic river valleys for millennia 
until their (almost) complete disappearance after 
European settlement. They are symbols of Deerfield’s 
ecological health and history (McKay 40). 
Conservationist and farmer Tim McKay writes that, 
in the last thirty years, floodplain forests in New 
England have been steadily reclaiming land along 
rivers due to the growth of larger dairy farms where 
cows are housed in barns (eating grain) instead 
of grazing grass right up the river’s edge. Today, 
cropland around the Deerfield River has replaced 
pasture as agriculture’s most challenging relationship 
to riparian health.

Of the six floodplain forests in the Deerfield River 
floodplain—North Meadows Island, Wapping 
Floodplain, South Meadows, Academy Island, Pine 
Hill Floodplain, and Deerfield Academy Playing 
Field Woods—the South Meadows site was listed by 
NHESP and The Nature Conservancy as particularly 
important due to its small size and unusual diversity 
(OSRP). The University of Massachusetts’ CAPS 
Index of Ecological Integrity (IEI) similarly 
identifies riparian areas around the Wapping 
floodplain forest as in the top 50% of statewide 
conservation priority. This forest tract is already 
protected by the state.

Expanding and connecting the six existing 
floodplain forests along the Deerfield River 
via 100-foot riparian buffers along the span of 
both sides of the bank would create critically 
important wildlife habitat while establishing 
more flood resiliency to the riparian areas. 
It would also restore some semblance of the river 
valley’s long lost ecosystem—one that provides 
inestimable ecological services to the region.

Pine Hill

North Meadows Island

Academy Island

Deer�eld Academy Woods

Wapping 

South Meadows

Proposed expansion of riparian buffers and 
expansion of floodplain forests

N
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EXPANSION
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Riparian buffers & farmers:  
measuring gains & losses
“WHY NOT PLANT RIPARIAN 
BUFFERS?”

Farmers who implement soil and water 
conservation practices often are asked to 
bear the costs of implementing changes, and 

the disparity between those who pay and those 
who benefit often discourages farmers and other 
landowners from implementing riparian buffers 
(Bellows). While many farmers might have positive 
attitudes towards protecting the environment, a 1990 
survey of Iowan farmers found that 58% felt that 
they should be allowed to use their own property 
without outside interference (from the government 
or conservation groups). 

Because farmers have little economic incentive “to 
bear the costs of producing benefits for others”—

or for the broader ecological system—voluntary 
adoption of conservation practices “depends to 
a large degree on how well [they maintain] farm 
profitability.” Farmers polled through Maryland’s 
Buffer Incentive Program (a cost-share program that 
encourages landowners to install forested buffers 
along streambanks) in 1996 gave the following 
reasons for opting not to participate in the program 
(Klapproth et al.): 

• Impact of current and future land laws

• Planting required at busy, inconvenient time of 
year

• Too much time required to maintain the buffer

• Negative previous experiences with government 
programs
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Not surprisingly, other studies have found that 
farmers who believe that “one has a moral obligation 
to maintain the land for future generations” were 
more likely to adopt conservation measures than 
those who believe “they have an inviolate, God-given 
right to use the land as they please” (Klapproth et 
al.). Generally, however, unless the farmer has 
strong conservationist values and/or receives 
external funding through grant programs to 
offset the lost crop revenue, riparian buffers 
are a difficult sell.

POTENTIAL COSTS IN DEERFIELD
In Deerfield, along the northernmost bend of the 
river, analysis can illustrate how much crop revenue 
might be lost, and what compensation for lost 
revenue might be once a riparian buffer is installed 
where none currently exists. Land on the inner bend 
of the river is currently a forested wetland, but there 
are strips of insufficient buffer on the north and 
south edges of the parcel. Expanding these vegetated 
zones to a width of 100 feet would result in a 10% 
reduction in cultivated land, from 16.3 acres to 14.7 
acres. According to the Massachusetts Department 
of Agriculture (MDAR), this plot is planted in 
silage corn, which yields 168 bushels per acre. At 
an average market price of $3.40/bushel, a cropland 
reduction of 1.6 acres yields a loss of $680 after 
installing a 100-foot tree buffer. If the field were 
planted in potatoes—another commonly grown crop 
in the Deerfield River valley—with an average yield 
of 30,000 pounds per acre in Massachusetts at $6 per
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100-pound sack, a riparian buffer would result in 
a loss of $2,880. (USDA) (Of course, these costs 
aren’t profit losses, as installing riparian buffers also 
removes the costs of harvesting crops, like fuel, labor, 
and seeds.) 

This is a significant amount of revenue loss for 
the voluntary conversion of cropland to riparian 
tree buffer. And, while buffers also deliver tangible 
benefits to farms (in addition to costs)—water 
quality protection, flood mitigation, river channel 
stabilization, and erosion control—they historically 
have not played a role in agricultural management of 
riparian lands.

HOW TO PAY FOR RIPARIAN 
BUFFERS: GRANTS & INCENTIVE 
PROGRAMS?
Finding reliable and strategic ways of paying for 
buffers is a separate task from installing them—and 
perhaps a more difficult one. Many different state, 
federal, and non-government cost-sharing programs 
exist to assist farmers with conservation efforts, but 
payments provided under these programs are often 
less than farmers could earn from growing crops or 
raising animals in riparian areas. 

There is no established, cost-effective method 
or program for offsetting the costs of installing 
and maintaining riparian buffers. Nor is there 
an adequate reimbursement system for lost crop 
revenue. But as climate change intensifies and 
ecological decisions must align with economic 
ones, the fledgling programs that do exist may 
expand to prioritize the conservation of these 
important natural resources. 

USDA NRCS Federal Grants & Easements

Agricultural Management Assistance Program 
(AMA)
Farmers receive technical and financial assistance 
to construct or improve water management or 
irrigation structures, plant trees for windbreaks or, 
in order to improve water quality and mitigate risk, 
diversify their operation and conservation practices, 

including soil erosion control, integrated pest 
management, or transitioning to organic farming. 
Farmers are limited to $50,000 in AMA program 
payments per fiscal year, and are not eligible if they 
earn more than $900,000 in adjusted annual gross 
income.

Conservation Stewardship Program (CSP)
CSP is the largest conservation program in the 
United States with 70 million acres of productive 
agricultural and forest land enrolled. Farmers receive 
advice about how to improve business operations, 
conservation agriculture practices, and natural 
resource management. They enroll in a five-year 
program during which they are rewarded annual 
incentive payments (minimum of $1,500) for 
their conservation practices. To participate in CSP, 
farmers must be in compliance with “highly erodible 
land” and “wetland conservation” requirements, and 
have current farm records with USDA Farm Service 
Agency. They must also have effective control of 
the land for the term of the proposed contract, be 
actively engaged in the day-to-day management 
of the agricultural operation, and share in the risks 
associated with agricultural production.

Environmental Quality Incentives Program 
(EQIP)
Through EQIP, NRCS provides agricultural 
producers with financial resources and one-on-
one help to plan and implement conservation 
practices. NRCS works with the farmer to develop a 
conservation plan that meets the farmer’s goals and 
vision for the land. 
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These grants cover part of the costs of implementing 
conservation practices, which include cover cropping, 
forest stand improvement, prescribed grazing, 
and irrigation. A complete list of reimbursement 
payments and schedules can be found on NRCS’s 
website.

Conservation Innovation Grants (CIG)
These are competitive grants that are meant to drive 
public and private sector innovation in resource 
conservation. Through the CIG program, farmers 
develop the tools, technologies, and strategies to 
support next-generation conservation efforts on 
working lands and develop market-based solutions 
to resource challenges. Grantees must match the 
grant amount. The budget for 2017 was $23 million.

Healthy Forest Reserve Program (HFRP)
The HFRP helps landowners restore, enhance and 
protect forestland resources on private lands through 
cash payments in exchange for easements. HRFP 
attempts to aid the recovery of endangered and 
threatened species under the Endangered Species 
Act, improves plant and animal biodiversity, and 
enhances carbon sequestration. This easement could 
be applied to riparian buffers or floodplain forests on 
private land. 
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Grant programs and Easements offered by 
the Massachusetts Division of Conservation 
Services (DCS)

Agricultural Environmental Enhancement 
Program (AEEP)
AEEP is a competitive reimbursement grant 
program that funds materials and labor for 
conservation practices that mitigate or prevent 
negative impacts to the state’s natural resources that 
may result from agricultural practices. Practices 
funded include those that prevent direct impacts 
on water quality, ensure efficient use of water, 
and address agricultural impacts on air quality. 
Reimbursement grants are awarded for 85% of 
project costs, up to $25,000.

Specialty Crop Block Grant (SCBGP)
The purpose of the SCBGP is to enhance the 
competitiveness of specialty crops in the market. 
Specialty crops are defined as “fruits, vegetables, tree 
nuts, dried fruits, horticulture, and nursery crops 
(including floriculture).” Specialty crops could be 
used as revenue-generating products within the 
riparian buffer. In 2017, 56 grants were awarded for a 
total of almost $61 million.

Local Acquisitions for Natural Diversity (LAND) 
Grant Program
The LAND Grant Program helps cities and towns 
acquire land for conservation and passive recreation 
purposes. The grants reimburse cities and towns for 
the acquisition of land in fee or for a conservation 
restriction. The LAND grant supports the purchase 
of forests, fields, wetlands, wildlife habitat, unique 
natural, cultural, or historic resources, and some 
farm land. The reimbursement rate for projects is 
52 to 70%, and the maximum grant is $400,000. 
One caveat is that the general public must have 
“reasonable access” to the land. 

PRECEDENT: PROTECTING RIPARIAN 
BUFFERS IN VERMONT

“More than 1.2 million acres of Vermont land is 
devoted to farming, and agriculture is one of our 
most important industries. As a whole, agriculture 
preserves open land, provides us healthy local foods, 
and is an essential part of Vermont’s identity. At 
the same time, Vermont’s waters are critical to our 
economy and to our quality of life. We do not have 
to trade one for the other. Vermont’s Conservation 
Reserve Enhancement Program is a critical tool 
designed to help farmers implement effective, long‐
term vegetative buffers and supporting practices 
(fences, stream crossings, etc) that simultaneously 
promote the long‐term viability of farms and the 
health of our state waterways.” (USDA Vermont)

Vermont’s Conservation Reserve 
Enhancement Program (CREP) is a 
voluntary program designed to reduce 

sediment and fertilizer runoff and improve 
water quality by removing land from agricultural 
production and establishing vegetative buffers. 
State and federal funds are used to compensate 
landowners for the loss of productive agricultural 
land through upfront incentive payments and 
annual maintenance payments based on the 
total acreage dedicated to vegetated filter strips, 
forested buffers, or grassed waterways. An 
incentive payment can total up to $1,905 per 
acre and maintenance payments can be between 
$50 and $308 per acre per year.

Program Definitions

A filter strip is a grassed area that helps reduce 
sediment, nutrients, and pollutants in runoff.

A forested buffer contains trees and/or shrubs 
in addition to a filter strip to reduce runoff losses, 
provide enhanced wildlife habitat, stabilize 
stream banks, and create shade to lower water 
temperatures.
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PRECEDENT: PROTECTING RIPARIAN 
BUFFERS IN VERMONT

A grassed waterway is a shallow vegetated swale 
designed to convey concentrated runoff to surface 
waters without causing erosion.

Federal cost-share and incentive payments are 
available to cover 90% of the implementation costs 
associated with fencing (to protect riparian buffers 
from livestock), alternative water systems, stream 
crossings, and vegetative buffer establishment. In 
most instances the costs may be 100% covered with 
help from the US Fish and Wildlife Service. The 
payments from CREP come from two sources: 
a lump sum payment once the state and federal 
contracts are signed, and annual payments for the 
next 15 years. Contracts can be for either 15 or 30 
years, during which the buffers must be maintained 
by the contracted individual. 

While this program is unprecedented in its 
commitment to reimburse 90 to 100% of riparian 
buffer costs to farmers, a more thorough analysis 
would be needed to determine if incentive 
payments do in fact offset lost crop revenues from 
the conversion to forested strips. Furthermore, 
the program’s minimum buffer width is only 35 
feet, which is significantly less than the EPA’s 
recommended minimum width of 100 feet for 
effective ecological service provision.

Source: Wikipedia Commons
Filter strips catch nutrient and sediment runoff from farms. 
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“Branch” recommendation: Best 
Management Practices on the farm

Tree buffers are a strategic tool for restoring 
riparian areas, but conservation strategies 
also need to address a significant source of 

pollution to these areas: agricultural land use and 
its management practices. These involve minimal 
soil disturbance, permanent soil cover, regenerative 
grazing, and diversification of crop species in 
terms of composition, arrangement, and rotations 
with focus on perennial plantings. Many of these 
practices are endorsed by the NRCS as established 
conservation standards—and incentivized through 
the EQIP program—as well as advocated by the 
UMass Extension RiverSmart Communities 
department, whose mission is to support resilience to 
floodplains through science, policy, and community 
outreach.

