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Abstract:

This project’s mission is to model the costs and benefits of implementing different smart 
growth practices.  By modeling a conventional suburban subdivision and a smart growth 
design alternative it is possible to explode the infrastructural and ecological components of 
each scenario to test their performance.  This methodology has the potential to introduce 
new metrics and decision making criteria into the planning process, leading to more 
environmentally, socially, and economically sustainable development patterns. 
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Cultivating New Growth

Executive Summary
 

  This project was developed 
in support of the Vermillion 
River Corridor Plan, a visioning 
document developed by Dakota 
County to protect the Vermillion 
River and its watershed.  The 
Vermillion is a coldwater prairie 
river that meanders across Dakota 
County, Minnesota before flowing 
into the Mississippi River.  The 
mission of the plan is to improve 
water quality and riparian habitat 
within the corridor while expanding 
access to the river for recreational 
opportunities.  The plan also acts 
as a framework to guide new urban 
growth, implement conservation 
and water quality protection 
practices, and also provides a 
template for governance and 
ongoing monitoring of the river.   
The Vermillion River is one of 
the last trout streams in the Twin 
Cities metropolitan area.  Urban 
growth in the northern reaches of 

the watershed has resulted in increased runoff, turbidity, and thermal pollution, pushing the river 
to the threshold of unsuitability for trout spawning.  Dakota County expects 68% of new growth 
by 2030 to take place in urbanizing edge communities adjacent to the Vermillion.  To protect 
the health of the river, it is essential that new development minimize environmental impacts, 
conserve open space, improve its energy efficiency, and incorporate a greater range of housing 
options.  
 The project site is located in Farmington, MN along the north creek of the Vermillion River.  
Farmington has tripled in population over the last decade.  The old downtown has a high water 
table that limits direct expansion enabling a sprawling pattern of development.  The site follows 
the extent of the proposed Fairhill Community, a suburban development emphasizing single 
family dwellings.  Fairhill was scheduled to begin construction in 2008, but stalled due to the 
economic downturn.  This report employs a comparative approach to examine the performance of 
the Fairhill neighborhood against Farmington Meadows, a smart growth alternative.  Farmington 
Meadows emphasizes higher densities, mixed uses, land conservation, public transportation, and 
walkability.  The project uses Index PlanBuilder, a Geographic Information Systems (GIS) based 
planning support system that models sustainability indicators for each scenario.  The results 
reflect the costs and benefits of different development practices and provoke new questions 
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Cultivating New Growth

about how scenario modeling can help communities shape urban growth.
 The site plan of Farmington Meadows is a fusion of low impact development and transit 
oriented development principles, with an exploration of how urban and agricultural landscapes 
interact.  The primary design goals are to reduce the development’s footprint, improve infrastructure 
efficiency, achieve higher densities, and create jobs on-site.  This urban form creates opportunities 
for hybrid landscape typologies that integrate urbanism, stormwater management, agriculture, 
and open space conservation.
 The foundation of the design is a site analysis that considers the environmental and social 
context.  The initial analysis provides criteria for delineating conservation and development areas 
and is critical to the comparative analysis that followed.  To make the analysis relevant, each 
scenario had to have comparable numbers of dwelling units and similar program.  
 Farmington Meadows has a town green activated by mixed use buildings, low rise 
apartments, senior housing, and a park and ride facility.  Each block and street is designed to 
capture the stormwater runoff generated by small rain events.  Bioswales and pervious paving 
in the streets capture the water and direct it to infiltration basins within small parks at the center 
of each block.  These parks also act as community gardens, recycling centers, and playgrounds.  
The savannah restoration park and constructed treatment wetlands create connections between 
the site and the adjacent greenway. The northern portion of the site consists of small scale 
agricultural hamlets, an agri-tourism business cluster, and a post-harvest processing facility 
and warehouse. The agricultural hamlets are well suited for farmers interested in producing 
labor intensive crops with high cash returns per acre. The processing facility provides a way for 
locally grown products to be processed and stored to increase their market value.  This adaptive 
agricultural transition zone provides a permanent edge to the urban landscape and creates new 
opportunities on-site for economic development and placemaking.
 The comparative analysis is based on the digitization of the two scenarios within a 
geodatabase and the assignment of specific values to each parcel for attributes such as dwelling 
type and density, percent imperviousness, land cover, and estimated demographics. This data 
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is applied as a “paint” in 
Index PlanBuilder to parcels 
and street right of ways so 
that the model reflects the 
design details of different 
housing products and street 
sections.  When paired with 
environmental data, this 
information makes it possible 
to compare the construction 
costs of  infrastructure 
systems, home energy 
consumption and carbon 
emissions, as well as a way 
to estimate fiscal impacts on 
the city and school district.
 The comparative analysis 
showed that higher density 
development patterns can 
result in significant savings 
in street infrastructure.  The 
increased costs associated 
with stormwater (BMP) in 
the street right of way offset 
this cost reduction, but there 
remain significant per-unit 

savings associated with the lateral infrastructure connections between homes and street.  More 
multifamily dwellings and shorter setbacks significantly reduces these lateral costs while improving 
energy efficiency.  Likewise, the costs associated with building alleys are offset by the costs of 
building large driveways for each home.  The analysis found that Farmington Meadows offers 
greater opportunities for affordable housing, twice as many employment opportunities, and is a 
more walkable community with more of the population able to easily walk to retail destinations 
and regional open space networks.  In addition, the land conservation and integrated stormwater 
management system significantly reduces pollutant loading into the Vermillion River.
 However, the smart growth alternative is not without its costs.  The fiscal impact analysis 
found that the Fairhill scenario generated greater amounts of revenue for the city and had much 
lower maintenance demands overall, likely due to higher property values and the privatization of 
parking.  Fairhill’s conventional stormwater management system also costs about half the price 
to construct and has an annual maintenance cost that is only one fifth the cost of Farmington 
Meadow’s integrated system.  
 Scenario modeling has the capacity to demonstrate the potential consequences of urban 
growth to communities, developers, and the general public in a more holistic way.  By identifying 
critical choices and obstacles to implementation, this type of modeling process has the capacity 
to help policy makers, designers and city planners define and pursue progressive urban design 
objectives that better respond to the needs of people and place.
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I. Introduction

 The sprawling  pattern of low 
density land development in the 
United States has consumed rural and 
agricultural land at a rate far exceeding 
the rate of population growth (Figure 
4).  The recent economic downturn 
and foreclosure crisis has stalled 
this expansion, but this pattern of 
development has the potential to 
create systematic problems in the way 
communities plan future land use, 
build infrastructure, and manage their 
finances if allowed to persist.  Impacts 

such as ecosystem fragmentation, car dependency, and carbon emissions that currently are 
seen as externalities will increasingly become integral to planning processes as state and federal 
policies mandate higher levels of performance.  The fundamental purpose of this report is to 
examine how well different land use configurations address these concerns.

Cultivating New Growth is a design vignette developed in support of the Vermillion River 
Corridor Plan, developed by the Dakota County Planning Department.  The overall purpose of the 
Vermillion River Corridor Plan is to provide a strategic, long range vision and framework to protect 
the Vermillion’s water and habitat, while guiding future growth and recreational opportunities in 
a way that will protect the river against land use impacts, hydrologic shifts, and climate changes.  
The Vermillion is one of the last trout streams within the Twin Cities metropolitan area (Figure 
5).  The rapid expansion of suburban growth in nearby communities such as Apple Valley, 
Rosemount, Lakeville, and Farmington over the last decade has led to habitat fragmentation and 
increased levels of runoff into the Vermillion River (Figure 6 - overleaf). The urban runoff carries 
thermal pollution and sediments, leading to increased turbidity and bank scour in the river.  To 

holistically address this problem 
as well as others, the plan 
establishes guiding principles 
based on four broad goals for 
the corridor.  Those goals are 
to improve water quality, restore 
habitat, provide recreational 
opportunities, and to shape new 
growth.  Within these larger 
goals, the plan develops more 
explicit objectives for different 
landscapes within the corridor.  
These landscapes are divided 
into three rough classifications:  
rural, urban, and developing.  
For each category, the plan 

Figure 4:  Regional rates of land consumption (black) and 
population growth (grey). (Fulton, 2001)

Figure 5:  The trout stream portion of the Vermilllion River 
(highlighted) Farmington (green), Dakota County (grey)
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establishes recommended design and management practices, governance and monitoring 
strategies, as well as sources for educational and financial support.  
 Cultivating New Growth is primarily concerned with the developing areas of the Vermillion 
River Watershed, but its approach could apply equally well to redevelopment in urbanized areas.  
This report explores a new approach to modeling and evaluating development proposals based 
on the comparative performance of each scenario’s expected demographics, housing products, 
and infrastructure systems.  By modeling individual elements consistently across scenarios, it is 
possible to deconstruct a development proposal into its component pieces.  It is then possible to 
compare how effectively each component performs as well as how well they collectively address 
stated design and planning objectives.  In addition to conventional physical planning concerns 
such as jobs, density, parking, and thoroughfare standards, Cultivating New Growth integrates 
the guiding principles of the Vermillion River Corridor Plan in its design and methodology.  It 
pays careful scrutiny to land conservation, stormwater management, habitat connectivity, and 
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access to the river.
 This report is a composite of design and planning elements intended to explore suburban 
development patterns relative to “smart growth” development patterns.  This project compares an 
unbuilt subdivision site plan with an alternative scheme that explores progressive site planning 
practices and higher densities on the same site.  The design of this alternative site plan was the 
principal design activity, and involved extensive precedent research, site inventory and analysis, 
and multiple design iterations before reaching the final scheme.  The planning component of 
the project was centered on modeling the performance and costs of each scheme in a manner 
that allowed an objective comparison.   Critical to this process was the identification of planning 
goals and objectives that represented the interests of both the city and the county and could be 
measured for comparison.  
 The project is described sequentially in the manner that it occurred.  The content of each 
chapter provides critical information and contextual background for subsequent chapters.  Chapter 
III covers the history and spatial context of the site and investigates stated city and county goals.  
This chapter also includes the site inventory and analysis, plus a more in depth description of the 
conventional site plan.  Chapter IV is concerned with precedent studies, and describes several 
cases that helped guide the selection of objectives for the project and influenced design decision 
making.  Chapter V describes the final set of design objectives and performance benchmarks 
used to compare the two scenarios.   The reasoning behind the inclusion of some benchmarks 
and the exclusion of others is also explored relative to the project objectives.  Chapter VI is an 
illustrated exploration of the site plan for Farmington Meadows, the “smart growth” alternative.  
This chapter delves into the design decision making process, explores the neighborhood spaces 
and illustrates different housing products.  Chapter VII describes the methodology used to model 
the two scenarios using Index PlanBuilder, a GIS based scenario modeling tool.  This chapter 
also examines the external modeling tools used to calculate stormwater runoff and greenhouse 
gas emissions.  This chapter considers the different assumptions that underlie the modeling 
process and identifies potential problems and opportunities relative to this kind of scenario 
modeling.  Chapter VIII describes the findings of the comparative analysis and explores the 
relationships between the design and performance.  This chapter examines if different “smart 
growth” practices can be implemented cost-effectively and how well they perform relative to their 
conventional counterparts followed by a brief conclusion.    Chapter IX contains the pattern book. 
There are separate chapters for acknowledgements, and for the bibliography and data sources.  
Separate from this document is the technical appendix containing the input data for the analysis 
as well as output performance reports and data summaries.  This document is available upon 
request.
 This report contains both site specific design elements and a new methodology for analyzing 
the performance of different urban forms.  Each of these approaches relies extensively on existing 
precedents, research methodologies, and software programs.  This report does not claim to be a 
comprehensive examination of all aspects of each site plan, nor does it provide a foolproof way of 
assessing development proposals.  This report is intended to explore what can be accomplished 
through the practice of adaptive design and to gain a deeper understanding of the challenges 
that planners face in implementing smart growth practices.  The modeling process followed 
in this report is rudimentary, but ideally will inspire more sophisticated attempts in the future.  
Hopefully, this report will serve as an example of how planners and designers can incorporate 
stakeholder concerns and performance metrics into new site plans so that communities can gain 
a more holistic view of the consequences that accompany their development decisions.

