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Watershed Description
This baseline inventory summarizes much of the existing physical, ecological, and demographic 
information that is currently available for the Deerfield River Watershed.  The information in this 
section comes from a variety of sources, including data that has been collected by Federal and state 
agencies, FRCOG, municipalities, and the Deerfield River Watershed Association (DRWA). 
Map A1: Baseline Inventory Area

Two planning documents for the Deerfield River Watershed provide much of the information 
for this baseline inventory.  The Deerfield River Watershed Assessment Report (2004), prepared 
for the Massachusetts Executive Office of Energy and Environmental Affairs (EEA) and the 
604b-funded 2008 Nonpoint Source Pollution Assessment of the Deerfield River Watershed , 
prepared by FRCOG (04-02/604).   The 2004 report includes a 5-year watershed action plan that 
includes specific action items focused on improving water quality, restoring natural flows to rivers, 
protecting and restoring biodiversity and habitats, improving public access and balanced resource 
use, improving local capacity, and promoting a shared responsibility for watershed protection and 
management. This Baseline Inventory updates the information in the 2004 and 2008 planning 
documents and, where necessary, adds new data or analysis that has been conducted since their 
creation.

Baseline Inventory of Watershed Conditions

Massachusetts

Vermont

Deerf ield River
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The Deerfield River Watershed is a part of the 27 major river basins that are within the 
Commonwealth of Massachusetts.   The Deerfield River begins near the towns of Glastenbury 
and Stratton in Vermont and flows approximately 70 miles mostly south and east to its confluence 
with the Connecticut River in Greenfield, Massachusetts. The watershed drainage area is 665 
square miles with about half the area in southern Vermont (318 square miles) and half in western 
Massachusetts (347 square miles).

There are twelve HUC 12 subwatersheds in the Franklin County portion of the Deerfield River 
Watershed.  However, two of these subwatersheds (noted with an asterisk on the next page) include 
only a small land area in Franklin County and are not included in the detailed analyses done as part 
of this project.  The remaining 10 subwatersheds are used to examine the health and vulnerability 
of the 

The Deerfield River is a major tributary of the Connecticut River.The Deerfield Watershed 
covers portions of western Franklin County and northern Berkshire County, as well as very small 
portions of Hampshire County in Massachusetts. It also covers portions of southern Vermont. The 
watershed supports a wide variety of ecological, recreational, and commercial uses and there are 
many active stakeholders that have a vested interest in maintaining the high quality and resiliency 
of the watershed resources. 

Map A2: Watersheds within Massachusetts

Source: Massachusetts Executive Office of Energ y and Environmental Affairs. 
http://www.mass.gov/eea/images/dfg/der/riverways/watershedsmap.gif
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Deerfield River Watershed at a smaller geographic scale.  Map A3: HUC 12 Watersheds and towns 
within the Deerfield River Watershed shows the location of each of these HUC 12 watersheds. 
They include: 

• Deerfield River – East Branch to Sherman Dam*
• Green River – headwaters to Thorne Brook*
• East Branch North River 
• North River mainstem 
• Green River- Thorne Brook to mouth 
• Deerfield River-Cold River to North River
• Deerfield River mainstem- North River to mouth 
• Clesson Brook 
• Deerfield River - Sherman Dam to Cold River 
• Cold River 
• South River 
• Chickley River 

Map	A3:	HUC	12	Watersheds	and	Towns	within	the	Deerfield	River	Watershed
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Watershed Municipalities and Population 

Projections show that the population 
of the Deerfield Watershed will slightly 
decline over the next 30 years by 
approximately 2,500 people.  This 
population loss is mostly due to an aging 
population that is not being replaced 
by younger residents.2 However, the 
anticipated arrival of broadband internet 
and passenger commuter rail to the 
region over the next decade may cause an 
increase in people relocating to the region 
in search of more affordable housing.  
These infrastructure changes have not 
been taken into account in the population 
projections and may cause an increase in 
future development pressures rather than 
a population loss.

Topography and Geology
Land surface altitudes range from just under 4,000 feet above sea level in the Vermont 
Mountains to 120 feet above sea level in the Connecticut River Valley. The river gradient 
through Vermont and upper Massachusetts is steep and averages 28.4 feet/mile from the 
Massachusetts border to West Deerfield (33 river miles). The steep gradient makes the river 
ideal for power generation and there are 11 hydroelectric facilities along the mainstem that 
effectively control the river flow. The steep gradient and cool mountainous source waters also 
make the river ideal for kayaking and cold-water fish species like trout and salmon.

The geology of the Deerfield River Watershed is characterized by a shallow depth to bedrock 
with glacial till being the dominant unconsolidated material.  There are some sand and gravel 
deposits located within the river and stream valleys and along the eastern Deerfield Watershed 
lowlands. Floodplain alluvium deposits are found adjacent to rivers with the largest area of 
these deposits associated with the low-lying areas along the river in the Town of Deerfield and 
the Connecticut River Valley (see Map A6). 

2  UMass Donahue Institute Population Estimates Program 

The population in the Franklin County portion of the Deerfield River Watershed has been 
historically concentrated in the Greenfield/Deerfield and Shelburne Falls areas.  There are 14 
municipalities in the Franklin County portion of the Deerfield Watershed with a total population 
of 37,288 (See Table A1).  Almost half of this population is within the town of Greenfield, which is 
located in a HUC 12 subwatershed of the Green River.

Table A1: Population of Communities within the 
Deerfield	River	Watershed	(Franklin	County,	MA)

Source: 2010-2014 American Community Survey 5-Year Estimates
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Roadways
Major roads running through the watershed include Interstate 91, State Highway Route 2, Route 10, 
Route 112, Route 116, and Route 8A. A major railroad also runs along the Deerfield River from the 
Town of Deerfield west to the Town of Florida. The eastern portion of the watershed (specifically 
Greenfield and Deerfield) is the most populated part of the watershed and has the greatest density 
of roads.

Major road crossings in the eastern portion of the watershed include Interstate 91 in Deerfield 
and Route 10 in Greenfield. Interstate 91 also crosses the Green River in Greenfield. Major road 
crossings in the central portion of the watershed include Route 2 (3 times), Route 8A-L, and Route 
2A . Route 112 crosses the North River and East Branch North River four times in Massachusetts.  
There are no major road crossings in the northern Massachusetts portion of the Deerfield River 
watershed.  In addition, there are several rural roads that either cross or run along the mainstem 
Deerfield River or its tributaries. Roadways adjacent to rivers can impact water quality, riparian 
habitat, and overall aesthetics through increased stream bank erosion, reductions in overhanging 
cover for fish, and limiting riverbank access for land mammals. 

Map	A4:	Topography	and	Roadways,	Deerfield	River	Watershed,	Franklin	County,	MA
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Land Use
The majority of the watershed is heavily forested with open farmland more common in the 
eastern portion. Development is concentrated in distinct areas of the watershed, particularly in 
the towns of Greenfield and Shelburne. Light industrial development is found in pockets along 
major rivers and commercial development is located mostly in village centers and along the 
Mohawk Trail (Route 2). Historic village centers include a mix of residential, municipal, and 
commercial uses. Residential subdivisions are uncommon in the watershed, and have occurred 
mostly in Greenfield, Deerfield, and Shelburne.  Map A5 shows the type of land uses for each of 
the HUC 12 subwatersheds. 

Since 1985, there have been significant changes in land use within the  watershed. Specifically, large 
lot residential development has resulted in the loss of forest and farmland.  Between 1985 and 1999, 
the 15 towns in the watershed experienced reductions in 1,750 acres of cropland (10%), 2,370 acres 
of pastureland (22%), and 2,070 acres of forest (1%), with a 58% increase in large-lot residential 
development (3,443 acres). This development typically occurred via construction of single-family 
homes on lots along existing roadways, known as Approval Not Required (ANR) development. 
More recently, the region experienced a 2% loss in population between 2000 and 2010. Even so, the 
number of housing units increased in the region by 4%.  This is in part due to smaller household 
sizes, and may also point to second home construction in some communities.  It is likely that land 
use in the watershed will follow a similar pattern in the foreseeable future. 

How a community regulates land use has a direct impact on natural resources and community 
character over time. For instance, in the 1980s and 1990s, the population within the 15 towns in 
the watershed grew by 7%, yet large-lot residential development grew by 58%. Regulations that 
require large minimum lot sizes of 1 or 2 acres per housing unit result in greater land use change 
over time. Regulations that support or require clustering of homes on smaller lot sizes in rural 
areas, encourage redevelopment and new infill development within villages and downtowns (with 
water and sewer infrastructure that can support denser development), and utilize Low Impact 
Development site planning and stormwater management techniques, can meet the housing needs 
of the population with less impact on the environment. The Land Use Regulatory Review in the 
Appendix summarizes the extent to which watershed communities have implemented zoning and 
subdivision regulations that will protect water quality and natural resources.

Impacts from land use change and development have been severe for agricultural land in the 
watershed. Farmland located along existing roads is particularly vulnerable to development. It is 
easy and less expensive to develop as ANR lots – the land is already cleared, and is often relatively 
flat. Agricultural land in the watershed includes feed crops to support dairy and beef farms, pasture 
for grazing, fruit tree orchard plantings, and sugar maple stands that are tapped to produce maple 
syrup. Within the watershed, agricultural fields are most prevalent in the areas east of the North 
River in Colrain, and in Clesson Brook in Buckland. 
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The amount of agricultural land varies by town:

• Monroe, Hawley, and Rowe have 5% or less of 
their land in agriculture;

• Ashfield, Bernardston, Buckland, Colrain, Conway,  
Charlemont, and Heath have between 7 and 11% of 
their land in agriculture; and,

• Deerfield, Greenfield, Leyden, and Shelburne have 
between 12 and 20% of their land in agriculture. 

In addition to contributing to the local food economy, the land that farmers steward can provide 
important ecological services, such as filtering water, reducing flooding, recharging aquifers, and 
providing year-round habitat for many species of fish and wildlife, and stopovers for migrating 
birds. According the 2015 MA Local Food Action Plan, “Farmers are important caretakers of 
our natural resources, and should be supported in and recognized for this stewardship role.”[1] 
Although farms provide these many valuable ecosystem services, there are potential negative 
ecological impacts from farming practices. See page 39 for nonpoint source pollution related to 
agricultural operations. State and Federal programs exist that can help farmers implement practices 
to promote soil health, nutrient management, water quality and quantity, and other objectives. More 
assistance and outreach is needed, however, to educate farmers about these programs and to ensure 
practices are implemented and continued over the long-term. [2]

Forests are the most dominant land use in the watershed, and account for anywhere from 65% 
of land use (Green River) to 99% of land use (Cold River) in each sub-watershed. Forests provide 
many important benefits, such as clean water, carbon sequestration, wildlife habitat, scenic 
landscapes, recreational opportunities, and forest products. In 2014, Harvard Forest published 
Changes to the Land: Four Scenarios for the Future of the Massachusetts Landscape,  an evaluation 
of the consequences of four different trajectories for how land use could change in the state over 
the next 50 years, with a specific focus on the impacts to the region’s forests. The scenarios reflect 
different amounts and intensities of land development, timber harvesting, farmland expansion, and 
forest conservation. 

Key findings from the study show that treating forests as valuable living infrastructure provides 
benefits to people and nature. Under this scenario, accelerated land conservation targeted to 
areas of priority habitat would protect more than half a million acres of priority habitat by 2060. 
Widespread adoption of “improvement forestry” would maintain critical forest benefits while 
increasing local wood production. The majority of new development would be clustered and 
concentrated near existing cities and towns to minimize forest loss and reduce the impact of growth 
on water resources and forest habitat. Importantly, the study found that nearly the same amount 
of new development could occur under this scenario as would occur if recent trends continue, but 
with fewer negative impacts to forests, water quality, and wildlife habitat. 



16

Large lot residential development has resulted in the fragmentation of habitat and loss of forest and farmland in the  Deerfield River Watershed.

The report emphasizes how local land-use decisions can greatly influence the ability of the state’s 
forests to offset greenhouse gas emissions and moderate the effects of climate change. The 
overarching policy implications from the study are that there is much to gain by:

1. Recommitting to land conservation,
2. Redoubling land-use policy and smart-growth efforts through local and state zoning reform 

that supports transit-friendly, walkable communities where new growth uses land efficiently 
and limits impacts on natural resources, and

3. Promoting sustainable forestry in the Commonwealth.

Forests in New England are currently under increasing stress. Forest stressors are “pressures on 
a forest that can reduce its resiliency and impair its ability to function properly.”  Climate change, 
invasive species and insects, drought, poor harvesting practices, and conversion to other land uses, 
interact and threaten forests to varying degrees. Forest resiliency is “the capacity of a forest to 
respond to a disturbance by resisting damage or stress and recovering quickly.”  Forest landowners 
can practice stewardship of their land to monitor and address stressors and increase forest 
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resilience. Various programs exist to assist forest landowners with managing their land for a variety 
of benefits.  Local land trusts and licensed foresters work with landowners to help them decide how 
to manage and protect their land.

Permanently Protected Land
Currently approximately 31% of the watershed (69,294 acres) is permanently protected from 
development. The amount of protected land varies between towns and sub-watersheds. These 
lands are a combination of State-owned conservation lands, land owned by private non-profit 
conservation organizations such as land trusts, and privately-owned land where development rights 
have been restricted either through a Conservation Restriction (CR) or Agricultural Preservation 
Restriction (APR). Permanently protecting farm and forestland provides tremendous public benefits. 
The Trust for Public Land estimates that every $1 invested in land conservation in Massachusetts 
returns $4 in economic value, for stormwater management, water quality protection, carbon 
storage, carbon sequestration, air pollution removal, and soil retention. In addition to these benefits, 
protected lands support local economies through tourism and farm and forest product businesses. 
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Map	A5:	Land	Use,	Deerfield	River	Watershed,	Franklin	County,	MA
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Map A6: Geohydrology	of	Stratified	Drift	and	Streamflow	in	the	Deerfield	River	Basin
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Assessment of Watershed Conditions

Hydrology

The following sections describe the environmental conditions of the Deerfield River Watershed in 
terms of water quantity, water quality, natural resources, and green infrastructure. This inventory 
will be used to identify the main environmental issues (i.e., priority issues) in the watershed, as well 
as some of the gaps in information that might be the focus of future data collection efforts.

