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Abstract
Beyond Density:
Measuring Neighborhood Form in New England’s Upper Connecticut River Valley
by
Peter Marshall Owens
Doctor of Philosophy in Environmental Planning

University of California, Berkeley

Professor Michael Southworth, Chair

Research evaluating the impacts of smart growth, new urbanism, and
pedestrian oriented design on transportation, public health and community life is
limited by weaknesses of conventional urban form measures. A review of recent
literature finds standard measures, such as development density and land use, do not
sufficiently differentiate basic elements of neighborhood form. This contributes to
ambiguous research findings. Improved methods for operationalizing urban form as
an independent variable is a critical need for the emerging field of urban design.

This dissertation explores the potential of developing simple, replicable
measures that can better distinguish first order differences between neighborhoods.
The complex nature of three-dimensional space and a lack of useable datasets at this
scale suggested an exploratory, hypothesis generating, research approach. The project
is built around detailed study of a dozen neighborhoods in the Upper Valley Region of
Vermont and New Hampshire. An extensive field-based analysis of urban form
identified key urban form variables and speculated on associations with perceived

qualities of the neighborhood environment. Based on those findings, a GIS based,



parcel-level data set was compiled at two scales of analysis—neighborhood-wide and
the more detailed realm of the street, block, lot, and building. The database was the
basis for exploratory derivation and testing of simple replicable measures of
neighborhood form. A field based survey tour established a perceptual baseline for a
series of environmental qualities across the case studies. Correlating mean survey
scores with calculated values served as a basic validity test for experimental measures.
Initial findings suggest both substantial limitations and promising areas of
research related to developing quantitative measures of city form. The complexity of
the built environment limited successful measures to very simple constructions based
on the standard density measure of units per acre such as parcels per acre, buildings
per parcel, or simple ratios such as building height to setback. Correlations of
measured and perceived values offered insights into the relationship between urban
form and environmental qualities. For qualities such as density, connectivity, and
enclosure, the associated physical dimensions were generally clear and relatively easy
to measure. Physical relationships associated with other qualities such as grain, scale,
consistency and permeability, are more complex but certain classes of measures
seemed to capture much of the observed variation between cases. Others, such as
variability, are so complex that they seem best approached, at least initially, through
use of proxy measures. Opportunities for future research include testing measures
across a broader context of urban form and density and operationalizing measurement

protocols within a GIS framework.
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Cities have often been likened to symphonies and poems, and the comparison seems a
perfectly natural one. They are in fact objects of the same kind. The city may even be rated
higher since it stands at the point where nature and artifice meet. A city is a congestion of
animals whose biological history is enclosed within its boundaries, and yet every conscious
and rational act on the part of these creatures helps to shape the city’s eventual character.
By its form as by the manner of its birth, the city has elements at once of biological
procreation, organic evolution, and esthetic creation. It is both a natural object and a thing
to be cultivated; individual and group; something lived and something dreamed. It is the
human invention par excellence.

e Claude Lévi-Strauss Tristes Tropiques

Chapter One:

INTRODUCTION & RESEARCH SUMMARY

There has been much debate in recent years over the influence of urban form on
the way we live. The discussion can be traced back nearly a half century to the seminal
work of Kevin Lynch and Jane Jacobs on the relationship between city form and people.
While their perspectives were quite distinct, each argued persuasively that existing
planning paradigms did not adequately understand how cities really work and what
makes them good places to live. Over the past several decades, this critique has
expanded to include the suburbs. It has triggered a growing call to rethink how we plan
and design communities in response to the dispersed, auto-dependent pattern of the
post-war suburban growth—an environment that has emerged as the dominant form of
American urbanism at the end of the 20th century.

This new development paradigm has gained considerable support in among
architects, planners and developers. It has begun to have widespread influence on

planning policy, especially in the rapidly growing regions of the Southeast, mid-Atlantic



and West Coast. A common assumption of these “smart growth” or “new urbanist”
proposals holds that increasing land use mix, street connections, residential densities
and pedestrian scale will result in less auto-centered travel and more walking-oriented
lifestyles. It is argued, in turn, that this will induce improvements in environmental
quality, accessibility, public health and community life. While this paradigm is applied
across all scales of development (from building to region), much of the discussion has
focused on the neighborhood scale where attributes of a “walkable” urban environment
can be most easily studied, observed and tested.

Testing the Claims. In the past decade, a significant body of research has begun
to emerge that examines the validity of these widely promoted virtues and its role in
American urban policy. An extensive literature has emerged on the extent to which
urban form influences travel—specifically can it help reduce auto use and increase use
of transit, bicycling and / or walking? (see Boarnet & Crane 2001, Ewing & Cervero 2001).
A more recent body of literature, prompted by widespread concern for increasing
obesity and sedentary lifestyles, looks at the potential influence of the built environment
from the perspective of public health. There has also been renewed interest in a debate
going back to 19th century social reformer movement over the potential impacts of
urban form on social interaction, children, safety and public life of communities and
neighborhoods.

While research debates have been lively, efforts have produced often mixed,
ambiguous and/ or tentative conclusions. This is understandable given the complex set
of variables that underscore the relationship between human activity and the physical
environment. The influences of many non-spatial factors such as demographics, life-
cycle, user preferences, economic costs, etc. are difficult to sort in relationship to the
complexities and multiple scales of the built environment. A review of recent research
testing impacts on travel reveals that findings may also be compromised by an inability
to fully operationalize urban form as an independent variable. While most agree the

2



differences between compact mixed-use forms and sprawling single-use forms should be
studied, methods for specifying key issues in robust, replicable terms are lacking.

One may argue a central issue in this research lay beyond the standard focus on
sorting out the impacts of urban form variables (density, use, pattern, etc.) from those of
user characteristics (income, education, class, etc.). A more fundamental challenge in
this research area may be the task of conceptualizing, describing and understanding the
complexities of urban form itself. In other words, work evaluating the influences of

urban form needs to be informed by more robust description of what is being studied.

1.1 The Problem of Neighborhood Measurement

The goal of this project is to contribute to these research efforts by examining the
potential to develop systematic and replicable measures that are capable of describing a
range of physical attributes at the specific scale of the neighborhood. Neighborhood
scale is important for several reasons. First, its limited scale allows investigation into the
complexities of three-dimensional design (enclosure, volume, scale) while it is expansive
enough to observe the dynamic relationships of land use planning (proximity,
movement, territory). At the scale of neighborhood, the vertical dimension emerges as a
central feature of the built environment. This is an area where there is little in the way
of standard methods of measurement. Two-dimensional planning measures typically
dominate physical planning practice and policies (Lynch 1981).

Secondly, it has special relevance to the particular issue of walking. Unlike other
modes of travel and movement, the distance limitations of walking make it much more
strongly related to the spatial scale of neighborhood (Handy et al 2002). Walking, in
turn, is linked to other quality of life issues such as health and social interaction (Frank
2000, Lund 2003). Finally, the physical neighborhood has proven curiously persistent in

its importance to residents despite the ever-widening social networks and mobility of



modern lifestyles (Lynch 1981). It retains its importance in terms of human identity and
association. More robust description of neighborhood settings should allow more
effective testing of how its physical form influences the way we live.

This area of research also has implications for the larger field of urban design. At
issue is advancing the substantive basis of urban design as an academic field through
improved description of the built environment (Appleyard & Jacobs 1987, Moudon 1992,
Southworth 2003). Urban design as a field is understandably heavily biased towards a
prescriptive or normative approach—a concern for how the city should be; how it can be
made better. Yet these aims are compromised by a relatively weak knowledge of what
the city is and how it works. Advancing the field requires building a knowledge base to
better inform debates about how to design livable places. One of the first requirements
of understanding anything is to be able to measure and describe it.

It is this larger research context of building knowledge in an emerging field to

which this project seeks to contribute.

1.2 Project Summary: Questions, Approaches, and Findings

There is considerable evidence that existing measurement conventions for urban
form are inadequate. For all their usefulness in other respects, standard descriptive tools
such as residential density and land use classification are unable to differentiate
rudimentary physical characteristics of the built environment—particularly at the more
detailed scale of the neighborhood. Earlier work the Seattle region found striking
differences of urban form between neighborhoods that were virtually identical when
measured by units per acre and land use mix (Owens 1993). A more recent project
systematically documented hundreds of neighborhoods across the US and found
enormous variation of environmental quality between areas of similar density and land

use (Campoli & MacLean 2004). While some recent research efforts have begun to work



on the development of more effective measures of urban form, many questions remain

(Moudon & Hess 2000, Krizek 2001, Handy et al 2002).

( : -2
Maple Street (left) and Hemlock Ridge (right): two Upper Valley neighborhoods with contrasting urban form character
and the same mix of single-family and multi-family units developed at the same density over an equivalent land area.

Figure 1-1 Two Neighborhoods: Different Forms / Same Density & Land Use

1.2.1 Research Questions:

This project explores the potential of developing systematic, replicable measures
of distinguishing physical attributes at the scale of the neighborhood. Thus the core
research question may be re-stated as:

Are there simple, replicable measures of neighborhood form, beyond

conventional measures of density and land use, that can more fully account for

urban form variation between neighborhoods?

At the heart of this seemingly simple question lies a basic conceptual tension

between the quest for “simple, replicable, finite” measures on one hand, and the
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“complex, dynamic, elusive” nature of what is being measured, on the other. The three-
dimensional reality of “a neighborhood” is a complex entity. A series of underlying
questions that suggest this may not be as simple a task as it initially appears:
1. How can concepts such density, use & circulation be measured in more
spatial terms?
2. How can the key spatial relationships linked to physical variation be
teased out and identified?
3. What kinds of approaches are most suited to translating complex and
variable spatial characteristics into comparable measures?
4. How can the effectiveness of any derived measure be tested for validity
and replicability? (i.e. do they work?).
5. What kind of data specification is required for measures to be used for

broader analysis and application? (e.g. GIS computing?)

1.2.2 Research Approach & Methods:

These are not insignificant questions. Neighborhoods are dynamic systems with
many interconnected parts that change over time. Standardized urban form data,
especially in the third dimension, is almost non-existent. This suggests a research design
approach that is exploratory in nature, focusing on in-depth analysis of a few case
studies rather than on a more broad-ranging analysis using existing large data sets.

Case Study Approach: The project is built around an in-depth analysis of a set of
twelve neighborhoods in the urbanized portion of New England’s Upper Connecticut
River Valley encompassing parts of Hanover, NH; Lebanon, NH; Hartford, VT and
Norwich, VT. An initial selection process using US Census Data and street mapping
software identified a universe of 25 neighborhoods. These were winnowed down to a

set of 12 using a field evaluation matrix that assessed a series of urban form variables.



This set of twelve was arrayed into three sub-sets of four neighborhoods that share
similar densities and mix of uses but contrast to varying degrees in physical form.

The neighborhood, as a unit of analysis, offers a unique balance of physical
dimension. It is small enough to analyze in terms of three-dimensional space (e.g.
enclosure, volume, scale). Itis, at the same time, large enough to possess key dynamics
of two-dimensional patterns (e.g. proximity, movement, territory). The project was
organized around two scales of analysis: 1) the larger scale of the neighborhood as a
whole and 2) the more detailed scale of street/block/building/lot.

Multiple Methods: The research design involves a series of steps leading from
the initial selection of the cases to the final testing of the derived measures. Once the
neighborhood case studies were selected an extensive analysis of urban form was
undertaken to identify key urban form variables and speculate on their connection to
perceptual differences between neighborhoods. Based on those findings, an extensive
data set was compiled at the two scales of analysis. The database was the basis for
conducting a series of exploratory efforts aimed at deriving and testing simple replicable
measures of neighborhood form. A field based survey tour is used to establish a
baseline of perceived qualities across the case study neighborhoods. Finally measures
are tested by comparing calculated values with mean survey scores. A summary of each
of the major steps in included below.

Documentation of Neighborhood Form: Drawing on a review of urban design
theory, the 12 neighborhoods were examined using three systematic methods of urban
form analysis. Aerial and ground photography was used to capture the “whole” sense
of the place as well as to provide a standardized visual reference. Extensive field
observations were made to identify key issues that distinguish the form of one
neighborhood from the next. Finally, systematic mapping and typological analysis

provided a consistent “spatial” record for each neighborhood. This process provided a



baseline record for subsequent use in analyzing urban form, derivation and internal
testing of measures, and as a reference tool for external validation testing.

Analysis of Neighborhood Form: The next step involved an “analysis of
variance” for neighborhood form. The case study profiles were analyzed in matrix form
for first order variation across a range of neighborhood-wide urban form variables such
as street pattern, block and parcel pattern, open space, vegetation, land use, building
type, street type, and overall spatial quality. The matrix, in turn, provided the basis for
the development of conceptual models of spatial form and structure at the scale of the
neighborhood and the more detailed scale of street/block /house/lot. These models
provided a sound basis for identifying potential elements to be measured and potential
methods for their measurement.

The conceptual models also identified the need to develop more detailed baseline
information at the detailed scale of the street & block. Preliminary field measurements
were made for 73 streets within the 12 neighborhoods. First order measures of variables
such as street type, cross-sectional dimensions and components, street trees, building
setback, building height, building orientation, building spacing, unit type, and extent of
features such as walks, porches, garages were arrayed into a second comparative matrix
of neighborhood space. This matrix became the basis for selecting six detailed cases for
use in deriving more three-dimensional measures of neighborhood form. The detailed
study cases were further divided into three sets of matched pairs—streets that were
similar density and land use but contrasting in key urban form characteristics.

Data Compilation: With a better understanding of what should be measured,
the next step involved the gathering, compilation, coding and formatting a wide range
of urban form data. For the neighborhood-wide analysis, existing GIS datasets from the
four towns provided a beginning framework of parcel lines with linked parcel ID and
area data. As the quality of data ranged widely between towns, considerable effort was
required to compile a standardized dataset that included land use, block, street pattern,
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building type, unit type, topography and vegetation. Where possible, data was arrayed
at the parcel level (about 1,000 records across 12 neighborhoods) to allow more robust
analysis of spatial patterns and relationships.

Data compilation for the detailed study sets was even more challenging. There
was virtually no useful pre-existing data at this more detailed scale and much of it
included three-dimensional variables that lacked any standard specification protocol.
However, limiting the case studies to six small areas (3 to 7 acres) with a limited number
of parcels and buildings (less than 100 records) allowed assembly of a useable dataset.
Building off the parcel unit data of the larger database, measurements for a variety of
variables were made using a combination of field measurements, field photography,
orthophotographs, GIS layers, and even as-built drawings of recent projects. While the
resultant dataset was not as complete as possible, it provided a useful basis for the
development of experimental measures of three-dimensional form.

Deriving & Testing Measures: Each database provided the basis for looking at
potential relationships and metrics that would correlate with observed environmental
character. Relationships between variables were probed using rudimentary statistics
(average, sum, count, max, min, etc.) and rudimentary measures were derived using
various “intensity measures” (i.e. value per unit area or unit of analysis). The process
was a trial and error process where resulting values were arrayed against recorded
neighborhood and street profiles asking the question: Do the values reasonably
represent the observable variation in neighborhood form? Based on results,
measurements were adjusted, revised, or thrown out. The process was repeated until a
reasonably "good fit" was attained for a given spatial characteristic. The overall goal
was a set of measures that capture physical differences between neighborhoods in as
simple and efficient way as possible.

Survey of Neighborhood Qualities: A series of six neighborhood tours were
conducted to establish a more substantial baseline for perceived environmental variation
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of neighborhood qualities across the selected cases. Survey participants evaluated nine
qualities on a 1 - 5 scale during two-hour tours of six case study neighborhoods. The
survey tested three basic questions: 1) could the qualities be reliably and consistently
distinguished across the study neighborhoods, 2) did the findings confirm the
assumption of physical differences that underlay the case study selection process, and 3)
to what extent do the surveyed perceptions of differences between neighborhoods
correlate with those of the researcher.

Correlating Measured and Surveyed Values: Finally the average survey scores
for each quality were correlated with values calculated from experimental measures
developed over the course of the project. Combination graphs allowed values of
derived measures (e.g. parcels per acre, setback to height ratio) to be comparatively scaled
with the mean survey values across all six cases for each surveyed quality. This served
to test the capabilities of different measures to record first order differences between
neighborhoods. Potential refinements and improvements are discussed. Prospects and
limitations of findings within a broader context of urban conditions are evaluated and

directions for research are suggested.

Hypotheses & Expected Findings: While exploratory research is often seen as
more “hypothesis generating” than “hypothesis testing”, a series of expected findings
regarding the type and nature of derived measures were defined at the project’s outset.
They included a series of hypothesized relationships between perceived urban form
qualities, the physical elements that define them, and the challenge of measuring their
differences. Some of the principle challenges were methodological.

A series of research parameters were identified that were expected to be critical
to success. It was expected that the process would depend on the ability to measure
relationships between elements rather than simple the elements themselves. It was
further expected that key metrics would be proportional and relative rather than
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absolute in their specification and that typological analysis would be important to
measuring complex form relationships. Finally it was expected that the process would
be iterative—moving back and forth between measurement values and observed
variation between case studies.

A series of hypothesized relationships about key issues that would prove
significant in explaining variance in neighborhood form were also developed. These are
outlined at length in the expected findings discussion in Chapter Three. The key issues
thought to be important included:

* Form and distribution of density and land use

* Tree cover and landscape character

* Relationship between private and public domain
* Orientation of building and lots along street

* Scale and degree of spatial enclosure

* Scale and grain of neighborhood

* Connectivity of street system

* Degree of openness of boundaries and edges

* Relationship of variation and order

* Change and adaptability over time

1.2.4 Research Findings:

The results of the research project were, in turn, sometimes promising,
sometimes surprising, and occasionally disappointing. The limited geographic scope
and the exploratory nature of the work tend to restrict the degree to which findings can
be generalized to a broader context. Even within these limitations, the findings present
considerable evidence of the potential for standardized measures to capture first order

distinctions of urban form. While the final conclusions of the project in many respects
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raise more questions than they answer, a series of preliminary findings can be
summarized as follows:

Structure of Derived Measures: The underlying structure of the standard density
measure (units per acre) proved an adaptable model for building more effective measures
through its format of some value per standard reference unit. Variables that can be easily
expressed as numeric values (either in absolute or ordinal terms) proved critical to the
construction of simple measures.

Different Scales of Analysis: There is clear distinction between the challenges of
measuring neighborhood wide scale and those associated with the more detailed scale of
the street and block. The detailed scales of three-dimensional space are more complex,
open-ended. Studying this scale requires limiting analysis to a finite area for which
dimensions could be perceived and recorded.

Lack of Key Descriptive Language and Reliable Data: There is a notable
weakness and / or ambiguity of definition for key elements of urban form (especially in
three-dimensional space) such as “street”, “block”, “verge”, or “building type”. There
was also revelation regarding the absence of any reliable urban form data—especially at
the more detailed scale of a neighborhood. Data compilation turned out to be an
unexpectedly major challenge that in many way limited scope and extent of the findings.
Data specification issues were complex and required trial and error explorations to
determine what kind of information would be most useful.

Limits of Typology: The expectation that “typology” would provide useful
proxies for complex elements (e.g. building type, street to building relationship,
landscape pattern) was very limited due to the difficulty in defining types that could be
clearly understood, coded, and compiled in simple, replicable terms (i.e. without an
“expert” to needed to make judgment). Type classification for this kind of measurement

needs to be extremely simple and easy to specify.
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Difficulty in Capturing Spatial Patterns: Spatial patterns and distributions
proved very challenging to capture in a simple measure—most effective method was to
break down distributions within a larger area into smaller geographically or spatially
specific areas (e.g. by block, street, or parcel).

Significance of Parcel as a Variable: Surprisingly, the variable of “parcel” was
central to the successful derivation of successful measures correlating to observed
variation in physical character. It can be understood as a kind of “genetic code” or
“skeletal structure” that guides and informs all subsequent actions of urban
development.

Measurement Challenges of Different Qualities: Some identified qualities such
as connectivity, enclosure, or permeability proved surprisingly conducive to measuring
in relatively simple terms. Others such as scale, complexity or adaptability proved more
difficult to reliably measure. The more difficult qualities were, not surprisingly the ones
that were subject to the broadest interpretations. Clearly defining what was being
measured was a key element of deriving successful measurement. This was more
difficult for certain qualities than others.

Key Differences of Neighborhood Form: While the contrast between traditional
and newer era neighborhood forms was found to be strongly associated with variation
in this set of neighborhoods, the work also suggests the distinction between these two
development eras may neither be as clear or well understood as the literature would
suggest. The findings from this study suggest the real conundrum in measurement
terms, of distinguishing between them comes not so much from density levels, street
patterns, or building forms as from parcel patterns and development practices. The most
basic distinction of neighborhood form contrasted patterns of small-lot patterns of
individual buildings with large-lot patterns with multiple buildings on each parcel.

Additional research is needed to better understand these patterns.
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1.3 Contributions

This project contributes to the field of urban planning and design in several
ways. First, it contributes to recent research efforts to operationalize neighborhood form
as independent research variable. Unlike most other work, the specification of the urban
form is not done in conjunction with testing some related outcome but rather treated as
a discrete research question. Secondly, the project contributes to better understanding
between the quantitative representation and the perceptual understanding of the built
environment. It also contributes to on-going efforts to establish a more substantive base
of knowledge on the form and structure of urban space, and in particular, the residential
neighborhood.

The project is also set within an understudied but important emerging regional
environment—a small but steadily growing urban core within a largely rural setting.
Access to the outdoors, and a health care and education-based economy make it an
potentially important proto-type for emerging patterns of economic and regional
development. Finally, the project explores some key issues related to the development
of more sophisticated planning and zoning standards that are more oriented toward

neighborhood form and character.

1.4 Organization of Dissertation

This dissertation is organized into eight chapters. The first chapter introduces
the research problem and outlines research questions, approach, and findings. Chapter
Two locates this research topic within the several branches of related literature. Chapter
Three outlines the research methods in detail and describes the case study selection
process. Chapter Four documents the study areas and analyzes the key components of
urban form, approaches to measuring them and compilation of related data sets.
Chapters Five and Six describes the heart of the project—the derivation of urban form
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measures at two scales: 1) neighborhood and 2) street/block/building/parcel. Chapter
Seven describes the use of a field survey to establish broader baseline for perceived
qualities. Chapter Eight concludes by correlating measured values with surveyed

values and outlining final conclusions and research directions.
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It once seemed reasonable to me to think that a single standard language for settlement
pattern could be developed. But preparing such a description for any area proved to be
very time-consuming. More important, when faced with a particular problem of analysis
or design, one falls back on some other specialized language, usually a rather conventional
one. Developing a standard city language may be will-o’-the-wisp, or it may simply be
premature. Just now we are constrained to refining existing descriptions, or to inventing
and testing partial, specialized modes for specialized problems (p. 351).
* Kevin Lynch Good City Form

Chapter Two:

LITERATURE REVIEW

There are several bodies of literature that provide a useful context for the
question of how to conceptualize and measure the built environment. In Section 2.1, the
central challenge of operationalizing urban form as a research variable is examined
across a wide range of literature concerned with the influence of the built environment
on human activity. Section 2.2 focuses on the issue of conceptualizing and describing
urban form within the broader context of urban design and planning theory. Finally,
Section 2.3 reviews several literatures related to the core question that was outlined in
Chapter One—measuring neighborhood form. It covers 1) the limitations of existing
measurement conventions; 2) recent work on the specific question of measuring urban

form; and 3) the concept of neighborhood as a unit of analysis.

2.1 Neighborhood Form as a Research Variable: Environment & Behavior

Going back at least as far as Andrew Jackson Downing or Frederick Law

Olmsted’s 19" century associations of “good” design with a moralizing influence on
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society, there has been a steady stream of work concerned with linking environmental
form and social behavior. A central issue in this work concerns how urban form is
operationalized for the purposes of testing its impacts on travel, public health, social life,
etc. The following discussion is organized around three bodies of literature concerned
with the relationship between the built environment and aspects of human behavior
including: a) travel behavior, b) public health and c) social & community life. It

describes relevant methods and assesses key findings and limitations in the work.

2.1.1 Transportation and the Built Environment

The task of measuring and characterizing the built environment has been a major
issue in studies examining the relationships of urban form and travel behavior over the
past 15 years. Some of the earliest studies used simulation models of street networks to
show reduced vehicle miles traveled (VMT) associated with higher street connectivity
(Kulash 1990, McNally & Ryan 1993). Findings were limited by the simplification of
both the urban form and trip variables. Other early studies showed a correlation
between measures of aggregate density and VMT but did not account very well for
population variables (Kenworthy & Newman 1989, Holzclaw 1994). Pivo and Frank
(1994) introduce population controls and find that density and mixed use still make a
difference. However they still rely on aggregate census-level land-use that many have
argued poorly distinguishes important characteristics of the built environment.

Cervero and Kockelman (1997) attempt to address the shortcoming of census
land use data by using regional dominant land use data. However that data’s
coarseness—1 hectare (2.5 acre) cells—again leave a large uncertainty regarding the
specific characteristics of the built environment they are evaluating. Introducing the
impact of regional accessibility on travel into her analysis, Handy (1996) advances
measures of local accessibility through measures like blocks per square mile and retail
uses per population unit. Other approaches were more disaggregate, using household
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surveys and qualitative analysis of urban form dimensions in specific neighborhoods
with clearly contrasting form (Cervero & Radisch 1996)

Crane (1996) is very critical of these studies for their failure to control for “self
selection” of users to specific types of neighborhoods. In a later study, he tries to
address this problem by using a “consistent behavioral framework” to test the urban
form variable of “street connectivity” (Crane & Crepeau, 1998). However he exposes
himself to a similar criticism on the urban form side of the equation by operationalizing
street connectivity as a geographic information system (GIS) measure of grid versus non-
grid street network that was far too coarse and abstract to account for key differences of
scale, pattern and quality that may exist within street pattern when used as an
independent variable. Not surprisingly, his results are inconclusive.

Similar shortcomings can be identified in other recent studies. Kitamura and
Mokhtarian (1997, 2002) make some good points about the influence of personal
preference on travel and the need for multi-dimensional neighborhood measures.
However their physical variables are so abstract and weakly defined that it is hard to
discern any distinctive physical traits of the places they are examining. More recently
Srinivasan (2002) takes on the challenge of specifying detailed urban form through a
large-scale GIS based analysis of the greater Boston area. She attempts to derive
transportation choice models that are “more sensitive to the fine grained spatial
structure of neighborhoods.” While the careful parsing of GIS data gives a continuous
measure of urban form, what is seen as “fine-grained” in the world of regional GIS
analysis remains very abstract and difficult to correlate with the reality of a
neighborhood. In general, while there is a lot of rigorous data analysis in these studies,
their explanatory value is consistently undermined by vague or coarsely defined
characterization of the environment they are studying.

Developing measures of street design and street networks has emerged as a
significant factor in the travel-land use puzzle (Ewing & Cervero 2001). Various
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measures of intersection frequencies have been used to characterize the relative
connectivity of the network (Handy 1992, Southworth & Owens 1993, Cervero &
Radisch 1996). Average block size (together with sidewalk continuity and accessibility)
is used by Hess (1997) as a related but more easily calculated measure of street pattern
and scale in his work on connectivity measures for pedestrian travel. Hess et al. (1999)
apply these measures in six matched pair neighborhoods with similar residential
density, land use mix, and income but contrasting street layout. They found three times
the pedestrian volumes in sites with higher connectivity. Significantly, pedestrian
counts in low accessibility areas were over-represented by children—that is many of the
pedestrians found in these areas have didn’t have the options of driving.