6
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III. Urban Context and Site Background

A. The Vermillion River and Watershed

Geographic Context

 The Vermillion River is located in central 
Dakota County, Minnesota. Its headwaters 
begin in Elko New Market and New Market 
Township in Scott County and flows east 
northeast through the county (Figure 7). 
Although the Vermillion is considered a ‘prairie’ 
river due to its shallow profile and overall slow 
flow rate, the river drops 90 feet over its entire 
length including a 30-foot falls in Hastings. 
Downstream of the falls, the river splits into 
two courses– a relatively short, constructed 
channel that flows north to the Mississippi 
River, and the other flowing south through an 
expansive, high quality floodplain eventually 
joining the Mississippi River north of Red Wing, 
Minnesota. The watershed, the largest in the 
seven county Twin Cities metropolitan region, 
is highly dissected with many first and second 
order tributaries. These many streams flow 
through a mostly agricultural landscape but also through an expanding mix of newer suburban 
and older urban development areas. The river is unusual in that the western portion is fed by 
groundwater, while the eastern portion loses water to the underlying aquifers. These springs 
and cold water sources have allowed the river to remain as one of the very few designated trout 
streams in the metropolitan region. Portions of the river support a self-sustaining population of 
brown trout, as well as a stocked population of rainbow trout. By some accounts, the river is 
considered to be the best trophy trout fishery in a metropolitan area in the entire country. 
 The Vermillion River Watershed faces a number of challenges including suburban 
growth, intense agricultural use, rapid sedimentation, water quality impairment, high levels of 
nitrates in the groundwater, and the diverse demands of residents, conservationists, developers, 
and policymakers.  Various branches and stretches of the river are designated as impaired for 
different reasons. The largest immediate threat to the river is thermal pollution, particularly in 
the upper reaches of the watershed where urban development is most prevalent. These areas 
also suffer from high turbidity due to sediment deposition and bank scour. Further down the 
watershed there are unhealthy amounts of fecal coliform bacteria and high levels of nitrates likely 
due to sediment loading and agricultural inputs. Downstream from the falls, the lower portions 
of the river have high turbidity, mercury, and PCBs likely due to intermingling of flow with the 
Mississippi. The river is on the cusp of being unsuitable for trout habitat, due to high seasonal 
temperatures within a few degrees of the tolerable threshold for brown and brook trout.
Historically, much of the river’s summer flow is generated by water from wastewater treatment 
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facilities in various branches of the river. However, the Empire Wastewater Treatment Facility 
began directing its outfall flow directly to the Mississippi River in 2008. In the summer of 2009, 
the river experienced very low levels due to a combination of drought and lack of treatment flow 
(VRWJPO, 2008). 

Historic Context

 The lands of Dakota County were home to the Dakota people for more than a thousand 
years prior to the arrival of European settlers. The Dakota maintained control of the area until 1851, 
when they signed a treaty ceding the lands west of the Mississippi and south of the Minnesota 
River to the U.S. Army. The lands of Dakota County settled rapidly thereafter due to the fertile soil 
and proximity to river corridors. Since European settlement, the Vermillion Watershed has been 
used intensively for agriculture due to its flat, outwash plain topography and excellent soils. By 
the 20th century, approximately 80% of the land had been converted to agricultural use. Farmers 
cleared native vegetation, drained many wetlands and altered the channels of waterways. Local 
agricultural service centers such as Farmington, Hastings, Lakeville, and Rosemount grew in a 
matrix of agricultural and rural industrial uses.
 After World War II, highway expansion and lending practices led to new suburban 
growth. Single family housing, later followed by infill development and industrial uses, became 
the dominant development pattern in the western portions of the watershed. The suburban 
development patterns in the area have resulted in increased water consumption, urban runoff, 
stream impairment, and groundwater contamination. The watershed still remains predominantly 
agricultural, but increased residential development is inevitable.  The site of the project is located 
in Farmington in the upper portion of the Vermillion River watershed.  Farmington is a community 
that has seen extensive suburban development in the past ten years and also is located within 
the trout stream portion of the Vermillion River.  Because it is both a quickly developing suburb 
and a critical ecological nexus it was an ideal location for the project.  The next section considers 
the spatial and ecological context, and ongoing planning (VRWJPO, 2008).  

Farmington: Urban and Spatial Context

 Farmington occupies the area 
around the intersection of the main 
channel and the North Creek of the 
Vermillion River. (Figure 5 - above)  The 
city straddles the portion of the Vermillion 
which remains as trout habitat.  The old 
downtown of Farmington is built within 
the outwash plain of the Vermillion River.  
As a result, Farmington has a high water 
table that constrains new development 
in close proximity to the urban core and 
due to flooding risk to basements (FCP, 
2008).  The city has traditionally been a 
rural agricultural center that grew slowly 
over the past century.  In community 

Like Most about City
2001 City of Farmington

Unsure  5

Location  15

Small Town Feel  41

People  7
Schools  2

Neighborhood  5

Quiet  9

Rural/Open Space  11

Safe  2
Scattered  2

Figure 8:  Farmington Character Survey (F.C.P., 2008)
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preference surveys conducted for the 2008 Comprehensive Plan update, residents liked 
Farmington’s small town character and expressed both interest and concern about the rate of 
new development (Figure 8).  Since the 1990s, Farmington has experienced significant suburban 
development pressure.  Due to the environmental constraints described earlier, most of the new 
suburban development has taken place on the high ground in the western portion of the city. 
This development, labeled “New Farmington” for the purposes of this report, has a different 
character than the old downtown.   
 Over the last decade, the city has tripled in size and most of this new growth has 
followed conventional suburban patterns.  Old Farmington has a gridded block structure with 
homes on narrower lots often served by alleys (Figure 9).  New Farmington has a “loops and 
lollypops” street network with individual developments that were developed independently in 
a disconnected fashion (Figure 10).  Typical house lots in New Farmington tend to have wider 
frontages and front-loaded garage access.  Some of the more recent developments have been 
located in the outwash plain along the North Creek of the Vermillion River, requiring intense 
cutting and filling and the creation of artificial ponds and elevated pads for new housing.  This 
method of home construction results in large stormwater ponds that discharge warm water and 
chemicals from runoff into the North Creek of the Vermillion.  As the river is already on the cusp 
of being unsuitable for trout, the capacity of the river to accommodate stormwater runoff from 
more intense development is limited.
Old Farmington Neighborhood Block

160’

60’

25’

Lot

New Farmington Neighborhood

Figures 9 + 10 :  Farmington district character with typical block and lots (Dakota County GIS, 2010)

Block

140’

75’

25’

Lot
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Farmington: Planning Context

 As one of Dakota County’s fastest growing cities, Farmington is expected to require 
almost 5,509 new dwelling units by 2030 to accommodate demand.  However, these projections 
come from Farmington’s 2008 Comprehensive Plan and thus do not account for the recent 
housing downturn.   Despite changing economic conditions, Farmington expects to see resurgent 
demand for new greenfield development in the near future and as such has developed a series of 
planning objectives for how this new growth should take place.  Figure 11 shows a list of general 
planning goals that the city has specified in the Land Use Portion of the 2008 Comprehensive 
Plan.  These goals helped drive the land use planning specified in the 2008 Comprehensive Plan 
and provide basic criteria for assessing how effectively new development is meeting the City’s 
interests (Farmington, 2008).

City of Farmington Planning Objectives

- Improve housing choices,  particularly for low-income 
residents and seniors

- Preserve   small  town character   through traditional 
neighborhood design

- Attract new commercial businesses along key business 
corridors 

- Improve open space connectivity with expanded trails and 
habitat restoration
 
- Increase residential densities and integrate public 
transportation hubs 

- Attract more commercial and Industrial activity within 
Farmington to improve Jobs/Housing Balance

- Avoid development in ecologically sensitive areas to 
protect local ecosystems

Figure 11:  Farmington Planning Objectives (F.C.P., 2008)
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 The city zoned the area along the Highway 3 corridor for new residential, commercial, 
and mixed use development.  The area identified as the “Project Site” is an approximately 1,200 
acre area of land for which a large mixed use development called Fairhill was proposed and 
approved in 2006-2007.   The development required an amendment of the City’s Zoning Map 
(Figure 12) and Comprehensive Plan along with the expansion of the Metropolitan Council’s 
MUSA boundary.  The development is expected to consist of between 2,327 and 3,400 new 
housing units depending on market demand and will develop 965 acres of the Project Site area.  

In addition, the proposal dedicates 80 acres of parkland to the city and specifies the creation 
of over 11 miles of trails (Farmington Comp Plan, 2008).  The most important part of this plan 
is the collaboration of the developer, Farmington, and Dakota County to construct a two lane 
bridge that creates an east-west connection across the North Creek floodplain to connect New 
Farmington to Highway 3 via 195th Street.  The 195th Street bridge was completed in 2009 
(Figure 13), but construction of the first phase of the Fairhill development has been delayed 
indefinitely due to the economic downturn that began in 2008.  
 The housing bubble and foreclosure crisis have significantly reduced demand for new single 
family housing on the urban periphery in the short term.  Assuming that there will be a resurgent 
demand for new housing at some point in the future, this change raises important questions 
about what form that new growth will take and how effectively this growth will be able to satisfy 
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the goals described by 
the City of Farmington.  
This report considers 
how a “Smart Growth” 
alternative to the Fairhill 
proposal might look and 
perform.  In order to begin 
the process of designing 
an alternative proposal 
that aims for a more 
sustainable outcome it 
is important to consider 
the immediate context 
around the Project Site 
and to perform an in 
depth site inventory and 
analysis.  