PERENNIALS & AGROFORESTRY IN 
RIPARIAN BUFFER (AND FIELDS!)
Perhaps the single most important research 
that can be done regarding establishing cost-
effective riparian buffers in New England revolves 
around productive, flood-tolerant tree crops and 
perennials. Though annual agriculture won’t be 
disappearing any time soon, climate change 
mitigation and adaptation is leading to more 
advocacy for perennial, tree-based systems 
of food production. Unlike conventional farming 
of annual crops, perennials remain in the ground 
year after year, producing food, building healthy 
soil, providing wildlife habitat, and sequestering 
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and storing carbon—all without 
intensive fertilizer, irrigation, and 
soil disturbance. Ninety percent 
of current global agriculture is 
in production of annual crops, 
one-third of which is dedicated 
to livestock feed. (Toensmeier) 
In planning for climate change, 
perennial agriculture offers many 
more potential benefits for farmers 
and ecosystems. With a 1% 
increase in soil organic matter—
easily achievable in perennial 
contexts—21 additional tons 
of carbon can be stored and 94 
additional tons of water can be held 
per hectare. (This is the equivalent 
of two Olympic swimming pools.) 
A 10 to 15% increase in soil 
moisture can triple yields, depending on the crop. 
(Toensmeier)

Current markets, however, are geared towards annual 
staple crops like corn, soy, and wheat, and, aside from 
products like apples, cranberries and maple syrup, 
there don’t yet exist equally viable supply chains, 
demand, or research for the suite of perennial crops 
that deserve a place in the climate change-resilient 
farm landscape. 

And challenges abound. Because of a lack of genetic 
research, through which plants are bred to yield 
bigger, better fruits, perennials are outperformed by 
annuals in temperate climates like New England. For 
example, hazelnuts, chestnuts, and hickory nuts—
three nutritious tree crops that could potentially 
replace annual staples—have efficiencies up to one 
hundred times less than corn because of undeveloped 
harvesting techniques and more thorough genetic 
breeding. 

Some viable flood-tolerant tree crops and wood 
product species that grow well in New England 
could also be eligible for the USDA’s Special Crop 
Block Grant Program: 

• Butternut (Juglans cinerea)

• Red mulberry (Morus rubra)

• Sweet sap silver maple (Acer saccharinum)—for 
maple syrup 

• Concord grape (Vitus labrusca)

• Elderberry (Sambucus canadensis)

• Highbush blueberry (Vaccinium corymbosum)

• Highbush cranberry (Viburnum trilobum)

• Hickory (Carya spp.)

• Paw paw (Asimina triloba) 

• American pussywillow (Salix discolor)—for cut 
flowers

• Hybrid poplar (Populus spp.)—for fast-growing 
wood products (artist charcoal; biochar; fodder; 
biomass for heat)

For a partial list of perennial vegetables and herbs, 
see Appendix B5.

CONTOUR FILTER STRIPS, 
HEDGEROWS & EARLY 
SUCCESSIONAL HABITAT
These NRCS best conservation practices involve 
on-contour perennial herbaceous and woody barriers 
between strips of row crops, and are primarily 
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used to prevent water, nutrient, and sediment loss. 
However, they can also be harvested, as well as serve 
as windbreaks and important early successional 
wildlife and pollinator habitat—effectively serving as 
integrated pest management and generally bolstering 
ecosystem services across the farm. While more 
herbaceous filter strips can be grazed or mowed 
intermittently—making sure to avoid prime bird 
nesting seasons—more woody hedgerows should be 
protected from livestock. They should also be at least 
30 feet wide if planning for early successional habitat 
strips. Pesticides should be avoided if planning for 
pollinator beds. 

SILVOPASTURE & REGENERATIVE 
GRAZING 
Good grazing practices are essential for preventing 
erosion and protecting water quality of adjacent 
water bodies. The consolidation of cattle into barns, 
where they are grain-fed instead of pasture raised, 
has led in many cases to improved water quality 
in New England’s rivers and streams as it is less 
common for animals to graze grass right up to the 
water’s edge. 

But research shows that ruminants like cattle 
provide more nutritious meat and milk on grass diets 
than grain (Daley et al.). Moreover, regenerative 
grazing—high stock density rotated intensively 
across paddocks with diverse, nitrogen-fixing 
grasses—can be a valuable tool for soil building and 
carbon sequestration (Follett et al.). 

Silvopasture, or grazing ruminants through rows 
of tree crops, is rated as the ninth most effective 
climate change solution by Paul Hawken’s Project 
Drawdown (Hawken). This combined forest-
grazing system offsets 92% of its total greenhouse 
gas emissions—mostly from methane expelled 
by cows—through its carbon sequestration. 
(Toensmeier).

MULCHING, NUTRIENT 
MANAGEMENT & REDUCED 
TILLAGE
While most farmers are familiar with the practices 
of crop rotation and cover cropping to minimize 
pest cycles and maintain soil integrity through the 
seasons—both of which are NRCS best conservation 

practices—fewer production 
farms incorporate mulching, 
reduced tillage, or healthy 
nutrient management protocols. 
The NRCS standard for nutrient 
management stipulates that 

a nutrient budget for nitrogen, 
phosphorus, and potassium must 
be developed that considers all 
potential sources of nutrients 
including, but not limited to, green 
manures, legumes, crop residues, 
compost, animal manure, organic 
byproducts, biosolids, wastewater, 
organic matter, soil biological 
activity, commercial fertilizer, and 
irrigation water. (NRCS)

Particularly concerning in 
Massachusetts is the spreading 
of manure throughout the 
winter season, especially in 

Cattle graze grass between rows of apples.
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vulnerable floodplains. Application of manure and 
other fertilizers should be strategically planned and 
timed based on crop/cropping sequence, current soil 
test results, realistic yield goals, and NRCS-approved 
nutrient risk assessments. 

Similar to cover cropping, plant-residue mulching 
and reducing tillage are techniques for improving 
water-holding capacity and building soil fertility 
and biology. Though the plow has become a symbol 
of agriculture, and tillage of soils may result in short 

PRECEDENT: VERMONT’S “REQUIRED AGRICULTURAL PRACTICES”
Vermont’s RAPs, which became effective in 1995 and were revised in 2006, are practices and 
management strategies to which all types of farms must adhere to reduce the impact of agricultural 
activities on water quality. These standards are intended to improve the quality of Vermont’s waters 
by reducing and eliminating cropland erosion, and lowering sediment and nutrient losses through 
improved farm management techniques, technical and compliance assistance, and sometimes, 
enforcement. 

The RAPs establish nutrient, manure, and waste storage standards, make recommendations for soil 
health, and establish requirements for vegetated buffer zones and livestock exclusion from surface water. 
The RAPs also establish standards for nutrient management planning and soil conservation. In addition 
to the various standards included in the RAPs, small farms that meet the criteria to be considered a 
Certified Small Farm Operation (CSFO) will need to annually certify compliance with the RAPs as 
well as develop and implement nutrient management plans. 

As part of the RAPs, farmers are required to undergo four hours of water quality training every five 
years. They must keep detailed records of soil analysis and nutrient application in five-year intervals and 
have comprehensive nutrient management plans. Agricultural waste discharges are not allowed to enter 
surface waters, and production areas must have runoff and collection systems. Practices such as cover 
cropping, conservation tillage, green manures, and legume rotations that promote soil health are highly 
recommended and may be necessary to meet soil erosion requirements. Frequently flooded soils must be 
cover-cropped for the winter by October 1 if broadcast seeded, or October 15 if drilled or incorporated. 
Manure cannot be applied between December 15 and April 1, and can’t be applied to frequently flooded 
soils between October 16 and April 14. It also cannot be spread within 100 feet of a private water 

supply, or 200 feet of a public water 
supply. Finally, if a tilled field is greater 
than 10% in slope, a 100-foot buffer 
must be maintained on the downslope 
between the field and surface water. 
Buffers can be grazed or harvested, 
but they cannot be tilled or have 
compost or fertilizer applied except 
for establishment or maintenance. 
Twenty-five-foot riparian buffers are 
required, though they don’t need to be 
vegetated, which somewhat weakens 
the efficacy of this provision. 
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term increases in fertility, it will degrade soils in 
the medium-to-long term. Structural degradation, 
loss of organic matter, erosion, compaction, and 
reduced biodiversity will result from prolonged 
plowing (FAO). Mulching and no-till strategies go 
hand-in-hand as crop residues are no longer tilled 

under; instead, they lie on the plant bed surface, 
protecting soil from erosion, stabilizing moisture and 
temperature, and building organic matter. Seedlings 
can then be transplanted directly through the mulch 
layer, ensuring that the soil is covered at all times 
throughout the seasons.

Moving Forward: What’s next for the 
Deerfield River?

Achieving ecological resilience in the Deerfield 
River floodplain is no simple task. Reforesting 
farmland in riparian areas requires the 

collaboration of many different stakeholders, each 
of whom may have a unique set of visions, priorities, 
and value systems related to this landscape. In 
the arenas of economics and plant breeding, the 
market viability of productive perennial crops 
can be prioritized (perhaps through subsidies) 
along with their output capacity in relation to 
annual staples. In the arena of policy, more robust 
grant programs could be developed to incentivize 
conservation efforts to improve the farm-river 
relationship. In the arena of ecological consciousness, 
communities and society at large might come to 

terms with the urgency of climate change—this 
means transforming production systems into 
ecosystems that function as much as possible 
as nature does. 

Here is one additional strategic action pathway for 
the Deerfield River and the area within its broader 
watershed to continue moving forwards towards 
ecological resilience and a healthy agriculture.

PERMANENT FARMLAND 
PROTECTIONS: APRs & 
CONVERTING CHAPTER 61A LANDS
Throughout the centuries, since its European 
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establishment as a farming community in the 1600s, 
Deerfield has maintained its historic ties to working 
the land. Nearly one-fifth of the town’s total area—
more than 4,000 acres—continues to be devoted to 
agricultural uses, and the soils in the Deerfield River 
valley are among the best in the country. But farm 
owners continue to feel pressure to sell to residential 
developers. The town’s dominant land use change 
in the past three decades has been the conversion 
of forest and agricultural land to building sites for 
single-family homes. And so the case for expanding 
permanent protections for agricultural lands via 
Agricultural Preservation Restrictions (APRs) has 
never been stronger, especially given new challenges 
the floodplain faces in relation to climate change.

The state’s APR program offers to pay farmers the 
difference between the “fair market value” and the 
“agricultural value” of their farmland, in exchange 
for a permanent deed restriction held by MDAR 
which prevents uses of the property that will have a 
negative impact on its agricultural viability. Through 
this program, landowners may pay lower property 
taxes at a “non-developable” rate.

Primary Requirements:

• Farm must be at least five acres in size.

• Land has to have been actively devoted to 
agriculture for the two immediately preceding 
tax years.

• Farm must produce at least $500 in gross sales 
per year for the first five acres plus $5 for each 
additional acre or 50 cents per each additional 
acre of woodland and/or wetland (UMass 
Extension).

Other criteria considered:
• Suitability and productivity of land for 

agricultural use based on soil classification, 
physical features, and location

• The degree of threat to the continuation of 
agriculture on the land due to circumstances such 
as owner’s death, retirement, financial positions, 
development pressure, or insecurity due to rental 
agreements

• The degree to which the land is of a size or 
composition to be economically viable for 
agricultural purposes and the likelihood that 
it will remain in agriculture for the foreseeable 
future (UMass Extension)

Permanently protecting farmland provides 
tremendous public benefits: the Trust for Public 
Land estimates that every $1 invested in land 
conservation in Massachusetts returns $4 in 
economic value (MacPhee 24). As of 2014, Deerfield 
had 2,418 acres (22.4% of total land area) of 
permanently protected farmland, the majority of 
which is under APR deed restrictions (9.4% of total 
land area). (The UMass sod farm owns 357 acres, 
and other land trusts own 46 acres) (OSRP). 

In addition to APR-protected lands, a large 
percentage of farms are temporarily protected 
through the state’s Chapter 61A program, which 
gives a property tax break to landowners transferring 
their land from developable to agricultural use rates. 
The Chapter 61A program has the same primary 
acreage and revenue requirements as the APR 
program, but unlike the APR, landowners enrolled 
in Chapter 61A commit to a temporary contract of 
ten years. However, if the land is sold or converted to 
a “non-chapter” use within ten years from the date it 
is acquired or the earliest date of the uninterrupted 
use in agriculture, then the landowner is responsible 
to pay either rollback taxes or conveyance taxes, 
whichever is greater. These penalties apply only to 
the portion of the land that is changed to a non-
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chapter use.

All Chapter 61 programs give the town a first refusal 
option (sometimes referred to as the “right of first 
refusal”) that is triggered if the land use is converted 
to a non-chapter use (e.g., residential, commercial, 
or industrial) while enrolled in the program or 
within one year of withdrawal from the program. 
This means that the town can either exercise its 
right to buy the property—or assign this right to a 
conservation entity—within 120 days.