Krizek’s (2003a) recent work probably represents the most comprehensive effort
to operationalize neighborhood-scale urban form across an entire region. He derives a
more sensitive index of neighborhood accessibility by arraying census and other
aggregate data on density, land use and street network across a 150-meter grid covering
the greater Seattle area. While his approach addresses earlier critiques of the coarseness
of traffic (TAZ) area zone as a unit of analysis, he concludes the “the elusive nature of
design often defies measurement and is sometimes best captured by more qualitative
measures.” He ends up using block size as a proxy for the complex and interrelated
qualities of neighborhood-scale urban design.

While block size might be a reasonable proxy for the combined influence of
multiple urban design variables, it is impossible to know with any certainty unless these
variables can be more clearly distinguished. In a second article describing conclusions
related to travel (Krizek 2003b), findings are consistent with earlier work by Handy,
Cervero and Crane which found that higher accessibility is associated with decreased
VMT but increased trip frequency (i.e. shorter, more frequent trips). However, no
significant mode shift from auto to walking could be discerned. Not surprisingly,
walking is the mode that is most sensitive to fine-scaled urban design character.
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While the general influence of development density and land use mix use on
travel behavior has been well established (Puskarev & Zupan, 1977), efforts to capture
the more elusive variables associated with fine-scaled urban form have been difficult.
Owens (1993) examines a wide range of detailed urban form variables that could affect
travel choice by comparing urban form differences between two of Seattle area
neighborhoods of equivalent density and land use mix. Due to potential problems of co-
linearity, others have tried to capture the complex, multivariate nature of this scale with
indices such as such the Pedestrian Environmental Factor used in Portland’s LUTRAQ
project (1000 Friends of Oregon). A major problem here is 1) the enormous time and
energy required to collect this data and 2) the questionable correlations with distinct
variation in neighborhoods (Cervero & Kockelman 1997, Lamont 2000). Cervero (1993)
suggests design level factors might simply be too “micro” to detect any significant

impact on travel.

2.1.2 Public Health and the Built Environment:

Rising concerns about America’s increasingly sedentary lifestyle have led to the
recent emergence of a parallel body of literature regarding the potential impact of the
built environment on public health. A 1996 Surgeon General’s report Physical Activity
and Health, cites increasing levels of physical inactivity as a growing cause of mortality
(Frank 2000). The September 2003 issue of the American Journal of Public Health and
American Journal of Health Promotion were dedicated to the impact of the built
environment on public health. Groups such as the Robert Wood Johnson Foundation
have made this area a funding priority (www.activelivingbydesign.org/ 2005).

The prospects for linking urban form characteristics with levels of walking are a
primary issue in this research (Jackson 2003). The hypothesis being tested is that people
who walk in places where walking is part of daily life will enjoy substantial health
benefits compared with those who don’t (Frank & Engelke 2001). Ewing, Pendall et al.
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(2003) use a “sprawl index” derived from widely available aggregate data to analyze 448
counties across the United States. They conclude “people living in counties marked by
sprawling development are likely to walk less, weigh more, and have high blood
pressure.” While the formulation of urban form is very coarse in these studies, the
findings are encouraging for research seeking to examine this link within more
disaggregate, place-specific settings. Frank (2000) suggests that the same three elements
of the built environment (development density, land use mix and street connectivity)
identified in the transportation research will be critical to public health questions.

Handy et al. (2002) and Frank (2001) reaffirm these three elements and add a
fourth element of particular importance to walking—the human-scale qualities of three-
dimensional space. Frank asserts that travel modes linked to better health (e.g. walking
and bicycling) are inherently more sensitive to the “micro-scale” urban form elements.
This view is supported by Rapoport’s (1987) theory that the slower speed of pedestrian
travel (compared with auto travel) makes it a mode more sensitive to small-scale details
and variation in the environment. Handy et al. (2002) label this fourth dimension as
“street scale & aesthetics.” Street scale describes the three-dimensional space along a
street as defined by buildings or other features (e.g. trees, walls). They further
distinguish aesthetics as a more intangible factor that often defies measurement but note
some specific issues such as orientation of windows and relation of doorways to street as
well as trees and pedestrian amenities (benches, lighting) as contributing elements. They
point out that experiential issues of safety, comfort, etc. are important components of
travel utility and are also closely related to the physical environment.

Handy et al. conclude that because the neighborhood scale is much more critical
to walking, research using household level disaggregate data for both activity and the
built environment will be critical to understand walking behavior. They go on to

support a core premise of this dissertation by suggesting qualitative research methods
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should be used to identify key elements at this environmental scale as well as effective
methods for measuring them (p.72).

Results from one early study support the influence of the neighborhood scale
environment on walking and physical activity. In a small, but carefully specified study
of two San Diego neighborhoods, residents in the “high walkability” neighborhood had
almost 70 more minutes per week of physical activity (measured by an accelerometer)
than those in the “low walkability” neighborhood after adjusting for age and education
(Saelens et al. 2003). Curiously, the study used a self-reported “neighborhood
walkability scale” to “measure” variation of urban form attributes such as density,
mixed use and street connectivity. No visual information (i.e. photographs or maps),
written descriptions, or other measures were offered as independent assessments of the
two neighborhoods under study.

With no independent measure of urban form, the implied link between urban
form and walking is an unsupported finding—increased physical activity can only be
linked with the perception of sidewalk facilities. In sharp contrast to these findings,
another study that did independently account for urban form variables found “sidewalks
facilities” had no influence on walking activity (Hess et al. 1999). In order to draw
conclusions regarding the influence of the built environment on behavior, it is necessary

to first understand the actual dimensions of the environment under study.

2.1.3 Social Life and the Built Environment

A third body of literature deals with the influence of the built environment on
issues such as neighboring, social interaction and community life. This is a much older
literature that has its roots in the 1960’s. From Claude Nicholas Ledoux’s 1770’s plan for
Chaux to the 1960’s-era Model Cities Program, planning and urban design has long

believed in the potential for design to effect social change (Kostoff 1991).
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During the 1960’s, a body of research began to emerge that looked more closely
at these relationships. This “social design” paradigm began to be challenged by people
like sociologist Herbert Gans (1962 & 1963). His studies of Boston’s West End and
Leavittown concluded urban form does not exert as much influence on basic social
behavior compared to factors such as class, ethnicity and age.

However, more site-specific study of social use and behavior did find strong
links to the physical environment—although not always as envisioned by the designer.
Clare Cooper Marcus’ (1975) early study of the Easter Hill Village housing development
found the use of the site in striking contrast to that assumed by its designers. Other
important work included Appleyard (1972) on the impact of traffic on social life,
Newman (1973) on relationship between urban form and crime and, most notably, Gehl
(1971) and Whyte (1979) on design factors influencing street life and use of public
spaces. This body of research has direct relevance to the identification of key attributes
of the built environment that may influence human activity. This work will be
considered more specifically in next section of this chapter.

While more recent work in the social factors area was not surveyed, one recent
study recently published in the Journal of the American Planning Association is notable for
what it does and does not demonstrate (Lund 2003). The study—entitled Testing The
Claims of New Urbanism: Local Access, Pedestrian Travel, and Neighboring Behavior —sets up
access to parks and/or shops as an independent variable being tested in relation to two
dependent variables: walking and neighboring. The influence of age is also tested with
four match pairs each including a pre-1945 and post-1995 neighborhood. Local access is
varied by selecting study matched pairs with: 1) shops and park, 2) retail only, 3) shops
only, and 4) neither shops nor park within walking distance. An extensive resident
survey is administered to gather data on demographics, attitudes and perceptions.

Significantly, typical pedestrian environment variables are held constant—all
eight have connected streets, narrow lots, sidewalks, street trees, shallow setbacks, etc.
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Portland’s “smart growth” policies have produced a series of new suburban
neighborhoods with many traits that are similar to older city neighborhoods. This
allows access to be tested more independently—often very difficult when comparing
older and newer neighborhoods that vary in both design quality and access. Not
surprisingly the study finds when there is someplace to walk to (especially shops)
destination walking trips are high. When there are no nearby shops, walking trips are
few. The study also found—consistent with Handy (1996) and others—that variation in
local access did not significantly affect strolling or recreational walking after controlling
for population variables.

With regard to social interaction, she finds that the more people walk, the more
social interactions they had with their neighbors. Again, this is a useful confirmation of
Jan Gehl's work 20 years earlier that found this connection in studies of neighborhoods
in Toronto, Sydney and Denmark. Lund’s findings also suggest personal attitudes and
household characteristics are equally important to local access in explaining pedestrian
activity and neighboring. Positive attitudes towards neighboring and families with kids
are more strongly associated with walking and neighboring in many cases—an
important cautionary finding for those who see design as strongly deterministic of
behavior.

What is extremely troubling about the study, however, is the misrepresentation
of neighborhood design significance. The study explicitly excludes any variation in the
“quality of the pedestrian environment” by selecting all “compact, walkable
neighborhoods." It then goes on to state that this "allowed the study to focus on
accessibility to everyday amenities without ignoring the importance of people-friendly
designs" (emphasis added). This appears to be simply a misstated association. The study
can conclude nothing about design—it is not tested. The study only tests the impact of
access, attitudes on walking and neighboring in neighborhoods of similar design—some
new, some old.
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The misconception of design is carried forward through the entire article. A
review of design literature is framed around the question of whether “changing the way
we design our neighborhoods—particularly their public spaces—can help revive the
strong community life observed in early 20" century neighborhoods.” It goes on to
incorrectly interpret Appleyard’s Liveable Streets study as linking “human-scale, people-
friendly street design to increased interaction among neighbors.” It did nothing of the
sort—it tested the impact of traffic volume on neighboring. As in Lund’s study, street
design was explicitly held constant in order to test traffic as the independent variable.

Likewise a review of the land-use and transportation literature begins with the
statement “neighborhood and streetscape environments also affect the frequency with
which people walk in their neighborhoods.” In contrast, this literature review found the
variable of “streetscape” has been very difficult to operationalize and only a weak
associations have been made with travel choice. Density, mix of activities and
accessibility are all shown to be much more important explanatory variables. These are
large scale planning variables not small-scale design ones.

Finally, one of two major conclusions supporting New Urbanism finds "when
combined with pedestrian-friendly streetscapes, locating parks and retail shops within a
neighborhood can increase pedestrian travel and neighboring” (again emphasis added).
Locating parks and shops in a neighborhood was indeed shown to matter. But the study
proved nothing related to "pedestrian-friendly streetscapes"—they were not tested.
What about neighborhoods with wide streets and big setbacks that have shops and
parks nearby? Comparing these types of neighborhoods with those in the study set
could have tested the potential influence of “walkable” neighborhood design. But
without varying design elements, we have no way of knowing.

While not wanting to unfairly single out this study, it does exemplify the
common difficulty in sorting out measures of two-dimensional planning from three-
dimensional design that persists throughout this literature. It also illustrates how an
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earnest desire to “prove” something (in this case that good design matters) can lead to

conclusions that are not supported by the research.

2.1.4 Operationalizing Neighborhood Form: Key Findings and Limitations

The preceding discussion reveals a series of lessons related to capturing variation
of neighborhood form. The goal of almost every research project discussed was to
understand the influence of the built environment on human use and perception of
those environments. A key theoretical and methodological issue in this work concerns
operationalizing complex phenomena of the built environment. This task presents an
inherent theoretical tension between the inherent wholeness of a physical place and the
need disaggregate and specify its component parts in order to sort out the influence of
spatial variables (e.g. connectivity, enclosure) from non-spatial variables (e.g.
demographics, economics). The challenge is to being able to examine the parts without
compromising the integrity of the whole. Several lessons have emerged:

Limitations and Bias of Available Data: One the biggest obstacles is the
availability of good data. Many projects depend on readily available aggregate data
sources on urban form such as the US Census. This tends to bias models of urban form
towards dimensions such as density and land use for which data is easily available
(Cervero & Kockelman 1997). Studies seeking to overcome data limitations have often
required resource intensive data collection and/or a limited geographic scope. They
also tend to lack rigorous theoretical models of urban form. Studies that sought to retain
the integrity of the whole environment were limited in three ways: 1) potential
subjectivity of case selection, 2) problems of research replicability, and 3) an inability to
disentangle urban form factors.

Unit of Analysis— Density and Land Use: A related problem is that density and
land use data sets tend to be aggregated into units (census tracts or TAZ) that cannot
distinguish perceived character differences (Owens 1993, Moudon et al. 2001). The poor
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matching of data cell boundaries to actual development pattern can misrepresent
specific land use patterns as well as mask cross-border relationships. When used in
combination with disaggregate household level data this incongruity can produce an
“ecological fallacy” where aggregate form data may have little relationship to a
household’s specific physical context. The use of more sophisticated GIS tools in some
recent studies have helped captured a finer-grain of land use pattern by introducing
smaller and more continuous units of analysis (Srinivasan 2002, Krizek 2003).

Capturing Street Connectivity & Scale: Another specification issue is the
effective characterization of circulation patterns beyond the initially limiting binomial
specification of gridded versus curvilinear (Kulash 1990). Messinger & Ewing (1995)
follow Southworth & Owens (1993) in developing a more refined ordinal scale of street
network type. Counting intersection type and frequency introduced more quantitative
data on network connectivity (Handy 1992, Cervero & Radisch 1996). Later studies
incorporate a more discrete and continuous measure of environmental scale such as
average block size or average length of block based on the assumption that block size and
street network connectivity are closely related (Hess et al. 1999, Krizek 2003). While
measures of connectivity and block size may often be a useful proxy for walkable places,
the fine-grained block pattern of downtown Houston suggests that this may not always
be the case. Neighborhood form needs to be understood as a bundle of inter-related
factors (Kostoff 1992, p. 287).

Under-specifying Density, Land-Use & Streets: The overwhelming tendency in
these studies is to focus on a trio of two-dimensional urban form measures: 1) residential
density, 2) mix of uses and 3) street network. While these are all significant factors
(especially for automotive travel), their weak specification at the scale of neighborhood,
block, street and building misses qualities of order, form, shape, scale, enclosure,
rhythm, etc. that are inherent to any three-dimensional environment. Instead, the
tendency is to simply lump all these issues into a catchall category of “design” (Cervero,
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Krizek, Handy, Ewing, Frank, etc.). The problem is that conceptualizing design as
something that only affects the micro-scale environments tends to mask the design
dimensions of density, land use and street networks—especially at the neighborhood
scale where they really matter. They become essentially under-specified variables. Only
the concept of “street scale” introduced by Handy et al. (2002) begins to recognize the
need to better specify the design dimensions of these elements.

Micro-Scale Lumping: A closely related problem is the anti-theoretical lumping
of all sorts of physical and perceptual factors into the elusive category of micro-scale
design—everything from light posts to aesthetics to landscaping to sidewalk width. This
is not to say these factors are not important. The problem is they tend to be specified
within catchall shopping lists that seem based more on brainstorming about “what’s
left” rather than on any sound theoretical model of physical space. This practice also
suffers from enormous data gaps and problems with time-consuming data collection in
the field. The reviewed studies often array these factors into composite “pedestrian
indices” to allow more systematic statistical analysis. Yet clearly these factors are
important—especially at the detail-sensitive scale of walking. Ewing et al. (2005
forthcoming) are attempting to address this shortcoming by linking key environmental
qualities to finite, measurable physical elements.

One obstacle to better specification of detailed design elements might be called
the “eye wash” problem. Focusing on the visual surface of an urban scene it may actually
obscure deeper structural relationships of urban form. Some recently published photo-
simulations show two views of the same street—one dressed up with streetscape
elements, one stripped bare (Urban Advantage 2004). The perceptual difference is
astounding. The contrast clearly demonstrates the importance of the micro-scale
elements on the quality of urban space. However the comparison also reinforces the

simplistic belief that adding landscaping or lampposts somehow constitutes a full urban
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design solution. A more systematic model for underlying dimensions of urban form
might better account for the full range of neighborhood space.

Urban Form Proxies for New Urbanism. Another widespread practice in this
literature is the use of older neighborhoods as proxies for testing the claims of New
Urbanist developments. While this may be a necessary second-best strategy due to the
lack of completed examples for comparative research, it is a surprisingly unchallenged
assumption. While many aspects of neo-traditional or new urban projects may appear
similar to the places that inspired them, it is potentially misleading to assume they are in
fact the same. They have been developed under different development standards, real
estate practices, market conditions, financing constraints, and cultural contexts.

Two critical reviews by Southworth (1997 and 2003) suggest there is much that
may be different between these types of neighborhoods. A careful look at the
underlying structure of new urban developments reveals form qualities that may be
closer to the suburban model they claim to be rejecting than to the older urban
neighborhoods they claim to be emulating. As the marketing currency of labels like new
urbanism, neo-traditional, or smart growth gain value, there is also a considerable variation
in what is passed off under their names. This uncertainty underscores the need for
better methods of defining and differentiating neighborhood character in more
systematic and accessible ways.

The Challenge of Replicable Measures. Finally some attention must be given to
the conundrum of operationalizing measures that are conceptually and
methodologically simple enough to be replicable in future research. Urban form
measures need to be accessible enough to be recognized and understood by researchers
from allied non-design fields. This task is inherently handicapped by the complexity
and dynamic character of the built environment itself and its resistance to easy

representation—especially in quantitative terms.
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Yet the need is clear. There is enormous variation in how urban form is
measured in the reviewed work. The standard measures that do exist have relatively
weak descriptive power at the neighborhood scale. These factors, combined with
pressing research demands on the built environment, underscore the need for better
measures. The prospect of increased computing power in GIS and other spatially based
formats is promising (Dodge & Jiang 1998). But the powerful data analysis is only as
good as the theoretical constructs they are based on. The complexity of the problem
suggests a research approach that is exploratory and focused on discrete, particular and
identifiable urban forms.

In conclusion, a common weakness found in these three literatures was a limited
ability to capture the full dimension of the built environment in robust yet replicable
terms. However, doing so does not appear to be an easy task. Urban form is a complex
ecology of relationships that are not easily reduced to a simple set of measurable
attributes or variables. Sorting out the long debate concerning the influence of urban
form on human use depends on an improved ability to adequately distinguish the built
environment. Comparative research demands more refined descriptors and
measurements. Ultimately, better accounting of urban form variation will help us to

better see, evaluate and understand the world we live in.

2.2 Theoretical Foundations for Measuring the Neighborhood

The second section of literature review takes a step back to consider the question
of “measuring urban form” within a more theoretical context. How do different
conceptual frameworks look at urban form? How do they define the key elements or
dimensions? What are their inherent biases and assumptions? What can they tell us
about methods for deriving measures or measuring itself? What are the theoretical

challenges and limitations of such an endeavor?
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There is no better place to begin this discussion than with the sweeping
theoretical perspective of Kevin Lynch’s Good City Form (1981). In Chapter 2, What is the
Form of a City, and How is it Made, he asserts before one can evaluate human settlement as
“good” or “bad,” one must decide how to describe it in ways that different observers
will confirm—not a simple task his mind:

The fundamental problem is to decide what the form of human settlement consists of:

soley the inert physical things? or the living organisms too? the actions people

engage in? the social structure? the economic system? the ecological system? the

control of the space and its meaning? the way it presents itself to the senses? its

daily and seasonal rhythms? its secular changes? Like any important phenomenon,

the city extends out into every other phenomenon, and the choice of where to make

the cut is not an easy one (p.48).

Lynch’s working definition of “settlement form” is defined by two major
elements: 1) people doing things and 2) the physical spaces where they do them. His
Appendix B summarizes a series of five persistent difficulties with conventional
approaches for recording or measuring settlement form (p. 345-47).

The Third Dimension: Conventional modes of two-dimensional description are
very poor at capturing the third dimension, which is so critical to the experience of a
place at the limited scale of a neighborhood. Sections, elevations, axonometrics, bird’s
eye views, photographs, perspectives and 3-D projections all help but each has its
limitations.

Change Over Time: They are also very poor at capturing the important
dimension of time. It is hard to discern the daily rhythms of a place (so important to
their quality) or longer term change of the built environment and associated activities
over time. We are limited by static descriptions of dynamic environments.

Succinct Display of Information: Since city form is so complex, there is a
persistent problem of what to show. Too much information can overwhelm and be

unreadable. Not enough information can miss what is important to show. The

challenge is to describe complex systems in succinct terms.
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Missing Spatial Features: Other spatial features such as condition, ownership,
flows of communication and people, and the various qualities that can only be learned
from actual experience of the place are also missed by conventional measures.

Confusion of Use and Form: The inevitable association between use and form in
can also be confusing. Consider the example of “church.” Does it refer to a certain
building type or the activity of worship? The building type can house other uses (e.g. an
art gallery). Worship can happen in other kinds of buildings (e.g. in a barn).

Unlike other fields, Lynch observes that city planning has no basic language of
its own. Its theoretical models often don’t deal with the rich texture of city form and
meaning (e.g. Alonso 1964, Weber 1964, Foley 1964, Berry 1970, Dowall 1978). “Space is
abstracted in a way that impoverishes it, reducing it to a neutral container, a costly
distance, or a way of recording a distribution. Most of what we feel to be the real
experience has simply vanished” (p. 39). While Lynch is not optimistic a language
particular to cities will emerge, if one did, he feels it would likely be a graphical one.

Nonetheless, he does assert a general description of settlement form is possible.
It should account for two classes of physical things: persons acting and the physical
environment associated with those actions (p.351). He further divides each class into

elements related to relatively fixed locations and those related to movement.

persons places of
staying staying
persons paths of
moving moving

The diagram above adapts Lynch’s schema as a two-by-two matrix (from Lynch
diagram p. 351). People are either pursuing activities of working, playing, talking in
bounded locales such as buildings, parks or stoops (the upper half) or they are moving

along connecting facilities such as streets, paths or corridors (the lower half). This
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distinction correlates very nicely with Jan Gehl’s (1987) two-part classification of
pedestrian activities into “staying” versus “coming and going.” Gehl’s empirical
research finds that the most fertile grounds for social interaction are in the edge spaces
where these two activity classes overlap.

This crude classification provides the beginnings of a conceptual model for
measuring basic differences in the urban form. Given this project’s focus on the physical
dimensions of the built environment, we will focus on measurements related to the right
side of the matrix. However, the intertwining of physical form and human activity
demands doing so without losing sight of the left side of the matrix. Lynch’s work also
suggests our problem is complex enough to limit initial work to a few specific and

exploratory cases.

2.2.1 Three Approaches to Describing Neighborhood Form

With this foundation, one can focus on the more specific question of
conceptualizing and describing neighborhood form from the perspective of urban
design. As an emerging interdisciplinary field, urban design draws from a diverse set of
disciplines and approaches ranging from its early 20" century roots in architecture,
sociology and physical planning to more recent influences by environmental
psychology, cultural geography, urban morphology, transportation planning, landscape
architecture & ecology, environmental planning, economics & political science,
anthropology, etc. (Lynch 1981, Appleyard & Jacobs 1987, Southworth 1990, Moudon
1992, Lang 1994, Loukaitou-Sideris & Banerjee 1998, Sternberg 2000).

The core concern of urban design remains the built environment. The following
discussion will focus on concepts and observations relating to neighborhood form from
three distinct urban design perspectives. The classification system is taken from the

theory section of the author’s own qualifying exam (1993) and owes considerable debt to
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Moudon’s (1992) more comprehensive “epistemological map” of urban design. The

three approaches include:

Environment & Behavior: Focus on the built environment in relation to human
use, behavior and perception. (Gehl, Rapoport, Appleyard, Whyte, Marcus)

Place & Image: Focus on dimensions of the built environment in relation to
human experience, meaning and values. (Lynch, Alexander, Jacobs, Southworth)

Structure & Process: Focus on the evolving built environment thru analysis of

the typological elements of urban morphology. (Conzen, Krier, Rossi, Moudon)

Some of the work reviewed is theory oriented; some of it is more empirical. Still
other work is concerned with history or practice. As urban design is fundamentally
about making better places, it tends to have what Moudon calls a normative bias—a
concern for “what a city should be” as opposed to a more substantive concern for “what
a city is, or how it works.” While research is usually associated with the later, urban
design research requires a dialog between knowledge and action; between analysis and
prescription. Although there is considerable overlap between the categories, each offers
a unique perspective. The overall intent is to draw insight into key dimensions of the

physical neighborhood that might be measured and appropriate methods for doing so.

2.2.2 The First Approach: Environment — Behavior

This area is concerned with how human use, behavior and perception are
directly affected by the built environment. It is biased toward the left side of Lynch’s
diagram—the arena of human action. Here, urban form (the right side) is
conceptualized as perceived space. It does not have autonomous standing. This
perspective looks at people acting in space, and how various components of their
environment—some spatial, some perceptual—affect those actions.
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Research approaches are generally empirical-inductive—inference of is drawn
from direct knowledge of what is going on. It typically is not based on a strong
theoretical model but rather seeks to contribute a more grounded empirical perspective.
Madge (1953) notes that “direct, personal knowledge is our only means of insuring that
our theories are grounded on empirical fact” (p.122). The concept of “grounded theory”
argues that in some fields like the social sciences, theory is best developed through
qualitative methods like observation (Strauss 1967).

Typical methods are borrowed from the social sciences: observation, surveys and
interviews. The power of observation as an urban design research tool was ironically
introduced to the nascent field by a journalist. Jane Jacobs (1960) used interviews and
together with her own observations about the use of neighborhood space in New York
and Boston to call into question the theoretical underpinnings of the urban renewal
policies. While she might be considered a participant observer in a field like
anthropology, her lack of a standardized method of observation could present problems
of reliability and observer bias (Zeisel 1981).

Allan Jacobs (1985) argues that simply looking is a powerful tool of urban design.
A keen eye can pick up a range of environmental clues about how a place is used and
what might be important (Zeisel 1981). Annotated maps and field notes are key tools for
field observations. William Whyte (1980), who used time-lapse photography to look at
social behavior in NY urban plazas, emphasizes the importance of seeing how people
actually use space as a basis for evaluating policy. Other techniques such as interviews
& surveys can help gain insight into a user’s feelings and perceptions. They can also
record use and behavior at larger scales. Demographic and transportation research rely
heavily on surveys to gain insight into broad social or travel patterns. Large samples of
systematically gathered data are often well suited to more quantitative analysis.

In general, measuring behavior in relation to form it is not directly relevant to our
central question of measuring physical form itself. However, the literature does offer
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insight into some key environmental qualities at the neighborhood scale. These
empirically derived qualities are key factors affecting public life and the walking
environment—a central concern of the research debate about neighborhood design.
Reviewing some key sources may be useful in setting up our own work: What kinds of
measurements are important? What kind of qualities should they be able to capture?
How are these qualities physically manifested? How are they best distinguished?

Jan Gehl’s Life Between Buildings (1987) provides many useful insights on the use
of neighborhood-scale environments. His work comprises empirical case studies of
residential streets and public spaces from Europe, Australia, and North America. His
methods, drawn from many years of observation and surveys, might best be described
as hypothesis-generating rather than hypothesis-testing. Overall he finds outdoor
activities, especially more discretionary or “optional” ones, are highly sensitive to
environmental quality. He notes a kind of multiplier effect in good environments—a
whole range of secondary activities (e.g. chatting, playing, stopping, sitting) spring from
an original “necessary” activity (e.g. walking to the store).

In streets and city spaces of poor quality, only a bare minimum of activity takes place.

People hurry home. In a good environment, a completely different, broad spectrum of

human activities is possible (p.13).