Precipitation
Annual precipitation ranges from approximately 53 inches at Searsburg in the upper, mountainous 
reaches (elevation 2,100 feet) of Vermont to approximately 45 inches at Greenfield (Table 2) in the 
lower reaches (elevation 250 feet) closer to the Connecticut River Valley. On average, November is 
the wettest month, while February is the driest.

Table	A2:	Monthly	and	Annual	Precipitation	(inches)	
Statistics	at	Greenfield,	Massachusetts

Streamwater Flow and Patterns 
The United States Geological Survey (USGS) currently maintains five stream gages in the Franklin 
County portion of the Deerfield Watershed.  Two are located on the mainstem of the Deerfield 
and one each on the Green, North and South Rivers.  The 2004 Deerfield Watershed Assessment 
report2 contains a detailed analysis of stream gage data and the findings from this analysis are 
discussed in the following paragraphs.   

2  http://www.mass.gov/eea/waste-mgnt-recycling/water-resources/preserving-water-resources/mass-watersheds/deerfield-river.html

(Source: MDCR 2015)
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Rapid changes in discharge (river flow) due to the operation of the hydroelectric facilities can be observed in 
the data for the Deerfield River at Charlemont, MA.

In contrast with segments of rivers impacted by the operation of hydroelectric facilities, changes in discharge 
(river flow) on the Green River near Colrain are generally in response to spring runoff or rain events.

Figure	A1:	Discharge	Data	for	the	Deerfield	River	at	Charlemont,	MA

Figure A2: Discharge Data for the Green River at Colrain, MA
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Both mainstem Deerfield River gages reflect regulated streamflow conditions.  The effects of 
seasonal flow regulation are demonstrated by generally higher spring flows (March through May) 
within the North and South Rivers compared to the flows on the Deerfield mainstem because 
spring runoff is stored within the Somerset and Harriman hydroelectric project reservoirs in 
Vermont.  During the summer, fall, and winter period (July through February), flows are higher 
along the Deerfield mainstem compared to those on the South and North Rivers due to mainstem 
flows being augmented by releases from the reservoirs.  

Hydroelectric projects also alter daily streamflow patterns.  Due to the flow augmentation provided 
by Somerset and Harriman reservoirs, actual annual and August median flows are much higher 
than would naturally occur in the watershed without flow regulation.  Several hydroelectric projects 
operate on a daily peaking schedule and release variable flows throughout the day, often ranging 
from full generation to minimum flows.  
 
Figures 1 and 2 show discharge data for a 13 month period for two stream gages in the Deerfield 
River Watershed.2 The gage on the Deerfield River mainstem (Charlemont) shows the rapid 
changes in discharge (river flow) due to the operation of the hydroelectric facilities while the 
changes in discharge on the Green River hydrograph is less frequent and generally in response to 
spring runoff or rain events.

2 https://waterdata.usgs.gov/ma/nwis/rt

Groundwater Flows and Aquifers

Aquifers, which are porous deposits of glacial and fluvial stratified drift (i.e., sand and gravel), 
are ideal as sources of drinking water supplies. As shown on Map A6, the largest aquifers in the 
watershed are located in its eastern portion. Most of the aquifers are classified as Low Yield, 
meaning the production of wells in these deposits would yield less than 50 gallons per minute 
(gpm).   There are several High Yield Aquifers (yield more than 300 gpm) in the watershed located 
along the Deerfield River in Charlemont and Deerfield, the North River in Colrain, and along and 
east of the Green River in Greenfield.  

Public water supply wells  are 
located in these High Yield 
Aquifers. Bedrock fractures and 
fine-grained, clay-like till often 
transmit less groundwater and 
are not good public water supply 
sources but may supply adequate 
water for private drinking water 
wells and small non-community 
wells that serve individual 
businesses or community 
groundwater wells that serve 

What  i s  s t ra t i f ied  d r i f t ?
Stratified drift is 
an area of sand, 
gravel, silt and 
clay particles that 
were transported, 
sorted and 
deposited in layers 
of similar grain size 
by glacial melt 
waters.
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schools and municipal buildings.  There are many of these types of wells in the Deerfield River 
Watershed.  See Water Withdrawals section below for additional information.

A study conducted by the USGS (Friesz, 1996) of the geohydrology of stratified drift and 
streamflow in the Deerfield River Basin was undertaken to provide information needed to plan for 
the optimal use of ground-water and surface-water resources and for development of new drinking-
water supplies in the basin.   The report identified the sources and percentage of water available for 
recharge of the most prevalent type of aquifer in the watershed, the Low Yield Aquifers that are 
characterized by fine-grained, stratified-drift materials in a narrow valley bordered by upland till 
and bedrock.  The sources of recharge are:

Seventy percent (70%) of recharge was available from upland sources.   This is important to note 
because activities in these areas may impact water supplies and large blocks of intact forested land 
serve as important recharge areas for drinking water wells.

(1) direct infiltration of precipitation on the valley (30 percent); 

(2) tributary loss from an upland brook as it crosses the valley (7 percent); and 

(3) ground- and surface-water runoff from the uplands (63 percent).   

Map	A7:	Aquifers	and	Public	Water	Supplies,	Deerfield	River	Watershed,	Franklin	County,	MA
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Map A6 shows the thickness of stratified drift in the Connecticut Valley Lowlands, which includes 
the easternmost portion of the Deerfield River Watershed, indicates a deep north-south trending 
buried valley.   Stratified drift thicknesses ranged from 0 to 385 feet along 7.4 miles of the Deerfield 
River east of Interstate 91 to its confluence with the Connecticut River. The thick deposit fills a 
deep north-south trending valley with coarse-grained alluvium below finer glacial lake deposits. 
The deposit is a valuable source of groundwater.

The study found that groundwater levels within stratified 
drift areas adjacent to the Deerfield River responded 
instantaneously to streamflow fluctuations. For example, 
the water table at the riverbank in Charlemont rose 1.06 
feet during a 1.49-foot rise in streamflow level (the effect 
diminishes away from the river). Groundwater flow 

patterns also change with rising and falling streamflow levels. Protecting floodplains and restoring 
the river’s connection to floodplain areas provides an important “safety valve” during flood events.

Drought

Over 2/3 of the recharge of 
Low Yield Aquifers comes from 
upland sources, making the need 
for protecting large blocks of 
intact forests especially critical.

A drought is a period of unusually persistent dry weather that continues long enough to have social, 
environmental, or economic effects. Nationally, these conditions are classified by the U.S. Drought 
Monitor into one of five categories ranging from abnormally dry conditions (D0) to exceptional 
drought (D4). In 2016, western Franklin County and northern Berkshire County experienced both 
moderate (D1) and severe (D2) drought conditions. 

In Massachusetts, drought management occurs through the Executive Office of Energy and 
Environmental Affairs (EEA). A Drought Management Task Force was also formed to assist 
in monitoring, coordinating, and managing responses to droughts and recommend actions 
to minimize impacts to public health, safety, the environment and agriculture. EEA and the 
Massachusetts Emergency Management Agency (MEMA) have developed the Massachusetts 
Drought Management Plan to guide state activities in response to droughts and extended periods 
of dry weather. The Plan classifies moisture conditions into one of five classes (Normal, Advisory, 
Watch, Warning, and Emergency) based on seven drought indices. These classifications are applied 
to six regions across the state. A drought Advisory, Watch, or Warning was in effect from June 2016 
until April 2017 for most of the Deerfield River watershed, which spans the Western and CT River 
drought regions. Map A8 shows a drought advisory status issued in April 2017. As of May 2017, 
conditions had returned to normal, with the drought advisory lifted for the entire state.

Drought conditions can adversely impact water supplies, crops, water quality, fisheries and wildlife, 
recreation, the availability of water for fire suppression, and other environmental, economic, and 
public health conditions. Prolonged dry conditions result in reduced groundwater and surface water 
levels, which can impact both the availability of water and the quality of water. Reduced inflows 
and lower water levels in surface water supplies can result in decreased water quality, including 
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warmer water temperatures and higher levels of nutrients, which can fuel algae blooms and aquatic 
plant growth and further reduce dissolved oxygen levels and water clarity. Low water pressures 
can result in bacteria problems in water distribution systems. Drought conditions can also reduce 
groundwater recharge, baseflow, and instream flows, which can impact aquatic habitat and lead to 
fish kills. 

Map	A8:	Massachusetts	Drought	Status	(April	2017)

Source: http://www.mass.gov/eea/agencies/dcr/water-res-protection/water-data-tracking/drought-status.html

Table	A3.	Final	Stress	Classifications	for	the	Deerfield	River	Watershed	USGS	Gages

Source: MWRC 2001; http://www.mass.gov/eea/docs/eea/wrc/stressed-basins.pdf

In 2001, an interagency committee formed by the Massachusetts Water Resource Commission 
(MWRC) classified stressed basins in Massachusetts based on streamflow data. The stressed basin 
classification is intended to flag areas of the state that may require a more comprehensive and



27

detailed review of environmental impacts or additional mitigation. The state evaluated 72 USGS 
stream gages in Massachusetts and developed three parameters to quantify streamflow, median of 
annual 7-day low flow, median of annual 30-day low flow, and median of low pulse duration.  The 
statistical results were then used to classify a watershed’s stress level as low, medium, or high. Final 
stress classifications for the Deerfield River watershed are shown in Table 3.  The Green River, 
North River, and South River stations have a higher stress rating than the mainstem Deerfield 
River locations, indicating a higher relative sensitivity to drought-related impacts.

NOAA’s National Centers for Environmental Information developed state-by-state summaries of 
observed and projected climate change information2. In western Massachusetts, shifting climatic 
conditions through the year 2100 are predicted to bring storms of increasing frequency and 
intensity. Spring precipitation is projected to increase by 10-15% towards the middle of the century. 
Warmer predicted winters may decrease the number of snow events and associated snowpack, 
altering the timing and amount of streamflow. Increased evaporation from warmer temperatures, 
reduced snowpack, and changes in the amount, timing, and type of precipitation may increase the 
severity of naturally-occurring droughts. 

2  https://statesummaries.ncics.org/ma
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Watershed Modifications   

The Deerfield River is characterized by shallow depth to bedrock with relatively steep valley slopes.  
These conditions historically contributed to a state of flashiness (water level rises and falls quickly 
after rain events)  for the river and its tributaries.  Dam construction began in the late 18th and 
early 19th centuries.  By 1880, the lower portion of the Deerfield River provided hydropower for 
approximately 117 mills; however these facilities were still vulnerable to the wild and flashy nature 
of the river.   The natural flashiness of the river was eventually tamed by the construction of the 
present-day hydroelectric generation facilities. 

There are now a total of 11 hydroelectric facilities along the Deerfield mainstem (eight in 
Massachusetts and three in Vermont). Of these, three are in Franklin County. The impoundments 
of all of the facilities effectively control the river flow and serve to alleviate downstream flooding 
as well as produce electricity.    However, the daily discharge, or volume of water flowing in the 
river, is highly manipulated by the hydroelectric facilities.   The river is now artificially flashy even 
without a rain event.  Dams alter the river’s seasonal and daily flow regime.  The daily peaking 
schedule of the dams (release of water) results in variable flows throughout the day.

The hydroelectric facilities on the Deerfield River are regulated by the Federal Energy Regulatory 
Commission (FERC).  The license for most of the facilities will not expire until 2037, while the 
Bear Swamp Pumped Storage Project license expires in 2020.  This facility is located in Rowe and 
Florida, MA.   As part of the relicensing process, project owners are required to conduct various 

Dam and Hydropower Influences

Figure	A3:	Deerfield	River	Discharge	at	Charlemont	(Source:	USGS	2017)
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environmental studies to determine the impact of project operations on environmental resources.  
A brief description of the hydroelectric facilities located in Franklin County is provided below.  

Fife Brook/Bear Swamp
The Fife Brook impoundment is located at river mile 
37 in Florida, Massachusetts, where water is also 
pumped to the Bear Swamp Pumped Storage Facility 
on Negus Mountain, and used for power generation 
at the Fife Brook powerhouse. Water pumped up to 
the storage facility is released back down into the 
impoundment to generate electricity during periods 
of peak demand. Power is generated at the Fife 
Brook facility without bypassing the mainstem.

Station No. 4
From the tailwaters of the Fife Brook powerhouse, the river flows unimpeded for 17 miles to 
Charlemont, Massachusetts until it enters the Station No. 4 impoundment. Water from this 
impoundment is diverted 1.5 miles downstream for energy generation at the Station No. 4 
powerhouse, after which it re-enters the river just above the Station No. 3 impoundment. The 
North River, a major tributary, enters the Deerfield River in the Station No. 4 bypass reach.

Station No. 3/Gardners Falls
Located in Shelburne Falls at river mile 17, the Station No. 3 dam diverts water 0.4 miles to the 
project powerhouse for generation. The tailwaters from this plant flow into the Gardners Falls 
impoundment. Water is diverted for approximately 0.3 miles at the Gardners Falls Dam to the 
project powerhouse.

Station No. 2
Water leaving the Gardners Falls facility flows about 2.5 miles to the Station No. 2 facility located 
at river mile 13.2. This facility is the last on the Deerfield River and power is generated at the dam 
without bypassing the mainstem.

There are 57 dams (MassGIS 2012) in the Franklin County portion of the watershed. In addition 
to the hydroelectric facilities located on the Deerfield River, other major dams are located on the 
North, South, and Green rivers.  Specifically, they include the BBA Nonwovens dam on the North 
River; the Shelburne Falls Road and Conway Electric dams on the South River; and the Greenfield 
Water Supply, Swimming Pool, Mill Street, and Wiley & Russell dams located on the Green River. 
None of these dams have provisions for fish passage.  

Many of the other dams that occur throughout the watershed are privately owned and small, 
impounding relatively little water.  Several dams no longer fulfill a useful purpose and have fallen 
into a state of disrepair. The MassDEP’s 2000 water quality assessment report for the watershed
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Map	A9:	Hydroelectric	Facilities	and	Dams,	Deerfield	River	Watershed,	Franklin	County,	MA

stated that many of the unused dams may pose a threat to human lives, ecosystems, and 
downstream properties, since they are not well maintained.  In addition, sediments deposited 
behind dams were identified as a possible source of contamination.