The Fairhill Proposal

 The Fairhill 
development was 

initiated in 2006 and was approved by the Farmington City Council in early 2007. The plan was 
produced by Newland Communities LLC a development corporation responsible for several 
other large master planned suburban communities in the Twin Cities Metropolitan Area.  The 
development is a new master planned community that aims to respect and preserve the small 
town character of Farmington while at the same time offering a range of housing products that 
will meet the needs of different homebuying demographics in a well designed park-like setting.  
The plan has extensive park spaces and trails as well as a small village center that will house 
local businesses and provide new office space and apartments.  The development proposal 
aims to “Pay its own way” and not burden the residents of Farmington with new costs or tax 
expenses.  The proposal aims to use authentic architecture modeled on the traditional timber 
and steel materials associated with the railroad and place them in pastoral open spaces to create 
a brand that will attract homebuyers and add value to neighboring areas.  Likewise, Newland 
Communities designed the appearance and massing of the 195th street bridge to match this 
theme.
 None of the publicity materials produced by Newland Communities are reproduced in this 
report, but they can be obtained from the City of Farmington or from Newland Communities.  All 
in all, the Fairhill development is a suburban subdivision that emphasizes single family homes 
assembled into smaller villages within a matrix of informal park space.  The plan was developed 
as  The design objectives established in the promotional literature are clear and echo many 
“Smart Growth” principles.  The extent to which these objectives are actually embodied in the 
design is a major focus of this report.

Figure 13:  195th Street Bridge (Photo by Samuel Geer)
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Project Area: Site Inventory and Analysis
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Figure 14:  Site Context
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 Figure 14 shows the current site context, including existing vegetative cover and land uses 
in the project area and neighboring vicinity.  The land on which the development is proposed 
is owned by the the James Michael Seed Trust, a private trust with extensive land holdings in 
Minnesota.  The land is currently in active agricultural use, primarily in the production of corn 
and soybeans.  The land also contains several wetlands, woodlots, and areas with seasonally 
saturated soils.  The North Creek Greenway and its adjacent wetland area (shown in turquoise) 
runs through the middle of the project area and is flanked by trails on each side.  Alongside 
the greenway is the Canadian Pacific Union Railway, an active freight line with regular traffic.  
A buried natural gas pipeline also runs through the middle of the site with an eighty foot wide 
easement.  Highway 3 defines the eastern edge of the site and is lined with agricultural land and 
the Southern Hills Golf Course.  The Appleside Orchard, now defunct, occupies the northern 
portion of the site adjacent to the road.  The area on the western side of the North Creek contains 
a large wildlife preserve and agricultural land on hydric soils.  To the north are recent suburban 
developments still under construction as of the time of this writing. The Project Area remains 
largely agricultural in character and is spatially discrete from adjacent urban development.  
However, due to the expected increase in traffic along Highway 3 in the coming years and the 
completion of the 195th street bridge, the area is ripe for development.  To understand the 
suitability of the site for development a more in depth analysis in required.

 Figure 15 shows the site 
topography and drainage patterns.  A 
long ridge divides the site into several 
smaller catchment areas.  The western 
side of this ridge has areas in excess 
of 15% slope that eventually levels 
out into a large flat area of open 
space that gradually slopes towards 
the North Creek.  Section AA (shown 
in Figure 16 overleaf) illustrates the 
surficial and bedrock geology that 
underlie the site.  The ridge consists 
of a limestone outcropping from the 
Platteville Glenwood Formation that 
has been covered with glacial till from 
the Wisconsin Lobe glaciation and 
windblown loess deposits.  The area 
at the bottom of the slope consists of 
glacial till from the Des Moines lobe 
covered with sandy outwash deposited 
as that glacier melted.  The site is not 
particularly sensitive to groundwater 
contamination as the sensitive Prarie 
du Chien aquifer is protected by thick 
layers of glacial till and a consolidated 
layer of St. Peter Sandstone.

A A

Figure 15:  Site Hydrology and Topography
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  Figure 17 is a composite soil 
ranking based on suitability for home 
construction, drainage capacity, and 
slope. The soils shown in blue are poorly 
drained and present hydrologic constraints 
to development.  The areas in light brown 
have drain moderately well, but due 
to intense slopes present an erosion 
hazard.  The areas in green are those 
soils that have good, but not excessive 
percolation capacity and are suitable for 
the construction of dwelling units with 
basements.

  Figure 18 shows the transportation 
and infrastructure systems in the vicinity.  
The areas in light blue are locations that 
are highly visible from Highway 3.  These 
locations have the potential to be either 
conserved to protect the rural character 
of the site or developed with businesses 
that rely on good visibility for passing 
motorists.  The analysis also includes 
potential access points, the location and 
expected intensity of thoroughfares, utility 
easements, and the proposed location of a 
planned park and ride.  The park and ride, 
a long range planning element, is planned 
to be served by a bus transit line that will 
connect new development at UMORE Park 
and Rosemount to the Twin Cities.

Figure 16:  Section AA - Underlying Geology
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 Figure 19 shows areas of intense slope as well as the solar aspect of the site.   The areas 
in green and yellow represent the most desirable solar conditions for development, while the 
blue areas have less desirable conditions.
 Figure 20 is an exploded axonometric drawing illustrating the design synthesis that paved 
the way for the design intervention discussed in Chapter VI.  The synthesis used a modified version 
of the methodology employed by Randall Arendt in his book Conservation Design for Subdivisions 
(Arendt, 1996) to identify both primary and secondary conservation areas.  Acknowledging the 
need to identify and delineate discrete areas for conservation and development, factors such 
as topography, road access, and spatial proximity to major thoroughfares all influenced the final 
assignment.
 The inventory and analysis portion of the project enables a more detailed understanding 
of the site conditions and local context for the project, which is critical for developing more 
detailed design objectives.  The established project mission of designing an alternative proposal 
and comparatively modeling the two scenarios had been established at this stage of the process.  
The synthesized site data provides the basis for making design decisions, but the more specific 
design objectives had yet to be determined at this stage of the process.  To develop more 
targeted design goals, the next stage of the process was to conduct research into sustainable 
development practices, with an emphasis on land conservation, stormwater management, and 
habitat protection.  In addition to conversations with experts and an extensive literature review, 
precedent studies helped to generate both specific design objectives and design ideas that 
could potentially be integrated into the final design of the alternative scenario.

Figure 18:  Transportation, Visibility, and Access Figure 19:  Solar Aspect and Areas of Intense Slope
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Figure 20:  Design Synthesis
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IV. Precedent Studies

 Precedents play a critical role in this report, functioning both as a source of inspiration 
and also as a way to understand the challenges that accompany progressive design decisions.  
Precedent selection involved identifying projects that have similar objectives, excellent design 
thinking, and a pioneering attitude.  While numerous projects had a direct influence upon the 
project, only two cases are described in this report as they had the most impact on the values 
and finished form of the final site plan.  Additional precedents or research which inspired specific 
design moves are described in Chapter VI alongside the relevant features of the site plan.  The 
two precedent studies that are described in depth are Southlands:  Agricultural Urbanism by 
Duany, Plater-Zyberk & Associates, and the Highpoint Neighborhood Redevelopment by SvR 
Design and the Seattle Housing Authority.   The Southlands project is unique in that it aims to 
creatively integrate agriculture into urban design in a way that adds both beauty and economic 
stimulation to neighborhoods.  The second precedent case study, the Highpoint Neighborhood, 
contains a brilliantly designed stormwater management system that greatly limits the impact 
on the adjacent waterway and functions as an urban amenity at the same time.  These two 
precedents with their emphasis on the conservation of agricultural land and integrated stormwater 
management proved extremely influential to the design and planning process.

Southlands: Agricultural Urbanism Charette, Tsawwassen, British Columbia, Canada

 In October of 2006, Century Group invited a group of local volunteers to collaborate with 
their development group in establishing a vision for the Southlands property outside Tsawwassen, 
British Columbia.  The basic vision called for a site with one third of the land devoted to residential 
development, a third devoted to agriculture, and a third devoted to parks, cultural spaces, and 
educational uses.  This vision was further elaborated within the Southlands Public Design Charette 
that led to the development of three alternative options that each had interesting and compelling 
features (Figure 21).  The plan is revolutionary in that it proposes several layers of smaller 
scale agriculture to buffer residents from the more intensive and potentially noxious large scale 
farms.  The layers of intra to exurban agriculture create an interface between land permanently 
intended for settlement and land permanently intended for agriculture and conservation.  The 
firm of Duany-Plater Zyberk and architects Hulbert International worked with twenty architects, 

Figure 21:  Three alternative plans (images courtesy of DPZ & Associates)

Canal Tuck Sweep
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planners, and other urban professionals to develop three alternative designs that fulfilled the 
basic premise.
 Each alternative preserves open views to the ocean across the property and maintains 
more than 220 acres of farmland with the best soils in a contiguous area on the north of the site.  
All of the plans also create a network of green spines and urban wedges that create an activated 
transition zone where specialty farming, schools, warehousing, and marketplaces can coexist as 
a permanent rural – urban transect.  Likewise, the urban areas contain opportunities to practice 
intra-urban agriculture through roof and backyard gardens.  The urban areas are high density 
and elements of the agricultural landscape such as irrigation ditches also serve as urban design 
features. The center of the proposed development is a market square where a cooking school 
and agricultural learning center for the University of British Columbia anchors a commercial 
business district.  In addition a preserved forest on the most topographically steep portion of the 
site may be accessed by walking trails.

 The project is unique in that it combines high density living and active agricultural practice 
into a single neighborhood that embodies the principal of agricultural urbanism, a term coined by 
the firm of Duany-Plater Zyberk that aims to embody local food production and land conservation 
at the suburban fringe.  Perhaps the most striking feature of the proposal is the very high density 
in such close proximity to agriculture and the one acre blocks that form the building blocks of 
all three scenarios.  The blocks contain a variety of configurations for housing and all create 
garden space and gardening opportunities. (Figure 22)  Each of the housing types is based 
architecturally on local, vernacular farming structures.  Critical to the design process was an 
in depth site analysis, the elaboration of extensive program and sustainibility strategies, and 
benchmarks that can be checked to see if they were accomplished or not completed.  Each of 
the three scenarios has similar arrangement but each has distinctive urban design moves.  The 
ultimate goal is to create a landscape with a polyculture of uses and cultural activities rather than 
the monoculture of either industrial agriculture or large lot suburban zoning.  The policy tools 
and particularly the economic functionality of this model is premised on ability of small scale 
agriculture to create a variegated mix of products that can processed within the context of the 
development to add value and distributed locally as an alternative to the current wasteful mass 
production and distribution system.
 This project had a tremendous influence on the program of Cultivating New Growth, 
particularly in recasting agriculture as a potential cultural and financial engine that can be 
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Figure 22:  One acre block typologies with integrated agriculture (images courtsy of DPZ & Associates)
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adapted to work in a suburban setting and systematically integrates to encourage more local 
production and consumption.  As a project, it considers a vast range of scales at which agricultural 
production can occur, thematically embodying a wide range of possibilities that can function as 
models as our world approaches peak oil and it no longer is profitable to ship produce across the 
country.   The capacity to process and refine agricultural products locally will hopefully become 
more prevalent as supermarket chains and big-box stores adapt to purchase locally produced 
food and the infrastructure is built to provide the necessary products.  The re-integration of 
agriculture and protection of productive agricultural land provided one major design impetus for 
the project.  The second principal driver of Cultivating New Growth is low-impact development 
and the creative management of stormwater runoff.