Gehl contrasts four pairs of environmental factors that are critical to quality of
urban spaces: 1) assemble or disperse, 2) integrate or separate, 3) invite or repel, and 4)
open up or close in. A number of specific relationships operationalize these concepts.
Mixing of activities within a 400 to 500 meter (1,300 to 1,600 feet) radius increases
integration. Assembly is supported by closely spaced entries opening directly in public
streets and spaces such as around a square or common. Entries are where the action
is—long facades with few entries disperse events. At the scale of the street, widths
modulating in proportion to pedestrian use help integrate activity. Cars and people are

best integrated by slowing cars rather than segregating the two modes. Streets that have
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a strong transition zones between public and private realms (e.g. large storefront
windows, sidewalk cafes, gardens, porches, stoops, etc.) open up and invite interaction.
Providing good staying places with things to do at the edge invites close contact of
neighbors and informal exchange with passersby.

These key relationships are confirmed by other environmental design research.
Whyte (1980) finds the key design element in a downtown plaza is not within the plaza
itself, but in its relationship to the adjacent street. If it opens directly to a busy street
with lots of pedestrians, it is likely to be well used. If it is sunken, raised or otherwise
separated, it almost always fails. Food, sun, trees, and lots of places to sit, lean or talk
help too. Rapoport (1987) finds good walking environments are characterized by high
levels of perceptual complexity along the path. At walking speeds, it is the complexity
of building edges and associated activity that matter. The concept of edge is identified as
a key environmental factor in many studies.

Other important work addresses the influence of environmental form on urban
problems like crime and traffic. Newman (1973) finds visual connections between
interior and exterior spaces creates a sense of “territoriality” that greatly improves
perceived safety and attractiveness. This perception, in turn, supports use and
“ownership” of outdoor space, which in turn, discourages crime—criminals don’t like to
be watched. Appleyard & Lintell’s (1972) landmark study of impacts of traffic in San
Francisco does not test physical design variable but rather traffic volumes on the
perception and use of streets. The negative impacts of traffic on livability between
otherwise similar streets is dramatic and has been confirmed in other studies. A follow-
up study 25 years later by Bosselmann et al. (1999) inverts the research design to control
for traffic and vary design. It conclude the physical design of the street can significantly
mitigate impacts of heavy traffic thru use of a boulevard cross-section that separates
local access and pedestrians from thru traffic. Again the importance of edge is shown. It
also supports Gehl’s notion of modulating street width in response to activity.
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Beyond the work reviewed in the previous section, there have not been many
studies of urban form and use at a neighborhood specific scale. A rich body of urban
sociology studies have looked at neighborhoods as cultural and ethnic organizations
(Abu-Lughod 1991). Southworth (1970) dealt in depth with children’s conception and
use of a neighborhood in Cambridge, MA. A number of works discuss the importance
of street patterns as key organizing elements affecting both the physical and perceptual
form of a neighborhood or district (Wolfe 1987, Jacobs 1993, Southworth & Ben-Joseph
1997). Hester (1975) discusses the importance of community values in shaping
neighborhood space. Lynch’s (1961) early image studies, studies the relationship of
physical and perceptual form at the scale of a district. But it is much harder to find work
probing the overall relationship between neighborhood form and how people use it.

It is, however, not hard to find work by designers that presume to understand the
link between neighborhood form and use. Planning & urban design have a long history
of belief in the power of the built environment to affect social behavior. The strong
reaction to the overcrowding in 19" century cities led to theories that believed design
intervention could not only solve sanitation and public health issues, but induce moral
values, assimilate immigrants, foster democracy and promote social harmony (Howard
1898, Unwin 1909, Stein 1927, LeCorbusier 1929, Mumford 1938). These ideas became
codified (some would say distorted) in mid-century federal policies promoting the low-
density residential suburb and inner city urban renewal aimed at solving the plight of
urban poverty (Wright 1981, Jackson 1985). Jacobs (1960) wryly notes the obvious anti-
urban bias of the decentrist’s ideas: “how could anything so bad be worth the attempt to
understand it?” (p. 21).

While the failure federal urban renewal policies in the 1950’s & 1960’s have
discredited the idea of design shaping social outcome, the unshakeable belief in the
virtuous power of design lives on in the current new urbanist and smart growth
movements (Katz 1996, Ewing 1999). Leading proponents Duany and Plater-Zyberk
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“believe a designer’s decisions will permeate the lives of a residents not just visually but
in the way residents live” (Lennertz 1992). It is a powerful belief that has shown
widespread appeal. It is curious to note that design prototypes initially championed as
models of reducing density and escaping the overcrowded city are now serving the
opposite purpose (e.g. Forest Hills Garden, Perry’s “neighborhood unit”). They are now
held up to promote a renewed urbanism in the face of unyielding sprawl by applying
the principles of “civilized townscape” to the formless expanses of the urban edge.
While history reveals no shortage of proponents claiming to understand how
urban form affects use, it is only recently that research efforts have begun to rigorously
test these claims. As discussed in Section 2.1, most of this work has been focused in
transportation and more recently in “active living” research. Good specification of
urban form, especially at the neighborhood level remains a challenge—perhaps due to
the extremely time consuming and labor intensive nature of such work (Lynch 1981).
Together with Gehl’s work, Jacobs early observations (1961) still offers some of
the best assessments of key neighborhood scale urban form issues in relation to
pedestrian use and street life. For dense city neighborhoods she rejects the segregation
of planned organization in favor on key physical factors that promote diversity and
mixing: active sidewalks, permeable and finely scaled street edges, small blocks, mixed
uses, variation in building age and size, concentration of people, and open spaces
intimately linked to surrounding uses. Perhaps the greatest contribution of this
literature is a recognition that building better cities depends on city planning and design
research to move beyond the abstract world of two-dimensional diagrams an into the

tangible realm of three-dimensional experienced space.

2.2.3 The Second Approach: Place & Image
As opposed to the direct concern for human use and behavior in the first
approach, the second approach focuses on dimensions of the built environment
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associated with human values and meaning. This approach might be seen in the center
of Lynch’s diagram, balancing concerns between form (places) and human values
(people). The conception of form moves beyond a functional container for activity to a
physical realm endowed with cultural meaning and association. People are important
not so much as users, but as agents of human aspirations expressed in our built
landscape. It is premised on an inseparable bond of form and meaning. It advocates a
more integrated construct of space that merges people and place.

This area may be seen as the realm of stories and beautiful images. Its methods
tend to be very qualitative, emphasizing visual and narrative formats such as stories,
drawings and pictures. Except for history, it is generally considered as the least
academically rigorous approach. It does not have a theoretical base that can support
predictive models. It seeks to understand how a city works through the mind of the
collective and the culture.

Metaphor is often an important device for conveying theoretical understanding:
city as organism (Mumford 1961), city as machine (Le Corbursier 1933), city as garden
(Spirn 1984), city as poem (Calvino 1972), city as monument (Haussmann’s Paris, Papal
Rome—see Kostof 1991). Photography and drawings are used to capture the wholeness
of place. If lectures in the Environment-Behavior area have lots of charts and diagrams of
people flows, Place-Image lectures might tend to focus on projected images and narrative.
The idea of city and landscape as cultural narrative is explicitly discussed by cultural
geographers such as Brink Jackson (1980) and Grady Clay (1973).

While there is no agreed upon syntax or concept of urban form, it is not for lack
of trying. This approach is where designer’s feel most at home. Polemic debates and
manifestos about the correct city form are central to this literature—from Le Corbusier’s
(1929) tale of “the man’s way and the pack-donkey’s way” to Solomon’s (1992) “Tod and
Mindy.” This approach is often biased toward the normative perspective—concerned
with what the city should be rather than what it is or how it works.
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The field is built around the visual image and the aesthetics of place. Numerous
works over the past century illustrate this central theme—albeit while advocating for
widely divergent views of aesthetic quality (Camillo Sitte 1889, Burnham 1896, Sharp
1946, Unwin 1909, Hegeman & Peets 1922, Bacon 1976, Trancik 1986, Kostoff 1991,
Duany 1992, 2003). The graphic / narrative synthesis of the environmental design
journal PLACES provides an excellent illustration of the integration of visual image and
cultural content.

The city as a historical artifact is also a central concern. The importance of the
historical narrative and the city as a cultural expression is found in many places (e.g.
Reps 1964 or Kostoff 1991). A particular segment of the literature focuses on the way in
which historic cultural forces have shaped the decentralization of the American city
(Warner 1962, Wright 1981, Hayden 1984, Jackson 1985, Stern 1986, Weiss 1987, Fishman
1987, Stilgoe 1988, Rowe 1991, Hayden 2003 and 2004). The built landscape as a cultural
phenomena is well-represented in another related branch of literature—cultural
geography (Lewis 1979, Jackson 1980, Lowenthal 1985, MP Conzen 1990, Groth 1994).
This body of work tends to focus not so much on the aesthetics of place but rather how
the visual and built landscape is linked to everyday culture.

Not surprisingly, architecture is well represented in this area. An excellent
illustration of this literature is Christopher Alexander’s A Pattern Language (1977). Itis a
fascinating attempt to be systematic while remaining non-specific. It breaks down the
built environment into 253 patterns that range in scale from region to building detail. Its
qualitative, poetic tone allows subtle insight and makes it a widely accessible work. Yet
its application to more quantitative research it limited—it is replicable in conceptual
terms but hard to use within a consistent analytical framework. The problem from the
researcher’s perspective is that it requires judgment. While this may be good for

practitioners, it is not useful for systematic measurement. In the companion volume, A
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Timeless Way of Building (1977), Alexander becomes almost mystical in his depiction of
the key quality he seeks—the “quality that can’t be named.”

The investigation of deep human associations with the built environment and the
neighborhood is well represented in other work as well. Southworth and Southworth
(1974) explored these associations in looking at the city as a learning environment.
Others probed different connections such as Hiss (1990), Garreau (1991), Lyndon &
Moore (1994), Morrish & Brown (1994), and Rybczynski (1995). This literature expresses
the broad complexity of the American city with its celebration of urban qualities ranging
from ordered and graceful to rambunctious and chaotic.

This second approach is relevant to the particular interests of this research in
several ways. While it does not provide a basis for systematic investigation of urban
form, it does shed considerable light on the variation of urban form qualities and offers
some very strong opinions on which of them are important to making good places. This
literature is very strong on capturing the “wholeness” of a specific place and the subtle
ways that places distinguish themselves as memorable in the world. It's use of
photography, historic maps and field sketches demonstrate the power of graphic media
in conveying environmental qualities. Lessons in reading the landscape offer insight
into the embedded values and meaning in the built environment.

One of the key challenges will be to look at ways of using these tools in
systematic ways to build comparative baseline knowledge of the proposed study areas.
A good recent example is Alex MacLean’s (Campoli and MacLean 2004) database of
oblique aerial photography of American neighborhoods. It has begun to build the kind
of rich historical record of urban form as the popular 19" century bird’s eye views that
John Reps (1964) used so successfully to chronicle the development of the American city.
Systematic photography as research method may offer baseline data of urban form that

eludes other more conventional methods.
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2.2.4 The Third Approach: Structure & Process —Urban Morphology

The last approach focuses on understanding the built environment through
analysis of typological elements of urban form and their evolution over time. We now
find ourselves leaning distinctly toward the right side of Lynch’s diagram—toward the
urban form itself. People are still important but in a more distant and indirect way.
Moudon in her 1997 article Urban Morphology, summarizes it as the “study of human
habitat.” The city is not conceived as a grand plan (e.g. Burnham, Haussmann), but
rather as the “accumulation and integration of many individual and small group
actions” (p. 1). The human side is represented as the producer of urban form. A
morphologist might say this association of form to action is what endows an otherwise
inert physical form or setting with cultural meaning.

This is the realm of the map-makers & ciphers. Its primary concern with
systematic description and analysis of the built environment makes it most direclty
related to my research objectives. The built environment is seen as an additive process of
change, built-up from base elements such as buildings, gardens, plots, streets, parks and
monuments. The formal patterns and relationships are “read” for significance and
association. Meaning is a function of the form and adaptation of these typological
elements over time—a kind of autonomous vessel for cultural meaning.

Theory and methods are systematic and graphic. They are based on a clear
structural concept of the city being defined by the assembly of core physical elements
(house, lots, streets) at different levels of resolution. These scales of resolutions step
from building/lot to street/block to neighborhood / district to town/ city and finally
region (Moudon 1997). The elements together form a kind of descriptive language. This
might be classified as an empirical-descriptive-inductive approach applied to measuring
patterns of urban form rather than human activity.

The field of urban morphology is quite young. Moudon (1994) describes its
emergence out of three parallel but distinct schools of thought: 1) The Birmingham
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School founded by MRG Conzen (1961), 2) the Versailles School in France, and 3) the
Italian School founded by Saverio Muratori (1959). While it is still rather inconsistent in
its focus, a body of literature is starting to emerge and the field now has its own journal:
Urban Morphology. All these schools are grounded in the conceptual use of “type” as a
way of systematically understanding and directing the making of the built environment.

Urban morphology breaks down the built environment into three key issues:
form, resolution, and time. The basic form increment or cell of the city is the
house/lot/related open space. These cells aggregate up into key building blocks of
urban form—for Conzen it is the “plan unit”, for Muratori it is the “tessuto”. Both
group buildings, open spaces, lots and streets into larger cohesive wholes with common
attributes. Thus the city may be analyzed at different resolution levels. Finally these
patterns are analyzed to understand how they are transformed over time in relation to
changing cultural and economic factors. Comparative time series graphics become
important ways to see these transformations.

There is a strong bias toward using rigorous description as a basis for
explanation. Yet the enormous lack of good mapping information at these scales
presents an enormous obstacle to this research approach. However, recent advances in
the computing power of GIS are increasingly seen to hold great promise for the future
(Dodge & Jiang 1998, Hess et al. 2001).

The use of typology or “type” as normative model for urban design is not a new
idea. It goes at least back to Italian renaissance architects such as Alberti and Palladio.
The latter’s highly influential I Quattro Libri dell” Architecttura (1570), or The Four Books of
Architecture, laid out an entire rulebook of proportional and pattern for buildings, streets
and cities. The specific typologies of palazzo (townhouse) and villa (country house) are
clearly seen in his own work in the Vicenza region.

In this country, 19th century pattern books such as Asher Benjamin’s The Country
Builder’s Assistant (1797) or Andrew Jackson Downing’s Cottage Residences (1842) were
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widely employed source of typological forms of the American built landscape. Thomas
Hubka'’s Big House, Little House, Back House, Barn (1984) picks up this tradition by using
typology as a basis for studying New England farm architecture patterns. The tradition
continued into the early 20" century with “catalog bungalows” influencing residential
typology and and Hegemann & Peet’s American Vitruvius (1922) informing the civic
scale of the “city beautiful”.

More contemporary work uses typological description and analysis for
uncovering patterns at all scales. The most extensive analysis at the neighborhood scale
is Anne Vernez Moudon’s (1986) study of urban transformation in San Francisco’s
Alamo Square. Frank & Schneeckloth’s (1994) collection includes numerous uses of type
in spatial analysis. Southworth & Owens (1993) look at morphology of street networks
at the urban edge. Jacobs (1993) looks at urban street typologies from around the world.
Others use morphology and typology to discuss the infill development in the American
City (Doern 1988, Owens 1994, Miller 1998, Ellis 2003). The use of urban form typologies
to guide new development is much more common in Europe (Rob Krier 1979, Rossi
1982, Leon Krier 1984).

Much of the new urbanism'’s sense of order is premised on historic patterns.
Vincent Scully (1992) observes the major insight of the early new urbanist work was the
recognition of an integrated “street-building typology” as a defining feature of
American urbanism. They adopt the same nested levels of analysis from region, to
neighborhood, to street, block and building (Duany 1992, Calthorpe 1994, Katz 1986,
Solomon 2003, Duany et al. 2003). While the best of new urbanist design is based on
typology derived from a historical tradition, in general, the connection with any kind of
systematic urban form analysis (in the Conzian sense) is weak at best. Without a solid
basis, projects tend to easily morph into self-referential ordering systems hung on static,

nostalgic or even wholly invented concepts of traditional town.
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The relevance of urban morphology to my research aims is quite direct. It
provides a systematic analytic framework for representing urban form at neighborhood
scale. It offers some promise of being measurable. It is also has considerable strength
for comparative analysis. The systematic, rational approach provides an organizing
structure for graphic analysis. It also holds some promise for looking at the tricky issue
of change over time and adaptation. Typology may also prove a useful analytic tool for
capturing complex interconnection of form elements that are hypothesized influences on
the pedestrian environment (Handy et al. 2002).

The problem of deriving replicable measures still remains a significant challenge.
It is further handicapped by the large gaps in existing data sources at the detailed scale
of the neighborhood, block, street and building. Increasing use of GIS analysis at this
level is promising but still distant. However, keeping this possibility in mind will help

inform the type and format of data developed for this project.

By way of summary, it may be useful to think about the three approaches to

urban design in relation to a three basic ways of seeing the built environment:
FUNCTION (Environment and Behavior)
IMAGE (Place & Image)
STRUCTURE (Urban Morphology)

These ways of seeing all offer important perspectives to the work at hand. The
first (function) offer insights into what may be key qualities to measure in relation to
pedestrian travel and social life. The second (image) offers insights into ways of
capturing holistic qualities of a place. The third (structure) offers the possibility of a
systematized basis for analyzing neighborhood character is specific and discrete terms.
All three perspectives will help inform the project’s research design as outlined in

Chapter Three.
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2.3 Issues of Language, Measurement and the Idea of Neighborhood

The third and last section of the literature review addresses several key areas
related to the specific task of measuring urban form and the specific scale of
neighborhood. Lynch (1981) asserts that “language limits thought” (p350). By this he
means the limitations of the standard two-dimensional planning language limits our
ability to talk and think about cities; “thus, it is difficult to compare the quality of two
places, except in some gross measures such as size or average density.” These
descriptive shortcomings, in turn, limit our ability to conceive and understand and the
city—one can’t think about something that one can’t describe.

The rational geometry of the land use diagram was the ideal conceptual
language for a young planning profession in pursuit of the scientifically-based city
(Boyer 1986). The terms of this language have encouraged thinking about the city as an
detached, abstract entity where everything has a proper place and is neatly bounded
(Perin 1977). It also diminishes the perception of the city as web of relationships and
stories with complex and subtle qualities of scale, texture, and overlapping realms.
Thus, the abstract, detached character of post-WWII growth is not surprising. Dolores
Hayden'’s (2004) book A Field Guide to Sprawl develops a more descriptive slang for these
patterns to assist the average person to see their environment more clearly.

In Planning to Stay, their lucid primer on Twin City neighborhoods, Morrish and
Brown (1994) argue that the simple act of changing the descriptive words we use, will
help change how residents see their neighborhood.

We have deliberately used new language for this book, because we are trying to help
people see familiar things in a different way. We have avoided using standard “land use”
terms used in typical city planning documents or descriptions you may assume you
already understand. This vocabulary shift is meant to help you express some important

ideas about your neighborhood more vividly and precisely, without resorting to technical
terminology. (p.15)
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Another compelling portrait of how visual language can limit cognition can be
found in the work of Edward Tufte (Envisioning Information 1990, The Visual Display of
Quantitative Information 2001). In his brilliant short essay on Microsoft’s PowerPoint
software, he discusses how the ubiquitous, one-size-fits-all format presents information
in a way that actually impoverishes thinking and ideas. It fails to convey, in substantial
ways, what is really important (2004). This problem is analogous to GIS generated
graphics. Standard displays of information replace thoughtful display. Rather than
removing bias, the “objectivity” of a default program view can sort and display
information in a highly biased way. This unintended bias is well illustrated in the
geographical organization of US census data into closed polygons that do not reflect the
basic structure of human settlement. Without meaning to do so, it distorts spatial
distribution of population at more detailed scales. In a world of massive amounts of
information, it seems ever more critical for researchers to understand how data
collection and display affects research interpretation and findings.

This final literature review will cover some specific issue related to this project’s
efforts to develop more specific accounting of neighborhood form. It includes 1) a brief
description of the history and limitations of conventional measures of urban form, 2) a
review of some current work related to measurement of urban form, and 3) a discussion

of neighborhood both as a historic idea and a unit of analysis.

2.3.1 The Limits of Conventional Measures: Density and Land Use

One only has to look as far a typical zoning code or an introductory planning text
to see how fundamental the concepts of land use and development density are to a
planner's understanding of the urban environment (Gallion and Eisner 1963). Use
typically refers to the segregation and classification of land by type of activity—such as
residential, commercial, or industrial. Density describes the intensity of urban activity
over some unit area such as units/acre or persons/square mile. Combined into
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designated land use zones, these constructs are easily illustrated as magic-markered
blobs on a land-use map (or, in today’s terms, as filled polygons on a GIS map).

There is an extensive literature documenting the emergence of these concepts as
the primary controls governing land development. Warner (1962) documents the rapid
pre-zoning development of Boston at the end of the 19" century. Boyer (1983) outlines
how rational science pushed the emergence of segregated Euclidean zoning. Kenneth
Jackson (1985) documents how the rise of the automobile and related federal policies
directed investment away from existing mixed-use neighborhoods in favor of low-
density single use neighborhoods. Wright (1981) recounts the strong social and cultural
pressures toward suburbanization in response to urban crowding and the “cult of
domesticity.” Weiss (1987) shows how the concepts of separation and control aligned
with the interests of large real estate by stabilizing markets and limiting competition.

The problem, from an urban design perspective, is the abstract and general
nature of these standardized descriptors. Simple comparisons of neighborhoods that
measure as quite similar using conventional planning measures can, in fact, be
dramatically different places (Owens, 1993). The descriptive weakness of these
concepts can obscure significant issues of urban development. A recent study of the
Puget Sound Region discovered an unrecognized pattern of suburban form by
comparing census measurements of form and use with ground based knowledge from
aerial photos and field reconnaissance (Moudon & Hess 2000). They discovered,
contrary to popular images of suburbs, over 20% of the suburban population lives in
“nucleated clusters” that were denser, and more mixed than a typical urban
neighborhood in the same region.

This pattern of suburban nucleation runs completely counter to the dominant
understanding of the suburbs as dispersed and segregated. This was missed by
conventional measures for two reasons: 1) the coarseness of data due to the size and
arbitrary boundaries of the unit of measurement (e.g. census tracts, TAZs), and 2) the

49



type of data collected did not fully describe the actual patterns on the ground (Moudon
et al. 2001). The incorporation of more sophisticated GIS measures holds considerable
promise to better address poor spatial matching of data boundaries to “on the ground”
land use and weak measurement of other important form characteristics (Southworth
2003, Dodge & Jiang 1998). However, the key question of what to measure in order to
efficiently capture urban form still remains a debated issue for researchers (Hess et al.
2001, Southworth 2003, Talen 2003, Ewing et al. 2004).

The problem of language is further illustrated in a 1997 JAPA Point/CounterPoint
debate between Gordon & Richardson and Ewing. Their divergent views are muddled
by conflicting definitions of what constitutes compact versus sprawl development
patterns. The debate is handicapped by poor specification of widely used terms as
sprawl, compact development, new urbanist, smart growth, suburban, etc. Some argue
poorly defined terms can result in adoption of policies whose associated public benefits
are more based on speculation than fact (Furseth 1997). While a recent project works
towards a nation-wide standard for measuring sprawl at the regional scale using
aggregate data, problems of developing more refined and replicable measures at the
neighborhood scale remain (Ewing, Pendall & Chen 2003).

An unspoken problem underlying this debate is that, strictly speaking, density
and land use don’t actually measure urban form very well. Development density
measures average intensity of building type or persons over a given spatial unit. Their
ability to represent spatial parameters (e.g. pattern, shape, grain) depends on a base
spatial unit fine enough to differentiate the space under study. Likewise, generalized
land use classifies activity type within a given area but provides little insight into spatial
form. Better spatial measures depend on data being attached to something finer—a
building or a space or a parcel. While Lynch (1981) considers this a problem, the
inseparable bond between use and the built environment may provide important clues
for methods of capturing these patterns of land use in more specific and precise terms.
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For instance, the concept of typology (associating specific form & use) may be a useful
tool to describe this relationship in much more concrete terms. While type is still a
generalization of the actual form, it provides much greater descriptive power than a
land use bubble. This gets at the central challenge of this project—to derive replicable,

understandable, and measurable dimensions for urban form analysis.

2.3.2 Measuring Urban Form: Recent Work

There has been a growing effort to develop better descriptions and measures of
the built environment and neighborhood form. A scattering of work over the past 30
years addresses questions of key qualities of urban form at the neighborhood scale
(Hester 1975, Moudon 1986, Owens 1993, Morrish & Brown 1994, Southworth 1997).
More recently, attention has been focused on measuring specific aspects of urban form
such as Hess (1997) on connectivity, Moudon & Hess (2000) on suburban nucleation,
Southworth (2003) on livability, Krizek (2003) on urban form / transportation, and Talen
(2003) on urbanism. A systematic model of urban form proposed by the New Urbanist’s
call the “transect” has of generated a lively debate about key questions of measurement
(Duany & Tallin 2001, Southworth 2003).

Other work is bringing new tools to the task. The Lincoln Institute of Land
Policy’s Visualizing Density project (Campoli & MacLean 2004) presents a compelling
catalog of aerial photographs of development patterns from across the US with related
density calculations. It reveals the great variety of physical form and visual character
across areas with similar density. These variations are explained by differences of
design but are not described with any specific measures or attributes. The project
demonstrates the oblique aerial photograph (or bird’s eye view) as a promising tool for
capturing key visual and structural dimensions of a neighborhood in a single image.

Significant contributions are also being made in measuring street patterns—a key
differentiating quality in urban form. While street pattern certainly has a great influence
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of development character (see Southworth and Owens 1994), the tendency has been to
limit the distinction to a simple dichotomy between grid and cul-de-sac (see Crane 1996).
While Hess (1997) and Krizek (2003) have developed better measures of street network
connectivity, it remains fertile ground for future research.

Another promising direction in urban form research is the collecting urban form
data using GIS at the parcel-level. This may potentially address many of the data
specification issues discussed earlier. Moudon & Hubner (2000) and Moudon (2001)
have employed a parcel-level GIS approach to measuring land supply and development
capacity. This work suggests a promising new direction for a broader application of
parcel level analysis to the challenges of measuring urban form—the direct concern of
this project.

Finally some on-going work should also be noted. McNally (forthcoming 2005)
has been developing methods for analyzing the landscape of the urban neighborhood by
using Perry’s “neighborhood unit” concept as a basis for comparative analysis of
neighborhoods in California and Japan. Ewing, Handy et al. (forthcoming 2005) are in
the midst of another promising project focused on “developing measurement methods
for intangible urban design qualities” thought to have a significant influence on active
living (i.e. walking, exercising, etc.) in residential neighborhoods and urban settings. The
research approach focuses on rating key qualities in across a series of video clips of
streets using statistical controls to ensure reliability. Associated physical elements are
then measured from media.

While it shares the general aim of better specifying urban form variables at the
detailed scale of street / block, the above project appears to be conceptually inverse to
the research approach of this project as outlined in Chapter Three. This project begins
by measuring actual physical variance in the built environment, and then tests
correlations of measured values with perceived environmental qualities as opposed to
vice versa. The results should prove interesting to compare.
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2.3.3 The Neighborhood Unit: History of an Idea & Increment of Analysis

Finally some discussion is in order regarding the basic unit of analysis for this
project—the neighborhood. The concept of neighborhood has been a powerful idea in
the history of American urbanism. It has emerged as key aspect social and cultural
identity (for divergent perspectives see Keller 1968, Poponoe 1977, Davis 1992). The
concept of the residential neighborhood as a planning ideal has also had a major impact
on the growth and form of the American city in the 20" century. An extensive
discussion of this literature can be found in The American Urban Neighborhood: 1890-1990
(Owens 1993).