All of these dams can alter the habitat and geomorphic function of the rivers they impound and 
reduce the watershed’s resiliency to extreme rain events.  TS Irene brought attention to the risks to 
infrastructure and aquatic habitat posed by these dams.  

Major Roads
Subwatershed Boundaries
Rivers and Streams

Dams
 Hydroelectric facility
 Dam
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Water Withdrawals and Public Water Supplies
In 2017, there are a total of 111 public water supply withdrawals listed by Massachusetts Department 
of Environmental Protection (MassDEP).  The Public Water Supply Protection Areas are defined 
in the Drinking Water Regulations (310 CMR 22.02).  The delineation of wellhead protection areas 
is an important part of protecting the quality of a public water supply that depends on groundwater 
as its source.  There are separate water supply protection zones defined to protect surface water 
reservoirs that provide drinking water. 

As described in 310 CMR 22.02, there are three wellhead protection zones – Zone I, Zone II and 
Zone III.  Please refer to the water supply protection definitions for complete descriptions of these 
zones.2 For this baseline assessment, only Zones I and II will be discussed.3  

It is important to note that only three of the public water supplies in the Deerfield River Watershed 
have a delineated Zone II area.  A Zone II is a wellhead protection area that has been determined 
by hydrogeologic modeling and approved by the MassDEP’s Drinking Water Program (DWP).  
Zone II areas provide the groundwater recharge to the well.  Zone II wellhead protection areas 
have been delineated in Colrain, Greenfield, and Deerfield.

In cases where hydrogeologic modeling studies have not been performed and there is no approved 
Zone II, an Interim Wellhead Protection Area (IWPA) is established based on MassDEP DWP 
well pumping rates or default values.   Less than 20 of the remaining public water supplies in the 
Deerfield River Watershed have an IWPA.  The remaining groundwater public drinking water 
wells, more than 80, have no protection area delineated other than a Zone I.  A Zone I is a circle 
around the well that has a radius of 100 feet to no more than 400 feet.  These protection areas are 
important because a town may prohibit or restrict certain land uses in both approved (Zone II) and 
interim (IWPA) wellhead protection areas.  MassDEP requires towns to own or control all land 
within the Zone I but this can be hard to accomplish for older wells because private landowners 
may be unwilling to sell their property.  In these cases, the town can pass protective regulations for 
Zone I areas.

All active and inactive surface water supplies have Surface Water Supply Protection zones (Zones 
A, B, and C) pursuant to the Massachusetts Drinking Water Regulations (310 CMR 22.00).4    
Watershed extents for all surface water supplies including active, inactive, emergency, sources 
outside of Massachusetts, watersheds that extend into other states, and watersheds of sources from 
other states that extend into Massachusetts are shown for the Deerfield River Watershed on Map 
A10. Surface water protection zones have been delineated within Colrain, Shelburne, Monroe, 
Ashfield, and Leyden.  However, all but two of these water supplies (Leyden and Monroe), are 
designated as Emergency Surface Water Supplies and are essentially “off-line” unless needed during 
a water emergency.
2  http://www.mass.gov/eea/agencies/massdep/water/drinking/water-supply-protection-area-definitions.html
3  Zone III areas are those upland areas where surface water and groundwater drain into the Zone II areas.  This area is rarely delineated and 
regulated by towns.
4  http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-serv/office-of-geographic-information-massgis/datalayers/
swp.html
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Map A10: Surface Water Supply Watersheds

Most of the groundwater 
withdrawals in the watershed 
are quite small and associated 
with private drinking water wells 
and the community and non-
community groundwater wells.  
However, there are several high 
quantity water users within the 
watershed as represented in Table 
4. The largest water user is the 
Greenfield Water Department 
with a permitted withdrawal 
amount of 2.12 million gallons per 
day (mgd). The Greenfield Water 
Department uses a combination 
of surface and groundwater 

withdrawals within the Green River subwatershed. BBA Nonwovens, which withdraws from the 
North River, is the next largest water user at 0.89 mgd.  Several fire districts, which supply drinking 
water and water for fire suppression, and agricultural businesses in the watershed also have modest 
groundwater withdrawals.

Table A4: High Quantity Water Users

Surface water (active or 
inactive)

 Emergency surface water
 Rhode Island source
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Wastewater Discharges
Wastewater discharges into streams and rivers also modify the conditions of the Deerfield River 
Watershed. According to the 2004 Assessment, there were fourteen authorized wastewater 
discharge sites in the Massachusetts portion of the Deerfield River Watershed, as shown in Table 
5 and discussed below. The 2004 Assessment data were used because available through MassDEP 
and EPA do not appear to reflect the most recent permits. The discharge facilities fall into three 
categories: wastewater treatment, commercial and power generation facilities. 

Wastewater Treatment Plants
Monroe Wastewater Treatment Facility
The Town of Monroe is authorized to discharge 0.015 mgd from their wastewater treatment facility 
into the Deerfield River near Mill Street/Monroe Bridge. 

Charlemont Wastewater Treatment Plant
The Charlemont Wastewater Treatment Plant is authorized to discharge 0.05 mgd of treated 
wastewater to the Deerfield River just downstream of the confluence with Mill Brook in 
Charlemont. The facility was upgraded in 1999 and effluent toxicity has improved as a result.

Shelburne Falls Wastewater Treatment Facility
The town of Buckland is authorized to discharge from the Shelburne Falls Wastewater Treatment 
Facility to the Deerfield River. The permittee is authorized to discharge 0.25 mgd of treated 
sanitary wastewater.

Old Deerfield Wastewater Treatment Facility
The Town of Deerfield is authorized to discharge from the Old Deerfield Wastewater Treatment 
Facility to the Deerfield River in Deerfield. The permittee is authorized to discharge 0.25 mgd of 
treated sanitary wastewater.

Greenfield Water Pollution Control Plant
The Greenfield Water Pollution Control Plant located in Greenfield, Massachusetts is authorized to 
discharge 3.2 mgd of sanitary wastewater to the Deerfield River. There have been concerns related 
sources of elevated phosphorus and occasional high turbidity in this segment.

Commercial Facilities 
BBA Nonwovens
BBA Nonwovens is authorized via NPDES permit MA0003697 issued in March 1997 to discharge 
1.35 mgd of treated industrial and domestic wastewater and stormwater to the North River.
Eight of 21 tests conducted from 1997 to 2002 on the wastewater facility effluent did not meet 
permit requirements. Fecal coliform bacteria counts have been slightly elevated below the facility. 
In addition,an acid spill to the North River occurred at the BBA Nonwovens facility in September 
1999. The spill of approximately 700 gallons of 93% sulfuric acid resulted in extensive fish kill 
in the 3.3-mile reach from the facility to the confluence with the Deerfield River. Actions were 
taken to minimize the impact, and a Natural Resource Damage settlement was reached in 2003 for 
damages incurred. 
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Power Generation Facilities 
Decommisioned Yankee Atomic Electric Company (YAEC) Rowe Nuclear Powerplant
The most recent NPDES permit issued in 1988 allowed non-contact discharges of up to 225 mgd 
of cooling water with a maximum allowable temperature rise of 13.1ºC over intake, 10.8 mgd 
of service water consisting of turbine lubricating oil, cooling water, generator hydrogen cooling 
water, and the primary plant effluent, and 1.0 mgd of water treatment plant, transformer cooling 
water, and floor drain water with a maximum allowable temperature rise of 19.4ºC over intake 
temperature. The nuclear plant has been actively decommissioning since February 1992, and a 
permit has been drafted to authorize discharge of up to 0.22 mgd of wastewater consisting of spent 
fuel pool heat exchanger, dilution test tank effluent, stormwater, and excavation de-watering during 
the decommissioning process. Additionally, when the plant is preparing for final dismantlement, 
the spent fuel pool containing 145,000 gallons of water must be drained and rinsed requiring 
another 20,000 gallons. All water must pass through a purification system to minimize the release 
of radioactive materials to the environment.

USGen at Station No. 5 Impoundment
USGen is authorized to discharge 0.05 mgd of station sump water, and 0.002 mgd of bearing 
cooling water into the Deerfield River near Mill Street/Monroe Bridge, in Monroe just below the 
Sherman Reservoir.

US Gen at Station No. 5 Dam
USGen is authorized to discharge 0.072 mgd of station sump water with oil floatation, 0.252 mgd 
of bearing cooling water, 0.0126 mgd of strainer backwash, and <10 gallons per day (gpd) of sump 
water with oil floatation at the Station No. 5 Dam.

US Gen at Station No. 4 Dam
USGen is authorized to discharge 0.0015 mgd of floor drain water, 0.06 mgd of transformer cooling 
water, and 0.0216 mgd of bearing cooling water at the Station No. 4 dam.

Station No. 3 Powerhouse
Station No. 3 Powerhouse has an NPDES permit to discharge the following volumes: 0.0015 
mgd of internal facility drainage, 0.06 mgd of transformer non-contact cooling water, 0.0216 mgd 
bearing contact cooling water, and 0.0432 mgd of cooling water strainer backwash. The 0.4-mile 
bypass reach has no water quality issues aside from maintenance of a 100 cfs minimum flow. 
However, a fecal coliform level of 350 colonies/100 milliliters (a violation of state standards is 400 
colonies/100 milliliters) was recorded in the glacial potholes below the Station No. 3 Dam. 

Consolidated Edison
Consolidated Edison has a permit to discharge 0.00864 of bearing cooling water and 10 gpd of 
boiler blowdown.
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Table	A5:	NPDES	Permit	Dischargers	in	the	Deerfield	River	Watershed

(Source MDEP 2003a and VANR 2003)
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Runoff from gravel roads can deposit sand and gravel into 
streams and can increase streambank erosion.

Nonpoint Sources of Pollution
Other pollutants in the watershed include nonpoint source pollution, or pollution that comes from 
diffuse sources. Following is a summary of nonpoint source pollution that was identified in the 
2008 Nonpoint Source Pollution Assessment for the Deerfield River Watershed, completed by the 
FRCOG.. 
 

Road Runoff
Both paved and unpaved roads that serve rural areas, 
like the majority of the Deerfield River watershed, 
often run alongside rivers and streams and within 
the Rivers Protection Act 200-foot riparian buffer, 
which is identified as critical to protecting water 
quality. Rivers and streams adjacent to roads are 
vulnerable to stormwater runoff from roads, with 
runoff contributing sand and gravel from dirt roads 
and sand and salt from paved roads. Runoff from 
paved roads can increase the temperature of receiving 

waters and can also contain heavy metals, petroleum 
products, trash, and other debris. Runoff can aloso increase streambank erosion and reduce riparian 
vegetation, thus reducing habitat for fish, birds and other animals.

Sand and Gravel Operations
Sand and gravel mining operations are found in the unconsolidated outwash and alluvial materials 
deposited by glaciers. These permeable sediments can also serve as important recharge areas for 
groundwater and surface waters. Once the topsoil and vegetation are removed from a site, the loose 
sands, clays and silts can be transported to nearby waterbodies by stormwater runoff and the wind. 
These materials impact aquatic habitat by burying rocky streambeds and covering vegetation, which 
can deplete water oxygen levels and destroy fish spawning areas.

Silviculture	(Forestry)
Whether big or small, an improperly managed forest cutting operation can be a source of nonpoint 
pollution. The natural hydrology of the site is altered by the removal of trees and other vegetation. 
The pollutant filtering and groundwater recharge capacity of the soils are also compromised by the 
removal of the trees and vegetation. With the loss of vegetation, runoff velocities rise and erosion 
and sedimentation of nearby waterbodies can occur. Logging roads and skid trails that cross 
streams can also result in bank erosion and sedimentation of the water.
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Underground and Above Ground Storage Tanks
Underground and above ground storage tanks can hold such materials as gasoline, kerosene, diesel, 
fuel oil, and waste oil, as well as agricultural chemicals and home heating fuels. Leaking from 
underground and above ground storage tanks can contaminate soil and drinking water supplies. 
In Massachusetts, storage tanks are regulated by two state agencies: the Executive Office of Public 
Safety and Security and Department of Environmental Protection. All underground storage tanks 
with a capacity of more than 1,100 gallons and gas station tanks must be registered with the MA 
DEP and the local fire department, however underground storage tanks used for agriculture or 
home heating purposes are exempt from registration requirements. Tracking of storage tanks was 
identified as a challenge in the 2008 plan, due to multiple agencies and out-of-date data.

Hazardous Materials Use and Storage
Hazardous materials are chemical substances which, if released or misused, can pose a threat to 
the environment or public health. These chemicals are used in industry, agriculture, medicine, 
research, and consumer goods. Hazardous materials come in the form of explosives, flammable 
and combustible substances, poisons, and radioactive materials. These substances are most often 
released as a result of transportation accidents or because of chemical accidents in plants. Such 
releases can harm groundwater and surface water quality. As of the 2008 report, state-level tracking 
of hazardous materials was available for only two towns in the watershed, Greenfield and Colrain.

Hazardous	Waste	and	Brownfields
Hazardous waste has chemical and physical characteristics that can harm human health or 
the environment. Hazardous waste is generated from many sources, ranging from industrial 
manufacturing process wastes to batteries and may come in many forms, including liquids, 
solids gases, and sludges. Hazardous waste, if not handled, stored and disposed of properly, can 
contaminate the soil, groundwater, surface water and/or wetlands at a site. The EPA compiles data 
on hazardous waste generators and toxic releases. As of the 2008 report, there were 101 hazardous 
waste generators and eight toxic releases in the watershed.

A Brownfields is a property for which the expansion, redevelopment, or reuse may be complicated 
by the presence or potential presence of a hazardous substance, pollutant, or contaminant. These 
properties are typically abandoned or for sale or lease, have been used for commercial or industrial 
purposes, and may have been reported to MassDEP because contamination has been found, or they 
may not have been assessed due to fear of unknown contamination conditions. Both the state and 
Federal government are committed to the cleanup and redevelopment of Brownfields properties 
as a way to stimulate the economy and promote environmental protection goals. As of the 2008 
report, there were 27 Brownfields sites identified in the watershed.