In Deerfield, 3,811 acres (17.8% of total land area) 
are temporarily protected under Chapter 61A. The 
map on page 77 shows both APR and Chapter 61A 
land restrictions in the Deerfield River floodplain, as 
well as tax parcels that currently have no protections. 
This report recommends: 

• Protecting currently unprotected land through 
APR deed restrictions using conservation priority 
tools like MAPPR and A Conservation Vision 

• Converting Chapter 61A lands to permanently 
protected APRs where possible

• Stipulating the installation of 100-foot riparian 
buffers and strict adherence to the agricultural best 
management practices laid out in this report in the 
creation of all future APRs

Permanently protecting farmland from residential, 
commercial, and industrial development pressures 
isn’t adequate if the agricultural management 
practices conducted on such farmland do not 
sufficiently protect the riparian ecosystems. 
Therefore, municipalities like Deerfield that seek to 
preserve their agricultural legacy should permanently 
protect farmland and also develop Required 
Management Practices that transform farms as we 
know them into productive, resilient systems that 
contribute to healthy, functioning ecosystems.
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Conserved farmland in the Deerfield River floodplain: APRs & Chapter 61A

 APR

 Chapter 61A

 Floodplain

 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS
User Community
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The Villages

TENDING THE PEOPLE’S FOREST

To maintain the balance of life on the 
planet, the earth needs trees. To maintain 
the balance of life in the city—or a small 

town—people need trees. 

As some of the largest life forms on the planet, 
trees store carbon, absorb pollutants, and provide 
wildlife habitat. In street-side settings, well-placed 

trees protect homes and businesses from 
extreme weather and reduce stormwater 
runoff from streets and sidewalks. For all 
these reasons and more, people love trees.

But most of all, people love trees because 
they’re beautiful. 

People in the Town of Deerfield 
recognize the value of a healthy population of 
street trees—and the need to expand it. This section 
of the report builds on the work of other plans, 
with the goal of guiding future tree planting and 
maintenance. It starts with an assessment of the 
trees in the two villages—South Deerfield and Old 
Deerfield—followed by an analysis of Bloody Brook, 
one of two small streams that flows through South 
Deerfield.

The Deerfield Public Tree Inventory shows that 
both South Deerfield and Old Deerfield have a 
healthy street tree population. The larger of the two 
villages, South Deerfield, is home to 1,880 people 
(2010 census). Though the village has a central green, 

paved surfaces dominate the core. Stormwater flows 
from these surfaces into catch basins, where it is 
channeled to nearby swales and streams. 

Old Deerfield is smaller, with about 500 people. 
At the village heart is an outdoor museum that 
interprets the history and culture of early New 
England, showcased in several preserved houses—
dating from 1730 to 1850—that are open for 
tourists. As a complement to the historic structures, 
the street trees are majestic and well-cared-for. 

In the coming years, Deerfield’s aging street trees are 
sure to face threats from pests, diseases, and climate 
change. The goal of this report is to help the Town 
maintain and expand a “village forest” that adapts 
and thrives in the coming decades.

OLD 
DEERFIELD

GREENFIELD

SOUTH 
DEERFIELD

SUNDERLAND

SUMMARY

In the Town’s two villages, hundreds of majestic 
trees line the streets, providing shade, carbon 

sequestration, wildlife habitat, and mitigation of 
stormwater runoff. However, these populations 
are vulnerable to pests, diseases, and climate 
change because there are too few young trees. In 
addition, the population lacks species diversity. 
With an infusion of young trees in a balanced mix 
of species, Deerfield’s tree population will thrive 
and expand in a changing climate. 
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How healthy are the public trees in Deerfield?

The Deerfield Public Tree Inventory shows public street 
trees in both villages that are in good condition—especially 
the trees in Old Deerfield. However, both village tree 

populations lack species diversity and age diversity. In other 
words, these villages need more young trees in a wider range of 
species. With greater diversity, the public street trees will be more 
resilient to pests, diseases, and climate change. 

The inventory was done with Collector for ArcGIS Online. 
Field data collected with a smartphone was uploaded to ArcGIS 
Online. Data was then downloaded and analyzed in several ways. Further analysis was done with the U.S. 
Forest Service’s i-Tree, a web- and desktop-based tool that quantifies and analyzes the forest structure, tree 
canopy, value, and its numerous effects.

Conducted by the Franklin Regional Council of Governments, the inventory has details on nearly 1,100 
trees, including location, species, trunk diameter, and condition. As a “public tree inventory,” it features trees 
growing on Town-owned land in Old Deerfield and South Deerfield.

HIGHLIGHTS FROM THE INVENTORY

Although there is some species diversity, 
almost half of the trees are maples. 

Sugar maples are beloved native trees, the 
source of maple syrup. However, according to 
the Climate Change Tree Atlas produced by 

the U.S. Forest Service, the range of sugar 
maples is likely to shift north. 

The range of red maples, known for 
their striking fall color, is likely to shift 
north as well. Using the models in the 
Climate Change Tree Atlas, red maples 

look to be a bit more resilient than sugar 
maples.

Almost one in five street trees in Deerfield and 
South Deerfield is a Norway maple, an invasive 
species in Massachusetts. Many Norway maples were 
planted in the 1930s and later as a replacement for 
American elms, which lined streets in Deerfield and 
countless other towns but were decimated by Dutch 
elm disease. As a result, it is common for street 
tree populations to include substantial numbers of 
Norway maples, once seen as a tough, fast-growing 
alternative to the elm.

Most of the trees are native species—or 
native cultivars.

Unlike surrounding forests, the trees in a city, 
town or residential area have a mix of native 
and non-native species—sometimes called 

exotic species. In Deerfield: 

• 57 percent are native to 
Massachusetts,

• 64 percent native to North America 
Percentages include native species and native 
cultivars.

Public tree populations usually have a higher 
percentage of non-native species because the trees 
are largely selected and planted by humans. This 
can increase diversity and can minimize the overall 
impact of a species-specific pest or disease. The risk 
is that non-native or exotic species can dominate 
native populations.

Almost one-fifth of the trees in the inventory are 
Norway maples, which are native to Europe. Beyond 
that, there are few non-native tree species, including 
katsura, littleleaf linden, zelkova, and ginkgo.
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1,000
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 Sugar maple
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 Red maple
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“Other” species include 
 white ash, silver maple, American 
sycamore, katsura
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SOUTH DEERFIELD:  
SPECIES DISTRIBUTION
More than anything, South Deerfield 
needs more trees and less paved surface.

Source: 2017 Deerfield Public Tree Inventory
Public trees—or street trees—are usually planted in tree belts (the grassy strips between sidewalks and streets). On many streets 
in South Deerfield, the tree belts are narrow or nonexistent. Because of this, trees within 20 feet of the sidewalk are included in the 
inventory.
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HIGHLIGHTS FROM THE 
INVENTORY

Both villages are fortunate to have many 
large trees. 

One standard for measuring trees is DBH 
(diameter at breast height), which is defined 
as the diameter at 4.5 feet from the ground. 

In the inventory, three-quarters of the trees have 
a DBH greater than 12 inches. In contrast, only 4 
percent are young trees (less than 3 inches DBH).

If large numbers of older trees were to die from old 
age or storm damage, there would be large gaps to 
fill. 

In addition, the young 
trees would not provide 
the same level of 
benefits, such as carbon 
sequestration, runoff 
prevention, and shade.

More than 80 percent of the trees are in 
good condition

Of the nearly 1,100 
trees in the survey, 
only 23 trees are 

ranked “poor” or “dead/
dying,” which indicates 
that the trees are well-
tended by the town’s 
highway department and 
tree warden. As part of 
routine maintenance, dead 
and damaged branches 
are pruned off, and dying 
trees are cut down. Continued 
regular care will prevent more 
expensive maintenance down the road, and ensure a 
longer lifespan for the trees. The rankings:

Good (884 trees): Well-balanced crown, solid trunk, 
and no signs of pests or diseases.

Fair (163 trees): Imperfect crown, with possible signs 
of pests or diseases, and a few dead branches.

Poor (17 trees): Significant number of dead branches 
in the crown; could have clear signs of pests or diseases.

Dead/dying (6 trees): More than 50 percent of the 
crown is dead, with major signs of pests or diseases.

Deerfield Academy
Young trees will eventually take the place of 
older trees that die off. 

Four percent of the Deerfield trees are ash, 
a species that is vulnerable to emerald ash 
borer.

Trees within 20 feet of the road are included 
as part of the public tree inventory.

Tree DBH (diameter at 
breast height)
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Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors, and the GIS user
community

1,000
Feet

 Red oak

 Norway maple

 Sugar maple

 Red maple

 Sycamore

 Honeylocust

 Other

16%

15%

12%
9%8%

7%

33%

OLD DEERFIELD:  
TREE DISTRIBUTION
Old Deerfield needs more young 
trees—and more different species 
of trees.

N

Deerfield Academy
Thirty-five percent of the 
trees are more than 2 feet 
in diameter.

Source: 2017 Deerfield Public Tree Inventory
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HIGHLIGHTS FROM THE TREE INVENTORY

Trees take carbon out of the atmosphere.

Each year, trees sequester carbon dioxide in their 
tissue, which takes it out of the environment 
and helps mitigate climate change. As the tree 

grows, an increasing amount of carbon is stored in 
the trunk, branches, and roots. The dollar value of 
stored and sequestered carbon is based on the U.S. 
carbon market (U.S. Environmental Protection 
Agency, The social cost of carbon).

Trees also help mitigate climate change by shading 
buildings in the summer and protecting them from 
wind in winter, which reduces the amount of fossil 
fuels required for heating and cooling (Abdollahi).

Another way to quantify the value of trees is 
structural value. In the Town of Deerfield, the street 
trees are worth $4.86 million. 

How does structural value get determined? The 
i-Tree model uses a formula based on four tree/site 
characteristics: trunk area, species, condition, and 
location. Other factors that are considered include 
average replacement cost, market availability of 
similar trees, and the condition (health) and location 
of the tree.

When trees take in stormwater runoff, the 
Town saves money.

How much? In Deerfield’s villages, trees prevent 
46,000 cubic feet per year (worth $3,000).

Surface runoff is a significant concern in urban 
areas because it can carry pollutants to nearby water 
bodies. In addition, stormwater runoff can raise the 
temperature of receiving waterways, which can harm 
aquatic species and degrade water quality. 

Although ways to capture even more stormwater 
runoff—such as planted swales and green roofs—
urban trees can reduce annual stormwater runoff by 
2 to 7 percent. And during large storms, a mature 
tree can store 50 to 100 gallons of water (Fazio).

How do the trees do it? When it rains, leaves 
intercept some rainfall and slow the flow of the 
water that makes it to the surface. Through a process 
called evapotranspiration, roots take up moisture and 
release it through the leaves. 

The water that doesn’t evaporate is detained at the 
base of trees; roots and fallen leaves trap rainwater 
so it can percolate into the soil. This helps replenish 
groundwater supply.

SOME TREES 
PROVIDE MORE
The chart at right shows 
the value of different tree 
species. The values “should be 
considered a starting point for 
understanding trees’ value in 
the community, rather than a 
scientific accounting of precise 
values.

Source: Franklin Regional Council of 
Governments, derived from National Tree 

Benefit Calculator data  
http://www.treebenefits.com/calculator
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SEQUESTERED 
VS. STORED
Sequestered carbon: The 
amount of carbon a tree takes 
out of the atmosphere each 
year.

Stored carbon: The 
amount of carbon in long-
term storage, locked in a 
tree’s trunk, branches, and 
roots.

Wildlife habitat
Biodiversity grows as trees host birds, 
mammals, and insects. 

Pollution control
Trees absorb sulfur dioxide, ozone, 
soot, dust, and diesel emissions.

Evapotranspiration
When trees take in water through 
their roots, they release it as vapor 
through the leaves. 

Carbon sequestration
A mature tree can absorb and store 
as much as 48 lbs. of CO2 per year.

People pleasing
When people work together to plant 
and nurture trees, a greater sense of 
community develops.

TREE BENEFITS—ALSO KNOWN AS ECOSYSTEM SERVICES
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New York, NY

The city recently 
finished a multi-year 
campaign to plant 1 
million trees (2015). 

TREE CANOPY PERCENTAGE COMPARISON

U.S. average: 27%

South Deerfield: 29%

Old Deerfield: 31%

WHY MEASURE TREE CANOPY?

Think of tree canopy as the footprint of the trees in a given area. 
The benefits trees provide—often called ecosystem services—
are directly related to the number of healthy leaves and the 

proportion of land covered by trees. The canopy 
serves as a simple way to measure the extent of 

the urban forest and the services it provides.

How many trees do we need?

In 1997, American Forests 
recommended 40 percent tree 
canopy as a goal for U.S. cities. 
Today, the group has changed its 
recommendation to a more nuanced 
approach. 

“Tree canopy cover targets are 
difficult to specify broadly because 
the opportunities to create canopy 

are highly variable among cities, even 
within a climatic region or land use 

class,” says U.S. Forest Service Research 
Forester Greg McPherson, with the Pacific 

Southwest Research Station. 

For instance, canopy goals can be adjusted 
depending on land-use patterns or climate (Leahy) 

In the case of South Deerfield, the village can still aim for 40 percent or 
higher in some areas, but adjust the goal in areas with greater density. 
For instance:

• 15-25 percent in the dense village green and surrounding blocks

• 25-30 percent in adjacent residential zones

• 55 percent or more in suburban developments
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Portland, OR

A hub for 
innovation in 
stormwater 
management, Portland has put trees 
to work. Trees here capture 500 
gallons of stormwater per year  —
much of it through canopy capture. 

Tampa, FL

Urban trees 
can lower 
temperatures by 
2-9 degrees F. by creating shade and 
through evapotranspiration, where 
roots absorb water and release vapor 
through the leaves.