Arguably the single biggest influence on the development of the neighborhood
as a central idea in city planning was Clarence Perry’s 1929 article in the Regional Survey
of New York and It's Environs. In it he draws on his own experience of living in the
Grovesnor Attenbury’s Forest Hills Village in Queens (circa 1911) to develop his now
famous concept of the “neighborhood unit” as a protected family enclave from the
dangers of modern life (e.g. motor vehicles). Others such as Stein (1951) and Lewis
Mumford picked up and promoted this thesis across the country (Hall 1988).

Though stripped on many of Perry’s original concerns for pedestrian scale and
community uses, it's organizing influence can be seen in the suburban form of every
major city in the United States, and even around the world. Two key concepts have
been largely retained—1) protection from automobile traffic and 2) organization around
an elementary school. The linking of elementary schools and housing tracts can be most
clearly seen in many older suburban patterns from the 1950’s and 1960’s. Curiously,
despite its historic association with single use, low density, traffic-protected suburbs,
Perry’s ideal has been vigorously promoted by the champions of the current new

urbanist movement (Duany et al. 2003).
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In more recent decades expanding size requirements for school sites and arterial
roadways have meant the ideal of integrating of schools and neighborhoods in many
newer suburban areas survives in concept only. The resulting scale of development
patterns is simply too large to support pedestrian life. Kids are driven to new mega-
schools by their parents because school sites are simply too far away and too dangerous
to walk to anymore. With the explosion of gated communities, planned unit
developments (PUDs), and auto-scaled site planning, the reality of the neighborhood
unit as a basis for city planning is highly debatable in many areas. Yet the concept
remains a powerful one. A resurgence of the neighborhood-based images in the real
estate industry suggests its influence is likely to continue—at least in theory.

The staying power of neighborhood as a conceptual building block of the
American city makes it an ideal unit of analysis to look at issues of measuring urban
form. It has been a central frame of reference for the past 50 years of urban design
research. Jacobs (1961) uses it to framework for organizing her observations relating
urban design and street life and her related critique of the city planning profession.
Hester (1975) considers neighborhood as the physical realm for building community
identity and political power. Lynch (1981) discusses it both as a type of urban form and
a social construct. Morrish & Brown (1994) attempt to develop better language for
neighborhood analysis and revitalization. Finally Patricios (2002) revisits the concept
and relevance of the neighborhood unit for a new century.

The neighborhood scale provides an ideal unit of analysis for researching
questions of measuring urban form. The lack of clear standards and definitions of
neighborhood form continue to handicap research (Plaut & Boarnet 2003). The relative
advantages and disadvantages of neighborhood as the primary unit of analysis for
developing more systematic methods for measuring urban form will be outlined at

length in the upcoming Chapter Three discussion.
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I am no scientist. I explore the neighborhood. An infant who has just learned to hold his
head up has a frank and forthright way of gazing about him in bewilderment. He hasn’t
the faintest clue where he is, but he aims to learn. In a couple of years, what he will have
learned instead is how to fake it: he'll have the cocksure air of a squatter who has come to
feel he owns the place. Some unwonted, taught pride diverts us from our original intent,
which is to explore the neighborhood, to view the landscape, to discover at least where it is
that we have been so startlingly set down, if we can’t learn why (p. 12).

* Annie Dillard Pilgrim at Tinker Creek

Chapter Three:

RESEARCH DESIGN & CASE STUDY SELECTION

This chapter outlines the project by asking three related questions: 1) What is the
question being studied? 2) How will this question be studied? 3) Where will this question
be studied? Section 3.1, lays out the central research question related to measuring
neighborhood form. It also discusses related theoretical issues, the neighborhood as a
unit of analysis, and a series of key hypotheses and expected findings. Finally it
summarizes the research methods associated with each of the project’s five phases. A
more extensive discussion of methods in relation to each phase of the project will be
presented at the outset of each subsequent chapter. The balance of this chapter
summarizes the first phase—case study selection. Section 3.2 summarizes the selection
of twelve neighborhood cases used for developing measures of broader, neighborhood-
wide patterns. Section 3.3 discusses the selection of six more detailed cases used for

developing measures at the more detailed scale of the street and block.
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3.1 Research Question & Methods

The core of the proposed project is rooted in the question that first sparked the
author’s interest in urban design research twenty years ago: Why is the built form
prescribed by a typical New England town’s zoning laws so often at odds with the built
form of the New England town—a form widely praised in the literature for its
considerable virtues? For example, John Reps (1965) admires its human scaled mix of
uses and simple yet richly varied spatial character. While the answer of this question is
no doubt complex, one contributing factor may lie in the shortcomings of the urban form
descriptors that typically underlie a zoning ordinance. Conventional measures such as
units per acre are often unable to capture rudimentary physical differences that may be
critical to prescribing a “good place" in policy language. It is this narrower question of
how more robust methods may be developed to capture first order dimensions of urban
form that is the focus of these research efforts.

The project began with a 1992 study of Seattle neighborhoods that found existing
descriptive conventions of land use mix and density unable to account for basic
differences in neighborhood form—especially those related to the quality of the walking
environment (Owens, 1993). The limitation of development density measures to
distinguish obvious differences of urban form is more broadly illustrated in the recently
completed Visualizing Density Catalog (Campoli & MacLean 2004). The project uses
systematic oblique aerial photography to document an enormous variation of character
between dozens of places with similar density and use. Finally, the literature review
presented in Chapter Two finds persistent problems related to operationalizing urban
form as a research variable in a recent body of work testing the relationship of urban
form to transportation, public health and other areas of interest—especially at the scale

of the neighborhood.

56



In response to these issues, this project explores the potential for developing
systematic, replicable measures for describing key physical attributes and relationships
at the scale of the neighborhood. The central research question asks:

Are there specific, replicable measures of neighborhood form, beyond

conventional measures of density and land use, that can more fully account for

physical variation between neighborhoods?
3.1.1 Theoretical Challenges of the Research Question

The literature review in Chapter 2 raises several key theoretical challenges in
relation to this question. One issue is replicability—a key concern of many research
efforts. Can the methodology be replicated and tested in other research? In some of the
work reviewed, the urban form measures were replicable but weak. They did show
much descriptive power to differentiating relevant variables. In other work,
descriptions were more robust but not easily repeated in other research settings. At the
heart of this question lies a basic theoretical tension between the quest for simple,
replicable, finite measures and the complex, dynamic, elusive nature of what is being
measured. Something is bound to get lost in translation.

Prospects for overcoming this tension are brightened by the powerful conceptual
fact that many aspects of environmental space are dimensionable. For example, it is
easy enough to give specific dimension to a say, a building. It is so long, so high, so
wide. It has a volume and a floor area. Accounting for its shape in simple terms is more
difficult but by no means impossible—for example pitch and orientation of a roofline
can be simply described. Modern CAD (computer aided design) software can measure
an extreme level of complexity and detail but generally doesn’t provide any summary
descriptive measures much beyond floor area and volume. The same holds true, at least
potentially, for three dimensional city forms, though the measurements become even

more involved and multivariate.
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It is easy to see how measuring the complexity of the built environment could be
an infinitely expanding task. However, without an underlying model relating measures
to environmental quality, measurement alone is not a particularly useful exercise. Yet
developing these models is not a simple task. Specific qualities need to be captured in
simple, replicable standard measures without falling back on narrative distinctions such
as “traditional” or “suburban” or "human-scaled." While these terms may have
enormous descriptive power and efficiency, their ability to influence research and public
policy is ultimately limited by their non-specificity. More useful and realistic measures
may dwell in the “middle ground” between the abstract two-dimensional space of a
land use diagram and the infinitely variable dimensions of a real place. The challenge,
then, is to generalize up to a level of abstraction where readily observable spatial
qualities can be grasped and distinguished in easily replicable dimensions. While on
the surface this seems like a simple problem, the specifics are somewhat more complex.
Some key issues include:

Challenge of Spatial Dimension: The conventional measures of density and use
have weak spatial or formal dimension. How can density and use be measured in more
spatial terms? How can neighborhood space be generalized to describe basic form while
avoiding the problem of unlimited variation and specificity?

Challenge of Complexity: The variations of built form at this scale are quite
complex. How can key elements or relationships of variation be teased out and defined?
How can factors, particularly those relevant to the “walking” environment, be
discerned?

Challenge of Measurement: Dimensions of design quality are considered elusive
and resistant to systematic measurement. What kind of tools and methods are best
suited to capturing complexity? How can the particularly elusive three-dimensional

realm be measured? What exactly is going to be measured?
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Challenge of Validity: Verification of any derived measure depends on both
reliability and replicability. How can the correlation between a measured value and a
perceived quality be tested? Is the measure simple enough to be repeated and used
elsewhere?

Challenge of Specification: One possible goal is to derive measurement concepts
that can be automated with GIS or other spatial computing tools. How well can derived
measures be translatable to a computable specification? What kinds of data sets are
required to do so? How accessible is this data?

Based on insights drawn from the literature review, it is the premise of this
project that these issues are best addressed through exploratory in-depth study of a
small group of neighborhoods. While this research could have been carried out in
almost any urbanized region with variety of development patterns, the particular
context for this work is the urbanized core of the Upper Valley region of Vermont and
New Hampshire. The research design incorporates field and graphic based
methodologies intended to capture broad spatial qualities and a set of specific and
replicable measures that can describe them. The remainder of this section will discuss:
a) the neighborhood as a unit of analysis, b) methods employed in the five part research

project, and c) the set of hypothesized expected findings.

3.1.2 Unit of Analysis: The Neighborhood

As discussed in Chapter Two, the neighborhood unit has been a powerful idea in
20" century urban planning. Neighborhoods are a widely recognized unit of analysis
well suited to the study of various dimensions urban form. As identifiable, physically
bounded areas where people live, shop and work, they are places where the intersecting
concerns of urban planning and design meet. While a neighborhood can be examined as
single unit, it is also comprised of interrelated component parts that can be studied in
detail. Elements such as buildings, parcels, streets, blocks, and open spaces are easily

59



identified and analyzed. These may be organized as three nested scales of a tiered
analysis of neighborhood form as follows:

1. Building & Lot: typical conditions at the level of smallest components

2. Street & Block: groupings of buildings and lots and their defining streets

3. Neighborhood: streets and blocks assembled into an identifiable area

These allow study of neighborhood dimensions ranging from the very detailed
to the very general. In this project, analyses focus on the two larger scales: the
neighborhood as a whole and the street and block scale. Streets and blocks are important
because they are the primary realms where neighborhoods are experienced as fully
three-dimensional spaces. Buildings, lots, and gardens will be considered as
components of street/block spaces but will not be studied independently.

In defining a neighborhood as streets and blocks assembled into an identifiable
area, the concept of identity is not used in the full Lynchian sense of somewhere with a
strong “sense of place” or a vivid and unique character. It is intended only to describe
somewhere with enough physical definition to be circled on a map as a place distinct
from its surrounding context. It might be vivid, it might be common, it might be utterly
forgettable. The important issue here is that one can draw a boundary around it based
on some standard criteria.

The scale of a neighborhood is also unique because it is small enough to be
defined as a specific and tangible place yet large enough to be acted on by the complex
functions of exchange that are the public life of a city. A neighborhood is also
understood (at least ideally) as having a pedestrian scale. This is typically described as
an area falling within a radius of roughly 1,000 to 1,500 feet (300 to 500 meters) or
approximately a five-minute walk from center to edge. This makes it a particularly

relevant unit of analysis for studying the relationship of urban form to walking.
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Key advantages of neighborhood as “unit of analysis” include:
* modest scale is complex but manageable
» discrete entity that can be widely understood
» form lends itself to analysis and expression of third dimension
= aunit of analysis accessible to researcher
» good unit for comparison, i.e. it can be identified elsewhere
» encompasses the domain of home-based walking

* scale is relevant to many issues of development and planning

There are also some disadvantages. While neighborhoods are often physically
discrete, they are not functionally autonomous systems. Within the highly mobile and
interdependent structure of the modern metropolis, neighborhoods are part of a larger
regional network. Ambiguous boundaries can make them difficult to define in
consistent terms. Today’s neighborhood has been shown to have rather weak spatial
correlation to people’s work, family, and social allegiances. And yet it remains a central
and important part of people’s geographic identity (Lynch 1980).

Neighborhood complexity and variability present other limitations for urban
form researchers. Variation in population and use that influence how a neighborhood
looks and functions can mask underlying structural and physical characteristics.
Research concerned with how form affects use must be careful to control for these
variables. As this project focuses on form only, the significance of this problem is
greatly reduced. Incidental observation of use will not be used to draw connections
about the influence of form on behavior, but rather to help identify key physical
components of neighborhood structure.

Finally, the sheer variety of neighborhood form makes it difficult to draw a
representative sample of a larger universe of neighborhoods. Not surprisingly, there is
also a scarcity of standardized urban form data at the neighborhood scale. As a result,
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compiling urban form data can be very time consuming. And since there is no general
agreement on what should be collected, there is little compatibility of any data collected
between places. This is especially true for three-dimensional data. By developing more
systematic measures, this project hopes to help: 1) facilitate better classification of
neighborhood form variables, and 2) identify key gaps in urban form data.
Key limitations of neighborhood as unit of analysis includes:

= problem of controlling for larger issues of city and regional context

» influence of population variables (but not for this project)

» problems of generalization—the lack of a representative sample

* limited data and time consuming data collection

» difficulty of measuring third dimension

This all suggests an exploratory research design based on a limited sample of
cases. Two sets of cases will be drawn from the same region. A neighborhood scale set
will be used to derive and test measures of neighborhood wide spatial patterns and
relationships. A more limited and detailed set of street/block cases will used to derive
urban form measures at the scale of three-dimensional neighborhood space. The results
of such an approach are necessarily specific and non-generalizable. It is hoped,
however, the project will complement the broader goal of developing more robust

means for operationalizing urban form in future research.

3.1.3 Hypotheses & Expected Findings

The exploratory nature of the research makes standard hypothesis testing using a
quasi-experimental research model somewhat problematic. In this project potential
findings were less certain. The relationships and outcomes that were tested were

somewhat more general and speculative at the outset. Over the course of the project

62



they were revised and sharpened in response to findings along the way. In place of
specifically predicted outcomes, a series of expected findings were proposed in relation
to nine characteristic qualities of urban form. Each quality was thought likely to prove a
significant factor in explaining variation of neighborhood form that eludes standard
land use and density measures. The following discussion summarizes each quality and
speculates on key factors related to its physical manifestation and measurement in
simple, replicable terms.

Spatial Form of Density and Use. One of the key findings taken from the
literature review was that planning standards such as density and land use are not very
good measures of urban form—especially at the scale of neighborhood and street. They
measure of basic distribution (i.e. units per acre) and simple use type (i.e. retail or
residential) but they capture little about the way a neighborhood is organized, scaled,
and shaped as three-dimensional space. Yet density and land use do have observable
spatial patterns. A key part of this project may lie in capturing these patterns through
higher resolution analysis.

* Density can be given more specific spatial dimension through measures

keyed to block by block, parcel by parcel, or building by building variation

* Land use can be given more discernable dimension by using typologies that

associate uses with patterns of buildings or parcel configuration

The Overlap Zone: Public and Private Space. Another key concept found in the
literature is the impact of the relationship between private building and public street on
neighborhood character. A variety of elements affect this relationship. Building-edge
elements include setback, front yards, and connection of inside to outside (e.g. entries,
porches, stoops, windows). Street-side elements include street width, sidewalks, tree
belts and traffic volumes. Key issues are likely to include:

* Interaction of front yard /house with the street (fences, windows, doors, etc.)

* Gradient of public vs. private space (porches, yards, sidewalks)
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* Degree of street right-of-way dedicated to non-auto use

Building [ Lot Orientation & Spacing Along Street. Another distinguishing
characteristic of neighborhoods is the arrangement of buildings on lots, and the
orientation of building and lots to the street. These relationships affect how compressed
or expansive a street feels. On one end of scale are skinny buildings, on skinny lots,
with gables facing the street. At other end are wide buildings on wide lots set far back
from the street with gables perpendicular to the street. The relative consistency of the
pattern along a block and at corners is also important.

* Proportion of lot & building width to depth

* Setback of building to street

* Relative distributions along the street/block

Scale and Degree of Enclosure. The degree to which street or neighborhood
space feels enclosed is also expected to be significant in distinguishing neighborhoods. It
is often discussed in relation to the concept of scale. Words like “intimate” describe one
end of the scale (e.g. pedestrian walks in North Berkeley) while terms such as “vast”
describe the other (e.g. Corbusier’s Ville Radieuse). Vegetation (especially shade trees)
and building edges are the major factors affecting sense of enclosure. Smaller scale
elements such as fences and hedges also play a role. Key issues may include:

* Proportion of street width to height of building

* Spacing between buildings

* Extent, size, spacing of street trees

Scale and Neighborhood Grain. Another aspect of scale is “grain” or the basic
cell size within a larger neighborhood pattern. It is related to what Muratori (1959)
called “edilizia”-the smallest element of building and surrounding open space that
defines the character of the built fabric. Aerial photographs clearly show how changes
in grain correlate with on the ground experience. Unlike enclosure, this quality is a
more about two-dimensional pattern than three-dimensional space. For example, at one
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end of this scale might be Beacon Hill in Boston, and the other end might be groups of
large suburban estates found at the edge of most American cities. Grain can be
measured in relation to both size and consistency (i.e. homogeneity versus
heterogeneity).

* Relative size of parcels, blocks and buildings

* Building to parcel relationship

* Relative consistency of pattern across neighborhood

Connectivity of Streets. Street pattern is a widely cited element of neighborhood
form. Because street data is widely available, (from gas station maps to USGS quads), it
is one of the few elements of neighborhood form widely analyzed in academic work.
However, until recently there was little in the way of connectivity standards much
beyond typologies of grid versus cul-de-sac (Butler and Handy, 2003). Connectivity, or
the extent to which the network is inter-connected, is one attribute that can be measured
across many types of street pattern. Block size and intersections per unit of area have
both been used as connectivity measures. Paths, sidewalks and trails are key elements
for pedestrian and bike connectivity.

* Block size versus intersections per unit area counts

* Accounting for internal versus external connectivity

Openness of Edges & Boundaries. Boundaries and edges are what divide and
distinguish a neighborhood from its context. Neighborhood borders are almost always
some combination of circulation corridors such as major streets or railroads and/or
physiographic elements such as streams, topography, and open space. As with streets,
there can be great contrast of edge permeability. Some neighborhoods are inwardly
focused and shut off from their surroundings (e.g. gated communities); others are open
and permeable at their edges (e.g. part of a street grid). Permeability is a function of
both building/lot orientation (e.g. facing outward or inward) and street connections
(e.g. number of access points).
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* Points of access into neighborhood (both streets and open space)

* Orientation of lots and buildings at the neighborhood edge

Variability and Consistency. A more elusive quality is the relationship between
the variability and consistency. At one end of the spectrum is heterogeneity—a random
pattern with little in the way of organizing or standardized elements. The opposite is
homogeneity—a clear and unyielding order across all aspects of neighborhood form.
Most neighborhoods fall somewhere in the middle with some degree of variation
around some ordering framework. Sometimes the street system provides the order,
sometimes the buildings do, sometimes both. Some places, such as Boston’s Back Bay,
have greater variation at the house/lot scale and less variation at neighborhood scale.

The degree of variation and order can range widely. Consciously planned places
are typically associated with a high degree of order (e.g. master planned communities).
More organic places (e.g. squatters settlements) are typically linked with high variation.
But rules are sometimes invisible and variation has a way of sneaking into even the most
monotonous places over time. The development process itself is plays a significant role
in this quality. Some places have very organic forms that have been standardized
through contemporary codes (e.g. Nantucket); others show organic transformation of
originally standardized forms (e.g. Levittown). It is expected this relationship will be a
difficult to reliably assess and measure.

Change and Adaptability. Finally some attention to the temporal aspect of
neighborhood form—that how form changes over time. While this can have an
enormous impact on the quality of a neighborhood, it also is expected to be very hard to
measure in systematic terms. What are the units of measurement? Layeredness?
Visible history? Sense of time? How are these qualities derived and compiled? Time
sequence drawings or historic photographs can show some first order representation of

change over time but comparative measurements may be difficult.
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Clearly the degree of change is to some extent a direct function of age. Rome has
many layers of settlement patterns. Orange County does not. Pressure for change is
also directly related to the cultural and economic conditions of successive generations of
users. A village in a relatively remote part of the world (e.g. Bohemia) may not change
much over centuries while areas outside fast growing American cities (e.g. Santa Clara
Valley) can change beyond recognition in several decades. Some places seem to adapt
well to incremental change (e.g. Alamo Square in San Francisco) while others change by
large scale clearing and rebuilding (e.g. Santana Row in San Jose). Development
standards, ownership patterns, lot size and real estate practices all impact the pace and
nature of change. Many American neighborhoods are young and patterns of change are
not very clear yet. However, as land resources dwindle, political resistance to sprawl
mounts, and lifestyles change, a better understanding of the dynamics of change and
adaptation within existing neighborhoods will become increasingly important.

Concluding Thoughts. Many of these concepts such as grain, scale, and
orientation have been extensively discussed in the urban design literature. However
they are almost always defined in qualitative or narrative terms. They are routinely
discussed in professional design forums with little regard for precise definitions or
shared basis for meaning—often as a part of a rationale for a proposed design scheme or
theory. The intent of this project is to explore to what extent some of these qualities can
be captured in more systematic terms.

Some qualities are clearly easier to operationalize than others. The last two may
be seen as meta-patterns that will likely be hard to capture with any static measure.
Others such as street connectivity maybe more straight forward. While they range in
scale, they are interrelated. Neighborhood wide patterns (e.g. grain, boundary, street
pattern) are assembled from smaller scale increments (house & lot, street section). As the
project proceeds, it is expected this classification will be revised and reordered. The
final set of qualities that will be measured and their related physical components are
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bound to change. Nevertheless the above outline provides a good starting point for

exploring and measuring physical differences between neighborhoods.

Hypothesized Research Parameters: Finally some hypothesized parameters

were proposed in relation to the specific nature of the measurement instruments and

process. Specifically they postulated that comparative measurement of neighborhood

form would:

require measuring relationships between elements rather than simply the
individual elements themselves;

result in measurement units that are expressed in relative or proportional
terms rather than absolute numbers;

require data sets that are primarily quantitative in form in order to create
simple, replicable measures;

find certain urban form characteristics will elude attempts to be captured
in quantitative terms;

need to utilize typological analysis to capture more complex aspects of
three-dimensional form;

require a “trial and error” method that works back and forth between

derived measure and observed variance.

Many of these assumptions were built directly into the research methods. Their

validation was largely a function to what extent they proved to be true over the course

of the research project. In some cases they were, in other case they weren’t. These

findings will be discussed at length in the concluding chapter.

3.1.4 Summary of Research Methods

The research design comprises a five-step process leading from the initial

selection of the cases to the final testing of the derived measures. Methods for selection
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of twelve neighborhood case studies and six street/block case studies will be described at
length in Section 3.2 Case Study Selection of this chapter. The methods for each
subsequent step are summarized below and discussed at length in the five subsequent
chapters. Chapter Four summarizes the analysis of neighborhood form used to identify
potential variables to be measured and their associated qualities; Chapter Five & Six
describe the derivation and testing of experimental measures at two distinct scales;
Chapter Seven details the use of a field based survey to evaluate the perceptual range of
qualities across the cases; and Chapter Eight tests the correlations of measured values
with the range of perceived qualities at both the neighborhood wide and street/block
scale.

Analysis of Neighborhood Form (Chapter Four): Following the case study
selection, a series of three methodologies were enlisted to systematically document a
comparative baseline profile of neighborhood form. Each relates to the three theoretical
approaches discussed in Chapter Two including observation (environment & behavior);
photography (image and place); and mapping analysis (urban morphology). All support an
analytic framework that understands the built environment as a dynamic ecology
requiring first hand seeing, feeling, touching to grasp its full complexity.

The baseline profiles were used to build an analysis of variance matrix to
comparatively array character differences for a series of urban form elements or
variables across each set of case studies. Variables for the neighborhood set included
elements such as street pattern, land use & parcel pattern, building type, etc. Variables
for the street/block set included variables such as street cross-section, landscape character,
building setback /height/width, and streetscape features. Finally patterns of physical
variation were speculatively associated with a series of structural relationships and
tentative environmental qualities. Associations provided direction for potential

measures that might be derived in the next stages.
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Deriving and Testing Measures (Chapters Five and Six): Based on insights from
the urban form analyses, a series of urban form measures were derived and initially
tested at each scale of neighborhood analysis. The neighborhood-wide measures are
covered in Chapter Five; measures for the street/block scale are described in Chapter Six.
Deriving and testing measures involved a similar process for each scale. First the data
necessary to develop the measures had to be identified, specified and compiled into a
master database. Wide variations in available data across analysis scales and study sites
presented a variety of challenges. Basic parcel-level GIS data did allow a database to be
built around individual parcel records allowing higher resolution specification of many
urban form variables than is typically possible. By filling in gaps in existing data with
assessor's records and field surveys, a consistent database was established for most
neighborhood wide variables. Since there was virtually no pre-existing data for the
detailed scale of street/block, potential measures were limited by the type and extent of
data that could be manually compiled through field surveys and photographic analysis.

Each data set provided the basis for deriving experimental measures of various
dimensional relationships and assessing potential correlation between the measured
variation and key environmental qualities (e.g. enclosure, connectivity). The nature of
these qualities were hypothesized in the initial project design and refined over the
course of the urban form analysis (see previous discussion in Section 3.1.3).

Relationships between variables were probed with basic statistics. Rudimentary
measures were tested using various “intensity measures” describing some value per unit
of analysis. Resulting values were initially tested using a trial and error calibration
process that arrayed calculated values against the researcher’s own perception of
variation between neighborhoods and asking: Do the values reasonably represent the
observable variation in neighborhood form? Based on results, measurements were
adjusted, revised, or thrown out. The process was repeated until a reasonably good fit
was attained for a given spatial characteristic. The goal was to identify measures with
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some potential to capture first order physical differences between neighborhoods in as
simple and efficient way as possible.

Surveying Neighborhood Qualities (Chapter Seven): The fourth step used a
Neighborhood Evaluation Survey to establish a more substantial baseline for perceived
environmental variation of neighborhood qualities across the selected cases. A
relatively small sample of thirty-seven individuals evaluated nine qualitiesona1-5
scale during six carefully controlled two-hour survey tours. In each of the six case study
neighborhoods, four qualities were assessed during a five-minute driving tour and five
more during a five-minute walking tour down a single block. The sample was split
between professionals with some training in an urban design-related field and
laypersons with an interest but no formal training.

The survey tested three basic questions. First, were the qualities clear enough to
be reliably and consistently distinguished by each survey group across the study
neighborhoods. Secondly, did the range of observed variation between neighborhood
confirm the assumptions of physical differences that underlay the case study selection
process. And finally, how did the survey group’s perceptions of differences between
neighborhoods correlate with those of the researcher. The clarity of quality definitions
of were probed with open-ended survey questions. Scores were compared to see how
perceptions of different qualities varied across survey groups and case studies. Taken
together, the results provided a broader baseline against which to test and evaluate
derived measures in Chapter Eight.

Correlating Measured and Surveyed Values (Chapter Eight): Finally the
distribution of average survey scores for each quality were correlated with values
calculated from experimental measures across the six study cases. Combination graphs
allowed the relative values of derived measures (e.g. parcels per acre, setback to height
ratio) to be scaled on a primary axis and correlated with the mean survey values scaled
to a secondary axis across all six cases for each surveyed quality. This allowed some
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first order testing of the capabilities of different measures to record basic distinctions in
environmental qualities perceived across case study neighborhoods. The relative
robustness of measures to capture variation in neighborhood form is assessed and
potential refinements and improvements are discussed. Prospects and limitations of
findings within a broader context of urban conditions are evaluated and directions for

research are suggested.