Landfills	and	Transfer	Stations
Both active and closed landfills can be a source of nonpoint pollution. As rainwater and melting 
snow percolate through the refuse, a toxic chemical soup called leachate, is created. In older, 
unlined landfills, chemicals found in ordinary household cleaners, residues in pesticide, insecticide 
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and fertilizer containers, paints, solvents, and used oil all ended up in the “dump” and eventually, 
the leachate. Oftentimes, commercial and industrial waste was disposed of along with the residential 
waste. Many older landfills have been closed, capped with an impermeable cover and some may be 
equipped with a leachate collection system. While there are no active solid waste landfills located 
within the project area, there are a number of inactive landfills which do not have liners or caps and/
or do not have a monitoring system.

Illegal Dump Sites and Auto Junkyards
Illegal dump sites are a common problem in rural areas. As part of the 2008 Assessment, several 
sites were observed in the study area along less traveled roads and in woods and fields.  The typical 
items observed were large household appliances, furniture, cars, tires, household trash and other 
debris. There were also several vehicle junkyards identified as part of the 2008 Assessment, which 
are probably not in conformance with local zoning and/or not licensed. It is not known whether any 
of the junkyards are still active. Discarded railroad ties were also observed along the Deerfield River’s 
edge. Illegal dump sites, abandoned auto junkyards and discarded railroad ties can pose a significant 
threat to wetlands and other water resources, including drinking water supplies, because hazardous 
wastes not accepted at municipal landfills, leaking oil, gasoline and antifreeze from junk cars, and other 
toxic chemicals can form leachate plumes which can travel a significant distance before being detected.

Road Salt Storage, Application Practices and Snow Dumping Areas
Road salt (sodium chloride) and sand-laden water runoff can enter nearby streams and rivers during 
periodic thaws and winter rainstorms. During spring thaws, the concentration of road salt and sand 
can increase due to the melting of roadside snow banks, which have accumulated sand  and salt all 
winter long. Salt-laden water that recharges groundwater can contaminate drinking water supplies 
over time because groundwater flow velocities are generally slow so dilution or “flushing” of sodium 
concentrations takes time. Excessive salt can also degrade wetlands and surface water bodies. Road 
salt storage and application practices, as well as snow dumping areas are discussed in the 2008 plan.

Septic Systems
The untreated or partially treated effluent from undersized or failing septic systems can contaminate 
surface and ground water resources with bacteria and viruses, nitrates and other nutrients, and toxic 
chemicals from the disposal of household hazardous waste such as paint and solvents.  A homeowner 
may be unaware that their system is failing or has been failing for years until there is a back-up of 
sewage or the area over the leaching field becomes sodden with partially treated effluent. Given that 
most of the project study area is not served by sewer systems, failing or underperforming septic systems 
are likely to be a significant source of nonpoint pollution.  The magnitude of the problem is not known 
because no comprehensive tracking systems exist at the local, regional or state level.

Large Groundwater Discharges
According to the MassDEP data, there is only one large permitted groundwater discharge in the 
project study area. The Town of Ashfield’s wastewater treatment facility is designed to discharge 



39

treated effluent into the groundwater. The permit for this facility was renewed in April 2008 and 
the design flow for this facility is 25,000 gallons per day.

Stormwater and Surface Water Discharge
According to the MassDEP, stormwater runoff represents the single largest source responsible for 
water quality impairments in the Commonwealth’s rivers, lakes, ponds, and marine waters. New and 
existing development typically adds impervious surfaces which, if not properly managed, may alter 
natural drainage features, increase peak discharge rates and volumes, reduce recharge to wetlands 
and streams, and increase the discharge of pollutants to wetlands and water bodies. The National 
Pollutant Discharge Elimination System (NPDES) Stormwater Program, mandated by Congress 
under the Clean Water Act, is a comprehensive two-phased national program for addressing the 
non-agricultural sources of stormwater discharges which adversely affect the quality of our nation’s 
waters. The program uses the NPDES permitting mechanism to require the implementation of 
controls designed to prevent harmful pollutants from being washed by stormwater runoff into local 
water bodies. In Massachusetts, the NPDES permit program is administered by the US EPA and 
MassDEP. In addition, municipalities have the option of adopting local drainage, sewer, wetland 
or other ordinances that regulate stormwater. Only the Towns of Greenfield and Deerfield have 
adopted Stormwater Management Regulations.

The NPDES program includes an industrial stormwater permitting component as well as a 
construction activities regulation. The regulated entities and activities must obtain coverage under 
an NPDES stormwater permit and implement stormwater pollution prevention plans (SWPPPs) 
or stormwater management programs, with Best Management Practices (BMPs), that effectively 
reduce or prevent the discharge of pollutants into receiving waters. As of the 2008 report, only one 
industrial facility, two wastewater treatment plants, and three energy plants were listed as having 
NPDES permits.

Agriculture Runoff
Agricultural activity can be a source of nonpoint pollution, including: sediment from erosion of 
cropland and streambanks, bacteria from manure, nutrients such as phosphorus and nitrogen from 
fertilizers, and pesticides. Many of the farms in the project area are located over the rich sediments 
of the narrow floodplain areas of the Deerfield River and its major tributaries. If cover crops are 
not planted following a harvest, cropland can experience sheet and rill erosion. With the loss of 
the vegetated riparian buffer, which acts as a “pollutant filter”, runoff that contains sediment from 
eroding fields and/or river banks, pesticides, and nutrients from manure and fertilizers can easily 
enter nearby waterbodies and wetlands. If the riparian vegetation is completely removed from the 
pastures and cropland or significantly reduced in these floodplain areas, the river banks become 
unstable and susceptible to erosion. This situation can be exacerbated if livestock has direct access 
to the water. Grazing livestock can trample and denude vegetation  along streams and pollute the 
water with their urine and manure. The 2008 plan includes the location of nearly 200 farms that 
raise livestock, as well as the number of livestock per farm. 
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Flooding, Floodplains and River Corridors

Flooding
Early Recorded Floods
Records of periodic flooding in New England stretch back to the 1600s in materials collected by 
the U.S. Geologic Survey.  Early flood records describe previously unknown heights of water, the 
loss of dams, mills, homes, crops and livestock.  Flooding reports prior to the mid-nineteenth 
century are anecdotal and often unverifiable since they precede the installation of river gages. The 
floods of 1927, 1936, 1938 and 1955 were notable because river gages could substantiate that these 
floods exceeded those known from the verifiable historical record for New England.  

Regionally, the highest flood stages recorded at Holyoke (prior to 1964) were during the floods 
of 1927, 1936 and 1938.  The USGS report states that “outstanding floods” in the North River in 
Massachusetts occurred in 1869, 1936 and 1938.  The report does not reference the Deerfield River 
mainstem or other tributary streams.

More recently, information about the North River, Colrain flood levels can be observed in the 
following graph  which shows the annual peak discharge from the river from 1940 until 2011’s 
Tropical Storm Irene.  It can be seen that most peak discharges hover around an average of 
6,470 cfs with more substantial storms between 2005 and 2010 having peak discharges between 
approximately 12,000 and 20,000 cfs. Tropical Storm Irene on August 28 resulted in a peak 
discharge of 56,100 cfs, almost three times higher than any previously recorded flood in the 
preceding 71 years.

Tropical Storm Irene
In August 2011, Tropical Storm Irene caused severe damage to western Massachusetts and southern 
Vermont. During this storm, the Deerfield River rose 15 feet in a matter of hours. Stream gages 
on the Deerfield River at Charlemont and West Deerfield recorded peak discharges of 54,000 cfs 
and 89,800 cfs, respectively.   The gage on the North River recorded a peak discharge of 56,000 cfs 
when the average annual peak discharge for the past 75 years was 6,470 cfs.

Overall, the Deerfield River Watershed experienced unprecedented damage to agricultural land 
and crops, roads, wastewater treatment plants, public water supplies, schools, homes and other 
infrastructure.  In addition, the upland watershed lands, riparian areas and aquatic ecosystems all 
experienced extensive alterations from record flooding, mass wasting and fluvial erosion.  A six-
mile stretch of Route 2 between the towns of Charlemont and Florida was closed for three months 
due to road washouts.
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Residents in the Town of Hawley were completely cut off for several days due to damages to Route 
8A. The Interstate 91 bridge over the Deerfield had to be replaced, and the Greenfield wastewater 
treatment plant was inundated and discharged untreated sewage into the river. More than $90 
million of insurance damage claims were made in western Massachusetts, and as of 2013 more than 
$64 million in federal assistance was made to individuals and public entities in Massachusetts as a 
result of Irene. 

The North River watershed in Vermont and Massachusetts was one of the hardest hit locations 
This tributary suffered some of the worst damage from Tropical Storm Irene, including severe 
erosion of agricultural fields, streambanks, landslides, road washouts and damage to bridges. Severe 
bank erosion continues to threaten Colrain community wells and public wells for Shelburne and 
Buckland that are located in Colrain. 

Downstream near the mouth of the Deerfield River in the Town of Deerfield, soil from riparian 
buffers and farm fields was swept away, lowering the buffers by approximately 6 feet in some 
locations.  These damaged buffers render their adjacent farmlands, roads, houses and other 
infrastructure vulnerable to future floods.

To place this storm in context, UMass researchers have estimated that sediment discharged from 
the Deerfield River in one day exceeded at least 10 to 40 years’ worth of normal sediment discharge 

The Deerfield River Watershed sustained more than $26M in damage from Tropical Storm Irene, including washed out roads.
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and accounted for approximately 40 percent of the total sediment discharge from the 
Connecticut River resulting from Irene.   

They also reported that Irene caused the most severe erosion of any flood in the historic record, 
greater than that of events with more rainfall and higher peak discharges from the Deerfield River. 
They attribute this extreme erosion to the fact that at the time of the storm soils were saturated due 
to higher than normal rainfall. The researchers conclude that the potential for highly erosive storms 
is growing as wetter conditions increase due to climate change. 

Dethier, et al.  identified 274 landslides in the Deerfield River watershed (including the Vermont 
portion) associated with Irene. Roughly the same number of landslides occurred during TS Irene as 
in the previous 30 years combined. 

Now, almost six years after the storm, for a given river flow the amounts of suspended sediments 
are approximately double the pre-Irene amounts.  These suspended sediments persist even in low 
flow conditions as streams continue to erode large glaciolacustrine deposits made up of a large 
volume of very fine sediments. Since revegetation of these sites may take between 5 and 30 years, 
this erosion and sedimentation will continue until the landslide scars are stabilized with vegetation.

In December 2011, the Franklin Conservation District convened Creating Resilient Communities 
(CRC), an ad hoc group of stakeholders that includes staff of Federal and state agencies, municipal 
officials, UMass researchers, the State Geologist and watershed organizations. The group has 
met regularly over the past six years to collaborate and secure funding for watershed assessment, 
planning and restoration of the watershed. In the months following Irene, CRC members identified 
problem areas in the watershed (see Map A12) and compiled a list of ongoing and planned projects 
which is periodically updated (see Appendix F).  A recent and important watershed resiliency study 
undertaken by the Massachusetts Department of Transportation (MassDOT) is described on page 
46 of this plan.

Floodplains and River Corridors
Floodplains and River Corridors are different but related areas along a river.  Both floodplains 
and river corridors are critical to watershed resiliency and the protection of natural resources and 
the built environment.  A floodplain is land that is covered by water when the river flows are high 
and overtop the river banks (a flood).  The Federal Emergency Management Program (FEMA) 
has mapped the 100-year floodplain (Flood Hazard Area) in the watershed as part of the National 
Flood Insurance Program (NFIP).  A river corridor is the land adjacent to a river that provides the 
physical space that the river needs to move and erode and deposit sediment (meander) over time 
in response to historic, current and future changes in land uses and development across the entire 
watershed, not just in the floodplain, as well as flood events.  River corridors are mapped using the 
science of fluvial geomorphology and protocols such as those developed by Vermont.  
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River corridors and floodplains can overlap a great deal but the important thing to remember is that 
there are areas in the River Corridor that will be eventually shaped (fluvial erosion and deposition) 
by the river over time (and not under water when the river floods) while the floodplain is under 
water during a large flood. Together, the river corridor and the floodplain comprise the area that a 
river needs to absorb the impacts from changes to the watershed lands and storm events.

Avoiding new encroachments within river corridors and floodplains, which function as a “safety 
valve” for the river during a flood, is the least-cost method of mitigating flood damages.

Floodplains and river corridors play an important role in planning for climate change resiliency 
of both the built (infrastructure) and the natural environment (watershed resources).  The high 
quality of the Deerfield River Watershed’s natural resources, and the ecological and resiliency 
functions this green infrastructure provides, are primarily due to the large areas of undeveloped, 
forested land that dominate the higher elevations in the watershed.  The smaller tributaries and 

headwater streams in these areas typically 
have narrow, undeveloped floodplains.  
Generally there are few, if any activities or 
development in the floodplains and river 
corridors other than forest management, 
road crossings or occasionally, agriculture.   

Most of the development in the watershed 
has historically been and continues to 
occur within and adjacent to the 100-
year floodplains of the major tributaries 
of the Deerfield River and along the 
river itself.  Infrastructure, homes, 
and businesses located in these areas 
are affected by flooding and fluvial 
erosion.  Development in the floodplain 
and river corridor cause an increase in 
impervious cover so stormwater runoff 
causes localized flooding and erosion 
damage.  Changes to the river itself, such 

as straightening or relocating the channel, and installing berms and dams, even if these alterations 
occurred decades ago, still exacerbate flooding and fluvial erosion problems today.  Water 
quality and habitat are also degraded by these modifications to the floodplain and river corridor.  
Undersized and failing road stream crossings (culverts and bridges) also contribute to flooding and 
fluvial erosion hazards in the floodplains and river corridors as well as in the upland tributary and 
headwater streams (discussed below).  In addition, these undersized/failing road stream crossing 

This graphic shows the relationship between a FEMA Flood Hazard Area 
(100-year floodplain) and a River Corridor. http://floodready.vermont.gov/
flood_protection/river_corridors_floodplains/river_corridors#assess

Figure A4: FEMA Flood Hazard Areas and River Corridors
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structures can be obstacles to fish and wildlife passage up and down a river, which can limit habitat 
availability for many species.  The Massachusetts River & Stream Continuity Project maintains an 
on-line database and provides training for volunteers to conduct road stream crossing assessments, 
and developed the Massachusetts River and Stream Crossing Standards.