Pittsburgh, PA

Many of the hillsides 
around the city were 
mined and/or cleared 
during the steel boom. Since then, 
these areas have reforested naturally. 
In addition, the city has four large 
parks.

Photo: Historic Deerfield 
To calculate tree canopy in a given area, researchers use high-resolution aerial 
photos and back up their results with on-site checks of random points (trees). 
In Old Deerfield, tree canopy is 31 percent. 
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South 
Deerfield

 Impervious 
surfaces

 Structures

Impervious surface is concentrated in the 
village core, with a large block at the site 
of a former pickle factory, Oxford Foods

1920: South Main Street
Pocumtuck Valley Memorial Association, Memorial Hall Museum, Deerfield, MA

Source: MassGIS

SOUTH 
DEERFIELD 2017  
TREE INVENTORY 
HIGHLIGHTS
Number of trees: 807

Tree canopy: 28 percent

Top three species: Sugar 
maple, Norway maple, 
red maple

Carbon storage: 796 tons 
($103,000)

Additional carbon 
sequestered each year:  
11 tons (about $1,000 per 
year) 

Avoided runoff each 
year: 32,990 cubic 
feet (about $2,000 per 
year)

Value South Deerfield’s 
trees: $3.59 million

Source: i-Tree

Former 
pickle 
factory
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South Deerfield: more green on the Green

Like many small New 
England towns, South 
Deerfield is centered 

around a village green, where 
three main roads converge. 
Although there are trees on 
the modest-sized green, the 
surrounding area is dominated 
by 2.3 acres of unbroken 
asphalt, which extends from 
the streets right up to the 
buildings that surround the 
green. On Elm Street and South Main Street, there are no 
trees for about a quarter mile from the village green. The 
largest block of impervious surface in South Deerfield—14 
acres—is the former Oxford Foods site, also known as “the 
pickle factory.” Oxford closed in 2006. 

Moving out from the village green, street trees are more 
plentiful, adding up to a tree canopy of 28 percent, based 
on an i-Tree survey. Because many of the tree belts are 
narrow or nonexistent, the inventory includes trees that are 
within 20 feet of the road.

OLD 
DEERFIELD

GREENFIELD

SOUTH 
DEERFIELD

SUNDERLAND

Pocumtuck Valley Memorial Association, Memorial Hall Museum, Deerfield, MA
1910: Looking south on Main Street in South Deerfield, the village green in the center. The elms 
growing there are long gone, taken by Dutch elm disease.

Sugar maple is the most common tree species in South 
Deerfield.
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SOUTH DEERFIELD: FINDINGS
• In South Deerfield, impervious surfaces (paved 

areas and structures) cover 25 percent of the 
land. As large rainstorms become more frequent, 
adjacent brooks are more likely to flood the 
village—especially if impervious surface is not 
reduced.

• Impervious surface is concentrated in the village 
core, which lacks trees—and places to plant them. 
This leaves buildings and people exposed to hot 
conditions in summer.

• Most of the trees are large—more than half are 
12 inches diameter (DBH) or more. In contrast, 
only 4 percent of the population is made up of 
young trees (3 inches DBH or smaller). If a large 
number of older trees were to die—from pests, 
disease or storm damage—the tree population 
would not be able to rebound without a 
significant population of young trees.

• Half the tree population is made up of maples: 
sugar maple, Norway maple and red maple. 
When groups of the same type of tree dominate 
a population, those groups are more vulnerable 
to pests and pathogens, which can spread more 
quickly because the trees are close together. 

• Stormwater runoff flows into catch basins (also 
called storm drains). From there, it is carried 
by drainage pipes that open at nearby drainage 
ditches or waterways.

In most areas around the green, asphalt goes right up to 
the buildings.

The village green is an island in the asphalt.

 Paved “apron”  Catch basin  
(storm drain)

Village 
green
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Source: Google Earth

Former 
pickle 
factory

Village 
core

At 14 acres, the former pickle factory is a potential site for redevelopment—as well as open 
space for trees. 

WHAT’S THE PROBLEM WITH NORWAY MAPLES?

Almost one in five trees in Deerfield’s urban forest is a Norway maple (Acer platanoides). Native to Europe, 
this species was planted widely, partly because of its tolerance of urban conditions. In many cities, Norway 

maples were planted to replace elms that were wiped out by Dutch elm disease. Because of their unusual 
maroon leaves, certain cultivars were especially popular among homeowners. 

The problem is that Norway maples produce large quantities of wind-dispersed seeds (samaras) that 
germinate readily and can invade forests, forest edges, and urban lots. With few natural enemies, they can 
displace native plants. For example, 0n the Pocumtuck Range in Greenfield, Norway maples are pushing out 
the existing understory of witchhazel, bladdernut, striped maple and other species. Because of these traits, 
Norway maples are on the prohibited plant list at the Massachusetts Department of 
Agricultural Resources.

Even so, the 193 Norway maples in Deerfield’s public tree population 
provide significant benefits because they make up 18 percent 
of the canopy. When analyzed in the i-Tree model—these 
trees are the second-most-important species in 
the canopy. For this reason, the Norway maples 
should be eliminated gradually and replaced 
with tree species that can thrive as the 
climate changes. 
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Old Deerfield: Historic homes, historic trees

Old Deerfield is known for its historic homes 
and majestic old trees that line the wide 
streets. Unlike South Deerfield, it has few 

large blocks of paved surfaces. Tree belts are wide—
sometimes up to 20 feet—so trees have plenty of 
room to grow and take in water and nutrients. The 
most common species is red oak, which, according 
to the Climate Change Tree Atlas, is well-adapted 
to climate change.

FINDINGS
• Most of the public trees are in good condition, 

a result of consistent care by the Town and 
Deerfield Academy, a private school with 
a campus in the center of the village. These 
majestic trees complement the preserved homes 
and buildings that make up Historic Deerfield.  

• Old Deerfield’s street-tree population lacks 
species diversity and age diversity. Because there 

are few different 
kinds of trees,  
the population is 
vulnerable to pests 
and diseases. Lack of 
young trees creates 
another kind of 
vulnerability. If many 
of the older trees 
were to die at the 
same time, the village 
would be left with big 
gaps to fill.

• The most common 
species is red oak (16 percent). But like South 
Deerfield, the village has a large population of 
sugar maples (12 percent), and invasive Norway 
maples (15 percent). Although oaks are likely 
to thrive in the coming decades, climate change 
models indicate that maples will not. Most 
models predict that the range of sugar maples 
will shift north.

• Old Deerfield is in a floodplain, so some degree 
of flooding will remain likely in the coming 
years. However, a robust tree population can 
mitigate the intensity of flooding (Town of 
Deerfield Multi-Hazard Mitigation Plan, 
2014). Many of the village’s historic buildings 
are vulnerable to inundation from the Deerfield 
River, which meanders to the west of the village. 
Over the years, Historic Deerfield’s curators 
have developed flood-recovery strategies. After 
Tropical Storm Irene, most of the museum 
homes were reopened after a couple of days. The 
exception was the Deerfield Inn, which remained 
closed for more than a year due to extensive 
flood damage. 

 Impervious 
surfaces

 Structures
Source: MassGIS

OLD 
DEERFIELD

GREENFIELD

SOUTH 
DEERFIELD

SUNDERLAND
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OLD DEERFIELD’S LARGEST TREE
The largest tree in Old Deerfield is a sycamore, growing in front of 
Deerfield Academy’s Main School Building. Its DBH (diameter at 
breast height) over the years:

1890: 69 inches  1929: 70 inches  2017: 82 inches

OLD DEERFIELD 
2017 TREE 
INVENTORY 
HIGHLIGHTS
Number of trees: 259

Tree canopy: 32 percent

Top three species: Red oak, 
Norway maple, sugar 
maple

Carbon storage: 316 tons 
($41,000)

Additional carbon 
sequestered each year: 4 
tons (about $548 per year) 

Avoided runoff each year: 
12,170 cubic feet (about 
$814 per year)

Value of replacing Old 
Deerfield’s trees: $1.27 
million

Source: i-Tree
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1929 TREE COUNT: OF ELMS AND “POCUMTUCK BUTTONBALLS” 

The earliest known records 
of Old Deerfield’s trees 
are from 1873, when 

George Sheldon recorded the 
circumference of many of the 
village’s largest specimens. He 
recorded the five named elms 
in 1873 and he recorded the 
vast majority of the trees in 
1890. A tree known as the Aunt 
Hannah Williams Elm had 
a diameter of 6 feet [72”] at 
breast height. 

In 1929, J.M. Arms Sheldon 
conducted a survey of the 
town’s trees (575). His findings 
were complete in 1930, when 
he presented the results to the 
Pocumtuck Valley Memorial Association:

“Deerfield was blest! Three hundred, it 
may be four hundred years ago, Deerfield, 
then Pocumtuck, was blest with a rich and 
wondrous soil, with plenty of sunshine and 
plenty of rain. What more could a tree desire? 
Little seeds, one, it may be, of a sycamore, or 
as we love to call it, a Pocumtuck buttonball, 
and other seeds of the elm sprouted in this 
fertile earth and climbed upward from a world 
of darkness into a world of light. 
The baby trees were supremely 
well nourished, therefore they 
grew--quietly, persistently.”

—From The Sycamore, Elms and 
Maples of Old Deerfield by J.M. 
Arms Sheldon (1930)

Sheldon’s 1929 Tree Census of 
Shade Trees and accompanying 
Map of Shade Trees in Old 
Deerfield showed that a majority 
of the trees were American 
elms (Ulmus americana), a shade 
tree with a vase-shaped canopy.  
Most of Old Deerfield’s elms—
and elms across the country—
were lost to Dutch elm disease, 
a lethal vascular wilt disease of 
American elm that is spread 
by beetles. It was discovered in 
the 1930s and by the 1970s, the 
disease had reached the west 

coast. 

One reason the elms were 
especially vulnerable is that they 

were planted in rows—or allées—along the streets. 
With so many elms growing together, it was easy 
for the pathogens to move swiftly. Today, more than 
40 million American elms have been killed by the 
disease, which illustrates the value of diversity in 
plant populations (American Phytopathological 
Society, Dutch Elm Disease).

Deerfield Academy
Sycamores (Platanus occidentalis) are often 
called buttonball trees because of their 
distinctive seed pods.

J.M. Arms Sheldon created this map as a 
companion to the 1929 tree count (far right) in Old 

Deerfield. Several of the trees he measured are 
thriving today.

Old Deerfield’s largest tree in 2017, a sycamore 
that measures 82 inches in diameter. It is likely to be 
more than 250 years old. Pictured on page 91.
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Snow-covered sycamores at Deerfield Academy
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Recommendation:  
South Deerfield
VISION

Residents come home to a village that features a diverse range of 
climate-resilient tree species. Around the village green, paved 
surfaces are replaced with areas for more trees and infiltration of 

stormwater. People enjoy walking and biking through the town center, 
which, with added trees and other vegetation, attracts more businesses 
and visitors. 

STRATEGIES
• Reduce impervious surface on 

Town-owned property. As a 
starting point, consider plans 
suggested in the 2013 Downtown 
Deerfield Complete Streets and 
Livability Plan. The plan presents 
different strategies for opening up 
large areas of asphalt and creating 
new places to plant trees. 

• Create a tree-filled streetscape. This 
recommendation aligns with longstanding goals in the community. 
In a survey conducted for the complete streets plan, residents 
identified “attractive landscape and streetscape” as the most important 
characteristic for their town, and identified “not enough landscaping” 
as a primary reason for not walking and/or biking more in South 
Deerfield. In the 2014 Open Space and Recreation plan, residents 
placed high priority on “networks of vegetation and habitat.” 

• Include tree canopy goals in the redevelopment of the former Oxford 
Foods Site, also known as the pickle factory. This 14-acre impervious 
site is highlighted in the 2013 Deerfield Housing Production Plan 
as a location for housing. In addition, the 2013 Downtown Deerfield 
Complete Streets and Livability Plan includes a design that connects 
the Oxford site to the village center, with trees, walking paths, a small 
park, and a playground. If the site remains part of the manufacturing 
scene in Deerfield, trees should be part of the site plan. 

• Form a partnership with Frontier Regional School staff, faculty, and 
students and help write curricula that highlight the value of trees in the 
community.

• Implement Strategies for Both Villages, page 100.
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A design from a 2001 report, Application of Traffic Calming in South Deerfiield,  
reduces pavement by narrowing streets and expanding the village green. The report 
was done by the Franklin  
Regional Council of Governments

Source: Google Earth 
Opening up large areas of asphalt—especially around 
the village green—will create new places to plant trees. 
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Many of Old Deerfield’s street trees grow in 
a 20-foot-wide tree belt. 

Photo: Historic Deerfield
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Recommendation:  
Old Deerfield
VISION

Visitors discover a historic village of broad 
streets, complemented by a soaring canopy of 
majestic trees. The up-and-coming generation 

of trees includes diverse species that are selected for 
their ability to thrive in a changing climate.

STRATEGIES
• Strengthen the existing tree population by inter-

planting trees that are likely to be resilient in the 
face of climate change.

• Showcase historic trees with interpretive signs 
that are similar to existing signs on structures 
and monuments; develop a walking map of trees 
that incorporates information from earlier and 
recent tree inventories. 