3.2 Neighborhood Case Study Selection

The project's first task was to select the set of neighborhoods where the project
would be carried out. The following section summarizes the process beginning with a
description of the study's regional context. The next sub-section describes the initial
identification and sorting of two dozen potential case studies by density and
development pattern. The section concludes by detailing the rationale for selecting the
final set of twelve neighborhoods—three sets of four matched cases. Each set is selected
to cover a broad variation of urban form within a specified development density.
Together they comprise a field-based laboratory for testing and comparing proposed

measures of neighborhood form.

3.2.1 The Regional Context of the Upper Valley

The Upper Valley region is a surprisingly good place to study neighborhood
form. While its small size limits the potential universe of cases, it has a reasonable range
of neighborhood form within its urbanized core. The region is located along the
Connecticut River bordering Vermont and New Hampshire about 120 miles northwest
of Boston (Figure 3-1 Location Map of the Upper Valley Study Area). First settled in the mid-

18" century, the region has grown to encompass several dozen valley towns with a
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population of about 125,000. It is centered around a 19" century railroad junction and a
20" century intersection of two interstate highways. Its four town cores include
Lebanon, NH (pop. 13,000); Hanover, NH (pop. 11,000); Hartford, VT (pop. 10,000); and
Norwich, VT (pop. 4,000). A number of older and newer neighborhood patterns can be
found within their seven distinct village and town centers.
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In recent years the core area has been further multi-nucleated by the growth of
two new regional centers that are separate and distinct from the region’s historic centers.
The region’s major employer, the Dartmouth-Hitchcock Medical Center (DHMC) and its
associated Centerra Business Park, are sited on a new hilltop campus midway between
Hanover and Lebanon. The Route 12A commercial strip, just across the across the river
from Vermont, has grown into the regional retail center. Remarkably, neither of these
places has a single unit of housing within walking distance.

As a result of these patterns most of the core's residential areas have comparable

regional access to jobs and shopping. The exception is central Hanover where
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Dartmouth College remains a major in-town employer. Despite the historic decline of
rail, mill, and manufacturing jobs in the other older centers, a variety of retail shops and
small businesses continue to serve these areas. Many newer areas (especially the higher
density ones) share a similar, if somewhat less organized, adjacency to local retail
services and small businesses. Thus a variety of in-town neighborhoods with a wide

mix of traditional and post-war development patterns can be found within the core area.

3.2.2 Identifying and Sorting Potential Case Studies

Case selection began by identifying all potential study neighborhoods in the
Upper Valley. The process was a variation on methods employed by Moudon and Hess
(2000) to identify areas of suburban nucleation in the greater Seattle region. They used a
three-step trial-and-error process including census analysis, aerial photography, and on-
the-ground field checking to identify suburban clusters of higher density residential use
in close proximity to retail and other services. These same steps were adapted to the
Upper Valley region to locate areas of comparable residential density and land use
context with contrasting attributes of physical form.

In the spring of 2004, USGS maps, a digital street atlas (Delorme Street Atlas
USA), and the on-line TerraServer-USA ortho-photography database were used to locate
all potential case studies within the urban core of the four towns. For the purposes of
this study, potential neighborhoods were defined as any identifiable, contiguous,
residential cluster that was roughly one-quarter mile in radius with some adjacency to
non-residential uses such as schools, shops, and recreation. The target radius was
quickly reduced to 1,000 feet (75 acres) to better fit the grain of local settlement patterns.
The region's varied terrain and irregular street network tends to limit neighborhood size
to 75 acres or less. Areas less than 35 acres in area or one unit per acre density were not

considered viable neighborhoods for the purposes of this study.
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Preliminary screening identified about 20 potential cases. Study areas were
defined using observable common sense boundaries such as streets, land use pattern,
and physiographic features such as waterways, wetlands, and topography. A follow-up
windshield survey confirmed a reasonable range of physical character and density.
Further field checking and pre-testing density using online census block maps resulted
in a series of adjustments. Several boundaries were refined, one case was dropped and
several others added to get a better mix of neighborhood types. In one instance a case
(Norwich Village) was split into two cases to create two study areas of compatible size to
other cases. Figure 3-2 shows the full set of 24 cases. The set appeared to include at least

several examples of all primary neighborhood types in the Upper Valley.

/ ! ey Beservaire ~
@ss Ed
f G Rd

LRSTARY |
~1 ':J Spung
Hanuu@ AT
Valley Fd
3l '\.]LE St

HANOVER

Hemlock R

“Dunster Rd ,

\

NEW HAMPSHIRE

VERMONT

DHMC \
HoOSPITAL 3

Bortem Lot Lake

Roursjl 2A
COMMERCIAL

i aasems

Figure 3-2 All Potential Neighborhood Cases in the Upper Valley

75



Calculating Density: The next step calculated and sorted the cases by residential
density by the conventional measure of units per acre. Although the project is focused on
physical form, average household size was also examined to ensure basic consistency of
population between cases. The density calculation methodology was modeled on
Campoli & MacLean (2004) which used ortho-photography, a digital atlas and census
block level data to calculate number of units for physically identified blocks of
residential development pattern.

An important difference is that neighborhood density, for the purposes of this
study, is calculated as a gross measure rather than net measure. This means that 100% of
the land area within the neighborhood boundary, including local streets, internal open
space and a scattering of other non-residential uses, was included. The specific selection
criteria ensured all cases included comparable degrees of non-residential uses. Once a
parcel-level database was compiled for each case, a more detailed analysis of land use
mix was done. The first part of Chapter Five describes this in detail. In contrast, net
density calculations typically include only the land area of the developed parcel itself
and not adjacent streets, parks, etc. As a result, gross neighborhood density is typically
somewhat lower than net density calculated for similar housing patterns.

As long as the study area correlated with census blocks, the process worked
quite well. The Campoli / McLean method assumes calculates density for individual
blocks. Adapting this method to larger multi-block neighborhoods where blocks do not
always correlate with census block boundaries presented a series of challenges. In the
Upper Valley, the degree of non-correlation between census block geography and
development pattern geography is amplified by highly varied, non-continuous terrain.
Unlike larger, flatter urban areas where census blocks are almost agree with identifiable
neighborhood blocks, nearly every neighborhood in the Upper Valley has at least one
edge that is defined by topography or open space rather than a street. This results in
perimeter edges of a neighborhood being included as part of enormous census blocks,
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often totaling several hundred acres, which extend to the next identifiable census
division (e.g. distant street, water body, railroad, etc). Only a small portion of these
census blocks and their associated population and housing data fall physically within

the study area neighborhood.
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This problem is illustrated in Figure 3-3 Comparing Census Block & Neighborhood
Boundaries. The census boundary map on the left shows three internal census blocks
(4049, 4050, 4051) just south of the Lebanon-Hanover town line. These blocks
correspond exactly with the development block areas visible on the right hand ortho-
photograph of the Dunster Road neighborhood. They have areas of 5.8, 3.7 and 4.2 acres
respectively. However, the perimeter areas of the neighborhood just to the east, south
and west of the three block cluster are part of census block 4045. This block measures a
324.3 acres—more than 6 times the area of the entire neighborhood. In GIS terms, this is
because the census block polygon “fills” until it finds a “closed” perimeter. This results
in a giant area of interstitial space being defined as a single census block. Because only a
small fraction of the block falls within the physically defined neighborhood, land area

and housing unit totals for 4045 must be interpolated using alternative methods.
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The inconsistency of census blocks and neighborhood boundaries complicated
calculation of accurate residential densities. Instead of simply adding the census blocks
in the neighborhood, census blocks were divided into inside blocks (100% included) and
outside blocks where only some fraction of total area fell within the neighborhood
boundary. Since dropping outside blocks would exclude a large part of the
neighborhood from the density calculation, both geography (area) and housing data had
to be interpolated for each outside block. The number of census blocks per neighborhood
varied from a low of one to a high of fifteen. In all but one of the 24 potential case study
areas there was at least one (and often three or four) outside blocks that had to be
interpolated. Depending on circumstance, several different techniques were used to
interpolate values for land area and unit counts. The compilation and interpolation
process is discussed at length in Appendix A. It also includes a table that breaks down
all 24 neighborhoods by census block and documents sources and assumptions for

interpolated values. An excerpt is shown in Table 3-1 Census Block Interpolation.

Area (acres) Hou_sir?g Density (units| Occupied Owngr Renter occpd Tota_l i Total Average
Tract BG Block (inferred) units: per acre) | housing units oocu_pled x blk (% own pqpulatlon Households Hous_ehold
(inferred) units total) (inferred) size
NOTE 1: Data in white cells are from census blocks outside of, but adjacent to neighborhood
NOTE 2: Data in blue cells are from census blocks partially within neighborhood (blue areas are much larger than yellow ones)
NOTE 3: Data in yellow cells are from census blocks that are 100% internal to neighborhood
XXX[NOTE 4: Totals in BLUE type are use interpolated values from blue blocks (area, housing units, density, population)
XXX|INOTE 5: Totals in BLACK type generally use 100% values from blue blocks (occupied housing, % owner, HH, ave HH size)
961602 |4 4008 281.15 120 0.4 119] 114 5) 334 119 2.81
961602 (4 4010 25.54 0) 0.0 0) 0) 0) 0) 0) 0)
1. Grasse Rd 35.0 60 1.7 119 114 96% 168 119 2.81
new dev #'s from J Caulo, Dartmouth RE, 4008 (37 u / 32 ac), 4010 (23 u / 22 ac) minus 19 ac (35%) req OS
961602 (4 4000 316.00] 111 0.4 108 8| 100 599 108] 2.36)
961602 (4 4001 2.15] 5 2.3 5 0 5 13 5 2.60)
961602 (4 4006 2.68| 0| 0.0 0) 0| 0) 0) 0) 0|
961602 (4 4003 164.97 38, 0.2 37 30 7| 110] 37| 2.97]
961602 |4 4002 14.45 63 4.4 63 7| 56 198] 63 1.65
961602 |4 4004 2.38] 9 3.8 9 7| 2 31 9 3.44]
961602 |4 4005 3.20 11 3.4 11 10) 1 44 11 4.00
2. Curtiss Rd 33.0 116 3.5 120 54 45% 360 120 3.14]
need confirmed counts for SF houses on outside streets in 4003, estimated 33 units on 13 acres from aerial
961602 (4 4011 1.41 2 1.4 2 2 0 8| 2 4.00]
961602 (4 4007 237.64 198 0.8 181 138 43 381 181 2.10]
961602 |4 4012 26.85 47| 1.8] 41 38| 3| 86 41 2.10]
961602 |4 4013 1.93 9 4.7 9 6 3] 18 9 2.00]
961602 (4 4014 3.47| 16] 4.6 15) 8| 7| 29 15 1.93
3. Willow Spring 27.0 165 6.1 246 190 77% 347 246 2.09

assumes 110 on 11 ac in 4007 & 30 on 10 ac in 4012--MF unit counts from V Smith (BrHIw 78/5, WilSpr 28/5, Crtyd 24/2)

Table 3-1 Sample of Census Block Interpolation & Density Calculation
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Sorting by Density: With block level area and unit totals set, calculating average
neighborhood density was a simply calculated by adding up all units and dividing by

total area. Table 3-2 Potential Cases Sorted by Density shows the range of all 24 cases.

Neighborhood D((Lelr/\:‘l:t)y (;:;rec:_\il:/)t: Town % 8‘2’:“ HH Size | Populat'n Hﬁl:l?tlgg (:;r::s)

Low to Moderate Density: 1 to 2 units / acre (about 44,000 to 22,000 sf land per unit)

12. Buckingham PI 1.2 1970-80 LEB 92% 3.1 220 71 59.0
20. Colonial Dr 1.3 1960-80 HAR 81% 2.58 268 103 78.0
17. Beech St 1.6 1960 HAR 97% 2.30 85 37 23.0
6. Dunston Rd 1.7 1940-70 LEB 91% 2.91 261 90 54.0
23. Jones Circle 1.7 1900-70 NOR 75% 2.30 189 82 48.0
1. Grasse Rd 1.7 1990-00 HAN 96% 2.81 168 60 35.0
24. Carpenter St 1.8 1900-90 NOR 69% 2.40 218 91 52.0
4. Valley Rd 2.0 1930-90 HAN 56% 2.59 315 121 60.0
Moderate Density: 2 to 5 units / acre (about 22,000 to 9,000 sf of land per unit)

16. Hillcrest Ter 2.5 1900-40 HAR 49% 2.34 161 70 28.0
19. Sterling Springs 2.8 2000 HAR 96% 2.01 220 110 40.0
21. Hawthorn St 31 1900-60 HAR 61% 2.22 317 144 47.0
18. Park/Summer St 3.3 1900-70 HAR 42% 2.35 202 84 25.8
15. Highland Ave 3.5 1900-60 LEB 57% 2.32 437 190 55.0
2. Curtiss Rd 3.5 1950-80 HAN 45% 3.14 360 116 33.0
22. Hemlock Ridge 3.8 1990 HAR 72% 2.29 334 145 38.0
5. Maple St 3.9 1900-50 HAN 41% 2.47 625 248 63.0
11. Peabody St 4.2 1960 LEB 83% 2.01 200 100 24.0
Moderate to High Density: 5 to 10 units / acre (about 9,000 to 4,500 sf land per unit)

10. Summer St 5.2 1900-60 LEB 38% 2.15 823 374 72.5
7. Wolf Rd 5.6 1980-90 LEB 19% 1.95 642 321 57.0
9. Elm St 5.8 1900-40 LEB 31% 2.02 676 338 58.0
3. Willow Spring 6.1 1920-80 HAN 77% 2.09 347 165 27.0
8. Spencer St 7.3 1920-00 LEB 15% 2.00 366 183 25.0
14. Village Green 7.7 1920-80 LEB 44% 2.06 966 460 60.0
13. Renihan Meadw's 8.7 1980 LEB 12% 2.54 325 130 15.0

NOTE: Grey cells indicate numbers that need further checking of unit count numbers for first order confidence

Table 3-2 All Potential Cases Sorted by Residential Development Density

The neighborhoods fall into a fairly well distributed range of density values from
about one to ten units per acre. Fields for percentage owner occupied, household size, and
population provide a general assessment of demographic characteristics between
potential cases. However, mix of housing type, a key variable of neighborhood form,
was not so easily determined. Census data on unit type is only gathered as 1:6 sample

data (sf3) that is not available at the block level. While it is available at the block group
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level, Upper Valley block group geography is too coarse and heterogeneous to provide a
reliable predictor of neighborhood housing mix. Tenure of household (100% sfl data on
owner versus renter) provides a much better proxy for housing mix in many cases.
Combining household tenure with field surveys allowed reasonable first order
distinctions of housing unit mix by neighborhood.

Two important observations about density need to be noted. First of all, density
relationships expressed as units per acre (u/a) are not linear. Values have more of a
geometric relationship with the relative difference of whole number increments growing
smaller as density rises. For example going from 1 u/a to 2 u/ais a 100% increase of
density whereas going from 9 u/a to 10 u/ais only a 10% increase. Comparative classes
of density should reflect equivalent distribution intervals. For this project, cases were
arrayed as three general groups with the highest value about twice as dense as the
lowest value within each group (i.e. lower 1 to 2; middle 2 to 5; higher 5 to 10).

Secondly, the higher end of the density range found in the Upper Valley is quite
low in comparison to larger metropolitan areas where values below 10 u/a are often
considered on the mid to lower end of the distribution. The literature review, however,
found little in the way of conventions for comparing neighborhood density. References
for density figures were found for census tracts and for development projects, but little
information was specific to density calculation by neighborhood. This underscores an
overall need for better base information on neighborhoods in general.

The surveyed cases were pretty well distributed with eight in the lower group,
nine in the middle group and seven in the upper group. There was also some
correlation between density class and estimated mix of housing types. The lower end
cases were predominantly single family houses with generally higher rates (75-95%) of
owner occupied units. Middle range cases were generally split between owners and
renters and matched the observed mix of single family and multi-family types (although
the relative mix ranged and one case, a mobile home park, had no multi-family units).
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The upper end cases were dominated by multi-family units and had more renters
although some exceptions were noted. Considerable variation in types of multi-family
structures was also observed. Some were older homes that had been sub-divided; others
were newer apartments or condominiums with a higher number of units per building.

Not surprisingly, distribution of household size correlated with density and
housing type with values near two persons per household for higher density areas and
approaching three persons per household for lower density areas. It was also interesting
to note that the relative distribution of density between towns is largely a function of
their character. All four towns had lower-density neighborhoods. However mid-range
cases were restricted to the three larger towns (Hanover, Hartford and Lebanon) and
almost all of the upper-density range cases were found in Lebanon—the region’s only
"city" with a population of 13,000.

While the project's research prospectus had called for sorting cases into four
density classes, the limited range of neighborhood type suggested three was a much
better fit to the local context. The region is just not a big enough to have many examples
of higher density. Densities above 8 u/a are only found in very small areas that are
better characterized as housing projects than neighborhoods. While it would be possible
to add a lower density category below 1 u/a, these areas are typically outside the built
up core and fall outside the "in-town" focus of this study.

Sorting by Physical Character. The next step was to sort potential cases by
physical character. A two-day “windshield” survey of all 24 cases recorded basic
variation of edge conditions, landscape character, housing density, development era,
street section, setbacks, building type, and land use context. The field survey concluded
that for the purposes of initial sorting of neighborhood form, development era was a
very good proxy for basic variation in physical character. Table 3-3 Potential Cases Coded
by Development Period codes all 24 cases by age or growth period within each density
class. Descriptive fields for general type (e.g. large-lot single-family or village-lot single
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family / multi-family mix) and general context (e.g. mixed residential, village center or

low density residential) were also added to the table.

Site u/ac C;L(:,‘i':)tg sz?dee General Type gg:te;:: 0\:fr)'|er HH Size| Pop | DUs (aﬁ:ieeas)
Low to Moderate Density: 1 to 2 units / acre (about 44,000 to 22,000 sf land per unit)
12 Buck PI 1.2 | 1970-80 2 large lot SF Idr / os 92% 3.11 220 71 59.0
20 Colonial 1.3 [ 1960-80 2 large lot SF mxr / 0s 81% 2.58 268 | 103 78.0
17 Beech St | 1.6 1960 2 med lot SF com/mxr | 97% 2.30 85 37 23.0
06 Dunston 1.7 | 1940-70 2 med lot SF mu / mxr/os| 91% 2.91 261 90 54.0
23 Jones Cir | 1.7 | 1900-70 1 mixed vill SF village 75% 2.30 189 82 48.0
01 Grasse 1.7 | 1990-00 3 med lot SF Idr / os 96% 2.81 168 60 35.0
24 Carp St 1.8 [ 1900-90 1 vill SF & MF village 69% 2.40 218 91 52.0
04 Valley Rd | 2.0 | 1930-00 4 Ig lot SF & MF town 56% 2.59 315 | 121 60.0
Moderate Density: 2 to 5 units / acre (about 22,000 to 9,000 sf of land per unit)
16 Hillcrest 2.5 | 1900-40 1 vill SF & MF town / hill 49% 2.34 161 70 28.0
19 S Springs | 2.8 2000 3 s-lot SF / MF woods 96% 2.01 220 | 110 40.0
21 Hawthorn | 3.1 | 1900-60 1 vill SF & MF village 61% 2.22 317 | 144 47.0
18 Park St 3.3 | 1900-70 4 vill SF & MF village / hill | 42% 2.35 202 84 25.8
15 Highland | 3.5 [ 1900-60 4 vill SF & MF village 57% 2.32 437 [ 190 55.0
02 Curtiss 3.5 | 1950-80 2 m-lot SF&MF | mu/Idr/os | 45% 3.14 360 | 116 33.0
22 Hemlock | 3.8 1990 3 s-lot SF / MF mu/ldr/os| 72% 2.29 334 | 145 38.0
05 Maple St | 3.9 | 1900-50 1 vill SF & MF town 41% 2.47 625 | 248 63.0
11 Peabody | 4.2 1960 mobile hm pk mu / os 83% 2.01 200 | 100 24.0
Moderate to High Density: 5 to 10 units / acre (about 9,000 to 4,500 sf land per unit)
10 Summer 5.2 | 1900-60 1 vill MF & SF town 38% 2.15 823 | 374 72.5
07 Wolf Rd 5.6 | 1980-90 3 MH & m-lot SF [ mu/Idr/os | 19% 1.95 642 | 321 57.0
09 Elm St 5.8 | 1900-40 1 vill MF & SF town 31% 2.02 676 | 338 58.0
03 Willow Sp [ 6.1 | 1920-80 4 MH & s-lot SF town / os 77% 2.09 347 | 165 27.0
08 Spencer 7.3 [ 1920-00 4 MH & m-lot SF town / ind 15% 2.00 366 183 25.0
14 Villg Grn 7.7 | 1920-80 4 MH & vill SF town / os 44% 2.06 966 | 460 60.0
13 Renihan 8.7 1980 3 MF Idr / os 12% 2.54 325 | 130 15.0
AGE CODE: 1=1900-1940 Pre WWII CONTEXT CODE: Idr = low density residential

2 =1950-1980 Post WWII
3 = 1980-2005 Late 20th Century
4 = Mixed Development Period

mxr = mixed residential

com = commercial, mu = mixed use

0s = open space

Table 3-3 All Potential Cases Coded By Primary Development Period

Once again a reasonable distribution of development era was found across the

set. Thirteen of the cases date from development before World War II (WWII) with the

other eleven developing afterwards. Of the later developments, four date from

primarily after 1980. In general, these cases showed a greater mix of uses and higher

denser than earlier post-war areas. While some of the 13 pre-war neighborhoods such as
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Elm have change little since their initial development, others such as Willow Spring and
Spencer have been significantly altered.

Taken together, these patterns suggested four classes of development pattern
rather than the three envisioned in the project prospectus. The first three define areas
where primary development patterns fall within a specific period: 1) 1900 to 1940; 2)
1950 to 1980 and 3) 1980 to present. Limited development before 1900 is included the first
category. A fourth mixed period category defines areas where growth spanned more than
one development era. It is also interesting to note that except for the farming village of

Norwich, all the lowest density areas developed after WWIL

3.2.3 Selection of Final Set of Neighborhoods

The final step in the case selection process pared the potential set of 24
neighborhoods down to a final set of 12 cases for in-depth study. Potential cases were
arrayed into a simple selection matrix that arrays density class by development era in
order to provide an overview of character variation within the potential cases. The
research prospectus lays out the basic selection criteria as follows:

Depending on the range and distribution of neighborhoods found, representative

examples of each type will be selected as a general set of neighborhoods for the next level

of study. Selection will be based on the cases that most clearly contrast key physical
variations (e.g. building, lot, street, block, landscape) within each density level. Matrix
rows and columns will be adjusted as required. Some cells may have several examples,
other cells may have none. The goal is to come up with a set of 10-12 cases that represent

a range of physical form and character across several density categories (p. 37).

The final set of cases is shown in Table 3-4 Neighborhood Selection Matrix. As
noted earlier, age of development was used as a proxy for overall physical variation
within each density level. While the matrix shows at least one example in each matrix
cell, the distribution was not perfect. Some cells had three or four examples, others only

one. Some minor revisions to cases were made to provide a stronger set. The weakest

cell was Post-WWII by Higher Density. Its only example was Renihan Meadows, an
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isolated housing project on a twelve-acre site. In response, the rather ambiguous
boundary of the Village Green neighborhood was redrawn to include newer

development and moved to this cell. It is a much more robust case for this type.

Low to Moderate Denstiy Moderate Denstiy Moderate to High Denstiy
1 to 2 units / acre, mostly SF 2 to 5 units / acre, mix SF & MF 5 to 10 units / acre, mostly MF

Pre WW II
Development 09 Elm 5.8 vill MF & SF
Pattern 25 Main 1.8 vill SF & MF 05 Maple 3.9 vill SF & MF
1900-1930

Post WW II 02 Curtis 3.5 med SF & MF
Development 14 Village G 6.5 MH & vill SF
Pattern
1950-1980 06 Dunster 1.7 med lot SF

Late 20th C 01 Camp Bk 1.7 med lot SF 07 Wolf Rd 5.6 MH & m-lot SF

Development 22 Hemlock 3.8 s-lot SF/MF
Pattern
1980-2005

Mixed Period 04 Valley 2.0 Ig lot SF/MF 03 Willow 6.1 MH & s-lot SF
Development 15 Highland 3.5 vill SF & MF
Pattern

1900-2005

Table 3-4 Neighborhood Selection Matrix: Final Set of 12 Case Studies

One neighborhood from each cell was selected as to create a matched set of four
cases for each density level. The process was guided by the overall goal of representing
a broad range of neighborhood form across cases with a similar density. The final set of
cases is shown bold type above. The selection rationale for each set of cases is described
below. A location map and detailed matrix of photographs and maps comparing all
twelve study cases is presented in the beginning of Chapter Four as Figure 4-1
Neighborhood Baseline Profile.

Lower Density Set (1 to 2 units/acre): This set is generally characterized by a
pre-dominance of detached single-family housing types on larger lots. The older cells
also have some mix of multi-family housing types and lots size. This set also has a high

percentage of owner occupied units. Of the eight cases, six of them fall within the
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density window of 1.6 to 2.0. The overall goal was to find a set of contrasting
development patterns among predominantly single-family neighborhoods.

Before WWII: Both cases are in Norwich village. Street patterns are organic.
Unlike more regular sub-divisions, streets and lots were added incrementally. Houses
vary in size and age but are mostly older with a scattering of newer houses and multi-
family units mixed in. After closer field inspection, the original boundaries were altered
to divide the village into north and south areas with Main Street at the center. The north
area was re-named Main Street and selected for its more clearly defined boundary.

Post WWILI: These four cases are single-family post war subdivisions. The street
patterns are more regular and curvilinear. Housing types are similar although not
identical. The two lowest density cases were dropped because they do not compare as
well with others. Of the remaining two, Dunster Drive was selected because it: 1) was
more comparable in area (40 to 60 acres), 2) had more variety of landscape and housing
types, and 3) has a more comparable context to the others.

Late 20" Century: Only one example, Camp Brook, was found in this cell. For
uncertain reasons recent development in the Upper Valley appears to be higher density
or scattered semi-rural density. Nonetheless it is a good case for several reasons. It
features elements of "neo-traditional” design with gables facing the street, front porches,
downplayed garages and a central common. As with most neighborhoods, the
landscape is very sparse. This serves as a nice contrast with other cases, especially
Dunster Road—a similar sub-division from 30 years earlier.

Mixed Period: This cell also has only one example. While the other older cases
have some mix of age, only Valley Road has distinct patterns from different eras. It
includes: 1) college-duplexes from the 1930’s, 2) post war large-lot single-family houses,
and 3) a 1990’s multi-family infill area—again with some neo-traditional elements (e.g.
front porches). With a combined density it is equivalent to the other cases, it should
provide some interesting contrasts and comparisons.
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Moderate Density (2 to 5 units/acre): This category is characterized by a mix of
single-family and multi-family units. Owner occupant percentages run in the 40-75%
level. Every case has some mixing of lot size and housing type. But as with the lower
density set, greater heterogeneity is found in the older periods than the more recent
ones. The strongest density cluster was between 3.5 to 3.9 units per acre. The overall
goal was to find a set of contrasting patterns with mixed housing types.