The Highpoint Neighborhood - Seattle, WA by SvR Design

 The Highpoint Neighborhood is located in West Seattle and is approximately 120 acres in 
size.  The public housing neighborhood was initially built during World War II to house workers 
at a nearby Boeing plant.  The neighborhood remained public housing after the War and due to 
limited access from the surrounding area and economic blight the neighborhood experienced 
significant urban decay.  In addition, the neighborhood occupies 8% of the Longfellow Creek 
watershed, one of the last viable salmon breeding streams in the Seattle metropolitan area.  
The Seattle Housing Authority commissioned the redevelopment of the area, an intensive 
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operation that required temporarily relocating more than 700 residents while the construction 
of new roads, homes, and open spaces were under construction.  The master planning for the 
community involved an extensive public participation process to develop a vision.  Residents 
were interested in being connected to other neighborhoods and having small pocket parks where 
their children could play safely. The redevelopment process was slated to span almost a decade 
from groundbreaking to completion with the successful resettlement of the displaced residents 
being the first priority and the introduction of additional market-rate housing to offset the expense 
of construction, with the final objective of 1,700 dwelling units at a variety of prices.
 The community design process was based on engaging the community, creating a healthy, 
walkable environment, and pursuing sustainable design.  This involved committing to green 
design practices early in the process and a willingness to educate contractors and neighborhood 
residents about the benefits that this would provide.  The neighborhood buildings were designed 
to be energy efficient and attractive, and employ district geothermal heating.  The streets are 
narrow, connect to other neighborhoods, have excellent pedestrian amenities, and are configured 
into short, walkable blocks.  In addition, the plan called for an integrated drainage network of 
stormwater management practices to filter and infiltrate runoff while adding aesthetic and habitat 
value.  The natural drainage system begins with lot scale efforts to control runoff such as rain 
gardens and pervious pavements.  The water is conveyed by a network of bioswales that filters 
runoff and reduces peak flows.  The system culminates in a single large retention pond that is 
the centerpiece of a neighborhood park with walking trails and landscape features.  This system 
has demonstrated runoff attenuation at levels that compare to open pasture, and successfully 
handled a 100 year rain event without failing.
 The Highpoint Neighborhood’s integrated natural drainage network is unique in that it 
is one of the first attempts to create an alternative stormwater management system in a high 
density area.  In order to function correctly, the system must be carefully engineered and utilize 
a variety of practices to minimize runoff at each stage of the process.  The expense involved 
in managing and implementing these systems is most justified in situations where urban runoff 
will have severe negative impacts on neighboring water bodies such as in the Vermillion River 
watershed.  Also, trial projects such as these provide a way to examine the construction costs 
and maintenance regimes for alternative stormwater management systems.  Likewise, the home 
construction methodology provides a template for future sustainable development.  Highpoint 
incorporated a wide variety of housing products to serve different demographics.  Likewise, the 
emphasis on constructing durable energy efficient homes rather than cutting corners to save on 
construction costs is a model that will result in superior housing better able to provide lifecycle 
housing for neighborhood residents and continued interest in the growth and evolution of the 
neighborhood.

 Both of these precedents greatly informed the design objectives identified for the project 
and also provided inspiration and technical details for how to successfully integrate these practices 
into the “Smart Growth” proposal.  While these practices may not yet be cost effective and many 
communities do not have the policy structures in place to allow these types of development 
to occur, they demonstrate the changes and sacrifices that communities will need to make to 
preserve local resources critical to maintaining ecolocial integrity.
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V. Design Objectives

 The design objectives identified in this report are general and do not have specific 
benchmarks attached to them.  This is intentional and reflects the open ended and exploratory 
design process that follows.  Rather than establishing pre-design performance targets, this 
project relies on a comparative analysis of the two scenarios that allows the reader to examine 
the detailed results of the modeling process.  Instead of arbitrarily rating the success of each 
scenario, the model explodes each scenario into its component pieces, allowing the reader 
to decide to what extent the costs and savings associated with certain practices are justified.  
The following design objectives elaborate the larger goals that drove the design of Farmington 
Meadows, the “Smart Growth” alternative.  The objectives are divided into four categories: Land 
Use, Ecology, Transportation, and Economic Development

Project Mission:

Design an alternative scenario for the Fairhill site that emphasizes Smart Growth principles, 
and then model each scenario to assess sustainability and performance.

Project Objectives:

Land Use
Objective: Design a mixed use community that integrates high density housing, open space 
conservation, agriculture, and employment centers.
Objective: Create a range of housing types at different levels of affordability.
Objective: Preserve rural character through farmland preservation and small scale adaptive 
agriculture.

Ecology
Objective: Restore native plant communities to create habitat connections to the Vermillion 
River.
Objective: Perform minimal site grading and cluster high density dwellings in less sensitive areas. 
Objective: Minimize impervious surfaces and retain stormwater within the context of a natural 
drainage system.

Transportation
Objective: Promote walkability and minimize infrastructure costs through a compact urban form. 
Objective: Incorporate a planned park + ride facility into the village center 

Economic Development
Objective: Create employment opportunities onsite
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VI. Farmington Meadows Site Plan

 The Farmington Meadows proposal explores the intersection of high density mixed-use 
living, small scale adaptive agriculture and low impact development.  The proposal aims to 
incorporate all of these elements into a coherent urban/rural environment that is economically 
justifiable and encourages healthy living, and supports the development of local food systems 
and land stewardship.  This is in keeping with the model endorsed by Avi Friedman in his book 
Sustainable Residential Development: Planning and Design for Green Neighborhoods (Freidman, 
2009).   Friedman emphasizes that in order to be truly sustainable the economic, social, and 
environmental systems of a plan should support each other.  This chapter provides a spatial 
description of the salient design features of the plan, how they function, and the ways in which 
they functionally support each other.  The description is divided into five headings: master plan 
summary, integrating agriculture, natural drainage stormwater management system, habitat and 
recreation, and transit oriented town center.  The housing pattern book, which shows the different 
housing options and thoroughfare cross sections in more detail is located in Chapter IX.

Master Plan Summary

 The development pattern of Farmington Meadows grew organically from the site inventory 
and analysis, the two most important determinants being the development suitability analysis 
and the planned location of the park and ride facility (Figure 23).  In order to satisfy the land 
conservation objective and still have a comparable number of dwellings to the Fairhill scenario, 
the buildings had to be densely clustered in areas where they would have minimal environmental 
impact and not disturb the soil capacity to infiltrate water.  The new roundabout at the intersection 
of Highway 3 and 195th street creates a nexus of traffic with high visibility into the site. This  
makes it an appropriate location for the “100% Corner,” a real estate term to describe the most 
active commercial area in a development.  For logical reasons it makes sense to place the park 
and ride facility in close proximity to this intersection to support a new commercial district and 
potential employment center.  The remaining development logically then would best support 
this center if located contiguous to it within a short walking distance for most residents.  The 
reduction in infrastructure costs associated with more compact street networks also incentivizes 
this approach.  Combined with the avoidance of sensitive site features, this logical approach 
roughly framed the site plan for the development.  The other major consideration was how to 
integrate agriculture onto the site in a way that would establish a permanent urban/rural edge.  
Because the land to the north of the site is planned to remain in agricultural production per the 
2030 Comprehensive Plan, it makes sense that the agricultural transition zone be located to the 
north of the site in a discrete area.
 The other major consideration was how to organize the streets and blocks in a way that 
allows for easy access and circulation either on foot or by automobile.  The essential solution 
was to establish a street hierarchy that branches off of the major roads (Highway 3 and 195th 
Street) in a regular block structure.  The highest level of the hierarchy are the parkways that run 
north/south alongside the principal open spaces in the community, providing a publicly accessible 
edge capable of handling intense traffic and activity.  Parallel to these are the collector streets 
which provide direct access to Highway 3.  Lowest on the hierarchy are the narrow local streets 
which have a quiet neighborhood character.  Connected to the streets is a trail network that 
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Figure 23:  Farmington Meadows Illustrated Master Plan
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provides more regular pedestrian/cyclist access across open spaces to encourage walking and 
interaction with nature.
 These logical considerations provide a rough layout in which the more articulated design 
interventions are housed.  It is important to note that another determinant of urban form was the 
drive to have a comparable number of dwelling units and uses as the Fairhill scenario.  This is a 
critical design element as the two plans must be similar enough to be worth comparing objectively.  
That being said, it is important to explore the detailed design decisions which distinguish the two 
plans.  The smaller scale site planning interventions of Farmington Meadows are described in 
more detail under the subject headings below.

Natural Drainage Stormwater Management System

 The block structure of Farmington Meadows has an urban form designed to capture and 
retain runoff from small storm events within the street right of ways and in small pocket parks at 
the center of each block.  The individual blocks are graded so that the local streets convey water 
away from the collector streets in bioswales that sit on one side of the street (Figure 24).  These 
swales can capture some water and convey the excess into a storm drain.  The water is carried 
in a storm drain beneath narrow green streets paved with pervious materials that act as the 
primary interception point for runoff from the surrounding house lots and alleys.  All of this water 
is then directed into dedicated infiltration areas at the heart of each block (Figure 25).  These 
infiltration areas are housed within a small pocket park that can be programmed to suit the needs 
of residents.  Possible park programming could include active and passive recreational spaces, 
community garden plots, recycling and composting, as well as parking for visitors accessible via 
the green streets.  In this way all of the runoff generated by a small storm event can be captured 
and infiltrated and any excess can be conveyed towards the regional treatment device further 
down the catchment.  This system also provides a unique network of functional open spaces that 
can each be designed with a different character or programming to create walking destinations 
within the development.