• Form partnerships with Deerfield Academy staff, 
faculty,  and students, so that trees are part of the 
school’s curricula and public service programs.

• Implement Strategies for Both Villages, page 
100.

STREET TREES FOR A CHANGING CLIMATE

In street-side settings, trees are often chosen for 
their tolerance to road salt, their ability to thrive in 

compacted soil, or their mature height.

To understand how climate change will affect different 
tree species, scientists have used various models to 
forecast a range of possible futures. It’s important to 
note that the models are tools, but they don’t predict 
the future. Key events that could challenge species  
include drought, pest and disease outbreaks, and 
arrival of invasive species. Humans may also have 
an effect, especially if planting programs popularize 
adaptable species and they are planted more widely. 
(Janowiak, et al.).

One of the key factors to consider is adaptability, or 
plasticity: How well does the species perform across 
a range of environmental conditions? For example: 
temperature, soil moisture, tolerance of urban 
pollution, flood, and drought.

What about non-native trees?

Non-native species can help diversify the local tree 
population, but they should be selected and used 
with care. Although exotic species have long been 
part of the mix in tree belts, there have been some 
unexpected results, such as with Norway maples. 

Historic Deerfield
As the range of maples shifts to the north, more climate-adapted 
alternatives—such as oaks—should be planted.  
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STRATEGIES FOR BOTH VILLAGES
• Use the 2017 tree inventory as a baseline to 

guide future efforts, including priority trees 
for maintenance and priority planting areas. 
Establish a plan for annual tree planting to 
compensate for trees that die.

• Each year, evaluate the street trees in both 
villages. Identify those that need care and 
identify places to plant new trees. Annual 
evaluations will help tree wardens identify trends 
in tree condition and shift strategies if needed. 
In addition, an up-to-date tree inventory will 
support claims to MEMA and FEMA in the 
case of significant losses.

• Choose species that are likely to thrive as the 
climate changes. 

• Ensure diversity in the tree canopy by planting 
balanced quantities of new trees. Use the 5-10-
20 rule to guide efforts. 

• Over a period of years, reduce and—eventually—
eliminate Norway maples, which are no longer 
allowed to be planted in the Commonwealth.

• Because many of the village trees—and potential 
planting sites—are on private land, reach out to 
residents and other land-owners and encourage 
them to plant trees. Studies have found increases 
of up to 37 percent in residential property 
values associated with the presence of trees and 
vegetation on a property (Foster).

• Identify sources of funding for the Town to 
plant more trees. Although new trees require 
maintenance, these costs are often offset by the 
benefits trees provide. For instance, trees in New 
York City provide $5.60 in benefits for every 
dollar spent on planting and care (Peper et al.). 

• Form a team in town that “speaks for the trees.” 
This could be an official Town committee or an 
ad hoc citizen committee. It could include the 
tree warden, concerned residents, and students 
from public and private schools. This team’s 
activities might include planting and tending 
to new trees, seeking funding, and providing 
educational events about trees.

• Work with Deerfield Academy, Frontier 
Regional School, and other schools in town to 
find ways in which tree identification, care, and 
planting could fit into lesson plans and public 
service programs.   

• Form a team of citizen volunteers to plant and 
tend new trees.

• Collaborate! In all development and 
redevelopment, the Town should consider how 
trees can play a role.

THE 5-10-20 RULE
Planners can ensure resilience by planting many 
different kinds of trees. This makes the population 
less vulnerable to pests and diseases. To maintain a 
good balance of trees, follow this formula:

• No more than 5 percent of one species

• No more than 10 percent of one genus

• No more than 20 percent of one family
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People need trees
HOW DO YOU GET THEM INVOLVED IN 
PLANTING AND CARE?

Expanding the street tree population is a long game. And 
trees grow slowly, despite the lightning pace of the world 
around them. For this reason, it is important to establish 

a tradition of stewardship and volunteerism that can outlast 
changing governments and shifting priorities. In the end, most 
trees are likely to outlive the people who plant them. 

Efforts that foster meaningful volunteer opportunities 
allow people to see the connection between their trees, their 
neighborhoods, and the surrounding landscape. These efforts 
can lead to changed behaviors, positive perceptions, and better 
treatment of urban trees (“Vibrant Cities and Urban Forests: a 
National Call to Action”). 

Where to begin

• Start at a scale where leaders (volunteers, 
municipalities) can have the most influence, such 
as a school, a neighborhood, or a village center. 

• Use public tree plantings as outdoor classrooms. 
Work with schools, principals, and teachers to 
incorporate place-based lessons on urban forestry 
and green infrastructure.

• Build stewardship capacity and momentum by 
partnering with existing plans, such as the Town’s 
open space plan and South Deerfield’s complete 
streets plan.

• Create ways for people to plant trees together, 
which can strengthen both stewardship and social 
capital within a community. Promote volunteer 
days (tree-planting, tree care, spring clean-up)  
for residents, local businesses, and elected officials.

• Focus on the street trees, the ones on public 
land. Then, expand to consider all of the trees 
in the village. It’s likely that the largest part of 
Deerfield’s “urban forest”—and potential forest—
is on private land (Leff, 2016).

LOOK FOR STAKEHOLDERS EVERYWHERE:
• Town boards and committees

• Regional and state agencies

• Landholders (residential, 
institutional, commercial, 
industrial)

• Developers

• Utilities

• Public works

• Police and fire

• Community and neighborhood 
groups

• Faith communities

• Watershed partnerships

• Non-profits

• Schools
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Based on the contaminants found in Bloody Brook, it’s likely that there are many causes—not a single cause with a 
single solution. 
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What’s happening with Bloody Brook?

Bloody Brook, so-named for a battle in 1675 between English settlers and native Americans, flows 
through part of South Deerfield on its way to the Mill River. Although the brook is not bloody, it is 
“impaired.” Tests show that the brook has elevated levels of phosphorus and E. coli bacteria and that 

the water is murky (Carr and Kennedy).

In analyzing water quality, scientists often focus on impervious surface. As the amount of paved area 
within a watershed increases, water quality in streams and other watercourses decreases. However, it’s 
important to consider other conditions, too, such as land use around water bodies and wetlands. Farming 
or manufacturing can degrade stream health, but so can well-intentioned—but ill-informed—practices by 
homeowners (Booth, 2004). Based on the contaminants found in Bloody Brook, it’s likely that there are 
many causes—not a single cause with a single solution. 

FINDINGS
• Reports describe the murky water of Bloody Brook as 

having “objectionable turbidity.” At times, it has an “oily 
sheen” or a “musty-basement odor.” In addition, tests show 
high levels of phosphorus and E. coli bacteria. Land use 
along the brook is industrial, agricultural, commercial, and 
residential. Therefore, causes of degraded water quality 
could include fertilizer runoff, manure runoff, and bank 
erosion. Further water quality testing will help clarify 
what’s causing the impairment.

• Runoff from impervious surfaces (roads, parking lots, 
structures) is carried to the brook by storm drain outfalls 
and ditches. This “first flush” of runoff—generated during 
the outset of a storm—is generally higher in pollutants 
than subsequent runoff. 

• The watershed sub-basin with Bloody Brook has 9 percent 
impervious cover, which might contribute to poor water quality. A study by the Center for Watershed 
Protection in Maryland shows that when a sub-basin reaches 10 percent impervious cover, it reaches a 
tipping point: The sub-basin becomes “sensitive” and water quality suffers. If further development takes 
place within the sub-basin, impervious surface will increase, and stream health will decrease. 

Source: State Library of 
Massachusetts 

Detail of 1871 map of South 
Deerfield and Bloody Brook. 

Source: MassGIS
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BLOODY BROOK:  
A CLOSER LOOK

!

 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AeroGRID, IGN, and the GIS User Community
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  Bloody Brook
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c  Stormwater outlet

Types of land use
 Industrial

Pelican Products; Grybko’s 
Garage; Millitech Inc; Yankee 
Candle

 Agricultural
Robariah Farms; Karas Farms; 
Galenski Farms

 Commercial
Berkshire Brewing Company; 
downtown district

 Residential
Regional High School; 
Elementary School; local 
roads

DEERFIELD

• In many areas, the brook 
lacks adequate vegetated 
buffers (100 feet is sufficient, 
but more is better). Without 
vegetated buffers, the brook 
is susceptible to increased 
erosion, polluted runoff 
and sedimentation. 

• The brook is culverted 
in many areas as it 
flows through South 
Deerfield. “The flat, low 
area surrounding Bloody 
Brook is sometimes 
subject to severe flooding, 
which is exacerbated by 
undersized culverts and 
excessive growth [housing] on 
marginally developable land. 
At times, Main and Pleasant 
Streets are impassable, due to 
standing water” (“MHM Plan” 
13).

• Bloody Brook sometimes 
floods South Deerfield 
because of beaver dams 
downstream in Whately. 
Mitigation would require 
a cooperative agreement 
between the two towns, 
and approval from state and 
federal agencies (“MHM 
Plan” 23).

• Sugarloaf Brook also flows 
through the town. Because it 
flows through similar areas as 
Bloody Brook, it is potentially 
impaired.
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RECOMMENDATIONS FOR 
BLOODY BROOK
VISION: Water flowing through Bloody Brook and 
Sugarloaf Brook is healthy and supports diverse 
aquatic and plant species.

Strategies

• Use trees as the foundation of 100-foot-wide 
riverside buffers that protect waterways from 
further degradation. 

• Work with abutting landowners to improve 
water quality by developing forested buffer 
strips that reduce impacts from runoff. This 
recommendation is also part of the town’s 2014 
Open Space and Recreation Plan. Reduce 
impervious surfaces in the village to ensure that 
more runoff is infiltrated on site. Plant climate-
resilient tree species in the openings. Note: This 
is a shared strategy with the village. 

• Establish a baseline for water quality and 
a testing plan to measure progress. Follow 
the recommendations of the water quality 
assessment: “Investigate the causes of chronic 
turbidity, low dissolved oxygen, and elevated 
total phosphorus concentrations observed in 
Bloody Brook in 2003, and confirm that these 
issues are still problematic within this segment. 
Field reconnaissance is recommended to begin to 
identify sources of the above-mentioned 
pollutants that have impaired Bloody 
Brook. Evaluate whether this segment is 
a candidate for bacteria source tracking 
efforts to identify sources of bacteria 
contamination in this sub-watershed.” 

• Reach out to adjacent landowners to 
make sure they understand the role they 
play in rehabilitating, maintaining, or 
degrading stream health.

WHY RUNOFF MATTERS

Stormwater runoff is a big concern for cities, 
but even small villages must manage it. Rain 

sheets off roofs, sidewalks, parking lots, and 
roads. As it moves, runoff collects pollutants, 
such as pesticides, heavy metals, bacteria, and 
salts. Many of these substances are harmful to 
plants, animals, and humans. When it reaches 
nearby waterways, runoff can raise the water 
temperature, adversely affecting some aquatic 
species.

What’s more, managing stormwater runoff 
costs money. Historically, municipalities have 
managed runoff  by channeling it away as quickly 
as possible. Using storm drains, culverts and 
ditches, runoff is carried to treatment plants 
or nearby waterways. In some cities, the storm 
drains are linked to the sewer system, which can 
be overwhelmed by abundant rainfall. The result: 
untreated sewage flows into nearby water bodies. 

In South Deerfield, the area around the village 
green has extensive areas of asphalt— about 
2.3 acres. Water from this zone flows into catch 
basins (also called storm drains) that empty into 
nearby drainage ditches or water bodies, such 
as Bloody Brook or Sugarloaf Brook. In a typical 
storm that drops 1 inch of rain, 62,000 gallons of 
runoff is produced in the village core. 
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WHAT ARE “COMPLETE STREETS”?

“Complete streets” serve all types of users: pedestrians, bicyclists, 
motorists and transit riders of all ages and abilities. With a complete 

street, it should be easy to cross the street, walk to shops, and bicycle to work. 
In many cases, complete street designs also manage stormwater runoff by using 
trees and vegetation that slow and infiltrate rainfall. 

In 2013, planners created the Downtown Deerfield Complete Streets and 
Livability Plan, which includes many opportunities to plant more trees. Among 
their findings:

• In a survey, about 80 percent of respondents say attractive landscape and 
streetscape is “very important.”

• South Deerfield’s village core “has the most potential to create a lasting 
identity for the town as a whole.”

• “Place-making elements can be as simple as plantings; when properly 
designed, plantings along a street corridor add warmth to an otherwise 
hardscaped space; and street trees both provide shade and add a sense of 
enclosure to the sidewalk.”

Photo: Eurist e.V.
A complete street in Stockholm, Sweden 
accommodates walkers, bikers and drivers.
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In Reflection
“Deerfield was blest! Three hundred, it may be four hundred years ago, Deerfield, then Pocumtuck, 
was blest with a rich and wondrous soil, with plenty of sunshine and plenty of rain. What more could a 
tree desire? Little seeds ... sprouted in this fertile earth and climbed upward from a world of darkness 
into a world of light.” 

—The Sycamore, Elms and Maples of Old Deerfield by J.M. Arms Sheldon (1930)

From the cool, forested uplands of the Berkshire 
Foothills and fertile banks of the Deerfield 
River, to the rich, sun-lapped cliffs of the 

Pocumtuck Range and iconic, meandering river 
channel of the Connecticut—the town of Deerfield 
is truly blessed with an abundance of natural 
resources, which are as productive as they are 
beautiful. 