Before WWII: These three cases are associated with the historic centers of White
River Junction, Wilder, and Hanover respectively. Multi-family units tend to be in
converted houses although Maple Street has some newer apartments. Hillcrest's
extreme slopes, limited size, and lower density makes it rather idiosyncratic. Of the
remaining two, Maple Street was chosen because of: 1) a wider variety of multi-family
housing, and 2) its strong landscape character--an important form variable.

Post WWII: The choice here was between Curtis Road, a classic neighborhood
unit with an elementary school and a small retail center and Peabody Street, a trailer
park. While an interesting outlier, the later is fundamentally different from the others
and not very representative of the era. It also has no housing mix—trailers by definition
are single family. Curtis Road was selected because it provides an excellent transition
between smaller lot historic patterns and larger lot planned unit developments.

Late 20" Century: Both of these cases are “planned neighborhoods” by the area’s
largest residential developer, Simpson Development. They both feature a combination
of small lot SF houses and MF condominium townhouses. They both have similar
layouts and architecture. However, Hemlock Ridge was chosen because it has 1) a
more comparable density, 2) a greater variety of housing types, and 3) a mixed land use
context that is more comparable with the other cases for this density level. There is an
elementary school, a number of small offices, and several recreational uses within

walking distance of the homes.
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Mixed Period: Park and Highland are part of historic villages—Hartford and
West Lebanon respectively. However, they both have had significant areas of post-war
era expansion. Highland Avenue was selected because it is a more discrete and
identifiable area. The post-war additions to Park Street spread up a steep hill at a very
low density making it very hard to draw a boundary around this area. Density
calculations can vary radically depending on where the line is drawn.

Higher Density (2 to 5 units/acre): This category is generally characterized by
multi-family units in small buildings, townhouses, and larger apartment blocks. Owner
occupant percentages are mostly on the low side (20-40%). Every every case except one
mixes lot sizes and housing types. Development patterns are more complex than in the
other categories. Older mixed patterns have considerable diversity at the detail level but
are quite consistency in overall character. Newer less mixed areas are comprised of
large multi-family projects that are internally quite consistent. However the contrast
from one project to the next creates a neighborhood with a rather diverse overall
character. The strongest density cluster was from 5.5 to 6.5 units per acre. The overall
goal for this level is a set of primarily multi-family areas with contrasting patterns of
form and character.

Before WWII: Both Summer and Elm are neighborhoods at the center of the
Lebanon, the region’s largest city. Both are comprised of houses on small lots organized
around a network of connected streets. Many of the single-family houses have been
converted to small multi-family structures. Elm Street was chosen because: 1) it has a
higher density that is more comparable with newer multi-family developments, and 2)
its form and character comprise an excellent example of a traditional neighborhood.

Post WWILI: As noted earlier, Village Green was added to this cell by redrawing
its borders more tightly around several large 1970’s-era housing projects. It comprises

several contrasting multi-family housing types within comparable land use context to
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the other cases in this class (i.e. short walk to schools and services). In contrast, Renihan
Meadows has poor correlation of density, size and location with the other cases.

Late 20" Century: As with the lower density level, there was only one example
found here—Wolf Road in Lebanon. The development of this area is clearly related to
the relocation of the Dartmouth Hitchcock Medical Center from downtown Hanover to
a greenfield site in the mid-1980’s. It makes a good comparative case for several reasons.
Its density and mix housing is well matched with other cases but sharply contrasts in
physical form and layout. It also has a rich mix of housing types and compares
reasonably well with the land use context of the other selected cases.

Mixed Period: The two remaining cases here present an interesting contrast. Both
are in-town areas where a small cluster of single-family houses have been transformed
by large multi-family development. Brook Hollow has three 1970's condominium
projects. At Spencer Street, a new apartment project (160 units in two five-story
buildings) is transforming a marginal industrial area into a residential district. Despite it
being more similar to Wolf and Village Green, Brook Hollow was selected because

Spencer was still under construction and difficult to assess.

3.3 Street/Block Case Study Selection

A second somewhat different process guided the selection of six street/block
scale case studies. These cases served as the field laboratory for developing a set of
measures related to the more detailed, three-dimensional space of a single street and
block. As with the neighborhood selection process, the overall goal was to derive a set
of matched cases that were similar in density but varied sharply in urban form.

The original intent of the study was to study this scale through more detailed
typological analysis of two matched pair neighborhoods selected from the larger set of

twelve. However, several months into the project it became apparent the initial strategy
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was not well matched to the research goal of deriving simple and replicable measures.
Specifically, the approach proved unmanageable at the neighborhood wide scale, failed
to provide a sufficient range of urban form variation, and did not create the type of
simple data sets needed to measure first order differences at this scale. Typologies were
simply too complex and non-specific to be systematically applied to the task of simple
measurement. It was decided project goals would be better served by selecting a second
set of specific street and block scale cases for in-depth study and analysis.

The discussion that follows covers the four major steps in the street/block
selection process. First, the basic classification of all potential streets within twelve case
study neighborhoods is reviewed. This is followed by a summary of field
measurements and related analysis for a smaller group of 73 streets. This set was used
to identify and refine a set of key urban form variables at this scale. Next, the selection
of three sets of four cases for each density level from the larger set is described. The
section concludes with the rationale for selecting a final set of six cases for detailed

study—a matched pair for each of the three density classes.

3.3.1 Identification & Distribution of Potential Street/Block Scale Cases

By definition, a neighborhood is a series of linked streets and blocks. Together
they form a shared framework for the group of individual buildings and parcels that
populate any neighborhood. This next scale of analysis looks more carefully at the base
unit of this framework, the linear corridor of a single block of a single street—called a
street/block for purposes of this study. The street/block is defined as including both the
street proper and the adjacent buildings and landscape that define the edges of the
corridor. Views along and within this shared framed framework of space comprise the
primary perceptual experience by which the character of one neighborhood is

distinguished from that of another.
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The street/block selection process was very similar to the neighborhood selection

process. The intent was to select a range of Upper Valley cases that would capture a

broad but representative range of urban form across three density classes. Once again

age of development was used as a rough proxy for physical differences to allow an initial

sorting of potential cases by urban form. The twelve neighborhood case studies

provided a broad and known universe from which to select. Unlike the universe of

potential neighborhoods, however, the number potential of cases at this scale was far

greater. Each neighborhood is made up of a half-dozen or more streets and/or shared

residential parking drives. Many of these streets and drives are made up of multiple

blocks or sections that can vary in character. This adds up to well over a hundred

possible cases. An initial cut was made by focusing only on residential streets that were

internal to the neighborhood. Perimeter streets were seen as a distinctly different type

of neighborhood space and not included.

. Streets per, Low_e r Midc!le High_er Pre-WWII | Post-WWII| Late 20th
Neighborhood  |"\* 0 Density: | Density: | Density: | 190040 | 1950-80 | 1980-pres
1 Main Street 7 5 5
2 Dunster Drive 8 8 8
3 Camp Brook 5 5 5
4 Valley Road 10 7 3 0 4 5 1
5 Maple Street 15 6 11
6 Curtis Road 6 3 6
7 Hemlock Ridge 12 4 10
8 Highland Avenue 13 3 8 2 8 5 0
9 Elm Street 10 7 8
10 Village Green 7 4 6
11 Wolf Road 8 5 5
12 Willow Spring 12 4 3 5 3 8 1
Total # of Streets 113 48 32 33 40 50 23
100% 42% 28% 29% 35% 44% 20%

Note: Darker type denotes correlation of street density and age with neighborhood density and age. ltalic type denotes
street density and age in mixed age neighborhoods (N4, N8, N12).

Table 3-5 Distribution of Street Type (Density and Age) by Neighborhood

Distribution of Street Type: An initial inventory found a total of 113 internal

streets in the twelve neighborhoods. Table 3-5 Distribution of Street Type by Neighborhood

summarizes the distribution of this potential universe of cases sorted by neighborhood,
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development era (age), and rough density. Initial density values were estimated by
visual comparison with overall neighborhood densities. Age was estimated through a
combination of historic maps, photographs, and the researcher's own knowledge of
architectural and development periods. In cases with a mix of building type or
development era, the street was assigned to the most dominant category.

Given the range of neighborhoods surveyed, it is not surprising to find a well-
distributed range of street type. What is more surprising is the range of street type
within individual neighborhoods and sets of neighborhoods. The table shows that just
because a street is located within a neighborhood with a given density and development
age, it does not mean it will correlate with either. For example Main Street, a lower
density pre-WW II era neighborhood, includes a higher density late 20" century street.
While a few neighborhoods, such as Dunster Drive, had strong correlations between
street type and neighborhood type across the board, there was considerable diversity
found in many others. Not surprisingly, the most diversity is shown in the mixed age
neighborhoods, such as Highland Avenue or Willow Spring.

This initial analysis also suggests that the process of deriving a good cross-
sectional sample for further study would be more extensive than it was for
neighborhoods—there are simply more choices. The equivalent three by four matrix of
age by density used to sort out the potential pool of neighborhood cases would have cells
with more than two dozen options rather than two or three. As a result, a more detailed
analysis of basic urban form variables was necessary to guide the selection of a robust

set of street/block case studies.

3.3.2 Analysis of Urban Form Variables

Eliminating obviously redundant or excessively idiosyncratic street/block
candidates cut down the initial universe of 113 cases to 73—about 25 potential cases for
each of the three density classes. However, unlike neighborhood wide variables such as
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streets, parcels, and land use, detailed data at the scale of street and block was almost

non-existent in the region. GIS data for building footprints, street sections, or vegetative

cover were either not found or at such a low resolution to be of little use at this scale.

Common archival sources that are used to compile urban design data in many parts of

the country such as Sanborn Insurance Maps or Beer’s Atlas, were found for only one

historic neighborhood in Vermont.

These data gaps resulted in an extensive field measurement effort carried out

over a two-week period in the fall of 2004. Cross-sectional data was compiled for the

most typical condition along each of the 73 street/blocks using a rolling wheel to measure

street width, street verge (sidewalk/ tree belt), and building setback. In addition first

order differences (e.g. high, medium, low) were assessed in the field for streetscape,

shade trees, front walks, porches, garages, building height, orientation & spacing, and

unit type. Field notes and additional photographs were also taken.

Street Site General | Growth | Faceto | Street& | Setback Verge ;ﬁz’r‘; Walk to| Front | Prkg/ Bldg | Blding .Il.';, r:;; 222}
Type Era Face Curb (av)L/R Elements T Street | Porch | Garge | Face | Space SEIME | HiviL
STREET TRANSITION EDGE

Moderate Density: 2 to 5 units / acre (about 22,000 to 9,000 sf of land per unit)
S Balch 4Vall str_ 1sw | 1930-90| ~130' 22' 2¢c 50'/58' [grs sw nwtr| med yes most rear eave m/w MF med
Maple W |5Mapl | str_1sw | 1910-30 ~90 20" 1c 44'/ 26" gs_hdg_sw med some | most rear gable mod SF m/h
Sargent S5Mapl | str nosw [ 1910 ~90 20' nc 34'/34' | gv.gs hst| med yes most rear gable mod | SF/MF | high
Read 5Mapl | str nosw | 1960 ~90' 20' nc 30'/40' grass med some | some | mixed [ eave mod SF med
Prospect  |5Mapl | str_1sw | 1890-40 ~90' 22'1c 28'/ 40" grass_sw low yes some rear mixed mod SF m/h
Allen S5Mapl [ str 1sw [ 1900-40| ~100' 22'1c 44'/38' grass_sw low yes some rear mixed mod | SF/MF | m/h
Maple E 5Mapl | str_1sw | 1850-20 ~80' 22'1c 14'/40" | gs_fn_st_sw low yes most rear mixed | tight | SF/MF | m/h
Pleasant |5Mapl | str nosw [ 1900 ~90' 13'2c 34'/29' gs_fn_st_tr med yes most rear | mixed | tight SF high
Curtis 6Curtis [ str_1sw 1960 | half~55'[ 20'nc 45'Lonly | gs_mb _tr hg| med no none side eave mod | SF/MF | ml/l
Woodmore [6Curtis | str nosw [ 1960 ~ 110 20' nc 45'/ 45 gs_mb_tr med no none side eave mod SF med
Bridgeman |6Curtis | str nosw | 1960 ~ 110 20' nc 42'/50' | grass_mbox | med no none side eave mod SF med
Dresden  [6Curtis | str nosw | 1960 ~ 115" 20' nc 46'/50' | gv_gs_mb_s| med no few mixed | eave mod SF med
Hemlock [7Heml | col nosw| 1990 | ~80'tree [ 20'nc ~30'/30"' [ gs_tr_berm high dna none none eave dna dna m/h
Laurel 7Heml | str nosw | 2000 ~80' av 18'nc_|34'/34'av| grass_uu med no none side eave tight SF m/h
Iris 7Heml | str_nosw [ 2000 ~80' av 18'nc_|30'/32'av| grass_uu med no none side eave tight SF m/h
Larkspur __ [7Heml | str_nosw | 2000 ~80' av 18'nc_|40'/24'av| grass_uu med no none side eave tight SF m/h
Maple S 8High [ col_2sw 1900 ~90' 22'2¢ 34'/30' grass_sw low yes most rear gable mod | SF/MF | m/h
Maple N 8High [ str 2sw 1920 ~90' 22'nc 36'/38' grass_sw med yes most rear mixed mod SF m/h
Pearl 8High [ str 2sw 1910 ~90' 20' nc 36'/32' gs_sw_fen med yes most [ mixed | mixed mod | SF/MF | m/h
Prospect |8High | str 1sw | 1900-30 | ~100' 20'nc 42'/42' grass_sw med yes most rear mixed mod SF m/h
Timothy  [8High | str_nosw [ 1950-80 | ~120' 22'nc 60'/36" grass low no few side eave mod SF med
Mack 8High [ str 2sw 1930 ~90' 20/26' nc [34'/32-38'[ gs_sw_fn_hg| high yes most [ mixed | mixed mod SF m/h
Dana 8High [ str 2sw | 1900-30 ~ 90 20'nc 38'/34' grs_sw_fen med yes most rear mixed mod | MF/SF | m/h
Highland  [12Will [ str nosw | 1930 | half~55'| 18'nc | 44'Ronly | grass_wds mxd no few | mixed | eave mod [SF/MF| m/l
Fairview 12Will | str_ nosw | 1930-40 | ~110' 19'nc 41'/48' grass med no few rear eave | mixed [SF/MF| med
Table 3-6 Sample of Street/Block Urban Form Matrix for 73 Cases

The results are shown in excerpt form in Table 3-6 Urban Form Matrix for Potential

Street/Block Cases. The complete table with all 73 streets is shown in Appendix B. The
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table arrays streets as records against a series of fields summarizing measured
characteristics for ease of comparative analysis. The findings were analyzed under four
major elements of spatial structure at this scale including: 1) general type, 2) street
cross-section, 3) street to building transition, and 4) building edge. The following
discussion summarizes the key patterns and differences for each element.

General Street Type: There are fundamentally two street types to account for
within this sample: 1) Residential Street, and 2) Residential Parking Drive. They suggest
two basic approaches to organizing neighborhood space. The Residential Street is by far
the most dominant in this sample—especially in the lower and middle density class. It
is characterized by individual lots and buildings fronting onto a public street. The
resultant lineal space is comprised of parallel edges defining a central street corridor.
Within this basic type there is enormous variation of lot size, setbacks, spacing,
landscape, building character, cross-section dimensions & features, etc.

The Residential Parking Drive is a different kind of space that is not, strictly
speaking, a public street. It is a private driveway with certain street-like qualities
primarily serving newer neighborhoods with large-lot, multi-family development.
While both types share the basic street function of an access corridor space serving a
group of private dwellings, they differ significantly in cross-section. Parking drives tend
to be spatially much more complex and often less defined in both plan and section. This
presents a series of measurement issues.

Traffic volumes also affect the character of street/blocks. Almost all cases are
local streets or drives with low volumes. In most neighborhoods, however, a few
collector streets have higher volumes. In older neighborhoods with a connected street
pattern, collectors tend to be quite similar to local streets (e.g. Main, Maple). In new
neighborhoods where local access is served more by private drives, collectors tend to be

fronted by larger lots with dwellings oriented away from the street (e.g. Wolf, Hemlock).
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Street Cross-Section: The street cross-section is defined here in the broadest
sense—from building face to building face. It has two main components: 1) the width of
the street proper (i.e. pavement), and 2) the setbacks from edge of pavement to building
face on either side of the street. There seems to be a strong correlation of face-to-face

width, setback, and land-use density. Typical ranges include:

Lower density: FF 120" to 150 Setback 40" to 60’
Middle density: FF 80" to 100’ Setback 30" to 40
Higher density: FF 60" to 70/ Setback 20’ to 25

More surprising is the relative consistency of the street proper. About 80% of low and
mid density streets measured between 18 and 22 feet. Higher density streets serving a
greater demand for on-street parking tended to be a bit wider—between 22 to 28 feet.
Not surprisingly, parking drives are considerably wider and more varied (24 to 64 feet)
to accommodate large numbers of parking spaces in front of residences.

Surprisingly, a consistent lack of curbing and sidewalks is found across the entire
sample. Over 80% of the lower and mid-density streets are curb-less and about 70%
don’t have sidewalks. Curbs and sidewalks are more prevalent (50%) in denser areas.
However the traditional street cross-section with of double-sided curbs and sidewalks is
only found in the Elm Street neighborhood.

Street to Building Transition: While setback distance and density tend to vary
together, setback character (i.e. the front yard) varies independent of density. Variation
seems linked to several factors: 1) the type of “verge” (i.e. the parallel strip of land
between paving and edge of right of way), 2) landscape qualities—primarily the extent
of trees, and 3) connection between the front door and street. There is extensive
variation in the verge ranging from only grass to varying combinations of grass, gravel,
sidewalk, trees, fences, hedges, utilities, gardens, etc. Greater diversity is linked with
increasing age and lot frequency. Trees have a major impact on street character. Size
and frequency varies widely from almost none to completely canopied. Front walks
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show a correlation with age on older, less dense streets. Walks are generally more
common and varied on denser streets of any age.

Built Edge of Street: The built edge of a street may have the greatest impact on
street character. A primary factor affecting this element is building orientation and
height which appears to have strong correlation with street age. While “street wall”
heights range from one to three stories, older streets tend to have higher, gabled edges
fronting the street, while newer ones are lower and with long eave side toward the
street. This pattern is reinforced by garage width and location—placement is farther
back and narrower on older streets. Front porches, a transition element between public
and private space, also seem to increase with street age. A higher frequency of porches
on some very new neighborhoods (e.g. Camp Brook), however, suggest the pattern may
be changing.

Not surprisingly building spacing tends to get narrower as density increases on
streets with buildings of four units or less on small lots. As buildings get larger than
four units, spacing tends to widen or hold steady as density increases. The mix of
building types appears to be strongly related to the neighborhood density. Lower
density cases tend to have most single-family housing and higher density cases, mostly
multi-family ones. However the mix of multi-family unit types appears to be more

varied on older streets compared to new ones.

3.3.3 Selecting Final Set of Twelve Streets/Blocks Cases

Selecting the final set of streets was guided by the same objectives as the
neighborhood selection—identifying key physical variation within streets of similar
density and land use mix. Based on the preceding analysis, a trial and error matching
process was used to derive three groups of four streets displaying a dynamic range of
differences within a general density level. As with neighborhoods, era of development
proved to be consistently associated with variation in character. The set of selected cases
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is arrayed in Table 3-7 Final Set of Street/Block Case Studies. Key distinguishing attributes

of neighborhood form are summarized below.

Lower Density Set Middle Density Set Higher Density Set
about 2 units / acre about 4 units / acre about 10-12 units / acre
N1 Main Street N5 Sargent Street N9 Green Street
Pre WW 11
1900-1930
N4 Dana Road N8 Mack Avenue
N5 Lewin Road
Post WW I
1950-1980
N2 Longwood Lane N6 Bridgeman Road N12 Brook Hollow
N11 Wolf Run
Late 20th C
1980-2005
N3 Camp Brook N7 Iris Way

NOTE: Bold type shows final three matched pairs selected for detail analysis

Table 3-7 Street/Block Selection Matrix: Final Set of 12 Cases

Lower Density Set (1 to 2 units/acre): This group consists of four streets of
detached houses from different development eras. All are roughly similar with respect
to building setbacks. Main Street in Norwich village is set apart by a wide verge,
strongly defined edge of right-of-way (fences, hedges), and the only sidewalk in the set.
Buildings are most varied in spacing and orientation, large trees are abundant and
parking is primarily located behind houses. Traffic levels are also higher than the other
three. Dana Road, a planned street from the 1930’s, is also distinguished by large trees
and parking behind. The front porches of Main Street are replaced by less prominent
but well-detailed entryways. Buildings are laid out symmetrically with some gables and
some eaves toward the street. The verge zone is completely undefined with yards
running directly to edge of street. Longwood Lane, a 1960’s subdivision street, has
wider pavement (30 feet) than the others. It is lined with low, horizontal ranch houses
that have little connection to street. Attached garages accentuate building length. Large
trees, ample lawns and widely spaced buildings create a park like flow of space. Camp

Brook is recently built neo-traditional street. Some gables and porches face the street
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but there are no walkway connections. In some places drainage swales separate front
yards from the street. A lack of established landscaping and buried utilities creates
somewhat of a stage set effect that highlights building massing.

Middle Density Set (2 to 5 units/acre): This group consists of four streets with
more tightly spaced houses on small lots. Sargent Street is a turn-of-the-century village
street with gables to street, large front porches, front walks, mature trees. Several houses
are converted to multiple units. It has no curbs, a partial sidewalk and sections of
irregular gravel shoulders. Lawns typically run to the pavement but fences or hedges
delineates some right-of-way lines and lot divisions. Mack Avenue, a 1920’s village
street, is similar in lot and building size but has a more formal layout with double
concrete sidewalks, grass verges, a line of mature street trees (Silver Maples). There are
front walks and parking also generally set back behind houses. All houses appear to be
single-family. Bridgeman Road is an L-shaped post war street of ranch houses on small
lots. Building setbacks and spacing are similar to the first two cases but building height
and orientation vary sharply. There are no curbs or sidewalks. Trees are ample in size
though not quite as large as the first two. There are no front porches or walks and
attached garages face the street. Iris Way is a new street of very tightly spaced hip-
roofed, one-story homes. While setbacks are less than other cases, the absence of street
trees creates a more open feeling. Double garages are a prominent element of the street
edge. A curvilinear street alignment contrasts sharply with the others. The coordinated
landscape appears to emphasize spatial flow over demarcation of lot lines.

Higher Density Set (5 to 15 units/acre): This group consists of four streets or
parking drives bordered by predominantly multi-unit buildings in a variety of
configurations. The contrasts between street and parking drive create the strongest
contrast spatial quality among the cases. Green Street is distinguished from the others
by tightly spaced lines of houses on both sides of a traditional village street. The
streetscape has porches and sidewalks. All but a couple of houses have been converted
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to small, multi-family buildings. Lots are long and narrow with parking behind and on
street. Tight setbacks, gables to street and few large trees create a strong building edge.
Lewin Road is a short block of 1950’s townhouses that represents a transitional
condition between Green and the other cases. The attached townhouses nominally face
the street with small entry stoops and an overgrown front walk. However, the primary
unit access is off a broad parking alley behind the townhouses. Neither street nor alley
have sidewalks. Brook Hollow is 1970’s condominium project that is completely
oriented away from the street. A line of twelve to twenty unit buildings is organized by
a double-loaded, 60 foot-wide parking drive with curbs and sidewalks. In contrast to
Lewin, the front of units clearly face the parking lot. Setbacks range widely from 25 to
50 feet. They all have front walks but no porches. Facades with low eave lines make the
buildings relatively low for three stories. The landscape is relatively lush with good size
shade trees. Wolf Run is 1990’s townhouse project with a different type of parking
drive. Each unit fronts onto a single carport instead of a parking lot. A narrow paved
aisle leads to an on-grade front door. The building setbacks are much tighter than Brook
Hollow with carports facing directly onto a 24-foot wide drive. Except for small planter

wells there is no green space between building and drive.

3.3.4 Street | Block Measurements: Three Matched Pairs for Detailed Study

With a good cross section of cases selected, the next step was to compile the
required database for deriving and testing a series of experimental urban form
measures. This process is described at length in the first parts of Chapters Five and Six
for each scale of analysis. However, the difficulties initially encountered while
compiling neighborhood scale data resulted in an additional modification to the final set
of street/block cases (see Chapter Five for complete discussion).

These difficulties made it clear that compiling the necessary data for twelve
street/block cases was beyond the scope of the this project. There were no existing data
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sets to work from at this scale. Existing base mapping and aerial photography were only
marginally useful. This meant data sets would need to be compiled largely by time-
consuming field measurements and manual techniques. Faced with these issues, the
number of street/block cases had to be further cut from twelve down to six. The intent,
however, remained the same—to select a set of streets that represented a broad sample
of physical variation of neighborhood space within the Upper Valley region. This final
section summarizes this process.

The specific aim was to select the best pair of street-scale case studies from the
original set of four discussed in the previous section. It also should be noted that while
the neighborhood sets held both density and mix of housing constant, this was not
possible for the street/block sets. Key variations in spatial character were found to
correlate quite strongly with variation in housing mix. Thus the case studies within this
sample vary by both urban form and housing mix within a given density.

Calculating Street Density: The first step in culling the final set of six was to
better calculate housing density at the street/block level. The density values used in the
original set of twelve streets had only been visual estimates. Parcel level density
calculations made while deriving neighborhood-wide measures found density varied
widely from block to block. The parcel-by-parcel database made it possible to expand
the street/block density analysis to twenty four possible cases—the original twelve plus
another dozen that seemed to offer some interesting potential contrasts. This provided a
broader context for the final selection.

As was found with calculating neighborhood density, some adjustments to
boundaries were necessary to create comparable units of analysis. For instance, most
street/block cases ranged from 3 to 6 acres depending the lot size and length of the
block. However in large-lot, multi-family areas it was impossible to define equivalent
street blocks because parcels were often bigger than the “blocks” of development. In
these areas, single developments or sub-sections of single developments were found to
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provide the best match in terms of comparable units of neighborhood space. This
required a pro-ration of parcel area quite similar to that used in the census analysis.

Final Selection Criteria: Matched pairs were selected that had the broadest
variation possible across three major components of neighborhood space: 1) character of
the street proper, 2) character of the street edges, and 3) relationship between the edge
and the space it defines. While a few interesting possibilities were found in the broader
density screening of potential cases, for the most part the selection process reaffirmed
the validity of the original twelve cases. The most notable finding was that density
range in higher density set was much greater. This was because calculations focused on
specific streets rather than being averaged across the whole neighborhood. The higher
density cases at the street/block scale ranged from 6 to 18 units per acre compared with 5
to 10 units per acre neighborhood wide. The rationale for the final three matched pairs is
summarized below. Site plans and photographs of the final three matched pair
street/block cases are presented in Chapter Six.

Lower Density Set (~2 units/acre): For the lower density level, the original set
was Main, Dana, Longwood, and Camp Brook. In terms of street, Main varies with the
others in terms of sidewalk, verge, and sidewalk while Longwood varied in actual street
width. In terms of edge, the more varied lot size and building spacing of Main contrasts
with the others. The contrast of building orientation and height is greatest between Main
and Longwood with Dana being a hybrid case and Camp Brook being more similar to
Main. The landscape edge varies between the larger trees of Main and Dana and the
absence of trees at Camp Brook with Longwood falling in between. Regarding
transition, all have about same setbacks but Main has greater dimensional complexity
than the others. Longwood and Camp Brook are the least complex. The density
measures are roughly equivalent with Dana (2.5) being a bit higher than the others.