Active River Areas
The Nature Conservancy (TNC) developed a conservation framework for protecting rivers and 
streams called the Active River Area (ARA).2    As noted by the US EPA Healthy Watersheds 
Program, the active river area framework provides a holistic vision of a river and represents the 
lands that contain both aquatic and riparian habitats and those that contain processes that interact 
with and contribute to a stream or river channel over time.3   The ARA framework was applied 
to the Connecticut River Watershed, which includes the watershed of the Deerfield River, a major 
tributary.

Figure A5: Dominant Processes and Disturbance Regimes of the Active River Area4 

The active river area is an important tool for stakeholders and decision-makers because it presents a 
river as a dynamic system with a broad range of conditions that are typical of natural river systems. 
The active river area for the Deerfield River Watershed is spatially explicit and can be readily 
identified – narrow in some areas, wider in others – and captures the living, dynamic processes and 
places that define these systems. The active river area includes a number of distinct components 

2  https://www.floods.org/PDF/ASFPM_TNC_Active_River_%20Area.pdf
3  https://www.epa.gov/hwp/healthy-watersheds-projects-region-1
4  https://www.floods.org/PDF/ASFPM_TNC_Active_River_%20Area.pdf
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that provide specificity to guide actions for protection, restoration and management (Figure 5).2 

The ARA for the Deerfield River Watershed is shown on Map A11. From a green infrastructure 
and healthy watershed perspective, a naturally functioning and protected active river area provides a 
range of important benefits, including:

• aquatic and terrestrial habitat
• a reduction in the risks posed by flood 

and erosion hazards
• protect areas with high water quality
• improve the quality of impaired waters. 

Map A11: Active River Areas within BioMap2 Landscape Blocks

The ARAs cover a large portion of the watershed.  Practically speaking, it may not be possible or 
even desirable to protect and manage this entire area.  However, there are significant ARA areas 
that overlap with other landscape-scale areas, such as intact forests, agricultural lands, floodplains, 
and resilient landscapes that are mapped as part of the watershed’s green infrastructure.  Map 
A11 shows the BioMap2 Landscape Blocks that contain active river areas. These areas provide 

2  https://www.floods.org/PDF/ASFPM_TNC_Active_River_%20Area.pdf
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important services to a healthy and resilient watershed.  Maps that include the ARA will assist 
stakeholders in efforts to prioritize areas for conservation and specific river corridor and land 
management activities to preserve the health and resiliency of the watershed.

Local Fluvial Erosion Hazard and River Corridor Mapping
The ARA was delineated using methods and GIS data available for a large and varied geographic 
area. This approach is most appropriate for regional and watershed scale (HUC-8 and HUC-12) 
conservation planning and analysis. However, for river protection, restoration and management 
projects at smaller scales, such as the town level, more accurate and detailed delineations are 
necessary. At these smaller scales, more detailed reach-based mapping and assessment of the 
relevant parts of the active river area can be done to support land use regulation and protection 
strategies as well as to identify restoration projects. There are several well-established techniques 
for evaluating river geomorphology, habitat, and biology. These techniques can also be used to used 
fine-tune the mapped active river area and any conservation/restoration recommendations made at 
the larger (coarser) landscape scales.

For example, FRCOG applied the Vermont Agency of Natural Resources (VT ANR) Stream 
Geomorphic Assessment protocols2 to the South River subwatershed. The VT ANR methodology 
consists of protocols for watershed, reach and site assessment and fully integrates geomorphic and 
habitat components and expected natural stream processes. This assessment protocol provides 
a solid understanding of historic and current physical and ecological processes. Assessment data 
can then be used to map river corridors and fluvial erosion hazards and develop comprehensive 
river corridor management plans that describe restoration and conservation projects. Conservation 
and restoration projects that are based on an understanding of river processes will have a greater 
likelihood of long-term success.

One roadblock to using the VT protocols in Massachusetts is cost. Massachusetts does not 
currently have a well-funded Rivers Program like the one that exists in Vermont. UMass staff, 
the State Geologist and a group of stakeholders are currently working to develop assessment and 
mapping protocols for use in Massachusetts. In the meantime, FRCOG piloted a cost-effective 
fluvial geomorphic and habitat assessment protocol in the East Branch North River subwatershed 
and the South River subwatershed. The result of these two projects was a list of 40 river restoration 
projects that would improve geomorphic and habitat functions, reduce bank erosion and protect 
critical infrastructure. A critical component of the VT protocol, mapping of the river corridor 
and fluvial erosion hazard zones, was not included as part of FRCOG’s assessment protocol. The 
VT protocols map a river corridor that will accommodate the natural river processes (erosion and 
deposition; flooding) over time. 

FRCOG secured funding from FEMA/MEMA to apply the full three phases of the VT protocols 
to the South River subwatershed.  A River Corridor Map was developed along with a River 
Corridor Management Plan.  FRCOG received funding in 2017 from the 319 program to work with 
the Towns of Ashfield and Conway to adopt a River Corridor Protection Overlay District Zoning 
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Bylaw and consider implementing recommendations in the corridor management plan. 

FRCOG was recently awarded 319 funding for a project to develop a river corridor mapping 
protocol to be piloted in one of the HUC-12 subwatersheds of the Deerfield River Watershed. The 
corridor maps could be used as the basis for a corridor protection zoning overlay district (FRCOG 
developed a draft as part of the FEMA/MEMA-funded project) and a river corridor management 
easement tool modeled on the VT river corridor management easement program.2 This easement 
tool will also be developed as part of FRCOG’s 319 project.

The VT easement program pays willing riparian landowners to let the river flood or erode their 
land. Upon selling the channel management rights, the landowner can no longer intervene with 
erosion and channel adjustments within the river corridor, e.g. armor a river bank to prevent 
erosion. River corridor easements can be executed as part of river restoration projects or as part of 
other conservation practices and programs. Agriculture and silviculture are permitted within the 
river corridor easement area. Vermont currently uses river corridor easements to transfer channel 
management rights to a land trust; prohibit new structures/development within the river corridor; 
and maintain a minimum 50 ft. riparian buffer of native woody vegetation whose location floats 
with the river.

Climate Change and Future Flooding
Impacts and Vulnerabilities 
Water quality and quantity are expected to be negatively impacted by anticipated increases 
in temperature, drought, and a decrease in summer precipitation. Water quality is anticipated 
to decline due to higher temperatures and changes in stream flow. Droughts and increased 
temperatures are expected to decrease deeper, cooler water that is critical summer habitat to a 
number of aquatic species. 

According to the 2011 Massachusetts Climate Change Adaptation Report, the projected increase in 
average winter temperatures will decrease the amount of snowpack and ice and will reduce spring 
groundwater recharge. The Report states, “A shift to winter rains will potentially lead to more 
runoff, flooding, greater storm damage, scour, and erosion” during the winter months. The Report 
also states that “peak river flows are predicted to occur earlier as higher average temperatures and a 
shift from winter snow to rain accelerate the spring melt.” These changes could cause “degradation 
of wildlife habitat, in-stream aquatic habitat, and water quality, and increased incidence of water-
borne disease, sedimentation, pollutant loading of waterways, and surface runoff.”3

Increased summer temperatures, decreased summer precipitation, and higher drought 
frequency and duration will also affect both water quantity and quality. Streams that flow only 
intermittentently may stop flowing earlier in the season. Coldwater habitat could be replaced by 

2  http://dec.vermont.gov/watershed/rivers/river-corridor-and-floodplain-protection/geomorphic-assessment
3  http://www.mass.gov/eea/docs/eea/energy/cca/eea-climate-adaptation-report.pdf
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warm water habitat, with changes in the species that live in these habitats. As coldwater habitats 
warm, coldwater fisheries, which already experience a number of stressors, will be especially 
affected.2

With more extreme precipitation patterns, stormwater discharge 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, 
sediment transport/storage, and protection of water quality.3

Climate change adaptation strategies should include land protection, as well as planning, 
management and restoration of river corridors and blocks of forest that protect rivers and streams.

2  Ibid.
3  Ibid.
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Map	A12:	Deerfield	River	Watershed	(MA)Areas	Identified	as	Damaged	from	Tropical	Storm	Irene

Source: Creating Resilient Communities

# Issue
1 Road washouts
2 Washouts at Green Bridge
3 Road washouts; bridge footing undermined
4 Ag fields eroded; bridge footings eroded
5 E Branch North R. erosion
6 Erosion, rip-rap repeat, homes damaged
7 Sediment & erosion, rip-rap bank armoring
8 Highway Dept saltshed; bank erosion
9 Ag fields, dam at BBC damaged

10 Ag fields damaged; landslide
11 Repeated road washouts
12 Bank erosion, armored banks, dam & bridged damaged
13 Bridge footings undermined
14 Bank, stream erosion by bridge
15 Stream bank armored repeatedly
16 Bridge/stream channel erosion
17 Landslide
18 Perched culvert; gabions failing
19 Gabions failing
20 Bridge footings undermined
21 Bank erosion old bridge abutment
22 Bridge footings undermined
23 Stream erosion, repeatedly
24 Failing culverts
25 Failing culvert
26 Failing culvert
27 Ag fields severly damaged by TS Irene
28 Schneck Brook bridge abutments failing
29 River banks armored repeatedly
30 Armored river banks upstream of bridge
31 Armored stream bank
32 Bridge damaged
33 Stream armored w/rip-rap
34 Stream bank armoring post TS Irene, repeat
35 Stream bank erosion at bridge
36 Gabions failing
37 Dam failed
38 Rip-rap in stream post TS Irene
39 Stream banks armored repeatedly
40 3 sites post TS Irene rip-rap, repeat
41 Rd closed; landslide, stream bank erosion
42 Extensive problems post TS Irene
43 Ag fields damaged; excessive storm debris
44 Rip-rip along Cold River post TS Irene

Major Roads
Subwatershed Boundaries
Streams and Rivers
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Water Quality
Water Quality Standards and Designated Use
The Massachusetts Surface Water Quality Standards (SWQS 
- 314 Code of Massachusetts Regulations 4.00) are the 
foundation for the state’s water quality management program 
and designate the most sensitive uses for which the surface 
waters of the Commonwealth shall be enhanced, maintained 
and protected.  These regulations were last amended in 
December 2013.
There are three classifications of inland waters in 
Massachusetts, Class A, B, and C (Table 6). In addition, 
stream reaches are categorized as either a coldwater fishery 
or a warm water fishery.

Table	A6:	Classifications	of	Inland	Waters	in	Massachusetts

Source: 2004 Nonpoint Source Pollution Assessment of the Deerfield River Watershed
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There are six Class A waters in the Massachusetts portion of the Deerfield River Watershed, 
summarized in Table 7.  All of the remaining water bodies in the Deerfield River Watershed are 
classified as Class B cold water fisheries except for approximately 18 miles of the Deerfield River 
from the confluence with the North River to the confluence with the Connecticut River, which is 
classified as a warm water fishery.  There are no Class C waters in the Deerfield River Watershed.

Table	A7:	Classes	of	Water	in	the	Deerfield	River	Watershed,	MA

Source: 2004 Nonpoint Source Pollution Assessment of the Deerfield River Watershed

Designated Uses for Massachusetts Waters
The Massachusetts Surface Water Quality Standards (SWQS) also describe the designated uses 
for waterbodies and include: aquatic life and wildlife, fish consumption, primary and secondary 
contact recreation and aesthetics.  The MassDEP’s 2014 Integrated List of Waters summarizes the 
assessment status for each designated use for the surface waters in the Deerfield River Watershed.  
The status is assessed as 1) Fully Supporting; 2) Not Supporting; 3) Insufficient Information; and 
4) Not Assessed.   The MassDEP assessed 30 river segments in the watershed (Table 8).  Most of 
the river segments are classified as Fully Supporting one or more of the designated uses.  However, 
the Chickley River, South River and Green River segments are listed as Not Supporting some of 
their designated uses due to the presence of fecal coliform.  The Davis Mine Brook segment does 
not support Aquatic Life due to low pH from acid mine drainage.  The South River is also listed 
as Not Supporting Aquatic Life due to physical habitat substrate alterations.  Agriculture has been 
identified as the source of fecal coliform in the Chickley River but the sources of fecal coliform in 
the South and Green Rivers are not known.

Section 303(d)4 of the Clean Water Act requires that various states identify waterbodies that do 
not meet water quality standards and requires the development of Total Maximum Daily Loads 
(TMDLs) for these waterbodies.   A TMDL is the total amount of a pollutant that a waterbody may 
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receive from all sources without exceeding water quality standards.  As shown in Table 9, in the 
Deerfield River Watershed, there are only 5 waterbodies that require a TMDL assessment. 
Table	A8:	River	Segment	Assessment	Summary	from	2014	Integrated	List	of	Waters2 

2  http://www.mass.gov/eea/agencies/massdep/water/watersheds/integrated-list-of-waters.html
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Table	A9:	Massachusetts	Category	5	Waters	(requiring	a	TMDL)

Source: Massachusetts Year 2014 Integrated List of Waters.  http://www.mass.gov/eea/docs/dep/water/resources/07v5/14list2.pdf

Map A13: DEP Listed Impaired Waters
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Lakes and Ponds
The Massachusetts Year 2014 Integrated List of Waters identifies 22 lakes and ponds in the 
Deerfield River Watershed. The lakes and ponds are categorized based on their use attainment 
status. The five uses include aesthetic value, fish and other aquatic life habitat, primary contact 
(swimming) and secondary contact (boating) recreation, and fish and shellfish consumption. A 
Department of Public Health advisory regarding fish consumption due to mercury contamination 
precludes any Massachusetts waters from Category 1 status (i.e., attainment of all uses). 

North Pond and South Pond in Savoy Mountain State Forest are Category 2 waters, which means 
they attain some designated uses (primary and secondary contact recreation) but are not assessed 
for other uses.2  The Massachusetts Department of Conservation and Recreation (MADCR) 
permits fishing in these ponds.  Water quality conditions may support other designated uses since 
both ponds are surrounded by significant forested and protected open space land.

Ashfield Pond and Plainfield Pond are Category 4a waters.  A Total Maximum Daily Load (TMDL) 
(i.e., a pollution “budget”) has been completed for mercury in fish tissue for both ponds. Tannery 
Pond is a Category 4c waterbody, which means that the impairment is not caused by a pollutant 
and a TMDL is not required. Tannery Pond is impaired due to low flow alterations, such as water 
withdrawals, although the cause is not specified. 