Like many towns in New England, Deerfield is 
a forested place: More than half of its land area 
is covered by a dense canopy of trees, which are 
finally beginning to stretch their mature limbs 
after being cut to stumps not two centuries ago. 
Forestry remains an essential part of the town’s 
economic and cultural legacy; and it is also clear 
that protecting Deerfield’s trees is paramount for 
future generations of people and the ecosystems they 
inhabit. Trees purify air and water, support wildlife 
habitat, sequester and store carbon, provide fuel 
and construction materials, and beautify our built 
environments and communities. They are Earth’s 
ultimate living infrastructure. 

In Deerfield, however, intensifying climate change 
threatens the continuation of healthy forest 
ecosystems. Not only are many trees becoming more 
susceptible to fatal pests and diseases, some of the 
region’s most beloved species are moving out—today, 
maple, birch, beech, and spruce are among the plant 
kingdom’s tallest climate refugees. 

Farmers in Deerfield are also feeling the pressures 
of change. Some of the best agricultural soils in the 
world lie along the banks of the Deerfield River, and 
they have been cultivated for generations. Yet, within 
the town, the dominant land use trend in the past 
three decades has been the sale and  
conversion of farmland to residential developments. 

Accelerating climate changes are also affecting 
agricultural lands. Tropical Storm Irene carried a 
potent message: It told the story of an increasingly 
dangerous and difficult relationship between farms 
and the Deerfield River. The most prime soils for 
growing crops are also most prone to destructive 
inundation within the river’s expansive floodplain. 
Farms play a crucial role in diminishing the effect 
of these floodwaters by receiving, spreading, and 
slowing water as it moves through the watershed. 
Agriculture is therefore at the forefront of flood 
concerns—both as potential source and primary 
victim. 

Forests, rivers, and villages in Deerfield are all 
vulnerable to disturbance in the form of climate 
change and development; accordingly, they must 

be conserved, protected, and managed for resilience.

In ecology, resilience is the ability of a system to 
adapt to external environmental changes and, after 
a disturbance, to continue to serve its function and 
role in the greater ecosystem. In almost every biome 
in New England, trees are essential components of 
ecological resilience. On the Pocumtuck Range, they 
support some of the most biodiverse habitats and 
wildlife corridors in the region. On the Deerfield 
River, trees ensure the stabilization of banks, 
mitigate flooding, and filter pollutants from adjacent 
farms. In the villages, trees clean air, cool buildings, 
and beautify the urban environment.

Trees are the living infrastructure of Deerfield that 
fosters ecological resilience in an uncertain future. 
They should be planted (abundantly!), preserved, and 
celebrated.



108 | Ecological Resilience in Deerfield: Trees as Living Infrastructure

Appendix A: The Forest
A1: DEERFIELD: A CONSERVATION VISION 

Background

In 2007, in coordination with the Trust for Public 
Land (TPL) and the Deerfield Land Trust, the 
town of Deerfield identified the areas within town 

of highest conservation priority.  

A Community Team representing a broad cross-
section of the town’s residents “created a list of nearly 
40 specific land conservation criteria and grouped 
them into five major categories. Staff from The 
Trust for Public Land (TPL) worked with a small 
group of local technical advisors to choose data and 
assumptions to build into a computer model for each 
of the many criteria. TPL then generated maps for 
the five major goals. The full group met in October 
to review the six draft maps and to assign weights 
to the goals in order to create a single overall map of 
town conservation priorities. The goal categories and 
their weights were:

• Protect Recreation Areas = 26%

• Protect Farmland = 25%

• Protect Habitat = 24%

• Protect Historic and Rural Character = 14%

• Protect Water Quality and Quantity = 11%”

The final map combined the above criteria to 
prioritize areas of high conservation concern. 
Deerfields Overall Conservation Priorities 
according to the 2007 Greenprint highlight 
farmland, riparian zones, and the Pockumtuck 
Ridge and Berkshire Foothills with a focus on 
recreational trails.

Conservation Approach
 The Deerfield Greenprinting process adopted a 
species-based conservation approach, which results 
in  the prioritization of smaller, more specific 

habitats, as opposed to this study’s landscape-based 
approach, which assumes that the protection of large, 
contiguous blocks of forested landscape will result in 
higher forest resilience now and into the future. On 
the chart to below, note the higher weight given to 
the ‘rare and endangered species’ criterion as opposed 
to the ‘connectivity’ criterion. If the original data 
used to create these maps were available, re-running 
the model with ‘connectivity’ as the highest priority 
would yield different priorities for conservation. 
Because the changes would likely represent a fairly 
small shift in priority parcels, these would be easy 
to integrate into the overall schema of Deerfield: A 
Conservation Vision. 

Deerfield: A Conservation Vision is concerned with 
protecting specific landscape elements or attributes 
such as vernal pools, specific species, hiking trails, 
or prime farmland.  Ecological Resilience in Deerfield 
identifies parcels as priorities for conservation 
and/or management based on the likelihood that 
their protection would result in the creation or 
maintenance of a resilient ecosystem, not just the 
protection of a single element of the landscape.
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Different Criteria, Different Results
These five criteria, (recreation, farmland, habitat, 
historic and rural character, water quality and 
quantity) differ from those used in in this study 
to prioritize areas of conservation. Here, the main 
priority is resilience, which is the capacity of a 
system to adapt to changing climate, absorb external 
stressors, and return, over time, to its pre-disturbance 
ecological function. This study does not consider 
the other five criteria in TPL analysis. However, if 
it did, the changes in highest priority parcels would 
probably be relatively small, although ecologically 
significant. 

Indicative of their species/landscape element-based 

approach, the Pocumtuck Ridge was assigned        
medium priority for conservation, with only 
smaller, somewhat fragmented areas awarded high 
priority. Parcels adjacent to existing protected lands 
received the second lowest weight of any category. 
A landscape-based conservation approach would 
place a higher ranking on this criterion, resulting in 
a different map. Ultimately, the composite map made 
from the five main criteria results in a different set 
of priorities than those in “Ecological Resilience in 
Deerfield”, both because the criteria used to evaluate 
conservation value was different, and the relative 
weights given to those criteria were different.

A2: ECOLOGICAL INVENTORY REPORT: POCUMTUCK RIDGE, 
DEERFIELD, MASSACHUSETTS

Natural Communities on the 
Pocumtuck Ridge

Acidic Talus Forest (ATF)

This community type is used by many mammals for 
shelter and some for hunting.

Oak-Hemlock, with White Pine (OHW)

This community type covers a number of gradual 
slopes that would be suitable for residential 
development. Given its size and overall variability, 
there are probably more community types replicated 
within this group  (e.g. successional white pine 
forest, red oak sugar-maple transition, acidic talus 
forest). This area likely provides habitat for rare 
dragonflies. 

Successional White Pine Forest (SWPF)

Red Oak-Sugar Maple Transition (ROSM)

Soils here are “more neutral, and support a greater 
diversity of plant life” (Pocumtuck 13). Rare vernal 
pool species like Jefferson’s salamander (Ambystoma 
jeffersonianum), a species of Special Concern., 

and marbled salamanders (Ambystoma opacum--
Threatened), would be expected to use this habitat 
when they are not at breeding ponds.” (Pocumtuck 
13) Many other species use this habitat, however non 
depend exclusively on it. (Pocumtuck 13)

Cultural Grasslands/Hayfields and Pastures

Many of these grasslands are used for nesting by 
bobolinks and provide important nectaring areas 
for many species of butterflies. Maintenance of 
this community type enhances diversity of the 
species found in the Pocumtuck Ridge focus area. 
(Pocumtuck 14)

Cultural Shrublands

These exist beneath power lines and on abandoned 
ski slopes
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Freshwater Wetland Communities

Red Maple Swamp (RMS)

The red maple swamp here can be divided into two areas: a large, amphitheater-shaped wetland to the north 
and a red maple swamp bordering a small stream to the south.
The red maple swamp along the small, perennial stream supports a mix of species that prefer circumneutral 
soils. The diminutive , Watch-Listed species Triangle Grape Fern (Botrychium lanceolatum) was found here. 
Another Watch-Listed species, the Southern Pygmy Clubtail Dragonfly (Lanthus Vernalis), finds habitat 
in this small stream. This stream may also support the Wood Turtle, but its presence had not been recorded 
here. Smaller red-maple swamps occur within the focus area, but were not delineated.

Open Water Ponds (OW)

Some of these smaller open water ponds may function as vernal pools in the summer. Further investigation 
is recommended to determine if this area is used by marbled salamander. One Spotted salamander was 
found during the inventory, but more research is necessary to discover if this actually provides habitat for 
this species.

Vernal Pools

Natural Ponds, Human-Made Ponds

“A birds eye view of South Deerfield with  the partially-cleared Pocumtuck Ridge on the horizon

Pocumtuck Valley Memorial Association, Memorial Hall Museum, Deerfield, MA
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A3: REGIONAL CONSERVATION AND DEERFIELD

Wildlands and Woodlands: A vision for the New England Landscape

Overview

 Unique Opportunity

In 2010, Harvard University published Wildlands 
and Woodlands, a vision for land use in New 
England for the next 50 years and beyond. The 

authors recognize that “the remarkable return 
of the region’s forests following an early history 
of forest clearing and intensive logging offers 
an unprecedented opportunity to secure a more 
sustainable future. Today there is more forest cover 
between Long Island Sound and the Canadian 
border than at any time in the past two centuries 
[emphasis added].” (Wildlands and Woodlands, 2) 
The Pocumtuck Ridge fits into this category of lands 
that were historically cleared and are now reforested, 
but are at risk for development. 

 Landscape Vision

The Wildlands and Woodlands vision 
“...calls for an unparalleled, long-term 
conservation effort to retain at least 70 

percent of the region in forestland, permanently 
free from development. (Wildlands and Woodlands 
2).  Permanent protection of 70 percent of New 
England as forestland represents an ambitious 
three-fold increase in conserved land, and “...would 
be achieved through easements from willing private 
landowners paired with strategic conservation 
acquisitions and enhanced economic incentives to 
retain forestland” (Wildlands and Woodlands, 2).  
(Funding from local, state and federal agencies is 
generally either insufficient or not allocated toward 
land acquisition for conservation, so a significant 
portion of the land protection prescribed by 
Wildlands and Woodlands would have to come in 
the form of conservation restrictions on privately 
held land). The Wildlands and Woodlands vision 
avoids a common mistake in conservation thought 
which is to prioritize conservation to the point that 
development is no longer possible, or is prohibitively 
costly. 

Modified and updated from Foster, D. R., and J. Aber, editors. 2004. Forests 
in time: the environmental consequences of 1,000 years of change in New 

England. Yale University Press, New Haven, Connecticut

Below: Historical changes in forest cover show that 
reforestation of abandoned farmland from the mid-19th 
through the late 20th century has provided a second chance to 
determine the fate of the region’s forests. Recent trends show 
the loss of forest throughout the region.

Sources: Data from Foster and Aber (2004), Irland (1999), Redman and Foster (2008), 
NRCS NRI (1982), NLCD (1992, 2001), Wilkinson et al. (2008).

Below: Projections for the implementation of Wildlands and 
Woodlands demonstrate that roughly a doubling in the rate of 
forest conservation over current levels is needed to achieve the 
vision within 50 years.
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 Landscape Vision” continued 
 
In order to avoid political issues and massive pushback from those 
invested in development, the vision laid out in Wildlands and 
Woodlands would leave “...up to 18% of New england--twice the area 
developed today--potentially free for future development (Fig. 3).”  
(Wildlands and Woodlands 5). While the authors do not advocate 
for the development of all this land, they recognize that their vision 
must allow for the possibility of a dramatic increase in the footprint of 
the built environment, if Wildlands and Woodlands is to ever recieve 
broad support and implementation. 

Fair Share of Conservation: Region
New England is the most heavily forested region in the country, with  
33 millions acres forested of 42 million total acres. 
 (Wildlands and Woodlands, 4). The southern portions of the region  
are also some of the most densely settled areas in the country (at right) 
If New England is to maintain 70 percent of its area as forestland, 
most of that forest must necessarily be in the northern reaches 
of the region, because these are the most forested areas (at right). 
Subsequently, the burden of forest conservation falls disproportionately 
on Vermont, New Hampshire, and Maine (especially maine), as 
they are the least developed and most forested of the states. For 
this reason, land of high conservation value in the remaining, more 
densely-settled, states (Massachusetts, Connecticut, Rhode Island), 
represents an exciting and morally-compelling opportunity. This same 
phenomenon occurs at the state scale. 

Fair Share of Conservation: State
As the most forested portion of the state, forestland conservation in 
Massachusetts must be concentrated in the west, where many towns 
have low populations, limited industry, and a limited tax base. 