Figure 24:  Bioswales in Street Right of Way
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Habitat and Recreation

      The green infrastructure of Farmington Meadows functions as a living system that integrates 
conserved and restored habitat, recreational open space, and stormwater management 
infrastructure.  Within the development there are substantial portions of the site dedicated to 
restoration.  The largest is the savannah restoration park that occupies the area of most intense 
slopes on the site.  Rather than allow walkouts to be built along the ridgeline as proposed in the 
Fairhill scenario, this area is protected and restored to its native condition, an oak savannah.  
This large block of open space functions as both significant wildlife habitat and as a large central 
park with trails and substantial topography (Figure 26).  This large park is connected via smaller 
patches and corridors to wetland areas around the property and their upland buffers as well as the 
large constructed treatment wetland that runs alongside the train tracks (Figure 27).  The Prairie 
Waterway in Farmington is an excellent precedent (Bonsignore, 1993)  The large constructed 
treatment wetland is designed to treat larger storm events prior to discharging the water into the 
Vermillion and also acts as a buffer between the active rail line and the nearby homes.  This 
wetland is designed to incorporate a plaza space, trails and an elevated pedestrian/cyclist bridge 
to allow easy access to the North Creek Greenway.  This connection, along with an existing 
sub-grade tunnel to the north, would potentially allow students to bike to local schools 1-3 miles 
distant.   By preserving connections between upland and riparian habitat this system of green 
infrastructure has the capacity to improve biodiversity while at the same time serving valuable 
stormwater management and passive recreational roles.

Transit Oriented Town Center

 The town center is the commercial and employment center of Farmington Meadows.  It is 

Figure 25:  Infiltration Basin at the center of each block
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Figure 26:  Savannah Restoration Park

Figure 27:  Contstucted Wetland Treatment Park
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designed to appeal to passing motorists while at the same time being an easy and pleasant walk 
away for most neighborhood residents.  The district is centered upon a formal town green that 
abuts the parkway and is activated on the other three sides by tall structures (Figure 28).  The 
Park and Ride occupies one corner of the green.  It has a turnabout for bus traffic off of Highway 
3 and a dedicated parking area.  Visitors to the town center will most likely enter along the Mixed-
Use shopping street which has wide sidewalks with shade trees and benches.  The buildings are 
designed with parking facing Highway 3 with offices and condominiums above ground floor retail.  
Civic uses such as a library or a church are also incorporated, along with low-rise apartment 
buildings and assisted living for seniors.  By placing senior housing and affordable housing in 
close proximity to the town center there is the potential to coordinate evening events that help 
foster an active street life that extends beyond business hours. 

Integrating Agriculture

 Agriculture is incorporated into Farmington Meadows at a variety of scales.  The northern 
portion of the site includes a pair of small scale agricultural hamlets, an agri-tourism business 
cluster, a post-harvest processing facility and an organic produce sorting and storage facility.  
These elements form a permanent edge to suburban expansion and a transitional space between 
urban and rural land uses (Figure 29).  The small-scale agricultural hamlets are configured around 
a formal open space and a shared equipment storage facility (Figure 30).  The farmsteads, 
approximately one acre in size, are clustered around these open spaces with 2-5 acres of land 
attached to each.  This land is well suited to small scale adaptive agricultural practices that are 
labor intensive but have high cash yields per acre.  Practices such as aquaculture, specialty 
greenhouse production, permaculture, or medicinal herbs are examples that may be suitable.  
These adaptive agricultural practices are supported by the presence of the post-harvest 
processing facility (Figure 31).  This facility has the capacity to add value to agricultural products 

Figure 28:  Farmington Meadows Town Center
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either in the form of canning or flash freezing vegetables, processing medicinal herbs into herbal 
supplements, or by creating specialty products such as local cheeses or baked goods.  The 
facility could also potentially house a sub-regional organic produce sorting and packaging facility 
to support more local food production.  In addition, having a board of health certified community 
kitchen where local residents could operate catering businesses or an organic restaurant would 
create the opportunity for weekly community meals and small business development.  This 
facility would be built around a market square that could house a weekly farmer’s market in the 
summertime and serve as a rural counterpoint to the more formal town square.  Adjacent to this 
facility would be an agri-tourism business cluster that could attract businesses such as wineries, 
community supported agriculture, pick-your-own orchards, or native plant nurseries.    (Figure 
29) By clustering these businesses together there is the potential to create a regional agri-
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Figure 29:  Adaptive agricultural District

Figure 30:  Small Scale Agricultural Hamlet
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tourism destination.  In addition to generating revenue for the city, these businesses have the 
potential to create jobs on-site, particularly for persons with minimal job skills such as teenagers 
or recent immigrants.  Likewise, as a land use configuration, these uses create a strikingly 
different landscape within a short walk from the more intensely urban uses to the south, adding 
interest to the neighborhood.  
 While these plans are ambitious and have significant obstacles to implementation, they 
are an attempt to re-integrate agriculture and food production into suburban life in a meaningful 
way.  As oil prices increase and it ceases to be profitable to ship produce across the country, it 
will be necessary to create the production infrastructure, logistics, and marketplaces to supply 
these products locally.  There will also likely need to be a coordinated policy and financing 
approach to help interested parties overcome barriers to entry and ensure that these smaller 
scale farms are a viable alternative to large scale industrial agriculture.

 Taken as a whole, Farmington Meadows is an experimental plan that aims to explore 
how “Smart Growth” practices could be implemented in a way that creates synergy between 
economic, social and ecological forces.  Many of these practices or design moves are currently 
not cost effective or well supported by market forces.  Others are prohibited by zoning ordinances 
or would face intense resistance from local residents concerned about density, traffic, or crime.  
The plan is purposefully ambitious in its scope so that it is possible to consider the wisdom 
and feasibility of pursuing these practices.  Likewise, it allows the reader to identify potential 
obstacles or policy solutions which may have the capacity to enable these practices or level the 
playing field by considering more holistically the costs of not adapting in a changing world.  In 
order to more explicitly consider these decisions, this report used a GIS based modeling tool to 
assess each scenario along multiple dimensions so that the performance of each scenario could 
be more objectively assessed.

Figure 31:  Market Square and Post-Harvest Processing Facility
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VII. Methodology

 The essential goal of this report is to compare two planned unit development scenarios 
to understand the implications of integrating specific smart growth design principles into design.   
In order to properly measure the two scenarios, it is important that the specific features of each 
subdivision plan could be modeled and accounted for using an identical set of measures and 
assumptions.   The primary modeling tool used in the process was Index PlanBuilder, a GIS 
based development modeling application.   The methodology employed in this report follows 
a modified version of the steps outlined in the Index Plan User Guide (Criterion, 2009).  The 
program is marketed as a multi-functional tool capable of evaluating land use planning scenarios 
to see how consistent they are with planned goals, allowing adaptive design changes during a 
digital charette process.  The tool can also serve as a framework for the follow up evaluation 
of performance.  The tool has extensions and interfaces with other programs to allow for the 
modeling of transportation networks, energy consumption and greenhouse gas emissions, as 
well as the capacity to model stormwater runoff and BMP pollutant removal effectiveness.
 Figure 32 illustrates the ways in which index plan builder can be used at different stages 
of the planning process and also the suggested workflow that one can follow.  The process 
begins with data gathering and background research.  

Data Gathering and Model Construction

 This project was developed with input from Dakota County Planning Staff.  Much of the 
data used for the ensuing analysis and background information was provided by Dakota County 
GIS,  MetroGIS, or the Department of Natural Resources’ DataDeli interface.  For the sake of 
this analysis, the study area boundary is a 400’ buffer around the site boundary defined in the 
Fairhill source literature.  This becomes the outermost boundary for data and all other added 
data had to be clipped to its extents.  Contained within this boundary’s attribute table are many 
of the default multiplier values that are used when calculating indicator scores.  This is the 

Figure 32:  Basic steps of applying index  and suggested workflow
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base layer for each scenario that the user creates and can be modified to account for regional 
differences in energy consumption, vehicle use, etc.  The organization and configuration of this 
data is the first step in setting up the model after determining the study area extents.  Index 
PlanBuilder functions around a shared geodatabase file for each scenario that the user creates.  
Shapefiles and key data from their attribute tables need to be generated and formatted to upload 
into the geodatabase.  This geodatabase uses field specific attribute table information from 
shapefiles as well as their spatial form and uses that information to calculate indicator scores.  
Most of this information is easily obtained from local parcel data, but must be cleaned up and 
recategorized to be uploadable.  The information that can be applied to the site as it currently 
stands constitutes the base case scenario.  The program also has a set of parcel drawing tools 
which can be useful for rearranging parcels but lacks the precision of a CAD program.  
 The next process involves the creation of specific land use paints that represent the general 
values for each individual land use.   While there are default values available that represent 
typical land uses, the power of Index PlanBuilder comes from the ability to define characteristics 
for different housing products and thoroughfares based on their specific features.  It is possible to 
customize the paints to match housing, demographic, and economic characteristics that currently 
exist on site based on the available data.  The different housing types described in this report 
reflect the needs of a range of users and the estimated market value of land per acre and structure 
size.  This data was obtained using online Zillow Zestimate comparables for each housing type 
based on the rates around the Farmington area.  Also included are local transportation networks 
by mode as well as information regarding density, demographics, and income that are generally 
based on a variety of data sources but with much of the information coming from metropolitan 
area averages established in the 2000 Census.  This information informs the multipliers, such 
as average number of persons per household that are used to calculate the indicator scores 
later in the model.  Likewise, the natural features of the landscape, particularly land cover, 
soils, hydrologic features, and steep slopes are organized as the backdrop for all subsequent 
scenarios.   The initial land use painting is a process of ensuring that all relevant background 
information is readable and in place.  
 Data gathering is an essential element of this process that relies on many discrete 
information sources being used to calculate of results.  The discrepancies in measurements 
of time and units based on different reporting sources is a potential source for error.  The time 
commitment involved in completing this process could be significantly reduced if there were 
a standardized way of representing these features in parcel data across municipalities and 
organizing data received from parcels (energy, water, waste production, etc) in a standardized 
manner to monitor these features.  This monitoring infrastructure could also be built into new 
constructed systems in a way that also could lead to improved efficiency in maintenance and 
performance.  Criterion Planners, the consulting firm behind Index PlanBuilder, offers a service 
in which they can work with and train city planning, engineering, and public works departments 
to integrate this data into ongoing Index PlanBuilder models.  
 In order to create new paints for the proposed housing products of each scenario, this 
report carefully studied the different land use patterns proposed by the Fairhill scenario and 
made a few assumptions.  The first choice faced is that the multi-family housing types are not 
explicitly defined in Fairhill’s literature, postponing these decisions until they could best respond 
to market demand at the time of construction.   In the presented Fairhill scenario, it is assumed 
that there will be demand for relatively high density dwellings at the high end of the spectrum 
(14-18 Net DU/Acre).  For the majority of dwelling and thoroughfare types, it was possible to 
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determine key characteristics based on pattern book standards, default settings, and the use 
of local comparables.  The sources of this data and the details for specific land use paints are 
detailed in the Appendix.  This process involved multiple data sources and several assumptions 
as detailed on the paint type profile sheet.  This portion of the procedure was time consuming 
and involved a mix of using Index PlanBuilder’s Paint Editor and external spreadsheets.  In total, 
28 custom land use paints were created for this study to adequately measure the typical amounts 
of space occupied by different uses as well as levels of imperviousness, parking requirements, 
and annual consumption and waste patterns.  This study used the default building structural 
values of an appropriate land use paint from within Index PlanBuilder, functioning at energy 
consumption levels typical of Minnesota.  The model also includes per acre land and structure 
values based on parcel data for comparable nearby places.  The income data for different size 
households was roughly based on Dakota County averages.  These data formed the lynchpin 
for the calculations within the geodatabase for demographics, tax revenue, and other factors.
 The street cross sections were a critical value, programmed to account for imperviousness 
as well as per-linear foot construction costs based on typical itemized infrastructure costs derived 
from a University of Michigan pricing sheet (.  These prices include the cost of embedded utility 
and stormwater management infrastructure as well as incremental (street trees, manholes, etc.) 
and per dwelling unit costs.  These prices were added to the per-foot costs of the roads to 
calculate estimated construction costs by network.  Included in this mapping process was also to 
need to georeference the pedestrian and cyclist infrastructure in the communities.  It is assumed 
that in both scenarios that there are no dedicated on-street cyclist lanes in either scenario, but 
that all trail spaces are 10’ wide shared ped/cycle trails.  These circulation networks became the 
basis for calculating internal and external accessability, despite some performance issues.