Category 5 waters are considered impaired and require development of a TMDL. Pelham Lake 
and Sherman Reservoir (MA portion only) are both listed as impaired for mercury in fish tissue 
(see Table 9). Existing boat ramps at Pelham Lake and Sherman Reservoir, as well as at Ashfield 
Pond and Plainfield Pond, indicate that all four waterbodies are currently used for recreation. The 
2004 Deerfield River Watershed Assessment Report further indicates that Plainfield Pond has been 
impaired in the past by noxious aquatic plants, although the 2014 Integrated List of Waters contains 
no such reference.

The remaining 15 lakes and ponds in the Deerfield River watershed are listed as Category 3 waters, 
which means that the available water quality information is insufficient for the DEP to assess any 
of the five designated uses. Many are smaller waterbodies or are located in state forests. Table A10 
summarizes the limited available information on these lakes and ponds.  

Lakes and ponds may be adversely impacted by projected changes in the amount, timing, and 
intensity of rainfall, and increased temperature as a result of climate change. Changes in air 
temperature affect water temperature in the streams that feed the lakes and, in deeper waterbodies, 
impact stratification duration and timing. Increases in the frequency, strength, and duration of 
stratification that results from warming can produce conditions that favor the growth of algae and 
cyanobacteria and can lead to accelerated growth or “blooms.” When blooms impair the function 
of aquatic ecosystems or have the potential to adversely impact human health through contact 
recreation or other exposure, they are known as harmful algal blooms (HABs).  In addition, 
2  http://www.mass.gov/eea/agencies/dcr/massparks/region-west/savoy-mt-state-forest-generic.html
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stratification can impact available fish habitat. In particular, increasing water temperatures further 
reduce the amount of habitat available to cold-adapted fish species. More frequent, higher intensity 
precipitation events, also predicted to increase in frequency and severity for western Massachusetts, 
have the potential in increase nutrient and sediment loading from the land surface to lakes and 
ponds via runoff. Additional nutrients support the growth of HABs and aquatic plants, and higher 
sediment loads can impact aquatic habitat by reducing water clarity and decreasing waterbody depth 
through infilling. Finally, more frequent and longer episodes of drought combined with higher 
temperatures that result in increased evaporation can result in higher salinity levels in freshwater 
lakes and ponds, impacting the suitability for certain aquatic species. 

Table	A10:	Category	3	Lakes	and	Ponds	in	the	Deerfield	River	Watershed	

Water Quality Monitoring
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Deerfield	River	Watershed	Association	Water	Quality	Monitoring

Since 1990, the Deerfield River Watershed Association (DRWA) has been monitoring water quality 
in the Deerfield River and its tributaries, including temperature, pH and alkalinity in the spring and 
temperature and E. coli bacteria in the summer.  Results are available on the DRWA’s website.2  

Since 2005, the DRWA has also conducted a benthic macroinvertebrate monitoring program 
to supplement the MassDEP’s water quality monitoring program.   Benthic macroinvertebrates 
are animals without backbones that spend at least part of their life cycle in or on the bottom of 
a body of water.   These creatures are good indicators of localized water quality conditions and 
because many have limited migration patterns or a sessile mode of existence, they are well-suited 
for assessing site-specific impacts.3 The DRWA points out that “[t]his information can assist 
with identifying high-quality streams that should receive priority attention for land preservation 
and conservation, slightly impacted streams that may benefit from additional study to identify 
developing or on-going threats to water quality or habitat conditions, and heavily impaired streams 
that may be targeted for significant efforts to abate pollution, flow, or habitat issues.” 4  

Map A14: Water Quality Biomonitoring Sites

Source: Deerfield River Watershed Association

2  http://deerfieldriver.org/archivedresults.html
3  http://deerfieldriver.org/maps/introduction.html
4  http://deerfieldriver.org/maps/background.html
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As Map 14 - a screen shot from the interactive map on the DRWA’s website2 - shows, four years 
of macroinvertebrate monitoring data indicate that most of the sites sampled are Not Impacted.  
There is a cluster of Slightly Impacted areas and one Moderately Impacted area along the South 
River.  The South River has a long history of being straightened, bermed and dammed.  These 
past activities have compromised the geomorphic function and habitat of the river. Mill Brook and 
Cherry Rum Brook in the Green River Watershed in Greenfield are Moderately Impacted.  This is 
not surprising given the more urban, developed landscape around these brooks.

In 2011, the Massachusetts Environmental Trust provided funding to DRWA for a project to 
assess the biodiversity of the watershed’s forested headwater streams and provide data to help 
state agencies assess whether current regulations provide adequate stream and riparian corridor 
protection.3   Research has shown that headwater streams provide important ecological functions 
that contribute to the health of a watershed.  According to the report, in Massachusetts, streams 
less than 25 feet wide and that occur upslope of wetlands receive no mandatory protections 
from forestry practices unless they are known to support endangered or threatened species.  
Unfortunately, most, if not all of these small streams have not been assessed so it is not known 
whether these unique habitats support potentially threatened or rare species.  Further, unassessed 
streams in Massachusetts are automatically considered Class B Warm water streams and are 
protected as such under 314 CMR 4.00.  But headwater streams may in fact support cold water 
species, but without assessment there is no way of establishing higher level of protection for these 
resources. Many of these streams are not even listed on the Massachusetts Integrated List of Waters.  

Twenty (20) study sites and three springs/seeps were chosen in state forest lands and evaluated for 
macroinvertebrates, physical habitat, and basic water chemistry, including temperature, in August 
2011.  The study findings indicate that macroinvertebrate communities are diverse and included 
taxa that occur nowhere else in the drainage network.  The headwater streams were found to have 
cool thermal regimes (mean daily maximum temperature averaged 60.2 degrees F), variable channel 
gradients (4% to over 19% slope), dominance by coarse substrates, and occurrence in areas of 
mature forest (i.e., no recent harvest activity).   Stream pH was found to exert a large measurable 
influence on headwater macroinvertebrate community structure and diversity in the study area.

One of the significant findings of the study was that brook trout were also observed in nearly 
half of the sample reaches, suggesting the ability of these extreme headwater areas to support this 
cold-water-dependent fish species.  The study demonstrated that the uppermost reaches of forested 
headwater streams in the watershed routinely support cold water invertebrate and vertebrate aquatic 
species and should be granted the higher level of protection afforded to Cold Water Fisheries.

2  http://deerfieldriver.org/maps/index.html
3  http://deerfieldriver.org/maps/Reports/Deerfield_Headwaters_REPORT_7-9-12.pdf
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Map	A15:	Headwater	Streams	Water	Quality	Biomonitoring	Site	(west)
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Map	A16:	Headwater	Streams	Water	Quality	Biomonitoring	Sites	(east)
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Natural Resources
From the deep bottomland soils of the easternmost part of the watershed to the mixed hardwood 
forests of the western most part, the natural resources contained in the Deerfield River watershed 
provide a multitude of benefits. Farmlands provide fresh, local produce and offer sources of 
employment and habitat for wildlife. Forestlands also contribute to the local economy with 
products such as lumber and maple syrup, while also protecting clean drinking water and providing 
flood storage. The watershed’s rivers and mountains draw tourists to enjoy river rafting, skiing, 
and sightseeing and contribute to the area’s economic vitality. The area’s natural resources as a 
whole offer critical habitat to wildlife and offer important ecological functions such as carbon 
sequestration and stormwater filtration. Note: While water resources are considered natural 
resources, they were discussed in previous sections.

Fish and Wildlife Resources
The rivers, streams, ponds, forests and wetlands in the Deerfield River Watershed provide abundant 
wildlife habitat for many species of fish, mammals, birds, amphibians, reptiles and plants, including 
many rare and endangered plant and animals.  The first part of this section will include a general 
discussion of the fish and wildlife resources.  The second part of the section will discuss the fish 
and wildlife resources protected under the Massachusetts Endangered Species Act (MESA) and 
tools for protecting the state’s biodiversity, which is an essential part of the green infrastructure of 
the Deerfield River Watershed.

Fisheries
All of the rivers and streams in the Deerfield River Watershed are designated as Coldwater Fishery 
Resources (except a segment of the Deerfield River and the small headwater streams discussed 
earlier).  According to the Massachusetts Division of Fisheries & Wildlife, a Coldwater Fishery 
Resource (CFR) is a waterbody (stream, river, or their tributaries) where reproducing Coldwater 
Fish, like brook trout, rainbow trout, brown trout, longnose sucker and others, use such waters to 
meet one or more of their life history requirements. 

CFRs are particularly sensitive habitats and the abundance of CFRs in the Deerfield watershed is 
indicative of the overall good health of the watershed.  However, even relatively minor changes in 
land and water use, particularly untreated stormwater runoff, can reduce the ability of these waters 
to support trout and other kinds of coldwater fish.  These CFRs are also likely to be stressed by and 
vulnerable to climate change impacts, particularly increases in water temperature and drought as 
well as sediment loading from extreme rain and fluvial erosion events. 

The Division of Fisheries and Wildlife maintains a list of waters that are identified as Coldwater 
Fishery Resources (CFR).   This information can be used by town Conservation Commissions and 
Open Space Committees, land trusts, and other watershed stakeholders involved in conservation 
planning.
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Fisheries and Climate Change Vulnerabilities and Impacts
Higher summer temperatures, less summer precipitation, and an increase in drought associated with 
climate change will affect water quantity and quality, in some cases causing coldwater habitats to 
be replaced by warm water habitats and causing changes to the species that live in these habitats. 
Climate change may also affect stream flow with increased flooding from extreme precipitation 
events. Flooding, in turn, can scour stream and river bottoms where fish eggs are lodged, and 
can impact the types of fish species that populate stream and rivers. Lower flows associated with 
drought may cause some sections of stream and river flows to become discontinuous, creating 
barriers to fish movement.2

Wildlife: Mammals, Reptiles and Amphibians
The land and waters of the Deerfield River Watershed 
are home to many species of mammals, reptiles, and 
amphibians.  Many terrestrial mammals are likely to 
live in the watershed, as shown in Table A11 (Lovejoy 
and Hoagland, 2013).3 Over time, several terrestrial 
mammal species have been extirpated from the 
watershed, including:  elk, mountain lion, timber 
wolf, wolverine, marten and lynx.4  

Table	A11:		Terrestrial	Mammals	Likely	to	Occur	in	the	Deerfield	River	Watershed

2  http://www.mass.gov/eea/docs/eea/energy/cca/eea-climate-adaptation-report.pdf
3  http://biology.westfield.ma.edu/mammals/mamam.html
4  Ibid.

Red fox are among the terrestrial mammals who are 
supported by the Deerfield River watershed.
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According to information available from the Massachusetts 
Department of Fish and Game, reptiles and amphibians 
are now recognized as important elements of biodiversity 
and serve essential functions in food webs, soil and wetland 
ecology, and the energy recycling systems of forests.2  Current 
research indicates that these two faunal groups, especially 
the amphibians, may be among the best indicators of 
environmental quality.3 The following table lists the reptiles 
and amphibians that are likely to be found in the watershed.  
Information for this table comes from the MassDFG’s State 
Reptiles and Amphibians list (April 2009). The Status column identifies those species appearing 
on the list of Endangered, Threatened, and Special Concern species in the State as authorized by 
M.G.L. c. 131, 4(13A) and c. 131A, 4 as of April 2009. Since this data is now eight years old, there 
may be other species now listed as Endangered, Threatened or Special Concern.  

Wildlife: Birds
The North American Breeding Bird Survey is a long-term, large-scale, avian monitoring program 
initiated in 1966 to track the status and trends of North American bird populations. During each 
bird breeding season, trained participants collect bird population data along roadside survey 
routes. The data collected provides an index of population abundance that can be used to estimate 
population trends and relative abundances at various geographic scales.4 Surveys have been 
conducted near Cummington, Massachusetts, slightly south of the Deerfield River Watershed, since 
the mid-1960’s.  Recent information is available from the North American Breeding Bird Survey 
project’s website through 2015.5 A detailed discussion and a list of birds likely to be found in the 
Deerfield River Watershed were provided in the 2004 assessment report.  A summary of some of 
this discussion is provided in the following paragraph.

Data collected from the many eastern survey routes 
show declines among bird species that prefer 
early-successional habitats (e.g., abandoned fields, 
grasslands, and shrublands). The Deerfield River 
Watershed Association documented various marsh 
birds as part of a volunteer wetland monitoring 
project than ran from 1999-2001 in the watershed 
(2003).  American bitterns were identified at seven 
(29%) of the wetlands inventoried and five of the 
seven sites range in size from 15 to 23 acres. The 
Least bittern was the rarest marsh bird of the four 

2  http://www.mass.gov/eea/agencies/dfg/dfw/fish-wildlife-plants/state-reptiles-and-amphibians-list.html
3  Ibid.
4  https://www.mbr-pwrc.usgs.gov/bbs/bbs.html
5  https://www.mbr-pwrc.usgs.gov/bbs/bbs.html

American bullfrogs can be found in the Deerfield 
River watershed.

American bitterns frequent wetlands in the Deerfield River 
watershed.
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target species observed, occurring at only one wetland. Species scarcity was attributed to their 
tendency to avoid high altitude-freshwater wetlands and unstable water regimes. Virginia rails were 
identified at 46% of wetlands surveyed, which made it the most frequently observed marshbird. 
This species was found in wetlands ranging from 8 to 33 acres. American and Least bittern are 
listed as endangered species in Massachusetts.

Table	A12:		Reptiles	&	Amphibians	Likely	to	Occur	in	the	Deerfield	River	Watershed
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Birds and Climate Change Vulnerabilities and Impacts 
Temperature changes associated with climate change can cause decoupling of bird migration and 
food source timing, with birds unable to find anticipated food sources on stops throughout their 
migration. Forest-dependent species such as migratory song birds may decline as their habitat 
is reduced and degraded by changes in temperature and preciptation as well as by the growing 
dominance of invasive plant species and diseases.2

Threatened and Endangered Species 
The Natural Heritage & Endangered Species Program (NHESP), part of the Massachusetts 
Division of Fisheries and Wildlife, is responsible for the conservation and protection of hundreds of 
species and the protection of the natural communities that make up their habitats.   The Program’s 
highest priority is protecting the vertebrate and invertebrate animals and native plants that are 
officially listed as Endangered, Threatened or of Special Concern pursuant to the Massachusetts 
Endangered Species Act (MGL c. 131A).  These native species of concern include 169 species of 
vertebrate and invertebrate animals and 258 species of plants.  These are species considered to be at 
risk, or potentially at risk, of extirpation from Massachusetts, or at risk of global extinction.  