Although Worcester county includes some forested land, there are 
more forests of high ecological integrity, and simply more forest in 
general, west of the Connecticut River. If the region attempted to 
realize the Wildlands and Woodlands vision, an attempt to offset 
some of the pressure to conserve in Berkshire County, and the western 
parts of Hampden, Hampshire, and Franklin Counties, should include 
conservation in the more heavily developed areas like those along 
the Connecticut. This is particularly compelling in recognition of 
the fact that these more developed areas face greater pressure from 
development in general, necessitating a faster pace of conservation to 
safeguard intact, high-integrity forests. 
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 The distribution of land cover types 
demonstrates that New England is one 
of the nation’s most forested region 
and also contains some of the most 
densely settled areas

 The distribution of land cover types 
demonstrates that New England is one 
of the nation’s most forested region 
and also contains some of the most 
densely settled areas
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The Wildlands and Woodlands vision “...strikes a balance between active, long-term forest 
management and preservation. Ninety percent of forests would be expansive ‘Woodlands’ that are 
voluntarily protected from development and managed for forest products, water supply, wildlife 

habitat, recreation, aesthetics, and other objectives. Ten percent of the forestland, or seven percent of the 
region, would be ‘Wildlands’ that are established as large landscape reserves subject to minimal human 
impact and shaped by natural processes.” (Wildlands and Woodlands, 2) This understanding of “Wildlands” 
and “Woodlands” serves as the foundation for the distinction between ‘reservation’ and ‘conservation’ in the 
recommendation section. ‘Conservation’ refers to “Woodlands” and reservation’ refers to Wildlands. 

“Woodlands—[would be] managed for wood production and other objectives, largely in private ownership 
and protected from development and fragmentation by conservation easements. Woodlands in public 
ownership would be managed by town, state, and federal entities. ..Smaller in total acreage but equally 
important would be Wildland reserves...Largely free from active management, these landscapes would 
be shaped by natural forces, the ambient environment, and legacies of prior history. While substantial 
Wildlands already exist on public lands, private landowners can also choose to establish reserves on their 
lands through “forever-wild” easements.” (Wildlands and Woodlands 12)

Employment of these easements (In Massachusetts they’re called “conservation restrictions”) would useful 
in protection of the Pocumtuck because it can often be difficult to secure funds for land acquisition from, 
local, state, and federal agencies. Conservation restrictions present a less expensive option for protection. 
The following details the relationship between conservation land and reserves on the Pocumtuck Ridge and 
Berkshire Foothills.
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A4: FOREST CONSERVATION IN MASSACHUSETTS

Massachusetts boasts a long history of bold 
conservation thought, stretching back to  
Henry David Thoreau’s meditations on 

Walden Pond. Thoreau lived through a period of the 
most rapid and widespread deforestation in New 
England’s in history (See figure 1){##put wildlands 
and woodlands “figure one” in appendix. Caption: 
Thoreau lived from 1872-1862. Forest cover in this 
period is declining significantly. This is particularly 
true for MA. Around the year of his death, forest 
cover in New England would begin to rise fairly 
steadily for almost a century}. Almost 150 years later, 
“there is more forest cover between Long Island 
Sound and the Canadian border than at any time in 
the past two centuries.” (Wildlands and Woodlands 
2). This presents an unprecedented and compelling 
opportunity for conservation in the face of sprawling 
development and a changing climate.

In 2011, Harvard Forest, with the input of many 
groups and individuals from across the state, 
launched a project to evaluate potential futures 
for the Massachusetts landscape, and for forests 
in particular. “The purpose of the project was to 
compare a set of contrasting scenarios to help inform 
and motivate conservation and land-use decisions..
Scenarios are not predictions of the future or a 
set of land-use recommendations. They are set of 
“what ifs…” that represent contrasting visions for 
the future...As such, scenarios make it possible to 
evaluate the potential consequences of different 
land-use choices” (Changes to the Land, 2, 7) Refer 
to the appendix to learn more about their process. 
The harvard Forest generated four alternative land 
use scenarios. These state-level scenarios help frame 
the discussion around how and why to conserve 
land on the town scale.  If implemented, these 
recommendations will work toward securing a future 
where we see “Forests as Infrastructure”.

Scenario 1: Recent trends
This land-use scenario represents a future in which 
patterns of forest conversion to development, 
agriculture, land conservation, and timber harvest 
resemble land use during the period from 1999 to 

2005. Land-use data from that time period were 
used to reconstruct patterns for the extent, intensity, 

and geographic distribution of forest change. 

Scenario 2: Opportunistic Growth
This land-use scenario represents a future of rapid 
economic growth and new development in which 
regulatory controls to protect the environment are 
sharply curtailed, land-use planning is absent, and 
the management and use of natural resources is 
directed by economic opportunity with minimal 
government oversight.

Scenario 3: Regional Self-Reliance
This land-use scenario represents a future in which 
the region’s reliance on oil, its growing energy 
demand, and soaring food prices have driven up 
interest in biomass harvesting for energy and 
clearing of forests for agricultural production so that 
more food and energy needs can be supplied from 
within the region.

Scenario 4: Forests as 
Infrastructure
This land-use scenario represents a future in which 
the forested landscape is actively managed and 
conserved as living infrastructure. As growth and 
development continue, emphasis is given to retaining 
forests as a source of low-cost carbon storage, 
renewable energy, local wood products, clean water, 
and habitat.
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Appendix B: The River

B1: TROPICAL STORM IRENE DAMAGE IN DEERFIELD (2011)

B2: HAZARDOUS CHEMICAL INVENTORY AT CROP PRODUCTIONS’ 
FACILITY

B3: SPECIES OF CONSERVATION CONCERN AND PRIORITY/
EXEMPLARY NATURAL COMMUNITIES (“BIOMAP2”)

E = ENDANGERED

SC = SPECIAL CONCERN

T = THREATENED

  

Business Description Damage notes Address

Savage Farm Farm and trucking Crop loss and field damage 128 Lower Road
Bars Farm Farm Crop loss and field damage 146 Mill Village Road
Pioneer Gardens Farm Crop loss and field damage 198 Mill Village Road
WIlliams Farm Farm Crop loss and field damage 491 Greenfield Road
Ciesluk Farm Farm Crop loss and field damage 564 Greenfield Road
Deerfield Inn Restaurant and accommodations Facility damage 81 Old Main Street
Historic Deerfield Museums Facility damage Old Main Street

Chemical Maximum quantity on site (lbs.)

Alachor-Atrazinc 28,000
Metam Sodium Busan 1020 50,000
Grand one extra 100
Indian 70 wp 250
Chlorpyrifos Lorsban 10,000
Alachor Micro tech 27,000
Oxami Vydate CLV 250
Paorate Thimet 206 1200

Source: FRCOG

Source: FRCOG
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Mussels

Yellow Lampmussel, (Lampsilis cariosa), E

Crustaceans

American Clam Shrimp, (Limnadia lenticularis), SC

Moths

Orange Sallow Moth, (Pyrrhia aurantiago), SC

Dragonflies

Ocellated Darner, (Boyeria grafiana), SC

Spine-crowned Clubtail, (Gomphus abbreviatus), SC

Midland Clubtail, (Gomphus fraternus), E

Rapids Clubtail, (Gomphus quadricolor), E

Cobra Clubtail, (Gomphus vastus), SC

Skillet Clubtail, (Gomphus ventricosus), T

Stygian Shadowdragon, (Neurocordulia 
yamaskanensis), SC

Riffle Snaketail, (Ophiogomphus carolus), T

Riverine Clubtail, (Stylurus amnicola), E

Arrow Clubtail, (Stylurus spiniceps), Non-listed 
SWAP species

Zebra Clubtail, (Stylurus scudderi), Non-listed 
SWAP species

Amphibians

Jefferson Salamander, (Ambystoma jeffersonianum), 
SC

Marbled Salamander, (Ambystoma opacum), T

Fishes

Shortnose Sturgeon, (Acipenser brevirostrum), E

Reptiles

Wood Turtle, (Glyptemys insculpta), SC

Birds

Peregrine Falcon, (Falco peregrinus), E

Bald Eagle, (Haliaeetus leucocephalus), T

Least Bittern, (Ixobrychus exilis), E

Vesper Sparrow, (Pooecetes gramineus), T

Plants

Mountain Alder, (Alnus viridis ssp. crispa), T

Green Dragon, (Arisaema dracontium), T

Linear-leaved Milkweed, (Asclepias verticillata), T

Wall-rue Spleenwort, (Asplenium ruta-muraria), T

Fogg’s Goosefoot, (Chenopodium foggii), E

Purple Clematis, (Clematis occidentalis), SC

Autumn Coralroot, (Corallorhiza odontorhiza), SC

Giant St. John’s-wort, (Hypericum ascyron), E

Michaux’s Sandwort, (Minuartia michauxii), T

Sandbar Cherry, (Prunus pumila var. depressa), T

Sandbar Willow, (Salix exigua ssp. interior), T

Snowberry, (Symphoricarpos albus var. albus), E

Tradescant’s Aster, (Symphyotrichum tradescantii), T

Spiked False-oats, (Trisetum spicatum), E

Threadfoot, (Podostemum ceratophyllum), recently de-
listed

Tufted Hairgrass, (Deschampsia cespitosa ssp. glauca), 
E

Priority Natural Communities

Black Gum-Pin Oak-Swamp White Oak “Perched” 
Swamp

Major-river Floodplain Forest

High-energy Riverbank

Circumneutral Rock Cliff Community
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B4: INDICATORS FOR HEALTHY RIPARIAN ZONES BASED ON 
VEGETATION, RIVERBANK AND CHANNEL, SOIL AND WILDLIFE

VEGETATION INDICATORS FOR RIPARIAN AREAS
Indicator Healthy Moderately degraded Degraded

Environmental 
function of plants

• Effective water infiltration

• Effective capture of sediments

• Structural support of 
streambanks

• Reduces stream velocity during 
floods

• Shade for reducing water loss 
and moderating temperatures

• Habitat for wildlife, birds, and 
aquatic species

• Vegetation provides some 
but not all environmental 
functions

• Vegetation present 
ineffective in providing most 
environmental functions of 
riparian areas

Plant Species 
Diversity

• Predominantly native, water-
loving riparian vegetation

• Combination of sedges, rushes, 
grasses, herbaceous plants, 
shrubs and trees

• Some non-native plant 
species and noxious weeds

• Presence of some 
drought-tolerant vegetation, 
similar to that in adjacent 
upland areas

• Only non-native species

• Noxious or invasive weeds 
present

• Small number of plant species

• Trees and shrubs are absent

• Presence of predominantly 
drought-tolerant vegetation, 
similar to that in adjacent 
upland areas

Diversity of Plant 
Ages

• Both young and mature trees 
and shrubs are present

• Few young trees and 
shrubs present

• Some dead or decaying 
plants present

• Reduced plant establishment 
and survival

• All trees are old and in poor 
health
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Plant Vigor and 
Reproduction

• Healthy plant growth and 
reproduction

• Plant growth exceeds 80% of 
potential production

            

• Capability to produce 
seeds or tillers is somewhat 
limited

• Plant growth is 30-80% of 
potential production

• Capability to produce seed or 
tillers is severely limited

• Plant growth is poor, less than 
30% of potential production

Palatable 
Vegetation

• Diversity of plant species and 
plant ages provides palatable 
vegetation throughout the 
growing season

• Trees have an open or park-like 
appearance

• Moderate decrease in 
percentage of palatable 
plant species present

• Some browsing on 
palatable tree species

• Grazing has removed all of 
the palatable vegetation

• Palatable species of shrubs 
and trees are heavily browsed

• Willows and other 
palatable tree species have a 
“mushroom-like” appearance

Plant and Litter 
Cover

• Full vegetation coverage 
throughout the year

• Litter layer present particularly 
during winter and spring

• Provides woody debris that 
serves as shelter for fish and 
habitat for aquatic insects

• Sparse vegetation 
coverage, especially during 
the dry season

• Litter layer thinner than 
expected for location

• Reduced amount of 
woody debris added to 
stream flow

• Bare soil over a large 
percentage of the soil surface

• Litter layer largely absent

• Limited amount of woody 
debris added to stream flow

Plant Litter 
Movement and 
Plant Lodging

• Uniform distribution of litter

• Plants remain standing 
following heavy rainfalls or 
snowmelt

• Only small size litter is 
displaced

• Scattered concentration 
of litter near obstructions

• Flattening of grasses in 
isolated areas

• Litter is concentrated around 
rocks, tree trunks, and other 
obstructions

• Plants are flattened by heavy 
flows of runoff water following

Width of Riparian 
Area

• Riparian vegetation at least two 
channel widths on each side of 
stream

• Natural vegetation 
extends the width of half 
the channel on either side 
of stream

• Natural vegetation less than a 
third of width of the channel on 
each side of stream
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STREAMBANK AND CHANNEL INDICATORS
Indicator Healthy Moderately degraded Degraded

Streambank 
Stability

• Banks are at elevation of active 
flood plain

• Little or no streambank erosion

• Many strong, fine roots hold 
streambank in place

• Some streambank erosion

• Some deep rooted 
riparian plants replaced 
by more shallow rooted or 
woody plant species

• Streambanks are high

• Bends eroded by flowing 
water

• Plant roots either not present 
or usable to hold banks against 
scouring

• Trees are falling into stream

Stream Channel 
Shape

• Channel is relatively narrow

• Banks are relatively straight 
with deep undercut that provides 
shade for aquatic species

• Stream has pools and 
meanders

• Channel is wider than 
under natural conditions

• Banks are broken down in 
isolated areas

• Some loss of pools and 
meanders

• Channel is shallow and wide

• Banks are laid back

• Banks are trampled where 
livestock enter the water to 
drink or cross the stream

