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1. INTRODUCTION
The Pleasant Lake watershed drains approximately 2,315 acres (3.6 square miles) of forested, low-density
residential land in the Towns of Deerfield and Northwood of south-central New Hampshire (Figure 1). The
eastern shore of this 493-acre lake forms the border between these two towns (GRANIT NHD Waterbody
shows 479-acre lake). From the outlet of Pleasant Lake on its north shore, water continues to flow north to
Northwood Lake and then west via the Little Suncook River to the Suncook River, a tributary of the
Merrimack River.
In the 2012 Section 303(d) List for New Hampshire, Pleasant Lake was listed as impaired for Aquatic Life
Use for insufficient levels of dissolved oxygen. Veasey Park Beach was also listed as impaired for Primary
Contact Recreation in 2012 for elevated levels of E. coli bacteria; however, this impairment has been
removed from the Draft 2014 Section 303(d) List for New Hampshire as the previous listing was based on
limited data from 1997 and 2000, and more recent data collection has not produced any exceedances of
State criteria for bacteria. The most recent trophic assessment by NHDES (1996) classified Pleasant Lake
as oligotrophic. The 2002 NHDES Diagnostic Study suggested that in 1999, the lake may have been
approaching the threshold between oligotrophic-mesotrophic due to low dissolved oxygen in the bottom
waters (hypolimnion). Additionally, the 2010 Senate Bill 426 was passed in the New Hampshire
Legislature, reclassifying Pleasant Lake as a Class A water. Class A waters are the highest quality
waterbodies, contain no sewage discharges (i.e., from wastewater treatment facilities), and are
considered potential drinking water sources following appropriate treatment (RSA 485-A:8 I).
The challenge, similar to many other New Hampshire lakes, is to reduce nutrient loading to Pleasant Lake
to prevent a future decline in water quality and trophic status. Unlike many other New Hampshire lakes,
the very low median total phosphorus concentration in the epilimnion (and relatively low internal
loading) does not explain the extent and duration of low dissolved oxygen observed in Pleasant Lake. The
2002 NHDES Diagnostic Study and NH Volunteer Lake Assessment Program (VLAP) reports show that the
existing low-oxygen impairment is likely caused by NPS pollution (i.e., phosphorus) in stormwater runoff
and aging or failing septic systems; however, we suggest that the low-oxygen impairment may be the
result of high sediment oxygen demand from large amounts of organic matter in the lake bottom. This
organic matter may be natural or from legacy human activities in the watershed (e.g., logging, land
clearing, farming, etc.). This phenomenon will be further investigated for the final plan. Despite a potential
legacy effect of organic matter loading regulating current low oxygen conditions, unmitigated sources of
pollution (i.e., phosphorus) will increase as development or other human activities in the watershed
increase (e.g., conversion of small, seasonal properties to large, year-round homes).
FB Environmental Associates (FBE) performed a build-out analysis for portions of Deerfield and
Northwood within the Pleasant Lake watershed. Results of the analysis provide estimates of the number
of potential lots and new building units that the towns may see developed at some point in the future.
“Full build-out” refers to the time and circumstances whereby, based on a set of restrictions (e.g.,
environmental constraints and current zoning), no more building construction may occur, or the point at
which lots have been subdivided to the minimum lot sizes allowed and there is no more “developable”
land. Performing a build-out analysis reveals what land is available for development, how much
1

PLEASANT LAKE | BUILD-OUT ANALYSIS

development can occur, and at what densities. Municipalities can use the analysis as a tool for planning
development patterns into the future. The build-out analysis is also a valuable tool to help model
potential impacts from future development on surface water and other natural resources, and can be
used to help set water quality goals for both impaired and high-quality waters.

FIGURE 1. The Pleasant Lake watershed, Deerfield and Northwood, New Hampshire.
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2. METHODS
2.1 COMMUNITY VIZ SOFTWARE
FBE conducted the build-out analysis using ESRI ArcMap version 10.0 geographic information system
(GIS) software and CommunityViz version 4.3. CommunityViz is a GIS-based decision-support tool
designed to help planners and resource managers visualize, analyze, and communicate about important
land-use decisions. FBE utilized the software’s ‘Build-out Wizard’ to calculate the development capacity of
the study area (numerically and spatially), as well as the ‘Time Scope Analysis’ tool to project and
visualize how future development might occur over time.
The build-out analysis was performed according to the following general steps:
 Collect data on existing conditions in the study area: existing buildings, zoning, and growth rates.
 Collect and/or create GIS data and development constraints layers.1
 Obtain input on developable and non-developable land from town officials and other project
stakeholders (e.g., citizens).
 Analyze build-out potential using CommunityViz’s Build-Out Wizard tool.
 Determine potential dates in the future at which full build-out is reached using CommunityViz’s
TimeScope Analysis tool.
2.2 EXISTING BUILDINGS
FBE acquired an ESRI coverage file, created in 2001, depicting building locations within the watershed.
FBE converted the coverage to a shapefile for use in our current GIS software. As buildings have
undoubtedly been constructed since 2001, FBE used 2014 aerial imagery (obtained from ESRI via its
ArcMap software) to cross-check the 2001 data and determine the number and locations of additional
buildings within the watershed. Ultimately, FBE created a shapefile with 238 points representing the
existing principal structures (secondary structures were not included). In areas where it was difficult to
discern the presence of a dwelling (typically due to shadows or the presence of trees), ESRI orthophotos
were cross-checked using 2015-16 Google Earth and Bing Maps.
2.3 ZONING
Crucial to a build-out analysis is the feasibility of modeling zoning requirements (TABLE 1). Certain zoning
requirements are too site-specific to be able to incorporate into the analysis. With that in mind, the
analysis makes use of the following caveats in determining build-out zoning restrictions:
 Future lots were made the smallest size allowable for the zoning district.
 Potential unit types (e.g., house, commercial building) were not specified.