The list of these species is available on the NHESP website.  Please note that rare species lists for 
each of the 14 watershed towns can be found by accessing the Rare Species by Town online viewer 
via www.mass.gov/eea/agencies/dfg/dfw/natural-heritage/species-information-and-conservation/
town-species-viewer.html. 

Forests
Critical Habitat 
The Deerfield River Watershed has extensive areas mapped as BioMap2 Core Habitat and Critical 
Natural Landscape.3 BioMap2 was developed to help guide conservation efforts to protect the 
state’s biodiversity in the context of projected effects of climate change.   Core Habitat are key 
areas that are critical for the long-term persistence of rare species and other species of conservation 
concern, as well as a wide diversity of natural communities and intact ecosystems across the 
Deerfield River Watershed. Critical Natural Landscape areas are large blocks of the natural 
landscape that are not developed or minimally impacted by development.  These areas consist 
of contiguous forests, wetlands, rivers, lakes, and ponds. Of note is that pastures and power-line 
rights-of-way, which are common landscape features in the Deerfield River Watershed, are included 
in the BioMap2 critical natural landscapes because these areas are less intensively altered than most 
developed areas and also can provide habitat and connectivity for many species. Both the Core 
Habitat and Critical Natural Landscape areas are vital components of the green infrastructure 
of the Deerfield River Watershed.  If these areas of green infrastructure are protected from 
development, they can provide habitat and maintain connectivity between life cycle habitats for 
native species, support intact ecological processes, and enhance climate change resilience for both 
the built and natural landscape.  The BioMap2 resources are shown on Maps 19 and 20.  

2  http://www.mass.gov/eea/docs/eea/energy/cca/eea-climate-adaptation-report.pdf
3  BioMap 2 Project developed by the Massachusetts Department of Fish & Game’s Natural Heritage & Endangered Species Program 
(NHESP) and The Nature Conservancy’s Massachusetts Program (2010). http://maps.massgis.state.ma.us/dfg/biomap2.htm
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An interactive map viewer for BioMap2 is available on the internet http://maps.massgis.state.ma.us/
dfg/biomap2.htm and is a great resource for local and regional conservation planning that can be 
used in conjunction with the BioMap2 Town Reports.  A Town Report is available for each of the 
14 Deerfield River Watershed Towns.2 These Town Reports include descriptions of the important 
species and natural communities and are intended to be used as stand-alone documents containing 
all the necessary information to understand the biodiversity in each town. The electronic versions 
of the Town Reports contain hyperlinks to fact sheets for elements of biodiversity in the town.  

From a climate resiliency perspective, the Forest Cores and Landscape Blocks are particularly 
important not only to the preservation of biodiversity and the characteristics of a healthy watershed 
but also to the protection of the built environment and the natural resources, such as drinking 
water and working landscapes, that the residents of the watershed depend upon.  Intact forest 
cores and large areas of intact predominantly natural landscape (forests, wetlands, rivers, lakes, and 
ponds) provide critical ecological functions, such as the filtration of drinking water, absorption 
of greenhouse gases and the absorption and retention of heavy rains thereby reducing flooding.  
Forests can also be working landscapes, providing economic opportunities for residents as well as 
opportunities for recreation. 

Wildlife Management Areas
The Massachusetts Department of Fish and Game (DFG) and the Division of Fisheries and 
Wildlife (MassWildlife) jointly own Wildlife lands, including all Wildlife Management Areas 
(WMA).  There are several small WMA areas in the Deerfield River Watershed, which are public 
lands that are protected primarily to provide habitat for wildlife and to give people a place to relax 
and explore the great outdoors.  

Most of the wildlife lands are open to hunting, fishing, trapping, birdwatching, and other wildlife 
related recreation.  The state has regulations that govern the activities allowed on these lands.  The 
focus is on passive recreation. Motorized vehicles (ATVs) are not allowed on state wildlife lands. 
Access to these properties is typically via unmarked trails or woods roads with unpaved parking 
lots.  Many of these properties are actively managed through mowing, cutting, prescribed burns, or 
other activities that benefit of wildlife.

Other protected lands in the watershed that provide wildlife habitat are State Forests, which are 
managed by the Division of Conservation & Recreation’s (DCR) Management Forestry Program.  
According to DCR, these lands are managed pursuant to MGL Chapter 132, which states that 
“the public welfare requires the rehabilitation, maintenance, and protection of forest lands for the 
purpose of conserving water, preventing floods and soil erosion, improving the conditions for 
wildlife and recreation, protecting and improving air and water quality, and providing a continuing 
and increasing supply of forest products for public consumption, farm use and for the wood-using 
industries of the commonwealth.”3

2  http://www.mass.gov/eea/agencies/dfg/dfw/natural-heritage/land-protection-and-management/biomap2/biomap2-town-reports.html
3  http://www.mass.gov/eea/agencies/dcr/conservation/forestry-and-fire-control/management-forestry-program.html
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Map A17: Wildlife Management Areas, State Forests and Permanently Protected Open Space

Source: http://maps.env.state.ma.us/dfg/wildlands/

DCR manages the state forest lands using the principles of ecosystem management in the 
context of a working forest.  The state forest lands in the Deerfield River Watershed are in the 
Western Connecticut Valley Management District.  According to DCR, ecosystem management 
is “…a philosophical concept for dealing with larger spatial scales; longer time frames; and in 
which management decisions must be socially acceptable, economically feasible and ecologically 
sustainable”. Rather than setting commodity-based targets, DCR defines desired conditions and 
develops strategies that lead to achieving them.2 

Forest Stewardship Program
To achieve its mission of balancing social needs with ecosystem health, the program uses 
silviculture and other management tools to create a range of desired forest and non-forest 
conditions. These conditions and the management guidelines to achieve them are defined in the 
2015 Forest Resource Management Plan Update for the Western CT River Valley region.3   The 
intent of the FRMP is to  inform the public on how the forest resources in the District will
2  http://www.mass.gov/eea/agencies/dcr/conservation/forestry-and-fire-control/management-forestry-program.html
3  http://www.mass.gov/eea/docs/dcr/stewardship/forestry/manage/wcv-resourcemanagement-final.pdf
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Map	A18:	Forestry	Management	Districts

be managed and what will be the predicted results of management decisions;  provide forest 
management direction to ultimately favor greater diversity of size and age classes; direct the 
management of forests that will provide key ecosystem services such as: water, habitat, recreation, 
wood products and carbon sequestration; establish guidelines that will protect and enhance rare 
species; provide a balanced approach to recreation and active forestry;  help supply local wood 
products to local forest economies; and provide the basis for demonstrating “excellent forestry”.

Each plan is designed to provide a 100 year strategy that is condensed to an initial10 year 
implementation schedule.  The plans identify lands designated as Reserves, Parklands and 
Woodlands, describe their current condition and provide guidelines for their management and 
continued monitoring.  Given the guidelines for management, the FRMPs predict the short and 
long term affects on forest structure and the expected resource outputs.  Each plan is written to 
meet and exceed Massachusetts Forestry Best Management Practices and fulfill the standards for 
future third party forest certification.

Forests and Climate Change Vulnerabilities and Impacts 
The 2011 Massachusetts Climate Change Adaptation Report states that climate change will cause 
changes in species composition and forest structure. Common species such as maples are likely 
to decline while oaks may increase. More vulnerable species such as spruce and hemlock may 
be significantly reduced. Climate change, along with other stressors such as development and 
fragmentation, will likely alter forest function and habitat, and could reduce the ability of forests 
to provide ecological services such as air and water cleansing. Changing climate factors and 
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forest types will also likely alter the composition and role of myriad other species defining forests 
including vertebrates, invertebrates, shrubs, herbs, non-vascular plants, fungi, and bacteria.2 

Extreme weather events related to climate change, including ice storms, microbursts or hurricanes, 
and more frequent and longer droughts and associated wildfire are likely to impact forests and 
the species that depend upon them. These types of weather events have the potential to suddenly 
kill or alter areas of native trees, opening the forest to new species, including invasive plant 
species and pests. Overall, the negative impacts of invasive species may increase as native forests 
are increasingly stressed and become more vulnerable to changes in mean and maximum air 
temperatures and subsequent changes in the water cycle.3

Wetlands and Vernal Pools
Wetlands and vernal pools provide important ecological functions in a healthy watershed.  The 
most critical of these resources are mapped as part of BioMap2.  Core Habitat areas include high-
quality wetland and vernal pool habitats.  Vernal pool core habitat includes clusters of certified 
and potential vernal pools and the upland areas surrounding and between the individual vernal 
pools.  The NHESP Certified Vernal Pools and Potential Vernal Pools are included as a data layer 
in BioMap2.  Adjacent uplands that buffer wetlands are mapped as Critical Natural Landscape.  
Unlike Certified Vernal 
Pools, Potential Vernal Pools 
are not protected under the 
Massachusetts Wetlands 
Protection Act Regulations 
(310 CMR 10.00), or under 
any other state or federal 
wetlands protection laws.  
Certified vernal pools 
also receive protection 
under Massachusetts state 
regulations that govern 
the 401 Water Quality 
Certification process, Title 5 
and forest cutting practices.

Watershed stakeholders can 
follow the official “Guidelines 
for the Certification of Vernal Pool Habitat” and collect appropriate field data and submit the 
information to the Massachusetts Natural Heritage & Endangered Species Program to obtain 
official certification for a vernal pool. It is important to note that many potential and certified 
vernal pools are located on private property.  Permission of private landowners should always be 
2  http://www.mass.gov/eea/docs/eea/energy/cca/eea-climate-adaptation-report.pdf
3  Ibid.

Vernal pools are home to diverse species, including the wood frog and spotted salamander, as 
well as dragonflies, diving beetles, and more.  
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obtained prior to any efforts to locate, document and/or certify vernal pools. 

The Deerfield River Watershed Association (DRWA) sponsored a vernal pool identification 
program for approximately four years beginning in 2007.  DRWA held workshops to teach 
volunteers how to certify vernal pools in the Massachusetts portion of the watershed.  Between 
2008 and 2010, DRWA trained 45 people to certify vernal pools and 10 pools in six watershed 
towns have been certified.  In 2011, information was gathered for an additional four vernal pools 
and sent to NHESP for certification.2 

Wetlands and Vernal Pools and Climate Change Vulnerabilities and Impacts
According to the Massachusetts Climate Change Adaptation Report, changes in the timing, 
frequency, and duration of precipitation and increases in flooding will cause changes in wetlands 
and vernal pools. If reduced precipitation and increased drought occur during breeding season in 
vernal pools, the length of time vernal pools hold water could be reduced, which could lead to a 
reduction in vernal pool populations. Additionally, increased temperatures may cause plant and 
animal species and wetland types that are more typical of cooler and/or higher northern areas 
(such as northern bogs, spruce-fir boreal swamps, hemlocks) to be reduced or disappear altogether. 
Southern species, including invasives and pests, could move northward and could stress some 
native plant and animal species. 

Increased temperatures could also cause wetland soils to lose saturation and become less absorptive, 
thus reducing groundwater recharge and storage function. Higher temperatures may also cause 
reduction or loss of isolated wetlands. 

Green Infrastructure
The ecological functions provided by the watershed’s natural resources can be referred to 
collectively as green infrastructure. Green infrastructure is typically defined as human-built, 
site-specific structures used in the landscape that mimic nature and protect adjacent structures, 
including buildings, roads, and parking lots. These elements include rain gardens, bioswales, 
pervious pavement, green roofs and other elements. 

Green infrastructure is not confined to human-built structures. At the watershed scale, green 
infrastructure is a network of natural resources, particularly forests, wetlands, and floodplains, that 
perform valuable services which benefit people, wildlife and the natural and built environment. 

These networks of natural resources support clean drinking water and help water suppliers avoid 
the need for billions of dollars of water purification facilities and operations. For every 10% 
increase in forest cover in a source water area, water purification costs decrease by 20%.3

Watershed-scale green infrastructure also prevents the need for additional flood control 
infrastructure and decreases damage from flooding.  It also increases groundwater recharge and 
reduces the volume and velocity of stormwater flow.
2  http://deerfieldriver.org/VP/background.html
3  Ernst, 2004
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According to the Green Infrastructure Primer for Delaware, “protecting 
and managing existing green infrastructure is the first and most 
important step to ensuring that natural habitat can provide a wide 
range of benefits. The basic concept behind green infrastructure at 
the watershed scale is to link large ecologically significant natural 
areas with natural corridors that protect water quality, provide habitat 
for resident and migratory species, and increase the resilience of the 
landscape to storms and flooding. Green infrastructure at the land-
scape scale can also buffer homes, businesses, buildings, and roads 
from the impacts of extreme weather and long-term climate change.”2

“The interconnected nature of green infrastructure at the landscape level allows these natural 
ecosystems to function at a higher level. When areas of natural habitat are fragmented, in small 
or isolated pieces, they may still provide some benefits as green infrastructure, but retaining 
connectivity can help to offset the functional losses caused by fragmentation.”3

The extent, condition and value of green infrastructure in the Deerfield River watershed was 
evaluated primarily with the use of MassGIS data and U.S. Forest Service’s iTree.4 BioMap2, a 
program of Massachusetts Natural Heritage and Endangered Species Program and The Nature 
Conservancy’s Massachusetts Program, is a conservation plan to protect the state’s biodiversity. It 
is designed to guide strategic conservation in the State by focusing land protection and stewardship 
on the areas that are most critical for ensuring the long-term persistence of rare and other native 
species and their habitats, exemplary natural communities, and a diversity of ecosystems.5 

2  http://www.dnrec.delaware.gov/GI/Documents/Green%20Infrastructure/Green_Infra_Primer2016_FINAL%20web%20version.pdf
3  Ibid. 
4  https://landscape.itreetools.org/
5  http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-serv/office-of-geographic-information-massgis/datalayers/
biomap2.html 
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BioMap2
The data layers that comprise BioMap2 measure such landscape-scale properties as intact forest core 
and large natural landsacpe blocks that support intact ecological processes. As illustrated in Maps 
A19 and A20, in the Deerfield River watershed there are three significant areas of intact BioMap2 
Forest Core located in the central and western part of the watershed. Forest Core identifies the best 
examples of large, intact forests that are least impacted by roads and development. These areas of 
Forest Core in the watershed total about 19,244 acres, and provide important green infrastructure 
services for the watershed such as water filtration and flood storage.  