• Loss of pools and meanders

Frequency of 
Riffles

• Relatively frequent occurrence 
of riffles

• Distance between riffles 
is no more than 7 times the 
measurement of the width of the 
stream

• Occasional riffles

• Bottom contours provide 
some aquatic habitat

• Distance between riffles is 
no more than 20 times the 
measurement of the width 
of the stream

• Water is generally flat

• If riffles are present, they 
are shallow and provide poor 
aquatic habitat

• Distance between riffles 
is greater than 20 times the 
measurement of the width of 
the stream

Riparian Water 
Table

• Water table remains high and 
stable throughout the year

• Water loving vegetation 
predominates

• Riparian area provides an 
interface between wet and dry 
environments

• Water table is not at bank 
level

• Soil surface may dry out 
during the dry season

• Some drought tolerant 
upland plants present in the 
riparian zone

• Water table is low or varies 
greatly throughout the year

• Drought tolerant or upland 
vegetation has replaced riparian 
vegetation

• Water table is too low 
to facilitate chemical and 
biological interactions between 
wet and dry conditions
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Channel 
Alternation

• Stream has not been subject 
to channelization, stream 
alteration, or dredging

• Some channelization 
present, usually in areas of 
bridges or in urban areas

• Evidence of dredging 
or channelization having 
occurred over 20 years ago

• Drainage outlets from 
agricultural lands

• Extensive channelization, 
especially in urban areas

• Banks shored with rip rap or 
cement

• In-stream habitat greatly 
altered or removed entirely

SOIL INDICATORS
Indicator Healthy Moderately degraded Degraded

Organic matter • Soil covered by growing plants 
and plant residues throughout 
the year

• Organic matter has 
accumulated in the soil profile

• High soil biological activity

• Topsoils are deep

• Soils are well aggregated

• Soil organic matter 
content somewhat reduced

• Some loss of topsoil

• Moderate levels of soil 
biological activity

• Soil patches bare of 
vegetation

• Relatively high removal of 
residues from soil system

• Moderate to poor soil 
aggregation

• Low soil fertility and low 
concentration of organic matter

• Soil is bare in many areas 

• Limited topsoil

• Limited soil biological activity

• Limited return of plant 
residues to the soil system

• Soils are sticky or grainy, not 
well aggregated

Diverse microbial 
community 
structure

• Organic matter decomposes 
rapidly

• Effective loss of nitrogen 
through denitrification 

• Good soil aggregation by 
microbial slimes

• Moderate decomposition 
of organic matter

• Peat builds up in riparian 
areas because area is too wet 
or organic matter remains un-
decomposed because areas are 
too dry

• Ineffective denitrification

• Poor soil aggregation
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Minimal 
compaction

• Soil is soft, high organic matter 
content

• Good water infiltration

• Good soil aggregation

• Healthy plant growth

• Soil is somewhat hard, 
especially during the dry 
season

• Water infiltration is 
limited in some areas

• Plants have difficulty 
getting water and nutrients 
from the soil

• Soil is hard

• Little or no soil aggregation

• Little or no water infiltration

Good infiltration • Vegetation coverage over the 
soil surface

• Good soil aggregation

• Relatively thick topsoil

• Some loss of vegetation 
coverage

• Some runoff, erosion, or 
ponding of water observed

• Soil compaction on 
surface or within profile

• Numerous areas bare of 
vegetation

• Loss of soil aggregation

• Soil is compacted

• Runoff and erosion observed 
even following light to 
moderate storms

Limited erosion • Complete vegetation cover 
over the soil surface

• No indication of soil movement

• Stream is not muddied by 
runoff water

• Some small rills present

• Water becomes muddy 
only after heavy rains

• Rills and gullies present

• Soil is scoured where water 
flows over the surface

• Soil build up behind rocks

• Stream is muddied by runoff 
water

WILDLIFE HABITAT INDICATORS
Indicator Healthy Moderately degraded Degraded

Water quality and 
quantity

• Adequate water supply and 
quantity throughout the year

• Presence of macroinvertebrate 
indicators of good water quality 
such as caddis flies and mayflies

• Water contains few 
contaminants such as pesticides, 
heavy metals, or excess nutrients

• Water tables fluctuate 
throughout the year

• Some contaminants 
present in the water

• Streams dry up during the dry 
season

• Presence of 
macroinvertebrate indicators of 
poor water quality 

• Water contains toxic levels 
of sediments, pesticides, heavy 
metals, or nutrients

• Excessive aquatic weed 
growth in streams
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Water 
Temperature

• Stream-side vegetation cools 
streams

• Undercut streambanks provide 
shade 

• Presence of aquatic species 
used for fish food

• Some reduction in 
stream-side vegetation 

• Decrease in the availability 
of aquatic species used for 
food

• Stream temperatures are high

• Lack of stream-side 
vegetation

• Low dissolved oxygen levels

• Cool water aquatic species 
replaced by warm water species

• Lack of aquatic species to 
provide food for fish

Stream Pools • Numerous both deep and 
shallow stream pools

• Woody debris present to form 
pools

• Complex channel structures

• Decrease in stream pools

• Woody vegetation 
replaced by herbaceous 
vegetation

• Loss of stream pools

• Low amounts of woody debris 
due to loss of trees

• Channel straightening or 
modification to simplify 
channel structure

Sediment Load • Low amount of sediments in 
streams

• Water is clear or tea colored

• Sediment levels in streams 
increasing

• Stream muddy looking 
because of sediment load

• Floating algal mats or scum 
may be present

Nutrient and 
Pathogen 
Concentration

• Natural concentrations of 
nutrients and pathogens from 
wildlife in area

• Little or no evidence of 
livestock access to streams

• Nutrient and pathogen 
levels somewhat elevated

• Manure present but not 
concentrated on or near 
streambanks

• High concentrations of 
nutrients and pathogens in 
water

• Extensive amounts of manure 
on banks and in streams
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Waterfowl 
Habitat

• Native plant communities are 
dominant vegetation

• Land use delayed until chicks 
have left the nest

• Land is rested for several 
years to allow for homing, larger 
clutches, and earlier nesting

• Sufficient blocks of land are 
protected to provide corridors of 
movement and foraging

• Some non-native species 
are present

• Land is used for grazing or 
other agricultural uses each 
year

• Land is insufficiently 
rested to provide vegetation 
cover for nesting

• Non-native species are 
dominant vegetation

• Land is grazed or mowed 
while waterfowl are nesting

• Vegetation regrowth does 
not provide sufficient cover for 
nesting

Fish Habitat • Fish cover provided by woody 
debris, overhanging vegetation, 
bank cobbles, pools, riffles, and 
undercut banks

• Water temperatures 
moderated by vegetation cover

• Minimal soil loss and pollution

• Good supply of aquatic insect 
species for fish to eat

• Decrease in the types of 
fish cover available

• Some soil loss and 
pollution

• Water levels are unstable

• Little or no fish cover 
provided

• Water contaminated by 
sediments and pollution

• Streams are ephemeral

Insect and 
Invertebrate 
Habitat

• Habitat provided by woody 
fine debris, submerged logs, 
leaf packs, undercut banks and 
cobbles

• Decrease in the amount of 
habitat sites available

• Few or no habitat sites 
present

Mammal 
Diversity

• Trails, tracks, feeding areas, 
and resting areas are present

Macro-
invertebrate 
Diversity

• Predominately pollution 
intolerant species such as 
caddisflies, mayflies, stoneflies 
and riffle beetles

• Predominantly moderately 
tolerant species such as 
damsel flies, dragonflies, 
aquatic sowbugs, blackfish 
and crayfish

• If macroinvertebrates 
are present, predominantly 
pollution tolerant species such 
as midges, craneflies, horseflies, 
leeches, aquatic earthworms, 
and tubificid worms
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Bird Diversity • Presence of bird nests

• Species that are obligate 
dependent on riparian areas are 
present, for example Common 
Yellowthroat, Song Sparrow, and 
Willow Flycatcher

• Decreasing presence of 
obligate bird species

• Presence of riparian 
dependent bird species 
such as goldfinch, bank 
swallow, grosbeak, or red-
headed woodpecker

• Lack of bird nest

• If birds are present, species 
are similar to upland areas

Fish Diversity • Predominance of native 
species

• Pollution intolerant species, 
such as trout, small mouth bass 
and sunfish are present

• Native species are not present

• Pollution tolerant species 
such as carp predominate

Vegetable (common name) Botanical name

wild leek Allium ampeloprasum
nodding onion Allium cernuum
asparagus Asparagus officinalis
sea beet Beta vulgaris maritime
tree collards Brassica oleracea acephala
chicory Cichorium intybus
sea kale Crambe maritime
sylvetta arugula Diplotaxis spp.
wood nettle Laportaea canadensis
watercress Nasturtium officinale
mountain sorrel Oxyria digyna
Solomon’s seal Polygonatum biflorum
great chickweed Stellaria pubera
ground nut Apios americana
Jerusalem artichoke Helianthus tuberosus
Herb (common name) Botanical name

rosemary Rosemarinus officinalis
sage Salvia officinalis
lemon balm Melissa officinalis
anise hyssop Agastache foeniculum    

B5: HERBACEOUS PERENNIAL VEGETABLES AND HERBS

Source: Bellows (2003)
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Source: Toensmeier (2007)

chamomile Chamaemelum nobile
American ginseng Panax quinquefolius
mountain mint Pycnanthemum spp.
schisandra Schisandra chinensis
yarrow Achillea millefolium
hops Humulus lupulus
comfrey Symphytum spp.
dandelion Taraxacum officinale
red clover Trifolium pratense
marijuana Cannabis spp.
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Common name Botanical name Height 
(in feet)

Spread  
(in feet)

North 
American 
native?

Hardiness 
range

Light Water Note

Red oak Quercus rubra 50-75 50-75 y 4-8 sun dry to 
medium

Fast-grower

White oak Quercus alba 50-80 50-80 y 3-9 sun dry to 
medium

Slow grower

Pin oak Quercus palustris 50-70 40-60 y 4-8 sun medium 
to wet

Swamp white 
oak

Quercus bicolor 50-60 50-60 y 3-8 sun medium 
to wet

American 
sycamore

Platanus 
occidentalis

75-100 75-100 y 4-9 sun medium 
to wet

Buttonballs can be 
messy

Honeylocust Gleditsia 
triacanthos

60-80 60-80 y 3-8 sun medium  Salt-tolerant

Katsura Cercidiphyllum 
japonicum

40-60 25-60 n 4-8 sun to part 
shade

medium

Sweet birch, 
black birch

Betula lenta 40-50 35-45 y 3-7 full medium

American 
hornbeam

Carpinus 
caroliniana

20-35 20-35 y 3-9 part to full 
shade

medium Understory tree

Hackberry Celtis occidentalis 40-60 40-60 y 2-9 full sun to 
part shade

medium 
to wet

Gingko Gingko biloba 50-80 30-40 n 3-8 full sun medium Salt-tolerant
Sweet gum Liquidambar 

styraciflua
60-80 40-60 y 5-9 full sun medium Gum balls can be messy 

on sidewalks
Osage orange Maclura pomifera 35-60 35-60 y 4-9 full sun to 

part shade
dry to 
medium

Black gum, black 
tupelo

Nyssa sylvatica 30-50 20-30 y 3-9 full sun to 
part shade

medium 
to wet

Chestnut oak Quercus montana 50-70 50-70 y 4-8 full sun dry to 
medium

Chinkapin oak Quercus 
muehlenbergii

40-60 50-70 y 5-7 full sun dry to 
medium

Eastern redbud Cercis canadensis 20-30 25-35 y 4-8 full sun to 
part shade

medium

Eastern hop 
hornbeam

Ostrya virginiana 25-40 20-30 y 3-9 full sun to 
part shade

medium

Flowering 
dogwood

Cornus fllorida 15-30 15-30 y 5-9 full sun to 
part shade

medium

Mockernut 
hickory

Carya tomentosa 60-80 40-60 y 4-9 full sun to 
part shade

medium May take up to 25 years 
to produce nuts

Appendix C: The Villages 

C1: TREE SPECIES FOR DEERFIELD
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Post oak Quercus stellata 35-50 35-50 y 5-9 full sun dry to 
medium

Sassafras Sassafras albidum 30-60 25-40 y 4-9 full sun to 
part shade

medium

Tulip poplar Liriodendron 60-90 30-50 y 4-9 full medium
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The town of Deerfield is truly blessed with an abundance of natural
resources, which are as productive as they are beautiful—from the 

cool, forested uplands of the Berkshire Foothills and fertile banks of the 
Deerfield River, to the rich, sun-lapped cliffs of the Pocumtuck Range and 
iconic, meandering river channel of the Connecticut. 

Like many towns in New England, Deerfield is a forested place: More than 
half of its land area is covered by a dense canopy of trees, which are finally 
beginning to stretch their mature limbs after being cut to stumps not 
two centuries ago. In the age of climate change, it is clear that protecting 
Deerfield’s trees is paramount for future generations of people and the 
ecosystems they inhabit. Trees purify air and water, support wildlife 
habitat, sequester and store carbon, provide fuel and construction 
materials, and beautify our built environments and communities. They are 
Earth’s ultimate living infrastructure. 
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“Trees are poems the earth writes upon the sky ....” –Kahlil Gibran