Development constraints GIS layers for the Pleasant Lake watershed were obtained from New Hampshire’s Statewide
Geographic Information System Clearinghouse (GRANIT).
1
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TABLE 1. Base zoning standards within the Pleasant Lake watershed for Deerfield and Northwood, New
Hampshire. Standards may differ in portions of Deerfield and Northwood outside of the study area.
Town

Zone

Minimum
Lot Size

Building
Setback
(Side & Rear)

Road
Setback

Shoreland
Setback

Wetland
Setback

Deerfield

AgriculturalResidential

3 acres

37.5 ft.

40 ft.

75 ft.

100 ft.

Northwood

General District

2 acres

20 ft.

20 ft.

50 ft.

20 ft.

2.4 POPULATION GROWTH RATES
According to the US Census Bureau, both towns have experienced steady population growth since the
middle part of the last century (TABLE 2). The combined population of Deerfield and Northwood has
grown from 1,748 people in 1960 to 8,521 people in 2010 – a 387% increase. Three iterations of the
TimeScope analysis were run for the entire study area based on compound annual growth rates
representing 10-, 20-, and 30-year periods.
TABLE 2. US Census Bureau population estimates for Deerfield and Northwood, New Hampshire, 1960-2010.

1960

1970

1980

1990

2000

2010

30 yr. Avg.
Compound
Annual
Growth Rate
(1980-2010)

714

1,178

1,979

3,124

3,678

4,280

2.60%

1.59%

1.53%

Northwood

1,034

1,526

2,175

3,124

3,640

4,241

2.22%

1.50%

1.47%

Combined

1,748

2,704

4,154

6,248

7,318

8,521

2.42%

1.56%

1.53%

Town

Deerfield

20 yr. Avg.
Compound
Annual
Growth Rate
(1990-2010)

10 yr. Avg.
Compound
Annual
Growth Rate
(2000-2010)

2.5 DEVELOPMENT CONSTRAINTS
To determine where development may occur in the study area, build-out calculations deduct land
unavailable to development due to physical constraints, including environmental restrictions (e.g., steep
slopes and wetlands), zoning restrictions (e.g., shoreland zoning, street Right-of-Ways, and building
setbacks), and practical design considerations (e.g., lot layout inefficiencies). Existing buildings also
reduce the capacity for new development (FIGURE 2).
With the exception of existing buildings, FBE obtained all development constraints datasets from New
Hampshire’s Statewide Geographic Information System Clearinghouse (GRANIT). Note that steep slopes
(slopes >25%) are typically included in a build-out, however, examination of GIS data showed that no
steep slopes are present within the study area.

4
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GIS data used to model development constraints are as follows:






Conserved land
Waterbodies and watercourses appearing in the National Hydrography Dataset
Wetlands appearing on National Wetlands Inventory (NWI) maps
Hydric soils
Existing buildings

The development constraints considered above do not represent the full range of possible restrictions or
resources that may be found in the field. For example, rare and/or State-listed species may be present in a
given area, but are not considered because data regarding their specific location(s) are not available.
Small, unmapped wetlands may also be present in a given area.