Based on this analysis Main Street and Longwood Lane made the best matched pair.
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Middle Density Set (~4 units/acre): Atthe middle density level, the original set
was Sargent, Mack, Bridgeman, and Iris. In terms of street, all are quite similar in width
but Mack has double sidewalks, Sargent has partial sidewalks and others have none. In
terms of edge, Sargent contrasts with the others in terms of a more varied lot size and
building spacing, while Iris is far more tightly dimensioned than the others. Sargent &
Mack contrast with Bridgeman & Iris in building orientation with their higher, gable-
ends facing the street. The coordinated low landscaping of Iris contrasts sharply with the
larger trees along the other streets. In terms of transition, Iris (more garages, less
porches) contrasts with Sargent and Mack with Bridgeman falling in between. Another
difference between Iris and the others in terms of overall character—it is a master-
planned street with all houses on a single lot. In terms of density, Iris and Sargent are
very close (about 4.0) with Bridgeman closer to 3.0 and Mack in between. Based on this
analysis, the best matched pair is Sargent Street and Iris Way.'

Higher Density Set (~11 units/acre): This original set for the higher density
street/block set included Green, Lewin, Wolf Run, and Brook Hollow. For these areas,
the very definition of street becomes a major distinguishing factor. Green and Lewin are
traditional streets bounded by adjacent buildings and lots. However, their respective
street edges contrast sharply in building type and spacing (free-standing houses vs.
townhouses), landscape edge (weak vs. strong) and the building to street transition (close
vs. set back). Wolf Run and Brook Hollow are both multi-family townhouse projects
organized around parking drives. They also contrast sharply in terms of street layout
(i.e. parking layout), edge conditions of building and landscape (hard versus soft) and
transition from building to adjacent drive (carports vs. parking lot). While analysis of all
four cases would be interesting, the primary contrast of street type suggests pairing
either Green or Lewin with Wolf Run or Brook Hollow. Calculated street density

showed Green and Wolf Run to be quite close (about 11 u/a) while Brook Hollow was

101



higher (16 u/a) and Lewin lower (8 u/a). Based on this analysis Green Street and Wolf

Run are the best match within the parameters of the selection criteria.

While this winnowing process has undoubtedly omitted any number of
interesting variations of physical character, the line had to drawn somewhere. The
potential variations at this scale of space are enormous. Within the context of an
exploratory research striving to measure first order distinctions of urban form, these
three matched pairs provide an excellent basis for this work. And even with a reduced
set of cases, the challenges of data compilation and determining what can be reliably

measured remain substantial.

End Notes:

Note 1: Other Potential Mid-Range Cases: The density screening also turned up
several lower density, multi-family areas (i.e. “garden townhouses”) that were found to have a
middle level density (e.g. Village Green, Azalea). They were missed in the original street matrix
because they were assumed to part of the higher density set. Having a “street” with all multi-
family units at this middle density would make a very interesting contrast with Iris (all single-
family units) and Sargent (mixed single-family & multi-family units).
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A town of Roxaboxen began to grow, traced in lines of stone:

Main Street first, edged with the whitest ones, and then the houses.

Charles made his of the biggest stones.

After all he was the oldest.

At first the houses were very plain, but soon they all began to add more rooms.
The old wooden boxes could be shelves or tables or anything you wanted.

You could find pieces of pottery for dishes.

Round pieces were best (p. 7).

e Alice McLerran, Roxaboxen

Chapter Four:

ANALYSIS OF NEIGHBORHOOD FORM

This chapter lays the foundation for derivation of the exploratory measures

described in Chapters Five and Six. The research context for the chapter is framed by

one simple question: What to Measure? The project’s original research prospectus

elaborates on the nature and breadth of the challenge:

What to Measure? The overall research goal is to derive replicable measures that
capture variation in neighborhood form that eludes conventional measures. Obviously
the choices of what to measure in a neighborhood are nearly infinite--street width, block
size, building set-back, tree cover, pavement area, number of rose bushes, etc. The key is
to measure things or relationships that will can differentiate distinguishing qualities of
neighborhood form in as efficient and effective way as possible. Considerable insight is
expected to be gained through careful, systematic observation and analysis of the case
study neighborhoods (p. 45).

The chapter is organized around three related tasks: 1) documenting the case

studies, 2) analyzing the patterns of physical variation, 3) linking identified patterns

with a set of perceived qualities that distinguish one place from the next. Section 4.1

describes the systematic documentation of the existing form and character of all twelve

case study neighborhoods using photography, field observation, and base mapping.
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Detailed protocols for photography and mapping are discussed in related appendices.
The documentation process is summarized in a multi-page set shown as Figure 4-1
Neighborhood Baseline Profiles at the end of the section.

Section 4.2 summarizes key patterns of neighborhood form drawn from two
distinct analytic exercises. The first is a series of speculative findings based on initial field
observation tours of all neighborhoods. The second uses the baseline profiles to analyze
the physical differences between cases. Two matrices of urban form variation—one for
neighborhood elements such as street pattern, the other for smaller scale elements such
as building type—help to frame a discussion of differences across all neighborhoods.
Major distinguishing patterns and relationships are identified.

Section 4.3 focuses on linking physical patterns with the qualities hypothesized
to be significant factors in perceived differences between sites. Definitions of qualities
are refined in response to findings. Preliminary approaches to measuring patterns and
qualities are outlined for each scale of analysis—the neighborhood and the street/block.
Finally, two matrices summarize the observed differences of qualities between cases and

create a baseline for calibrating measures in Chapters Five and Six.

4.1 Documenting the Neighborhood

The documentation of existing urban form conditions for all twelve case study
neighborhoods was carried out using three basic methods: field photography, field
observation, and base mapping. Each documentation method loosely relates to one of the
three major branches of urban form theory reviewed in Chapter Two—photography to
place & image, observation to environment & behavior, and mapping to structure & process.
This section summarizes how each was used.

Extensive aerial and ground photography captured the whole sense of the place as

well as to provide a standardized visual reference. Related field observations helped to
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identify key issues that might distinguish the form of one neighborhood and provided a
consistent protocol for the researcher to become familiar with each case. Finally,
systematic base mapping created a consistent graphic/spatial record for each case study
and a consistent reference for examining patterns of physical differences that can't be
seen in photographs or field observations. Taken together, this documentation process

comprised a baseline for use in analyzing urban form and deriving measures.

4.1.1 Field Photography

The first step in the documentation of the twelve case studies was systematic
field photography. While many urban design research projects use photography to
document existing conditions, this process was designed to be a more rigorous method
of comparative analysis by scripting a consistent set of shooting protocols across all
neighborhoods. Systematic procedures were followed in order to minimize the inherent
bias of photographic methods (Bosselmann 1998). As it was not feasible to photograph
everything, use of typical conditions and standardized points of view were required. To
the extent possible, controls were followed for variables such as light quality, time of
day, time of year, camera angle, and lens aperture. Because photographic data will be
used as a comparative baseline for analyzing urban form, testing derived measures, and
potentially correlating measured and perceived qualities, establishing a rigorous but
accessible photographic record was critical to minimizing the subjective bias of
composition and point of view.

Photo documentation included procedures for both oblique aerial photography
and ground level field photography. Aerial photographs were made of all twelve case
studies in June 2004 using the standardized conventions of Campoli and MacLean
(2004). The intent was to derive an overview of neighborhood-wide patterns that would
not be visible in ground level photography. Sites were photographed from several
perspectives including a steep angled oblique view intended to capture as much three-
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dimensional information as possible. However, the ability to get up in the air before
trees leafed out and difficulties in maintaining a consistent protocol ended up limiting
the utility of the aerials as analysis tools. Nonetheless, the aerials remained very useful
as a general overview of the comparative form and character for all cases. A detailed

discussion of the aerial photography protocol is presented in Appendix C.

£ e
Keeping view clear of airplane wheels & stuts was difficult

Figure 4-2 Comparative Aerial Photo Views: N9 EIm versus N11 Wolf

¢ B B RAaNN
Five minutes later light conditions dramatically changed

An extensive protocol was also developed for ground level field photography.
The protocol was adjusted and refined based on pre-tests in May 2004. It established a
standard series of twelve photo shots to create a comparative record of urban form
character at three scales: 1) building and lot, 2) street and block, and 3) neighborhood.
However the pre-tests quickly found that multiple four-shot sequences would be
required to capture extensive street-to-street variation at the two smaller scales (i.e.
building/lot and street/block) within each neighborhood. It was simply not feasible to
select a single set of typical conditions in the field. Consequently the number of photos
substantially exceeded initial estimates. Over three weeks in June, approximately 1500
shots were recorded across all twelve study areas—ranging between 80 and 150 per
neighborhood. A second set of about 500 images documenting potential street/block
study areas were shot in November. Controls for light conditions and time of day
ensured as consistent a record as possible between locations. A detailed summary of the

ground level photo protocol and pre-testing is also presented in Appendix C.

106



Building /Lot View C: Street Elevation of Sideyard (#3539

—

T

A N A e
ay (#3545 - Street/Block View A: Street Centerline (#3543)

Figure 4-3 Examples of Building/Lot and Street/Block Protocols in Case N2

The ground photographs were compiled into an image database for the project.
The database provided a set of comparative views for many conditions across the twelve
neighborhood case studies. The database could be scanned in short order to investigate
particular issues of interest over the course of the urban form analysis. High-speed
image viewing software made reviewing hundreds of photographs in rapid succession
possible in way not possible even a decade ago. The database proved a great aid in
identifying the range of street and building typologies and other physical patterns in the
analysis of variation that will be described at length in Section 4.2.

Case Study Profile Images: The image database also provided a pool of images
from which to draw representative views for use in the Neighborhood Baseline Profiles.

The profiles were developed as a comparative summary graphic for each case study
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including maps, photos, and basic description information. While the photo protocol
was a very useful for inventorying a broad range of specific conditions, it was not a very
effective means of conveying an overview of neighborhood character. Methodical
sequences of standardized views across a street section or along a street elevation were
quite redundant and uninformative as profile images.

Two alternative profile prototypes were prepared to evaluate the most efficient
format for summarizing neighborhood character. A review of the alternatives showed
photographs to be the most robust representational tool for conveying neighborhood
character across scale (e.g. aerial neighborhood view, street corridor view, house
elevation view). Map graphics on the other hand were better suited to representing
discrete patterns of neighborhood elements (e.g. street, parcel, building). The review
suggested a simple set of three photographs, stepping down in scale from bird’s eye
view to street & block to house & lot, was the most efficient way to represent each
neighborhood in the profile graphics.

Finally, it was also obvious that the range of variation at the street and block
scale meant this scale could only be represented in a most general fashion in the baseline
profiles. While images at this stage were selected to be as representative as possible
across an entire neighborhood, a longer list of supplemental images was also prepared
to supplement the profile analysis in the analysis process. Figure 4-1 Neighborhood
Baseline Profiles by Density Class presents the full set of neighborhood profiles in

summary form at the end of section 4.1.4.

4.1.2 Field Observations

Systematic field observation was the second method employed to document the
case study neighborhoods. While this method is most often used to gain insight into the
relationship between people and their environment, in this case systematic observation
is to gain insight into differences of physical form between neighborhoods. The protocol
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called for particular attention to be paid to the physical structure of the environment
(e.g. form, dimensions, configuration) and the perceptual qualities they evoke (e.g. scale,
enclosure, connectivity). Observations of human use (or traces of use such as children’s
toys, gardens, or porch furniture) were significant only in as far as they provided clues
to elements of neighborhood form that may be important to measure.

Observation, like photography, is an inherently subjective method. A systematic
approach is required to minimize bias. The original research design called for a series of
separate, highly controlled observation tours in four neighborhoods to gather insights
into key relationships for further study. However, as the project proceeded, it became
apparent that the extensive and controlled survey protocol used for field photography
essentially fulfilled this research goal—and it did so across all twelve neighborhoods
instead of only four. It was decided a separate, scripted field observation tour would be
more effectively incorporated into procedures for testing correlation between derived
measures and perceived environmental qualities (see Chapter Seven for detailed
discussion of field survey methods and protocol).

The scripted field photography protocol provided reasonably disciplined
observation method across all cases. Making mental observations about the world
framed by the camera lens proved inevitable. Typically each neighborhood tour was
done on foot and/ or bicycle and lasted a minimum of two hours. A total of about 30
hours were spent in the field. Observations were recorded for each field tour in the form
of field notes and sketches. Major insights were distilled into written research notes that
recorded the progress at regular intervals. A summary of key issues noted during field

observation and photo tours is presented in the next section.

4.1.3 Base Mapping
Compiling base mapping for each case study was the final step in the
documentation process. Mapping conveys an essentially different type of information
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than either of the first two methods—information more directly associated with form as
opposed to character. Maps allow particular types of information to be sorted and
abstractly represented in two-dimensions. While they do not offer the reality-based
perspective of either photographs or field observations, maps can capture larger
patterns and underlying relationships that elude the other sources. Spatial patterns that
cannot be seen in the field such as parcel lines or street systems can be seen clearly on a
map. Because maps are abstractions, individual elements such as land use, circulation
patterns or topography can be simplified and detached from the noise of their context so
they can be more easily studied.

Perhaps the greatest attribute of maps for this project is that they are scaleable.
They are not subject to the distortions of perceptual space. Arraying spatial information
at a pre-determined scale allows dimensions for all sorts of elements to be measured and
compared across geographical space. The attribute of definitive scale is what makes
mapped information such a useful urban form analysis tool for urban morphology, city
planning, architecture, ecology, geography and any other field concerned with spatial
distribution. Map like two-dimensional drawings can also represent three-dimensional
space as cross-sections, elevations and various ortho-graphic projections. What maps
obviously lack is the ability to convey the perceptual experience of space. However
maps in combination with photographs and field observation provide an excellent
baseline for measuring the neighborhood form.

Mapping of Neighborhood Case Studies (GIS): The primary mapping
information for the neighborhood scale is derived from existing geographic information
system (GIS) spatial databases. While 1:24,000 USGS mapping and low resolution ortho-
photos were used to for initial sorting and selection of cases, more detailed spatial data
for parcels, streets, hydrology, and topography was derived from existing GIS
databases. The ability to array different elements of urban form (e.g. streets, buildings,
parcels) as separate “layers” also permits analysis of these elements both independently
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and in relationship to each other. The other big advantage of GIS systems is the ability
to attach non-spatial data to attribute tables linked to lines and polygons on each GIS
layer or theme. In particular, the ability to attach non-spatial data such as land-use to a
parcel level resolution allowed a more robust analysis of neighborhood form.

Initial investigation confirmed GIS mapping data existed for all four core towns
in the Upper Valley. ESRI ArcView®© software was utilized to view, sort, and analysis
the GIS data. GIS graphics were exported to Adobe Illustrator© software for
preparation of final report graphics. These data sets provided both the framework for
base mapping and the parcel by parcel data tables that provided the basis for analyzing
spatial variation and developing quantitative measures of urban form at the
neighborhood and street/block scales (see detailed discussions in Chapter Five and Six).
The goal was to map basic coverages for parcels, streets, buildings, land use, vegetation,
and topography that could be presented at 1”= 500 scale for each study site. However
the relative accessibility, breadth and quality of the GIS data varied enormously from
town to town. This resulted in some considerable frustrations in acquiring and
assembling consistent GIS data sets for all twelve case studies. A detailed of discussion
of the GIS data issues is presented in Appendix D.

Mapping of Street/Block Case Studies: Mapping the six street/block scale case
studies was even more challenging due to the low resolution of GIS data relative to the
scale of a 500 foot long block. When GIS neighborhood scale maps were blown up by
500% to create a map scale appropriate to presentation at 17 = 100’, the quality of the
base data was far too coarse to be a reliable base map. As noted in Section 3.3, there was
no available information for this scale of neighborhood space. Construction of a reliable
base map thus depended on refining and expanding the GIS based framework to a
reasonable resolution by other means—primarily extensive field measurements.

As part of the street/block scale case study selection process, an extensive field
survey measured cross-sectional dimensions for the most typical condition for 73
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street/blocks including the set of six final case studies. Street width, sidewalk and verge
width, building setback, and face to face measures provided a sound dimensional
framework for refining GIS base maps to a higher resolution and incorporating new
field measured data. For the three Lebanon sites (Longwood Lane, Green Street and
Wolf Run) higher quality ortho-photography allowed considerable refinements to
existing line work by zooming into a larger scale. For Iris Way, scanned as-built maps
for the Hemlock Ridge development provided an accurate plan of buildings, streets and
driveways to base refinements on. For the other two sites, Sargent Street in Hanover
and Main Street in Norwich, adjustments are primarily based on information measured
in the field.

After refining the base maps as much as possible using existing data sources,
maps printouts were marked up in the field with additional field measurements.
Primary attention was paid to four areas: 1) getting a reasonably accurate building
footprint layout along both sides of the street; 2) confirming the relationship of buildings
to parcel and street right-of-way lines; 3) translating street section elements into plan
view (paving, curb, sidewalks, fences); and 4) inventorying approximate size and
location of all major trees and other landscape features. The extensive image database
was a very useful reference to use in conjunction with field notes to construct the final
plans. The plans provide a consistent graphic/spatial framework for the work of

deriving and testing measures.

4.1.4 Neighborhood Baseline Profiles

The final base maps were incorporated into the Neighborhood Baseline Profiles
assembled for each case study. They include photography, mapping and summary
statistics for each area. They can be seen in summary form in the ten-page set of
baseline matrices included at the end of this section as Figure 4-1 Neighborhood Baseline
Profiles by Density Class. The profiles use photographs to convey a more holistic view of
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the neighborhood character and maps to convey both the overall context as well as
individual plan elements (e.g. parcel, street, building). The scale for all summary
neighborhood maps is 1:20,000 or approximately one inch equals 1600 feet.

The neighborhood profile matrix comparatively arrays each set of four cases
within a given density level (lower, middle, higher) over three consecutive pages. The first
OVERVIEW page presents basic statistics and context with comparative USGS mapping
and ortho-photography overlaid with neighborhood boundaries. The second
CHARACTER page presents a series of three photographic views describing the
neighborhood at three different scales (bird’s eye, street oblique, elevation). The final
ELEMENT page presents comparative mapping of three framework elements (parcels,
streets, buildings) at a consistent scale of 1:20,000 or about 1”=1600".

Each page also arrays cases from top to bottom by general development era: first
row is Pre-WWII, second row is Post WWII, third row is Late 20th Century, and bottom
row is Mixed Era. Summary information on the overview page includes: 1) development
era, 2) residential land use density in units per acre, 3) number of dwelling units, 4) the
total geographic area of the neighborhood in acres, and 5) a percentage breakdown of
housing type mix by single-family and multi-family units. The first page of the
summary matrix is a regional context map that locates all study sites within the
landscape of the Upper Valley. The regional context map is presented on a reduced 7.5
minute USGS quad composite base at a scale of approximately 1:72,000 or 1”= 6000’.

The neighborhood profiles provided the researcher with a consistent
comparative summary of all twelve neighborhood case studies for the entire duration of
the project. Larger scale neighborhood-by-neighborhood versions of the profiles that
arrayed a single neighborhood over three pages were used for more detailed analysis

and as a comparative reference during the derivation and testing of measures.



12 STUDY NEIGHBORHOODS

1a LOCATION MAP:

Figure 4




Figure 4-1b LOWER DENSITY SET: OVERVIEW

N-hood Profile USGS Map (1988) Orthophoto (1992)
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Figure 4-1c LOWER DENSITY SET: CHARACTER

Bird’s Eye View Street View Detail View

01. Main Street

02. Dunster Drive

03. Camp Brook

04. Valley Road
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Figure 4-1d LOWER DENSITY SET: ELEMENTS
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Figure 4-1e MIDDLE DENSITY SET: OVERVIEW

N-hood Profile USGS Map (1988) Orthophoto (1992)
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Scale: 1” = 1600’

Figure 4-1g MIDDLE DENSITY SET: ELEMENTS

Parcels Buildings
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Figure 4-1h HIGHER DENSITY SET: OVERVIEW

N-hood Profile USGS Map (1988) Orthophoto (1992)
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Figure 4-1j HIGHER DENSITY SET: ELEMENTS Scale: 1” = 1600’

Street / Block Parcels Buildings

09. Elm Street

10. Village Green

11. Wolf Road

12. Willow Spring



4.2 Assessing Differences Between Neighborhoods

This next section summarizes the results of two distinct analytic exercises
designed to identify key patterns and relationships that distinguish neighborhood form
across the twelve case studies. In each case, the intent was to use systematic observation
and analysis as a basis for speculating about physical dimensions that underlie the
perceptual differences between neighborhoods and how they might be might be
measured in simple replicable terms.

This first exercise was based on the field observation and photography protocol
described in the previous section. It summarizes a series of first impressions about
significant factors or relationships that seemed to distinguish one case from another
during a series of field visits to the case study neighborhoods. The researchers
observations were recorded in the form of summarized field notes.

The second exercise was the step-by-step analysis of physical variation between
case study neighborhoods. This analysis of variation is based on a comparative review of
a series of urban form characteristics or variables across all case study neighborhoods. A
total of twelve variables were evaluated using a combination of mapping analysis,
review of field photography, and the researcher’s field notes and impressions. The
analyzed variables included six that seemed to relate more to the neighborhood scale
and six that were focused on smaller scales of street, block, building, and yard. The list
was initially drawn from a much longer list presented in the research prospectus.

The field observation analysis was carried out over a three-week period in June
of 2004. The analysis of variation was prepared during the months of July and August
of the same year. Findings are summarized below in three sections. The first
summarizes the field observations. The second and third summarize the analysis of

variation by the scale of neighborhood and street/block/building/yard respectively.
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4.2.1 Summary of Key Field Observations

A series of initial impressions drawn from a series of field tours are discussed
below. The findings are organized around a series of findings related to difference
between neighborhoods. The sub-headings of each finding highlight what was
observed to be a potentially significant factor in distinguishing differences between case
study neighborhoods beyond simple differences in development density. Photographic
comparisons illustrate identified differences between neighborhoods in the same density

class whenever possible.

T

Mature trees and individual taste (#3938)

Young trees in a master pl‘al{ﬁe&‘ landscape
Figure 4-4 Comparison of Landscape Character: N5 Maple vs. N7 Hemlock
Landscape Matters. The quality of landscape character, especially the trees, has
an enormous impact on the spatial quality of neighborhoods (Figure 4-4 Comparison of
Landscape Character). In some cases this seemed a result of conscious design (e.g.
Hemlock Ridge); in some cases it seemed more related to the differences of taste among
individual property owners (e.g. Maple); and in still other cases it seemed to simply be
function of age (e.g. Main Street versus Camp Brook). In some cases, extreme variation
could be found from lot-to-lot, in other cases it was quite consistent across the entire
area. Surprisingly, very little of the observed landscape character resulted from street
trees planted in the public right of way. In contrast to more densely settled metro-areas,
street trees were not typically a part of the street cross-section. Trees along the street

seemed more a function of each landowner than a broader community effort.
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Building & site orient to only one corner  (#40%3)

Figure 4-5 Comparison of Corner Conditions: N9 Elm vs. N11 Wolf

Building & site orient to both sides of street corner  (#3748)

Corners. The treatment of corner lots and buildings also seemed to be a
significant element in distinguishing places (Figure 4-5 Comparison of Corner Conditions).
Whether or not a building’s orientation on its lot responded to a corner condition had
noticeable impact on the way a street turned the corner and the continuity of the street
environment. In areas with more recent development patterns, special corner conditions
tend to be both less frequent and more frontally oriented (i.e. more consistent with the
orientation of interior buildings of the block). In older areas, special corner conditions
are more frequent and they tend to reflect a rotated orientation in which buildings relate

to frontages on both streets that form the corner.

Building /Ls ign. connect t.o street (.#36625- Building / site design oriented to driveway (#3688)

Figure 4-6 Contrasting Building to Street Relationships: N9 Highland Ave

Building to Street Relationship. While the relationship between building and

street was identified in as potentially significant in the prospectus, photographing it
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systematically provided considerable insight into how this relationship changes from
place to place (Figure 4-6 Relationship of Building to Street). Of particular note was the
relative prominence of the front door and the contrasting orientation of entry walkways
between case studies—in some cases walks connect door to street; in other cases they
connect door to driveway. Other important components of this relationship were the
contrasting treatment of front yard spaces and the type and presence of transition
elements such as porches. This relationship contrasts from house to house as well as

between neighborhoods. The above examples are located on the same block.

Public street with many small lots & many m-f units (#3761)

Figure 4-7 Street Frontage in Multi-family Areas: N9 Elm vs. N11 Wolf

Public street with few large lots and many m-f units (¥3761)

Street Frontage in Multi-Family Areas: It was also striking how different the
relationship of private parcel to public street was in newer multi-family areas compared
with older multi-family areas. Larger parcel sizes in newer areas seemed to be
associated with greater setbacks and less connection between buildings and the public
street. Variation of street frontage conditions was observed to have a significant impact
on the quality of the public street environment (Figure 4-7 Public Street Frontages in Multi-
Family Areas). The above examples are located within a mile of each other in Lebanon. It
was speculated that deriving a measure of this difference could involve some kind of
ratio between linear feet of street frontage and associated number of dwelling units or

linear feet of building face or facade.

127



Front entry oriented to driveway and garage (#3575

-

i’ FE IR el S s
Front entry to public street w/on-site parking in rear (#3791)

Front entry oriented to private off-street parking lot (#3761)

Figure 4-8 Transition and Arrival Spaces: N1 vs. N2 (s-f) & N9 vs. N10 (m-f)

Transition and Arrival Spaces: A related issue is the contrast of the arrival or
transition space from street to dwelling in different neighborhoods. These spaces define
the intersection between Lynch’s (1981 p. 352) two-part distinction between stationary
“adapted spaces” (in this case the dwelling unit and associated yard) and movement
oriented “flow facilities” (in this case associated circulation, parking, and entry areas).
This interface is a primary characteristic of neighborhood space. In some neighborhoods
these spaces are pulled back from the street and oriented around driveways and garages
(see right above). This pattern is often found in newer single-family areas. In other cases
arrival spaces are split between pedestrian front entry and vehicle entry in the rear. The
pattern is more typical in older village housing with front porches and doorways face

directly onto the street and private on-site parking in the rear (see left above).
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A multi-family version of this pattern is illustrated on Figure 4-8 Comparison of
Transition/Arrival Spaces on the lower left side. In still other cases, all access and entry
functions face directly onto shared off-street parking facilities as illustrated on the right
hand image above. In the later case, it is not simply a case of contrasting character or
dimension but of basic spatial typology Spaces defined by buildings on a public street
feel fundamentally different from those defined by buildings on a parking lot. Sorting

out how to define and measure these hybrid elements will be a key challenge in

describing these places.