Site Planning, Drafting, and Map Creation

  Another time consuming process was the site plan design, circulation systems, and 
stormwater/open space network.  This was a concurrent process that involved much small scale 
site planning along with overall land use determination.  The pattern book is the relevant result of 
this effort, showing the key values of the typical housing units offered by the plan as well as the 
character of the streetscapes.  The additional park spaces such as the town green, savannah 
park, and market square are not included in the cost model although would likely have significant 
costs associated with their construction.  These features are relevant to the analysis as the two 
scenarios both had to be drafted and georeferenced in ArcGIS.  
 This is an important point to consider site design as an element of the planning process.  
The Index PlanBuilder drawing tools allow the user to place roads and generate right of way 
polygons around them.  This makes it well suited to making schematic site plan layouts by land 
use and dwelling type, but is a bit slow moving and is not well suited to more fine scale site design.  
In order to achieve a relatively detailed level of site design as a base for illustrative graphics and 
to capture urban dimensions accurately, both the Fairhill and Farmington Meadows scenarios 
were traced in AutoCAD, georeferenced in ArcMap and converted into polygon shapefiles.  This 
was a time consuming process that resulted in a precise base map for each scenario ready 
to be painted in Index Planbuilder.  Index PlanBuilder’s tools for changing and manipulating 
parcels are straightforward and easy to use, and are configured for relatively fine grained levels 
of land use planning. However the drafting tools contained within the program lack the precision 
necessary to generate a detailed plan from scratch that is necessary for site planning.
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 Once the paints are applied to the correct surfaces, it becomes possible for the 
geodatabase to run scenario calculations.  The indicator editor toolbar allows the user to 
choose which indicators from a list of 90 pre-programmed indicators that they will run.  A full 
list of the methods and formulas behind each of these indicators is described in the Index Plan 
User Guide’s Indicator Dictionary (Criterion, 2009).  This allows the user to begin to generate 
information and calculations as their data becomes available.  Likewise, established networks 
for pedestrians, cyclists, and cars relate to coded origin points to measure average local trip 
distances to parks, retail areas, and public transit stops.  Many of these map features can be 
calibrated to measure hard to measure phenomenon such as stormwater runoff calculations and 
open space connectivity.  Traditional considerations like dwelling units per acre, use-mix, and 
the proximity of transit and employment can be calculated as well.  
 The process of setting up this model was time consuming, but Index PlanBuilder has an 
advantage in that once established, it becomes possible to change the configurations of every 
element of the model to compare specific networks of infrastructure, building assemblies, or site 
planning strategies.  In this way it is possible to build a representative network of urban facilities 
that can be used to examine the specific performance of different elements of the plan.  
 The use of this tool to facilitate public participation would be primarily concerned with the 
manipulation of values and paints to examine the effects of density, economic growth, and open 
space configurations.  By pairing the Index PlanBuilder tool with imagery or tactile comparisons 
this allows the public to express preferences in a meaningful way while at the same time having 
a reasonable way of monitoring costs.  Index PlanBuilder recommends a process in which the 
user creates a ranking and weighting scorecard to assess how well each scenario responds to 
established goals and priorities.  This allows the user to create a 0.0 – 1.00 score based on the 
relative importance of each factor.

Technical Considerations, Interoperability and Implications

 The methodology in this report does not explicitly explore the use of Index PlanBuilder 
as a public participation tool, but rather as a means for projecting and comparing performance 
between two scenarios.  The ranking and scoring tools are a way to establish priorities in 
decision making, but are challenging to implement effectively.   For this reason, in this report the 
project program does not have explicitly defined scoring objectives related to specific indicators.  
Instead, the raw scores of relevant indicators are discussed in context with other considerations 
in Chapter VIII, Findings and Conclusions. 
 It is worth noting that many of the features modeled and considered in this study are 
calculated outside of Index Planbuilder either in attached modules or as part of a discrete 
spreadsheet driven process.  The entire process of calculating per-linear foot construction costs 
for the road network was conducted in a spreadsheet model.  The inputs for the model come 
from itemized subdivision construction cost estimation data published by the State of Michigan in 
2003.   The numbers in this report are based on a per linear foot extension of those basic costs.  
In addition, it was not possible to use the fiscal impact tool that is attached to Index PlanBuilder, 
so instead, this study uses the Hennepin County Fiscal Impact Model (Luckow, 2006) as a way 
to examine likely impacts of development on school and city budgets.  This model uses metro 
region demographics and per capita costs for services to estimate the likely impacts of the 
development at the city scale.  The resulting multipliers projected by this model sometimes were 
very different than those projected in Index PlanBuilder.  This feature underscores the volatility 
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of assumptions and the need to manage them carefully.  
 The Index PlanBuilder software also works with external programs run through Microsoft 
Access such as the EPA Smart Growth Water Module (GKY + Associates, 2002) and the 
Cool Spots extension (Criterion, 2009).  These programs receive scenario data from the Index 
PlanBuilder geodatabase, but are problematic to use at times due to inadequate direction in the 
user manual literature.  This was problematic in this study particularly in the area of assigning 
stormwater BMP treatments to different catchments within the model and assigning costs.  The 
final numbers projected regarding BMP reductions had to be applied using a spreadsheet and 
relevant estimated costs outside of the Index PlanBuilder  model because of complications with 
the SGWater interface.  The Cool Spots program has a similar interface, but this study did not 
explicitly adjust the default energy consumption and emissions levels established for that system 
beyond using Minnesota level averages.  These interactions with external programs are still in 
the early stages of being tested and as a result are challenging and problematic to use.
 This ability to interface and relate with other programs is what makes Index PlanBuilder 
such a powerful tool, but also causes it to be riddled with complicated data entry or preference 
editing situations that are confusing and time consuming.  As an integrated model, it offers a 
tremendous amount of easy, well configured calculations and comparisions off the shelf.  Its 
main advantage over its nearest alternative, Community Viz, is that it has a larger variety of pre-
programmed indicators that it can easily calculate including some environmental inventories.  
Overall, the capacity to do more topographical, geological and hydrological sorts of mapping 
and modeling tasks would allow for more sophisticated environmental planning, something that 
would prove useful in future editions.  However, as configured, the tools address a broad range 
of planning concerns and can provide a quick snapshot of performance.   Index PlanBuilder is not 
directly intended to be used as a construction cost estimator, which is why the cost calculations 
were performed by spreadsheet.   This is a feature that would be valuable as long as it was clear 
that this should only be used for modeling and scenario comparison purposes.
 The building of virtual infrastructure in Index Planbuilder, ArcMap and Google Sketchup 
could begin to be integrated more fully in the future to eventually allow a more easily explored 
and malleable virtual landscape.  Even by organizing a few preinstalled values to generate 
information it could be possible to create street networks, homes, and site furnishings, these 
could be drawn on as lines and objects that are represented both in 3-D and contain a database 
of cost and performance indicators that are added to a running tally of certain performance 
measures.  In this way scenarios could be constructed rapidly with a map, tracing paper, and a 
laptop, be digitized and potentially have values assigned to them.  The largest constraints to the 
implementation of this is the steep learning curve associated with using the software as it currently 
exists.  However, there is potential for cities and counties to better encode the data used in these 
type of modeling processes to expedite the data entry process, and cut set up time substantially.  
In addition, the integration of a Google Sketchup style interface would make it easier for users 
to design quickly within the program as well as lead to more rapid visualizations and decision 
making in workshops.  Likewise the cost of calculating infrastructure installation fees could be 
kept track of and manipulated to accommodate building performance modeling information, home 
landscaping practices, and alternative energy generation devices.  If a comparative cost and 
performance value could be established for certain practices such as green roofs, solar panels, 
rain gardens, and xeriscaping then it would be feasible to accommodate these information in an 
ongoing cost and performance model and then also be able to build them or represent them in 
3-D simultaneously. 
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VIII. Findings and Conclusions

 The results of the comparative analysis demonstrate that many “Smart Growth” practices 
have substantial complications and impediments to implementation, while many conventional 
practices are inefficient, inequitable or do not perform sustainably enough.  The results demonstrate 
that development and conservation decisions involve trade-offs between what is expedient 
and what is necessary to ensure the long term success of a project.  Rather than determining 
an overall ranking and weighting system to compare the sustainability of each scenario, the 
model simply places the two side by side and compares the cost and performance of different 
urban systems.  This report is primarily concerned with the following subjects: land use, on-site 
transportation networks and infrastructure, housing and demographics, fiscal impacts on the 
community, land conservation, habitat connectivity, and stormwater runoff and pollutant loading.  
Despite the number of topics addressed, this list is far from comprehensive.  Among the topics 
not addressed by this report are external transportation and traffic impacts, C02 emissions and 
air pollution from both buildings and automoblies, community health impacts, and implications for 
energy consumption.  The topics covered in this report were chosen to support the interests of the 
Vermillion River Corridor Plan and were prioritized as a result of limited resources, experience, 
and time on the part of the researcher.    What follows is comparison of the two scenarios by 
topic.