FIGURE 2. Development constraints within the Pleasant Lake watershed.
The development constraints considered above do not represent the full
range of possible restrictions of resources that may be found in the field.
5
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2.6 BUILD-OUT ASSUMPTIONS
To determine how many building units can be built on the available buildable land, various density and
other design factors are considered based on the zoning requirements for a given town. However, buildout analyses require some simplifying assumptions. Below are three assumptions FBE used in the buildout analysis, based on Deerfield and Northwood’s zoning requirements.
 Building setbacks were estimated based on the average front and rear setbacks specified by each
town’s zoning ordinance (TABLE 1). Setbacks are measured from building center points in
CommunityViz. To account for this, building footprints need to be estimated to avoid building
overlap. FBE estimated the dimensions of the minimum building footprint to be 35 feet x 35 feet.
This number was added to the average front/rear setback for each zone to estimate the “Minimum
Separation Distance” used in CommunityViz.
 Minimum lot size requirements used were based on requirements for each zone (TABLE 1).
 Efficiency factors adjust density values to account for common density losses. Lot efficiency refers
to the amount of land on a parcel that is available for construction after addressing such
considerations as drainage facilities, parcel contiguity, ROWs, setbacks, road frontage,
conservation restrictions, and anything else that can reduce the amount of buildable land within a
given zone. They are entered as a percentage, where 100% means complete efficiency (no density
lost) and 0% means no buildings are estimated for a particular zone. FBE used an efficiency factor
of 75% for the build-out.

3. RESULTS
3.1 BUILDABLE AREA
The build-out analysis identified an estimated 863 acres (48%) of the entire 1,794-acre study area as
developable. The study area (1,794 acres) is the parcel area of the watershed clipped to the total
watershed area (2,315 acres) and does not include Pleasant Lake or roads. This amounts to 46% of
Deerfield and 56% of Northwood within the study area (TABLE 3, FIGURE 4).
TABLE 3. Amount of buildable land within the Pleasant Lake watershed, Deerfield and Northwood, New
Hampshire.
Town
Deerfield

Total Area
Total Buildable Area Percent Buildable Area
(acres)

Zone
Agricultural-Residential District

Northwood General District
Total

1,405

647 acres

46%

389

216 acres

56%

1,794

863 acres

48%
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3.2 PROJECTED BUILDINGS
The number of building units within the study area is projected to increase by 238 units or 70% (i.e., from
338 units in 2016 to 576 units at full build-out; TABLE 4, FIGURE 4). Note that the analysis assumes that
development will occur on parcels closest to existing roads first.
TABLE 4. Projected buildings within the Pleasant Lake watershed, Deerfield and Northwood, New
Hampshire.
Town
Deerfield

Zone

No. Existing
Buildings

No. Projected
Buildings

No. Buildings at Full
Build-Out

Agricultural-Residential District

211

164

375

127

74

201

338

238

576

Northwood General District
Total

3.3 TIMESCOPE ANALYSIS
Three iterations of the TimeScope analysis were run using compound annual growth rates for 10-, 20- and
30-year periods. These periods represent 2000-2010 (1.53%), 1990-2010 (1.56%), and 1980-2010 (2.42%),
respectively (TABLE 2). At the 10- and 20-year growth rates, full build-out is projected to occur by 2052; at
the 30-year growth rate, full build-out is projected to occur by 2039 (FIGURE 3).

FIGURE 3. Full build-out projections of the Pleasant Lake watershed using 10-, 20-, and 30year compound annual growth rates (refer to TABLE 2).
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FIGURE 4. Buildable area (in addition to existing developed land), existing buildings, and projected
buildings within the Pleasant Lake watershed.
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4. SUMMARY AND RECOMMENDATIONS
The build-out analysis for the Pleasant Lake watershed determined the potential for new residential
development, including the number of new buildings (Table 4, Figure 4) and the amount of land area that
could be developed in the watershed based on current zoning standards (Table 3, Figure 4). The build-out
also presented information about where development is expected to occur (Figure 4). The analysis
presented here provided a full build-out scenario based on current zoning standards and should be
viewed as an estimate only for planning purposes that can help guide future development activities in the
watershed, as well as target specific areas for conservation.
For the Pleasant Lake watershed, the analysis estimated that 238 new buildings could be added by the
years 2039 or 2052 (depending on growth rate), affecting the 863 acres of buildable land remaining in the
watershed (Figure 4). Future development will increase the amount of runoff that drains to Pleasant Lake
and its tributaries, and therefore, will result in greater amounts of phosphorus and other
nutrients/pollutants entering the lake. Significant increases in phosphorus entering waterbodies can
result in dire consequences for sensitive lake systems that by nature are phosphorus-limited. Any new
increases of phosphorus in a lake can “tip the scales” to favor increased algal growth, and thus decrease
water clarity. The increased phosphorus may also increase the presence of other aquatic plant growth in
the shore zone, including undesirable invasive plants.
Development standards that result in no net increase of stormwater should be considered for all new
development, including low impact development (LID), which utilizes smart site design principles to
capture and treat polluted runoff from rooftops, driveways, and other impervious surfaces before
reaching nearby streams and lakes. Similarly, phosphorus control standards that require the installation
of best management practices (BMPs), including LID, could be adopted to limit the amount of
phosphorus allowed to be exported from an individual property. Other tools, such as conservation or
cluster subdivisions, should also be encouraged to protect open space, wildlife habitat, and water quality.
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