Within these forest cores, there are 17 headwaters of tributaries that feed the Deerfield River. 
Protection of Forest Core areas and the headwaters they contain is a high priority. Currently, of 
these 19,244  acres of Forest Core, about 60% is permanently protected. 

Map A19: BioMap2 CH Forest Core and CNL Landscape Blocks
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Map A20: CNL Aquatic Core and Upland Buffer

BioMap2 Landscape Blocks are large areas of intact, predominately natural vegetation, consisting of 
contiguous forests, wetlands, rivers, lakes, and ponds. Pastures and power-line rights-of-way, which 
are less intensively altered than most developed areas, are also included since they provide habitat 
and connectivity for many species. These Landscape Blocks also provide green infrastructure 
services, such as buffering land around rivers and streams and enuring the long term integrity of 
the lands and water they buffer. There are about 104,667 acres of Landscape Block land, located 
primarily in the northern and western areas of the watershed, although there are some areas in 
the southernmost part of the watershed.  Of these 104,667 acres, nearly 40% are permanently 
protected.

The primary disturbances to the Forest Core in the watershed are roads, which travel through 
sections of Forest Core. Disturbances to the Landscape Blocks, in addition to roads, include dams, 
a junk yard and Yankee Rowe. 

BioMap2 Aquatic Core identifies intact river corridors within which important physical and 
ecological processes occur. These areas are determined by buffering each river segment by 30 
meters. All wetlands contained in whole or partially within these buffers are included as part of 
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the Aquatic Core. There are approximately 7,200 acres of BioMap2 Aquatic Core in the watershed. 
Aquatic Upland Buffers are made up of protective areas around the Core Aquatic areas, including 
unfragmented habitats. These buffers help support the functionality of wetlands, streams and 
rivers, and the species that depend upon them.

There are approximately 7,200 acres of BioMap2 Aquatic Core in the watershed, 21% of which 
is permanently protected.  Of the approximately 11,610 acres of Aquatic Upland Buffer, 28% is 
permanently protected.

iTree Landscape
While BioMap2 shows where and how much ecologically critical landscape exists in the watershed, 
iTree Landscape quantifies the value of forests.  In terms of green infrastruce services, the forests in 
the watershed prevent about 171 million gallons of water from running off into streams and rivers 
per year, saving municipalities and residents over $1.5 million annually in stormwater mitigation 
and infrastructure costs. Forests in the watershed also intercept rainfall in the amount of over 20 
million gallons per year. See Tables A13 through A15.  Note: The iTree Landscape data includes the 
subwatershed portions located in Vermont, due to the lack of functionality of iTree to calculate only 
the Massachusetts area of the watershed.

Table A13: iTree Landscape: Rainfall Interception Table A14: iTree Landscape: Runoff Dollars
Subwatershed Rainfall 

Interception 
MG/year

East Branch North River 2,171
Deerfield River - Cold River 
to North River

2,115

Green River - Thorne Brook 
to mouth

2,064

Deerfield mainstem - North 
River to mouth

2,007

Deerfield mainstem - Sher-
man Dam to Cold River

1,973

North River mainstem 1,762
Cold River 1,247
Chickley River 1,266
South River 1,172
Clesson Brook 950

TOTAL 16,727

Subwatershed Avoided 
Runoff $/
year

Deerfield River - Cold River 
to North River

$173,954

Green River - Thorne Brook 
to mouth

$168,952

Deerfield mainstem - North 
River to mouth

$164,992

Deerfield mainstem - Sher-
man Dam to Cold River

$149,074

East Branch North River $147,804
North River mainstem $141,705
Chickley River $96,990
South River $96,343
Clesson Brook $78,120
Cold River $71,607

TOTAL
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iTree also quanitifies the value of forests provide in terms of carbon storage. This is important 
to watershed resilience because increased carbon storage can help lessen the severity of climate 
change, protecting habitat and water quality. 

All tolled, forests in the Deerfield River 
watershed store carbon equal to approximately 
$824 million dollars annually. The subwaterhsed 
with the highest value carbon storage is the East 
Branch North River, which stores the equivalent 
of about $116 million a year in carbon.

Protecting forests for carbon storage is critically 
important for climate resilience. Providing 
incentives for forest owners - through carbon 
trusts or other mechanisms - to protect their land 
for carbon storage is one strategy that can be 
used in the Deerfield River watershed. 

Subwatershed Annual car-
bon storage 
value in dol-
lars

East Branch North River $116,351,765
Deerfield River - Cold River to North 
River

$99,328,319

Deerfield River - Sherman Dam to Cold 
River

$98,135,750

Green River - Thorne Brook to mouth $97,240,620
Deerfield mainstem - North River to 
mouth

$94,197,927

North River mainstem $84,193,744
Cold River $72,136,992
Chickley River $63,352,069
South River $55,082,838
Clesson Brook $44,604,468

TOTAL $824,624,492

Table 15: iTree Landscape: Carbon Storage
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Resilient and Connected Landscapes

Climate change is bringing more frequent and intense storm events, drought, and rising 
temperatures, all of which impact not only humans but the plants, animals and land upon which 
all species depend.  The Nature Conservancy (TNC) recently completed a large, landscape-scale 
project to map climate-resilient sites, confirmed biodiversity locations and species movement 
areas (both zones and corridors) across Eastern North America.2 The purpose of this project was 
to provide a conservation blueprint for ensuring that the land continues to support a diversity of 
wildlife and plants, and that the land continues to provide the raw materials for manufacturing and 
other types of economic development, food, and clean water that humans rely upon.  The data for 
this project can be viewed with an interactive mapping program or downloaded.3

As the following map shows, the Deerfield River Watershed contains an abundance of these 
resilient and connected landscapes.  Much of these two areas also contain confirmed species 
diversity, which means that these are known areas of rare species or unique natural communities. 

Some of these areas, especially in the western part of the watershed where there are large blocks 
of State Forest land, are also already permanently protected conservation lands.  The mapping 
identifies areas that, if appropriately managed or conserved, these lands would sustain the diversity 
under a changing climate.  The project also provides information that can be used to identify land 
that provides benefits to people, such as carbon storage and clean water supplies.  For example, 
because much of the resilient land in the Deerfield River Watershed is intact forest, the amount of 
carbon storage provided is greater than 150 tons/hectare.4 

Much of the resilient land in the watershed is mapped as having a high importance to surface 
drinking water supplies.  This TNC mapping project also identified the intersection of shared 
priorities for protecting resilient lands between the TNC and the US Fish and Wildlife Service.  
In the Connecticut River Watershed, there are 1.5 million acres of unsecured lands that both the 
TNC and USFWS identify as being important for conservation.  In Massachusetts, a significant 
amount of this land is in the Deerfield River Watershed.  Some of this land is already permanently 
protected by conservation ownership (state forests, wildlife management areas, etc.) or conservation 
easements but there are still areas of unprotected prioritized resilient and connected lands, which 
TNC has also mapped.

2  http://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/edc/reportsdata/terrestrial/resilience/
Pages/Maps.aspx
3  http://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/edc/reportsdata/terrestrial/resilience/
Pages/Strategies.aspx
4  National Biomass and Carbon Dataset for th year 2000 (Kellnsdorfer 2012)



78

Map	A21:	Resilient	and	Connected	Lands	(The	Nature	Conservancy)

Source: The Nature Conservancy

Resilient Area: places buffered from climate 
change because they contain many 
connected micro-climates that create 
climate options for species.

Flow: the movement of species populations 
over time in response to climate. Flow tends 
to concentrate in the zones and corridors 
described below.

Climate Flow Zone: broad areas of high flow 
that is less concentrated than in the corridors. 
Typically intact forested regions.  

Climate Corridor: narrow zone of highly 
concentrated flow, often riparian corridors or 
ridgelines.

Confirmed Diversity: known locations of rare 
species or unique communities based on 
ground inventory. Unconfirmed areas may 
contain the same species. 
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Map	A22:	Increasing	Carbon	Storage	(The	Nature	Conservancy)

source: The Nature Conservancy
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Map	A23:	Shared	Priorities	with	Partners	(The	Nature	Conservancy)

source: The Nature Conservancy
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Map	A24:	Expanding	Land	Protection	(The	Nature	Conservancy)

source: The Nature Conservancy
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Data Gaps

As described in other sections of this watershed based plan, review of existing data and background 
information for the Deerfield River watershed has identified some gaps in information that 
could be the focus of future data collection efforts. Additional data collection is recommended 
as part of the plan implementation process to further characterize the watershed’s water quality, 
ecological health, geomorphic function, and climate change resilience. The additional data will 
help to identify specific sources and causes of water quality problems in the watershed, as well as to 
develop additional management measures to maintain the health and improve the resiliency of the 
watershed. The major data gaps and associated future data collection efforts are summarized below.

Green Infrastructure Assessments
• Use recently available down-scaled climate change data (UMass) to update the Green 

Infrastructure assessment and identify ecosystem services & vulnerabilities.  Develop 
additional recommendations, as appropriate, that will enhance habitat, water quantity & 
quality, and flood resiliency in the Deerfield River Watershed.

Fluvial Geomorphic Assessments
• Conduct fluvial geomorphic and habitat assessments for the remaining HUC 12 

subwatersheds.  Use the methodology developed under FRCOG’s previous 604-funded 
assessments for the South and North Rivers.

Dams Assessment
• Conduct a comprehensive assessment of the dams in the watershed.  Use the MassDFG 

Division of Ecological Restoration’s (DER) new dam database (2017) to identify landscape 
scale (HUC 12) dam removal priorities and leverage other planned projects, and develop 
recommendations to improve flood resiliency and ecological functions.

Wetlands Assessment
• Conduct an assessment of wetland resources for the Deerfield River Watershed.  Identify and 

map wetlands, level of protection and options for protection, if needed.  Prioritize wetlands 
using metrics of flood resiliency, watershed health (water quality), and climate change 
resiliency.

Cold Water Fisheries and Upland Watershed Tributary Areas
• Expand upon the upland watershed assessments completed as part of this project.  Complete 

additional desktop analysis and field inventories for the remaining HUC 12 watersheds.  
Identify priority projects using the metrics of flood resiliency, watershed health (water quality), 
and climate change resiliency.
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Green Stormwater Infrastructure Assessment
• Conduct a comprehensive Green Stormwater Infrastructure Assessment in the HUC 12 

subwatersheds to identify green infrastructure retrofit opportunities that improve or protect 
water quality and increase flood resiliency.  The Scope of Work could include: 1) identify and 
field check feasible areas for green infrastructure retrofits; and 2) develop conceptual designs 
and cost estimates for high priority retrofit sites.

Water Quality Monitoring and Assessment
• Inventory and assess unnamed and other headwater streams not currently in MassDEP’s 

database.  Designate additional Coldwater Fish Resources based on water quality data.
• Continue monitoring the acid mine drainage from Davis Brook mine; monitor and assess 

effectiveness of natural bioremediation processes.
• Perform strategic monitoring (temperature, e.coli) of some HUC 12 subwatersheds/sites to 

bracket sources and monitor water quality. Involve trained volunteers.
• Assess the current water quality of the 15 lakes and ponds in the Deerfield River watershed 

that are identified as Category 3 waters in the Massachusetts Integrated List of Waters. 
Category 3 waters are waterbodies for which the available water quality information is 
insufficient for MassDEP to assess designated uses. Prioritize those lakes and ponds that 
provide public water supply or have active recreational uses and potential for water quality 
impacts based on existing land use data and any other available information. Conduct in-lake 
ambient water quality monitoring and aquatic vegetation surveys of the priority lakes and 
ponds. Involve trained volunteers.

• Continue existing volunteer monitoring programs, including the ones organized by the 
Deerfield River Watershed Association and the Connecticut River Conservancy.

River Corridor Mapping and Assessment
• Map HUC 12 river corridors using protocol developed above.  Identify priority restoration and 

conservation/protection projects in the mapped river corridors.
• Conduct fluvial geomorphic assessments of the remaining stream segments in the watershed 

using the 604b-funded protocol developed by FRCOG.

Riparian Buffers
• Conduct an assessment of riparian buffers at the HUC 12 scale.  Identify priority riparian 

buffer restoration projects using the metrics of flood resiliency, watershed health (water 
quality), and climate change resiliency.

Biological Monitoring and Assessment
• Conduct baseline habitat assessments as part of the fluvial geomorphic assessments 

recommended for the remaining HUC 12 subwatersheds.  Use the methodology developed 
and piloted in the South River and East Branch North River subwatersheds (604b-funded 



84

projects).  In tandem, develop a rotating schedule for reassessing and updating the data sets 
for the HUC 12 subwatersheds.  Integrate with other data collection efforts (fish) undertaken 
by MassDFG.

Landfills
• Review the recommendations from the 2003 Fuss & O’Neill Landfill Assessment Project 

conducted for the Deerfield River Watershed and funded by MassDEP.  Determine whether 
additional field assessments/updates of conditions noted in the 2003 is warranted.  

Landslide Assessment
• Assess, prioritize for containment/stabilization the landslides identified in the Dethier, et.al 

report to reduce erosion and sedimentation from these active landslides.

Road Runoff and Sedimentation
• Conduct assessments of the conditions of dirt roads in the HUC 12 subwatersheds.

Underground and Aboveground Storage Tanks
• Inventory all registered and unregistered USTs and ASTs, reconcile inventory with tank 

registration records, and plot locations on watershed resource maps to identify vulnerabilities 
and priorities for removal or other remedial action.

Illegal Dumping and Junkyards
• Assist local Boards of Health with completing an inventory of illegal dumping areas and 

junkyards in each of the project study area towns. Evaluate options for cleaning up these sites.

Hazardous Materials and Hazardous Waste
• Compile a complete, up-to-date inventory of businesses that use and store hazardous materials 

and/or generate hazardous waste. This list should also include a description of any measures 
currently in place for preventing contamination of stormwater runoff and accidental spills and 
leaks.