Land Use

In order to create a balanced comparison between the two scenarios, the Fairhill scenario’s 
multi-family housing is assumed to have been developed at the high end of its possible density 
range at 14 dwellings per acre (Figure 34).  This puts the two scenarios on a closer footing with 

estimated population and dwelling unit counts within close range of one another (Figure 33 and 
Figure 37).  While the two scenarios have a nearly identical gross density, the differences in net 
density reflect the much higher concentration of residents on a smaller amount of land.  Figure 

Total Number of Dwellings  -  3,644 3,974 Total Number of Dwellings
Single Family Net Density - 5.68 Du/ac 8.72 Du/Ac - Single Family Net Density

Multi-Family Net Density - 18.53 Du/ac 37.25 Du/Ac - Multi-Family Net Density

High Residential
5%

Moderate Residential
4% Low Residential

2%

Retail/Services
1%

Industrial
1%

Institutional
1%

Agricultural
28%

Park
10%

Parking
0%

Right‐of‐Way
17%

Farmington Meadows Land Use by Percentage
High Residential

5%
Moderate Residential

4% Low Residential
2%

Retail/Services
1%

Industrial
1%

Institutional
1%

Agricultural
28%

Open Space
31%

Park
10%

Parking
0%

Right‐of‐Way
17%

Farmington Meadows Land Use by Percentage
High Residential

1% Institutional
0%

Low Residential
20%

Mixed‐Use
3%

Moderate Residential
11%Park

18%

Right‐of‐Way
22%

Fairhill Land Use by Percentage
High Residential

1% Institutional
0%

Low Residential
20%

Mixed‐Use
3%

Moderate Residential
11%

Open Space
25%

Park
18%

Right‐of‐Way
22%

Fairhill Land Use by Percentage

Figure 33:  Land use distribution and density scores
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Fairhill Land Use 

Figure 34:  Fairhill Land Uses, Housing Products, and Thoroughfare Classifications
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Farmington Meadows Land Use and Transportation Indicators

Figure 35:  Farmington Meadows Land Uses, Housing Products, and Thoroughfare Classifications
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Employment Adjacency  
44% of Population within 10 Minute walk 

Transit and Employment Adjacency
78% of Population within a 10 Min Walk

Average Street Segment- 529 Ln. Ft 310 Ln. Ft - Average Street Segment

Average Street Width- 32 Ft 24 Ft - Average Street Width

Cul-de-Sac/Intersection Ratio - 0.76 0.94 - Cul-de-Sac/Intersection Ratio

Pedestrian Accessibility Rank - 59.0 72.5 - Pedestrian Accessibility Rank

33 shows this proportional distribution of land uses across the study area.  Both scenarios have 
a proportionately large amount of land devoted to park land and open space, but the difference 
in land devoted to urbanized uses is striking, particularly single family homes.  This reflects a 
fundamental difference in values.  Pre-2008, developers and communities believed there to be 
an infinite demand for single family homes on the urban periphery and developed accordingly.  
A recent report from the Urban Land Institute predicts that in the coming decade there will be 
a fundamental shift in homebuyer demographics that will call for smaller, more manageable 
dwellings situated in walkable environments with nearby urban amenities (ULI, 2009).  In the 
short term there is likely to be little demand for either of these types of housing on the urban 
periphery, but time will tell.  
 Walkability and amenity adjacency (Figure 36) are critical features of urban land use 
patterns.  While residents of both scenarios are easily able to access nearby open space, the 

Figure 36:  Pedestrian Accessability to commercial and employment amenities.
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accessibility of urban amenities is vastly different.  Figure 36 shows the amount of parcels in each 
scenario within an easy ten to fifteen minute walk (1/2 mile distance) of the commercial center.  
The difference in the number of residents served would likely have a dramatic impact on the type 
of businesses able to operate in these commercial areas.  Likewise, features such as narrower 
streets and more sidewalks improve the pedestrian experience and likelihood that people will 
walk instead of taking automobile trips.  In addition, if the market square and agri-tourism cluster 
were treated as urban amenities nearly the entire population of Farmington Meadows would be 
within an easy walk of a fun destination.

Housing and Demographics

 As noted in the land use section, the most striking difference between the two scenarios 
is the proportional difference in the amount of single family housing in each scenario.  Assuming 
that the multi-family housing is developed as densely as possible in the Fairhill scenario the 
proportion is still about 50-50.  By comparison, the Farmington Meadows scenario places a much 
greater emphasis on attached townhomes and garden apartment buildings.  Despite having 
approximately 300 more dwelling units, Farmington Meadows has a smaller population.  This is 
due to differences in demographic projections based on housing type (Figure 37).  Multi-family 
housing typically has fewer residents and those residents often have fewer children enrolled in 
local schools.  It is also worth noting that the Farmington Meadows scenario has almost twice 
as many jobs estimated to occur onsite.  Also, this number likely under-represents the amount 
of jobs likely to occur.  In order to remain unbiased the Farmington Meadows used the default 
employment estimates for agricultural land despite the fact that smaller scale agriculture would 
likely require more labor than conventional agriculture.  This fact may also have had an impact 
on the fiscal impacts associated with the development

Fiscal Impacts

 These numbers were generated using the Hennepin County Fiscal Impact Tool (Luckow, 
2006).  The resulting numbers reflect the increased tax revenue associated with high priced single 
family homes over a more diverse and affordable range of housing options.  The Farmington 

Housing and Demographics Housing and Demographics

Single Family Housing Affordability - 0.49 0.63 - Single Family Housing Affordability

Jobs/Housing Balance - 0.06 0.10 - Jobs/Housing Balance

New Employees - 210

New Residents - 8132

414 - New Employees

7,803 - New Residents

New Students - 1,228 904 - New Students

Figure 37:  Comparative Housing, Employment and Demographics data.
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Meadows scenario has substantially more renters and retired seniors, demographics that do not 
typically generate substantial tax revenue for cities.  This result seems to reinforce the typical 
assumption that cities prefer expensive single family homes because they have fewer service 
demands and generate more tax revenue.

Transportation and Street Infrastructure
 The results of this portion of the study showed that it is possible to obtain significant 

reductions in street cost by narrowing the width of streets and dispensing with curb and gutter 
systems.  However, the installation of stormwater BMP practices such as bioswales and pervious 
pavement causes those prices to rise to levels often higher than per foot costs of conventional 
road construction.  Likewise, the additional cost of constructing alleys is offset by the cost 
of large suburban driveways but creates an additional public space that must be maintained 
by the city or homeowners association.  The most striking cost difference between the two 
scenarios is the result of the lateral connections between the street and individual homes.  The 
prevalence of multi-family structures such as garden apartments reduces the number of these 
connections that must be made even if they require more substantial materials.  This is also 
compounded by the deep front setbacks typical of more suburban housing products requiring 
much longer connections than the short urban setbacks of Farmington Meadows.  This resulted 
in approximately $15 million in savings.

Fairhill Fiscal Impacts Farmington Meadows Fiscal Impacts

Annual Net Fiscal Impact - Government ($403,576) ($542,098) Annual Net Fiscal Impact - Government 

Annual Net Fiscal Impact - School  --  $1,048,598 

Estimated Fiscal Impact per year - 

$645,022
Estimated Fiscal Impact per year - 

$254,268

$796,366    Annual Net Fiscal Impact - School 

Figure 38:  Fiscal impact results
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Infrastructure Network - $24,340,732.77
Cul-De-Sac Additions - $550,735.92 
Incremental Costs - $4,323,489.85
Dwelling Unit Costs - $42,525,249.90

Estimated Infrastructure Costs - 

$71,740,208.44

Infrastructure Network - $23,263,962.50
Incremental Costs - $3,498,900.69
Dwelling Unit Costs - $21,854,988.05

Estimated Infrastructure Costs - 

$48,609,419.25

Figure 39:  Street network composition by type and estimated costs.
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Habitat and Open Space Connectivity

 This model compares the relative habitat and open space connectivity of each scenario 

(Index Plan User Guide, 2009).  As the study area has a large, publicly owned contiguous open 
space in the form of the North Creek Greenway, the initial study found very little difference in 
habitat connectivity score between scenarios.  However when this open space was removed 
from the modeling process, a wider gulf emerged (Figure 40)  Both scenarios ranked strongly by 
the baseline standards of Index Planbuilder, but Farmington Meadows had greater areas of core 
habitat and more route redundancy between habitat patches.

Fairhill Open Space Network Farmington Meadows Open Space Network

Open Space Share (with Greenway) - 40.6 40.6 - Open Space Share (with Greenway)

Open Space Share (No Greenway) - 18.2 21.8 - Open Space Share (with Greenway)

Open Space Share (with farmland) - 18.2 49.8 - Open Space Share (with Farmland)

Open Space Connectivity Score -  0.60 0.78 - Open Space Connectivity Score

Figure 40:  Habitat and open spcae connectivity scores
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Land Conservation

Farmington Meadows has a much smaller site footprint than Fairhill, consuming less land and 
avoiding encroachment on sensitive site features, particularly seasonally flooded areas and 
areas with hydric soils located in the Vermillion River Outwash Plain.

Stormwater Runoff

 This model illustrates a fundamental difference in the approach to managing stormwater 
runoff between the two scenarios.  Fairhill has relatively low levels of imperviousness at the lot level 
and proportionately intense levels of imperviousness within street right of ways, also the amount 
of land that is disturbed and compacted is spread across a wider area.  By contrast, Farmington 

Fairhill Development Footprint Farmington Meadows Development Foot

Development Footprint - 72% of Site 41% of Site - Development Footprint

Grasslands

Woodlands

Wetlands

Hydric Soils

Grasslands

Woodlands

Wetlands

Hydric Soils

Farmington Meadows Development Footprint

Figure 41:  Site Development Footprint
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Meadows leaves large portions of the site undisturbed, and concentrates imperviousness within 
private lots and has proportionately low levels of imperviousness in the street right of ways.  The 
resulting annual runoff amounts are significantly lower for Farmington Meadows (Figure 43).  

BMP Costs and Performance

It is important to note that the Fairhill scenario literature mentions that the design will include 
progressive stormwater BMPs such as bioswales at later stages of design but does not specify 
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Figure 42:  Site Imperviousness and drainage routes
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the location or extent of these practices.  As such, for the purposes of this model it is assumed 
that Fairhill relies solely on a pipe and wet pond retention system.  The types and spatial extents 
of the practices employed in Farmington Meadows is shown in Figure 42.  The baseline amount 
of pollutants generated by the Farmington Meadows is substantially lower to begin with and 
once the different BMP practices are applied the amount of pollutant loading is reduced to very 
small proportions (Figure 43).  Also, it is important to note that the EPA SG Water stormwater 
modeling tool (GKY and Associates, 2002) does not account for volume reductions as a result of 
BMPs or other types of pollutants such as thermal pollution or heavy metals.  
 These reductions come at a significant price however as the initial installation of the suite 
of BMPs proposed for the Farmington Meadows neighborhood is approximately twice as much 
as that of the Fairhill scenario.  More importantly, the cost of annual maintenance between the 
two plans differs dramatically.  The Farmington Meadows scenario costs almost five times as 
much to maintain every year.  This cost could potentially be reduced if neighborhood residents 
were able to provide maintenance on the bioswales and infiltration basins, but even then this 
cost reduction would likely be minimal.  
 It is also important to note the estimated lifecycle of each of these features.  The BMPs 
featured in the Farmington Meadows scenario’s life expectancy is highly dependent on how well 
they are maintained (Schueler, 1999) and they are very costly to replace or repair.  The wet pond 
system used by the Fairhill scenario by contrast is cheap to maintain, but over time can become 
highly toxic and may eventually require an expensive cleanup (Schueler, 1999).  In addition, 
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Annual Runoff and Pollutant Loads

Fairhill BMP Construction Costs - 

$2,451,393

Fairhill BMP Maintenance Costs - 

$98,055.72

Farmington Meadows  BMP Construction Costs - 

$5,414,500.00

Farmington BMP Maintenance Costs - 

$475,107.00
Figure 43:  Stormwater runoff and collective BMP Network installation and Maintenance Costs
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conventional systems are often cheaper as most alternative stormwater management practices 
are still required to have a conventional system as a backup in case of failure.

Conclusion

 Taken together, these findings show that the design of a large suburban subdivision is riddled 
with small decisions that are often driven by local regulations, cost constraints, and perceived 
market preferences.  While in some instances there are significant cost savings associated 
with “Smart Growth” practices, there are often ownership or maintenance complications or 
additional investment required that offset these savings.  It is important to note that the purpose 
of this project is not just to identify methods to improve the efficiency and cost effectiveness of 
subdivision design but also to create a more holistic view of the process.  Scenario modeling tools 
such as Index Planbuilder allow planners, developers, and site designers to consider aspects of 
site design that are often considered externalities (such as habitat fragmentation and damage 
to water resources) and integrate these considerations into the planning process in a more 
meaningful way.  These considerations are challenging to visualize and quantify in a way that 
allows them to be regulated effectively.  This report and similar efforts are early steps towards 
being able to effectively model urban infrastructure systems and development patterns in a way 
that can inform planning and design decision making.
 The scenario modeling process demonstrated in this report is unrefined and represents 
both a learning process and an assembly of different tools often used in a way beyond their 
intended purpose.  This report was not able to explore the iterative and adaptive function of these 
tools as effectively as initially envisioned.  The beauty of digital scenario modeling is that it allows 
specific urban design practices such as stormwater management BMPs, home construction 
techniques, or street widths to be isolated as variables and tweaked to assess how effectively 
they perform and what ancillary effects they have on other components of a subdivision.  This 
practice, commonly called adaptive design, has tremendous potential not only for improving the 
performance of specific plans, but also for developing new and more progressive regulatory 
controls that have the capacity to force developers to have a clearer accounting of the public 
costs associated with sprawling, environmentally degrading urban development.  In this way, 
practices that may require greater up front expenditure for a long term or public benefit such 
as green building or native plant community restoration can be more effectively incentivized or 
standardized while solutions that result in short term savings for private parties and long term 
public costs can be taxed, prohibited, or otherwise disincentivized.
 As these tools become more sophisticated and well integrated, it is possible for the 
process to be streamlined to allow the modeling and manipulation process to happen in real 
time in a public forum.  Scenario modeling has the potential to educate city residents about the 
many environmental and financial implications of private development and land management 
decisions.  As city and county GIS departments organize their data into geodatabases capable 
of modeling the complex changes and growth decisions that they face, it is possible to make 
this information available to the public.  Informed residents will have a clearer understanding of 
the consequences of city policies and the collective actions of their own private actions and land 
management decisions.
 At the present, these tools are still in the nascent stages of development, but they have 
the potential to dramatically change the way that we build and think about urban environments 
and the multitude of systems that comprise them.  The possibilities are endless.
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VIII. Pattern Book

 The purpose of the pattern book is to serve as a detailed look at the development 
standards associated with each of the housing products and thoroughfare standards that are 
included in the Farmington Meadows design proposal.  This chapter is critical for establishing 
the detailed parcel characteristics such as percent imperviousness, number of parking spaces, 
dwelling density and other characteristics vital to the modeling process.  The same level of detail 
is established for the thoroughfares, including the quantity of materials and cost per linear foot 
to build street right of ways.  This information is essential for the Index PlanBuilder modeling 
process, but also to convey the spatial characteristics of the places creates within the proposal.  
The axonometric and perspective renderings are intended to show what the different housing 
products would be like to walk past every day.
 The housing pattern book entries are color coded to match the land use paints applied to 
the parcels on the Illustrated master plan.  Likewise the thoroughfare pattern book entries are 
color coded to match those drawn in Figure 35.
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Housing Products

Farmstead

Axon w/ Dimensions

Key Features

Density (Du/acre): 1 Du/Ac
Lot Depth: Varied
Lot Width: Varied
Lot Square Footage: ~43,560
Front Setback: 30’
Side Setback: 30’
Rear Setback: 10’
High Limit: 36’
Land Value: $7,500 / Acre
Avg. House Value: $325,000
Dwelling Type:  Single Family
Residents Per/DU:  2.98
Avg. Income: Varied
Parking: 6 Spaces/unit
% Impervious:  6%

Perspective Rendering

Elevation

Plan
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Detached Residential

Axon w/ Dimensions

Key Features

Density (Du/acre): 10.9 Du/Ac
Lot Depth: 110’
Lot Width: 40’
Lot Square Footage: ~4,000 S.F.
Front Setback: 10’
Side Setback: 0’
Rear Setback: 10’
Height Limit 30’
Land Value: $348,000/Acre
Avg. House Value: $155,000
Dwelling Type:  Single Family
Residents Per/DU:  2.98
Avg. Income: $55,000
Parking: 2 Spaces/unit
% Impervious:  40%

Perspective Rendering

Elevation

Plan

Housing Products
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Attached Residential

Axon w/ Dimensions

Key Features

Density (Du/acre): 16 Du/Ac
Lot Depth: 90’
Lot Width: 30’
Lot Area: ~2,600 S.F.
Front Setback: 10’
Side Setback: 0’
Rear Setback: 10’
Land Value: $302,000/Acre
Avg. House Value: $155,000
Dwelling Type:  Multi-Family
Residents Per/DU:  2.98
Avg. Income: $55,000
Parking: 2 Spaces/unit
% Impervious:  66%

Perspective Rendering

Elevation

Plan

Housing Products
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Housing Products

Garden Apartment

Axon w/ Dimensions

Key Features

Density (Du/acre): 24 Du/Ac
Lot Depth: 110’
Lot Width: 65’
Lot Square Footage: ~7,250 S.F.
Front Setback: 10’
Side Setback: 8’
Rear Setback: 10’
Land Value: $310,000/Acre
Avg. Dwelling Value: $94,000
Dwelling Type:  Multi-Family
Residents Per/DU:  1.94
Avg. Income: $35,000
Parking: 1.5 Spaces/unit
% Impervious:  65%

Perspective Rendering

Elevation

Plan
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Housing Products

Low Rise Apartments

Axon w/ Dimensions

Key Features

Density (Du/acre): 40 Du/Ac
Lot Depth: 300’
Lot Width: 360’
Lot Area: ~108,000 S.F.
Front Setback: 10’
Side Setback: 10’
Rear Setback: 10’
Land Value: $302,000/Acre
Avg. House Value: $75,000
Dwelling Type:  Multi-Family
Residents Per/DU:  1.94
Avg. Income: $35,000
Parking: 1.5 Spaces/unit
% Impervious:  66%

Perspective Rendering

Elevation

Plan
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Housing Products

Retail / Mixed Use Building

Axon w/ Dimensions

Key Features

Density (Du/acre): 30 Du/Ac
Lot Depth: 250’
Lot Width: Varied
Lot Area: Varied S.F.
Front Setback: 0’
Side Setback: 8’
Rear Parking Setback:15’
Land Value: $400,000/Acre
Avg. Dwelling Value: $151,000
Dwelling Type:  Multi-Family
Residents Per/DU:  1.94
Avg. Income: $44,000
Parking: 1.5 Spaces/unit
% Impervious:  65%

Perspective Rendering

Elevation

Plan
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Street Cross Sections

Local Street - 50’ ROW

Key Features
Percent Impervious:  44%
Cost Per Linear Ft: $334.66 
Linear Feet of Road: 23,997.61
Raw Road Cost: $8,031,040.163
Street Width: 22’
# of Sidewalks: 2
# of Parking Lanes: 1
BMPS:  Embedded Bioswale
Jurisdiction: City
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Local collector - 50’ ROW

Key Features
Percent Impervious:  56%
Cost Per Linear Ft: $236.29 
Linear Feet of Road: 23,997.61
Raw Road Cost: $6,138,970.15
Street Width: 28’
# of Sidewalks: 2
# of Parking Lanes: 2
BMPS:  Vegetated Swale
Jurisdiction: City

Street Cross Sections
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Street Cross Sections

Parkway - 60’ ROW

Key Features
Percent Impervious:  56%
Cost Per Linear Ft: $342.03 
Linear Feet of Road: 6,789.39
Raw Road Cost: $ 2,322,175.06
Street Width: 26’
# of Sidewalks: 2
# of Parking Lanes: 1
BMPS:  Bioswale
Jurisdiction: City
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Parkway - 80’ ROW

Key Features

Percent Impervious:  56%
Cost Per Linear Ft: $569.73 
Linear Feet of Road: 3,360.37
Raw Road Cost: $1,914,503.60
Street Width: 32’
# of Sidewalks: 2
# of Parking Lanes: 2
BMPS:  Bioswale
Jurisdiction: City

Street Cross Sections
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Street Cross Sections

Alley - 20’ ROW

Key Features

Percent Impervious:  80%
Cost Per Linear Ft: $46.78 
Linear Feet of Road: 33,270.62
Raw Road Cost: $1,556,399.60
Street Width: 16’
# of Sidewalks: 0
# of Parking Lanes: 0
BMPS:  Filtration Plantings
Jurisdiction: City
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Street Cross Sections

Green Street 22’ ROW

Key Features
Percent Impervious:  20%
Cost Per Linear Ft: $207.09 
Linear Feet of Road: 15,939.32
Raw Road Cost: $3,300,873.92
Street Width: 18’
# of Sidewalks: 1
# of Parking Lanes: 0
BMPS:  Reinforced Turf Mats
Jurisdiction: City
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XI. Additional Information

The data process that accompanied this document is quite large and consists of several lengthy 
technical reports, multiple spreadsheets, land use paint fact sheets, and other external documents.  
Information from the appendix is available upon request. If you are interested in learning more 
about the process or seeing additional materials please contact the author at

Samuelgeer@gmail.com
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