 (#3865)

Figure 4-9 Contrasting Types of Visual Variation: N7 Hemlock vs. N9 EIm

y e T AR L e Y T
Designed variation in a master planned m-f area Variation in incrementally developed m-f area  (#3793)

Contrasting Perceptions/Types of Variation: A distinct contrast was also noted
between places where conscious efforts had been made to create environmental qualities
such as variation and visual interest and places where these qualities had derived more
organically, over time. This was most clearly observed by comparing neighborhoods
that were master-planned with those that were not. This difference also seemed to be a
function of age and ownership. Visual variation in developments with commonly
owned land is distinctly different from that in areas of individual ownership. In Figure
4-9 Contrasting Types of Visual Variation both photographs show visual variation but the
perceived effect is quite different. It is expected that standardized measurement of these
differences will be quite difficult. The key distinctions seem to lie beyond a simple

accounting of what is the same versus what is different.
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Small lot eight-unit building with parking behind  (#7918)
Figure 4-10 Comparison of Parking Arrangement & Allocation: N8 vs. N12

Large lot twelve-unit building with parking in front (#4303)

Parking Arrangement [ Allocation and Personal Outdoor Space: Two other
issues that stood out during field observations relate to the relative arrangement and
allocation patterns of parking and personal storage. In the newer areas, surface parking
was perceived to be more dominant component of site development than in older
areas—especially in multi-unit areas. In Figure 4-10 Comparison of Parking Arrangement &
Allocation, the right hand side appears to show a higher parking allocation than the area
on the left hand side. Observations also suggested an inverse relationship to the
allocation of personal storage and outdoor space. Neighborhoods with less overall open
space showed greater provisions for personal outdoor space in garages, porches,
outbuildings, gardens, entryways, etc. In others with a greater overall sense of open
space, personal outdoor spaces seemed scarce—outdoor grills, bicycles, strollers, kayaks,
etc. were seemingly scattered across the landscape. Deriving comparative measures for
parking allocation seem more straightforward than ones for personal outdoor space.

View Type and Spatial Structure: Finally over the course of taking 1500
photographs across the case study neighborhoods, a very interesting congruence was
noted between types of views and classifications of spatial structure. The literature notes
a basic theoretical division between spaces of movement (i.e. streets/ paths) and the
stationary spaces they serve (i.e. parcels/buildings). Figure 4-11 Three View-Types of

Neighborhood Space shows this same distinction in neighborhood photographs and the
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related diagrams of compositional structure. These differences between the staying
space of the house/lot and moving space of the street/drive are clearly manifest in the

three basic points of view visible to any passerby (Lynch 1980, Gehl 1987).

Frontal View: 100% Edge (;:3777) Parallel View: 100% Corridor  (#3780)
Figure 4-9 Three View-Types of Neighborhood Space: Shaw Street (N9)

Oblique View: Edge & Corridor (#3778)

The first view type is the frontal view of a building and/or side yard on a parcel.
With its perpendicular angle to the street, this street elevation view is a 100% frame of
the realm of the staying. It does not show any street except as a line a bottom of frame. In
perspective terms, it is a flat image. It has a central vanishing point but there is little
perspective distortion because typically a building, trees or other edge elements fills the
frame. It is fundamentally a short-range view of visually solid foreground elements.
Glimpses of more distant space depend on the relative openness of the landscaped voids
between buildings.

The second view type is the parallel view down the street or sidewalk. It is taken
from center of street section and encompasses a 100% view of the realm of moving. It is
compositionally both similar and opposite from the first. This view also has a central
vanishing point because it is looking down the long void of the street corridor. The
buildings and yards are only visible as outside edge elements that bound the street. The
greater the corridor width, the less visible the vertical edges become. These views have
a deep (versus flat) spatial structure with the classic X-shaped pattern of a deep, single-

point perspective. This gets slightly distorted as one moves off the centerline. The
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perspective depth can be altered by a foreground element (e.g. large truck or low tree
canopy) or by the street curving away or terminating.

The third is the oblique view that is hybrid of the first two. It is taken at some
angle to the street edge or elevation. Its subject is split between the two realms and
illustrates the interface between the spaces of staying and moving. As an oblique view,
it has a two-point perspective with one side vanishing into the building/yard edge and
the other side vanishing down the street. However, due the opacity of the street edge,
the visual composition is strongly biased toward the street side vanishing point. The
only exception is a corner condition where the viewer can look down both vanishing
lines of two perpendicular streets. This view has a characteristic > arrow shape crossing
the frame from left or right or vice versa. The comparative photographs illustrate how
the view composition shifts from frontal to parallel as the camera angle is swung from
90 degrees to 0 degrees with respect to street centerline.

It is possible to instantly classify these view types while flipping through images
in rapid order without knowing the specific context or location of the photograph. The
types are clearest in areas where buildings are close to streets. It is somewhat less clear,
though still visible, in more spread out settings. These contrasting views between the
street and its adjacent edges relate strongly to Lynch’s two-part classification between
moving and staying (p. 351). This suggests the transition zone between them may be

fertile ground for exploring key differences of neighborhood form.

4.2.2 Analysis of Variation: Neighborhood Scale

The second exercise draws its findings in a more indirect method that analyzed
photographs, maps, and field notes in more systematic fashion several weeks after the
actual field observation tours. The analysis sought to identify and describe the range of
differences found for a series of urban form variables examined across the twelve case
study neighborhoods. The analysis was split into two parts—the first considered
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neighborhood wide patterns; the second more detailed patterns. This first sub-section

covers a set of six variables or characteristics at the neighborhood scale. They include

street pattern, network connectivity, block grain and pattern, open space, tree cover, and

parcel pattern. It is organized around the column headings shown in Table 4-1 Matrix of

Neighborhood Form Variation. The following sub-section 4.2.3 will discuss a similar

matrix organized around six smaller scale variables. The discussions will also help

clarify the shorthand field notations in the matrix cells.

Street Network Blk Grain  Open Tree Parcel
Pattern Connectivity & Pattern Space Cover Pattern
Low to Moderate Density: 1 to 2 units / acre (about 44,000 to 22,000 sf of land per unit)
o radial vill w/ medium: med-low: edges, mature, X .
pre WWII 1.7 90/0" / loops & 3 4 external 2intreg | meadow, | dense, f'.”e grain
1850-1940 10% mixed size
dead ends | access pnts blocks green cntr bick
linked loops | very low: medium: edges, | mid age, .
post WWII 100% o med grain
1950-1980 1.7 SF & 4 cul-de- | 1 external 3intirreg _none modest, med lots
sacs access pnt blocks internal even
late 20th 17 100% |loops & 2 cul 3 exI?:Ic: pts erﬁ:?/lrg\g: csr’i?:?(i’r\ ;’s:;%’ med grain
1990-2000 SF de-sacs int discon blocks brook | thck edge med lots
. curving grid [ med-high: | med-high: | edges, mature, .
mixed era 50% / - med grain
1930-2000 1.9 50% w/ 3 dead | 4 extaccess | 6 int mxd lawn, dense, mix'd size
ends pnts blocks sm park | open MF
Moderate Density: 2 to 5 units / acre (about 22,000 to 9,000 sf of land per unit)
irreg grid w/ high: med-high: | edges, mature, ) .
pre WWII 40% / : fine grain
1900-1940 3.9 60% loops & 3 6 external 5intreg | meadow, der}se, mixed size
dead ends | access pnts blocks garden lot lines
2 loops, 1 low: medium: mature :
0, ’ ’
post WWiI 3.5 50{:’ / cul-de-sac &| 2 external 3 int mxd edges, dense, mled grain
1950-1980 50% sm park mixed size
prkng lots | access pnts bloqks open MF
late 20th 30% / loops off low: m_edllum: edges, young, PUD de_v
3.8 o loop & 2 external | 4intirreg pond, dense, | crse grain
1980-2000 70% ;
parking lots | access pnts blocks sm park |thck edae| large lots
. o village grid high: fine/high: | edges, mature, | fine grain
mixed era 34 60{:’ / w/ 4 dead 7 external 7 intreg ballfield, | modest, small
1900-1980 40% ]
ends access pnts blocks cemetary even mixed lots
Moderate to High Density: 5 to 10 units / acre (about 9,000 to 4,500 sf of land per unit)
o very high: fine/high: mature, | fine grain
ggo\f\%\ﬂlo 5.8 2755{,(’// Sﬁgogorﬁ; 9 external 7 intreg cifdgfsé n modest, small
° 9¢ g access pnts blocks Y9 cntr bick | mixed lots
o 1loop, 7 cul-| med-low: very low: edges, middle, PUD dev
post WWII 6.0 5 /?,/ de-sacs & | 5extacpts | nointern brook, modest, | crse grain
1960-1980 95% s
prkng lots | int disconct blocks lawn even large lots
3 cul-de- low: very low: middle, | crse grain
0,
late 20th 5.6 10? / sacs & 8 off | 2 external 1Irgirreg edges, modest, med &
1980-2000 90% lawn
st prkg lots | access pnts block thck edge | large lots
. id frag w/ medium: med-low: middle, | crse grain
mixed era 20% / gn > ; edges,
1920-1980 6.1 80% 5 parking 3 external 2intreg lawn modest, med &
lots access pnts blocks even large lots

Table 4-1 Matrix of Neighborhood Form Variation

Street Pattern: The pattern of streets is a major distinguishing element of

neighborhood form. The irregular terrain of the Upper Valley makes typical distinctions
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between grid and cul-de-sac systems not very useful. While all neighborhoods have
some degree of internal connection, only EIm comes close to a traditional grid pattern of
interconnected streets and small blocks. Highland, Maple, Main and Valley are
hybrids—traditional patterns modified to various degrees by topography and
circumstance. Dunster, Curtis, Camp Brook, and Hemlock Ridge are characterized by
patterns of loops and cul-de-sacs associated with post-war development. A final pattern
finds a few public streets serving a series of dead-end drives and parking areas serving
large multi-family developments (e.g. Village Green, Wolf, Willow Spring).

Network Connectivity: A second component of street pattern is the degree of
interconnection with surrounding areas. Finer grained patterns (e.g. Elm) tend to have
more connections; coarser patterns tend to have less. The connectivity associated with a
higher number of access points can be offset by internal disconnection of the street
system within the neighborhood (e.g. Camp Brook).

Block Grain & Pattern: Block pattern and grain is generally a function of street
pattern. Tightly woven streets tend to make small blocks and fine grain (e.g. Highland).
Widely spaced streets produce big blocks and coarse grain (e.g. Wolf). Topographic
variation can again complicate the issue by limiting street connections and expanding
block size without a proportional impact on neighborhood grain (e.g. Maple).

Open Space: While all neighborhoods have access to adjacent open space, the
pattern and quality of the open space varies widely. Some have formally defined parks
or greens (e.g. Main, Elm, Camp Brook). Others have recreation fields, playgrounds or
school fields (e.g. Highland, Curtis, Valley, Dunster). In other places open space is less
formal—a meadow, wooded hollow or pond open to the community (e.g. Maple,
Hemlock Ridge). In some cases open space consists of large areas of lawns and wooded
buffers (e.g. Wolf, Village Green, Willow Spring).

Tree Cover: Trees have a huge impact on neighborhood character in New
England. Their influence seems affected by at least three factors: age, density, and
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distribution. In general, older neighborhoods have larger trees. Age can create a
distinct contrast between otherwise similar places (e.g. Dunster versus Camp Brook).
Density is the number of trees per unit area. Some places simply have more trees and
less open lawns (e.g. Maple versus Highland). Distribution pattern of tree cover also
varies. In some cases like Elm, trees tend to be clustered at the center of blocks. In other
places like Wolf, trees form strong perimeter frames around individual developments.
In still others like Curtis, they appear to be more evenly spread across the whole area.
Surprisingly, formal street tree plantings are found in only a few recent neighborhoods
(e.g. Hemlock Ridge, Camp Brook).

Parcel Pattern: Property lines have a major impact on neighborhood character.
They set the framework of spatial division between private parcels and public streets.
Parcel pattern grain is a function of at least three key dimensions—size, uniformity, and
distribution. Small parcels are typically associated with more extensive street patterns.
The finest grained patterns tend to be mixed in size (e.g. Elm, Highland, Main). In other
cases, like Dunster and Camp Brook, grain is somewhat larger but more consistent. In
Village Green, Hemlock, and Wolf, large lot sizes result in a relatively coarse grain of
land division. There can also be considerable variation in parcel sizes from one part of
the neighborhood to another. The gradient can be either be gradual (e.g. Maple, Valley)
or sharp (e.g. Wolf, Willow Spring). In most neighborhoods the divisions between
parcels are distinctly marked by landscape and building patterns. However in master

planned places, such as Hemlock Ridge, they are more difficult to detect.

4.2.3 Analysis of Variation: Street/Block/Building/Yard

Issues of comparative analysis change significantly at the more detailed scale of
streets, blocks, buildings, and yards (Table 4-2 Matrix). The remaining variables concern
smaller scale patterns within neighborhoods rather than the neighborhood as a whole.
Ironically, by zooming into a smaller scale of analysis the potential universe of variation
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Non-res Edge Building Bldg to Street Public
Land Use  Streets Types Street Types Private
Low to Moderate Density: 1 to 2 units / acre (about 44,000 to 22,000 sf of land per unit)
pre WWII 90% / | mixed along | bldgs front J total small AINC 4.6 strong
1850-1040| 17 10% SW edge street SF 1-6 stback B/SC 4 public st
° 9 MF 1.2,5 | frnt walks B/NC 4 priv lots
. bldg/prk med-Irge A/NC 6 modest
post WWII 1 100% | mixed along 2 total )
7 setback setback B/DC 6 public st
1950-1980 SF west edge street SF56 no walk B/NC 6 priv lots
medium modest
late 20th 100% bldgs back 2 total .
1990-2000 1.7 SE none to strest SF 2,6 setback A/NC 6 pu_bllc st
no walk priv lots
mixederal . o | 50%/ |mixed along| bdgs front| T'O81 | M SOkl NG g 26 | MOdeSt
1930-2000| 50% | westedge | street - miwalks | apc2 | PUPICS
MF 2-4 sf no wik priv lots
Moderate Density: 2 to 5 units / acre (about 22,000 to 9,000 sf of land per unit)
o . 10 total small A/NC 2,6 strong
e rrono| 39 43)0{)2/ m;’;‘:f:éggg b'ds%feféf”t SF1-6 | setback | A/SC4 | publicst
MF 1-4 frnt walks A/DC 6 priv lots
o . bldg/prk 5 total medium AI/NC 2,6 modest
B N Tun| 3.5 5;)0/,;’ MiXed along | cetback | SF4-6 | setback | B/SC2 | publicst
° 9 street MF 7.8 | nowalk B/DC 2 priv lots
. bldgs back 4 total | mf to prkg semi-
late 20th 30% / | mixed along AINC 6 ;
3.8 o str frnt SF 5 sf close to private str
1980-2000 70% east edge brkg MF 57.8 | pvtdrive PP/NC 4,6 & yrd
) N . bldg/prk 8 total [ mxd stbck| A/NC 1,2 strong
fxedeal 34 (ZOO{;’ mixed along| mydto | SF 1,246 | oldwalks | ASC4 | publicst
° 9 street MF 1,34 | new none A/DC 3 priv lots
Moderate to High Density: 5 to 10 units / acre (about 9,000 to 4,500 sf of land per unit)
o mixed along 9 total small A/NC 2 strong
e rono| 58 2755{;/ west & north b'dsgtfeferf”t SF1-6 | setback | A/SC34 | publicst
° edges MF 124 | frtwalks [ A/DC3 priv lots
o . mf bdgs 5 total distant: A/NC 6 semi-
?ggé)wggl(l) 6.0 g;f,// ?:éi?zzt t: sep frm SF25 bldg frnts [ PP/NC 6 | private str
° 9 street MF 1,5.8 | to parking P/NC 6 & yrd
o . mf bdgs 7 total distant: A/NC 6 semi-
15‘;%_22((’)‘80 5.6 150{;’ “;('unetg 2'5’”99 sepfrm | SF156 | bldgfmts| PPIDC4 | private str
° 9| street |MF 1568 |toparking| B/SC4 & yrd
. o mf bdgs 7 total distant: A/NC 6 semi-
gggﬁ Sg% 6.1 Zé)o/o;/ none sep frm SF1,2,6 | bldgfrnts [ PP/DC 4 | private str
° street [ MF 2,36.8 | to parking| PP/NC 6 & yrd

KEY for Buildlings:

KEY for Streets:

Multi-Family Building Types (MF)
1 Trad House w/ 2-4 units
2 Duplex (side by side, gar frnt or back)
3 Row Buillding 3-8 units gar/prk back
4 Apt Flats 4-8 gar/prk back
5 Row Buillding 3-8 units gar/park front
6 Apt Flats 4-8 gar/prk front
7 Row Buillding 9 plus units prk front
8 Apt/Loft/Barn Flats 9 plus units park front

Local Street Section Width Types
A narrow 16-24
B medium 24-32

C

wide 32-40

P parking lot single loaded 36-44
PP parking lot double loaded 56-64
/SC with single curb (one side)
/DC with double curb (both sides)
/NC with no curbs

Table 4-2 Matrix of Street, Block, Building, & Yard Variation

Single-Family Building Types (SF)

1 One story cape/bungalow w/porch garage side or back
2 Two story trad w/ porch, gar back or side

3 One story cape/bungalow no porch, garage bk
4 Two story trad no porch, gar back or side barn
5 One story ranch/cape garage side or under

6 Two story colonial garage side or under

7 One story contemp garage front
8 Two story contemp garage front

Local Street Section Types

1 with tree strip and sidewalks both sides
2 with tree strip and sidewalk one side

3 with sidewalk both sides but no tree strip
4 with sidewalk one side but no tree strip
5 with street tree strip but no sidewalks

6 with neither sidewalks nor street trees

7 other cross-sections (eg wide sidewalk w/ tree wells)

expands exponentially. Smaller scale patterns often have multiple variations within a

single neighborhood. Thus it is possible to compare and contrast pieces of the same

neighborhood as well as any number of comparisons with similar variations in other

neighborhoods. The following discussion is again organized around six matrix
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headings including non-residential land use, edge streets, building types, building-to-
street relationship, street types and public/ private spatial quality.

Non-Residential Land Use: While all neighborhoods include some mix of non-
residential uses at their perimeter, specific patterns show considerable contrast between
cases. Mixing of non-residential uses seems closely tied to parcel grain and pattern. In
neighborhoods with a finer grained lot pattern, uses such as shops, offices, and services
tend to be mixed side-by-side with residential uses at the edge of the neighborhood
(Main, Maple, Elm, Highland). In cases where the parcel pattern is moderate, non-
residential uses are still mixed in along the edge of the neighborhood but arranged in
larger, more self-contained parcels distinct from adjacent residential uses (e.g. Dunster,
Curtis, Hemlock and Valley). In the coarsest grained neighborhoods, large lot sizes
convey a sense of proximity with little association or mixing (e.g. Village Green, Wolf
and Willow Spring). Commercial and public uses located along or just beyond
neighborhood boundaries are perceived as largely distinct from them.

Edge Streets: The character of streets at the neighborhood edge also varies
considerably from one site to another. The key variables seem to be: 1) building
orientation and setback, and 2) parking location and distribution. In older
neighborhoods (e.g. Main, Maple, Elm, Highland, Valley) buildings front onto edge
streets with parking located either on-street and/or in small lots to the side or rear of
buildings. In newer neighborhoods (e.g. Dunster, Curtis, Hemlock, Camp Brook,
Village Green, Wolf, Willow Spring) residential buildings tend to be oriented away from
edge streets (i.e. back to the street) and commercial buildings are set back from the street
behind parking areas. An interesting exception to the commercial typology is Dan &
Whit’s General Store on Main Street where a large paved area with parking and gas
pumps separates the store from the street. In this case the complete lack of a defined
street edge results in the entire space functioning almost like a piazza where slow speed
cars and pedestrians seem to mix safely in an undifferentiated paved area.
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Relationship of Building to Street: Some of the same distinctions carry over to
the relationship between buildings and streets inside the neighborhoods. In the older
pre-war neighborhoods buildings face the street with a minimum setback. The setbacks
are tightest and most consistent in the higher density cases (e.g. Elm) and more variable
in the lower density cases (e.g. Main). In post-war single-family neighborhoods (e.g.
Curtis, Dunster), setbacks are larger with lower density corresponding to larger
setbacks. Setbacks appear to become smaller again in some late 20" century single-
family neighborhoods (e.g. Hemlock Ridge, Camp Brook). In mixed era cases (e.g.
Valley) building setbacks tend to vary internally by age of development.

A second contrasting element is the entry walk. In pre-war neighborhoods (e.g.
Maple, Main, Elm) front walks run directly from doorway to street regardless of setback
dimension. In post-war cases front walks almost always “dog-leg” to the driveway (e.g.
Dunster, Curtis). Curiously, in the late-20" century cases even when houses are again
much closer to the street, walks continue to connect to driveway not to the street (e.g.
Camp Brook and Hemlock).

In multi-family areas of post-war neighborhoods, issues of setback and
relationship to street are more blurred by an uncertainty of what constitutes the street. In
pre-war multi-family neighborhoods (e.g. Elm), the buildings face a traditional street
section with fixed width street and adjacent sidewalks and right-of-way lines. In post-
war multi-family neighborhoods, buildings are pulled far back from the street and
oriented onto internal parking driveways that serve as a kind informal private street
(e.g. Village Green, Wolf, Willow Spring). These streets are typically characterized by a
20-30 foot wide travel way with double loaded perpendicular parking bays. The
relationship of buildings to these street corridors is quite different—buildings orient
directly onto them with small setbacks and connecting front walks. The nature of the

relationship can change dramatically based on the definition of street.
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Building Types: The variation of urban form between and within neighborhoods
gets even much more complex at the scale of building type. The analysis defined eight
potential single-family building types and nine potential multi-family types (see Table 4-
2). The primary variables for the single-family types were height, porch/no porch, and
garage location. The primary variables in the multi-family types were number of units,
flat versus townhouse, and parking location. The variation of building type between
neighborhoods can be measured in at least three ways: 1) by dominant type, 2) by
variety, and 3) by distribution. The patterns of dominant type have been discussed with
lower density cases being predominantly single-family; middle density cases mixing
single-family and multi-family; and higher density cases being mostly multi-family.

Not surprisingly, the older neighborhoods (e.g. Maple, Main, Elm) had the
greatest variety of building types at all three density levels (nine or ten types). In the
more recently developed neighborhoods, housing variety seems to be more a function of
density than age. Post-war low-density neighborhoods (e.g. Dunston, Camp) are the
least variable with only two types of single-family structures. Middle and higher
density post-war and late 20" century cases with more variety have between four to
seven housing types. Not surprisingly, mixed-era neighborhoods tended toward greater
variety with seven or eight building types. It is also important to remember that the
degree of difference between any two types varies with the particular pair in question.
For instance, the difference between two single-family building types is much less than
between a single-family building type and an eight-unit multi-family building type.

In general, the distribution pattern for all mixed type neighborhoods includes
distinct clusters of single-family types and multi-family types. However older
neighborhoods have a finer grained mixing of types within those clusters and more
overlapping between single-family and multi-family types. Some streets have lot-by-lot
variation between single-family and multi-family. In the newer neighborhoods, the
distribution of types is cleaner and more consistent. This pattern appears to be closely
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linked to larger increments of development with many repetitive building types being
laid out and built by a single developer.

Street Types: Analyzing variation of street types within and between
neighborhoods is also a complex undertaking. Four basic variables were used to
construct types: street width, curbing, sidewalks, and planting strips. While various
combinations of these variables theoretically yield more than 100 types, only about 18
were identified in this set of cases (see Table 4-2). Even this list is somewhat generalized
due to inconsistent street sections along the same street (e.g. interrupted sidewalks,
inconsistent curbs, etc). As with building types, differences between types can vary
from relatively minor variations to more major ones.

In general, neighborhoods seemed to have about three or four street types
each—sometimes closely related, sometimes not. The distribution of types also does not
seem to be as closely correlated to development era or density as elements such as street
pattern, parcel pattern or building type. For instance, street width, is either narrow or
medium width across most study sites regardless of age or density. The only wide
streets are double-loaded residential parking drives. Likewise, the presence or absence
of curbs seems quite randomly distributed with most neighborhoods having a mix of the
two conditions. Double curb sections with sidewalks seem to be most prevalent in older
neighborhoods although by no means consistently so. Sidewalks are generally quite
sparse, especially in post war developments. The traditional city neighborhood cross-
section with sidewalks and street tree strips are quite rare with only two examples
found—one in Valley, the other in Highland. This may be due to a general abundance
of trees in most neighborhoods and concerns about plowing in winter.

The greatest contrast with street types is between the private parking drives in
more recent multi-family neighborhoods versus the range of standard public street types
in other neighborhoods. Since they typically have no standard cross-section, the range
of variation within these parking streets is very broad. They vary in almost every
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dimension—width, configuration, surface treatment, edge condition, etc. In general, the
somewhat random distribution of street types across these cases appears to have more to
do with a lack of consistent street standards rather than any clear association with
density or development era.

Public [ Private Spatial Territory: Of particular concern here is assessing the
balance and clarity of the distinction between public and private space. While this
variable does require some qualitative judgment (a problem for replicable measures),
initial assessments suggest it has a significant impact on neighborhood spatial quality.
The cases seem to fall into two basic categories. The first is the historic relationship
between a private building and lot facing onto a public street. While the gradient of
interconnection between building and street varies, all neighborhoods share the basic
spatial structure of public streets serving private parcels. This structure is most clearly
expressed in neighborhoods with smaller lots and buildings—eight of the twelve
neighborhoods in this set.

Within the other four neighborhoods, large development parcels minimize the
role of public streets in the neighborhood structure. Neighborhood space is primarily
structured by a less sharply defined relationship between the shared space of the
parking drive / landscape and the internal domain of the dwelling unit. There is a
pervasive sense of semi-public space in these neighborhoods. Consistent landscape
treatments create a more campus-like character. A notable lack of private outdoor space
contrasts sharply with the heterogeneous landscape associated with individual lots.
Finally, without traditional curb-cuts for private driveways, there is a distinct lack of
separation between the roadway and parking areas—both functions tend to bleed into
each other. While there tends to be a low level of spatial variation within parcels, there
is strong spatial contrast between parcels. Circulation systems rarely are interconnected.
Neighborhoods tend to have a weaker sense of public domain and a stronger yet less
differentiated system of private common space.
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4.2.4 Urban Form Variation: Summary of Key Findings

The preceding analyses identified a number of potentially important patterns
that differentiate neighborhood form. But perhaps even more importantly at this early
stage in the project, they provided some important insights that resulted in re-
structuring the research design to better serve the range of urban form variation found
across this set of neighborhoods. Specifically, the findings of the analyses resulted in re-
thinking the strategy of selecting only two sets of matched pairs for detailed study and
measurement. Instead, it was decided to broaden the number of cases for deriving
neighborhood scale measures to include the full set of twelve cases. It was also decided
to select a new, more narrowly focused set of cases for deriving measures at the more
detailed scale of street, block, building and yard (the selection process was detailed in
Section 3.3). The key findings that led to the revisions are summarized below.

One Size Doesn’t Fit All: The analyses suggest quite strongly that there was no
perfect pair of cases suited to the broad task of measuring the multiple dimensions of
neighborhood form. Different pairs were found to better illustrate different urban form
issues. For instance, issues of spatial territory might be best represented by Maple and
Hemlock Ridge while building-to-street variation might be better seen in comparing Elm
and Wolf. Likewise the impacts of differences in age of trees are best seen comparing
Dunster to Camp Brook while the variation of tree coverage might be illustrated by
comparing Main and Curtis.

Shades of Grey: A related finding suggested that many issues have multiple
dimensions and gradients that are simply too complex to be represented by a single
matched pair. A more robust understanding of the contours of variation is better served
by comparing three or four specific cases rather than only two. For instance, issues of

street connectivity may be best illustrated across three or four distinct sets of street
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patterns with different degrees of internal and external connections. Comparing a
whole set of patterns may be necessary to fully represent the range of certain patterns.

Problem of Representation: The analysis of the smaller scale urban form issues
found a major problem of representation. While the range of neighborhood wide
patterns can be seen by comparing case study to case study, the range of possible
variations expands exponentially for more detailed scales of space. A given element
may have three or four distinct sub-types within each neighborhood. These sub-types
can be compared both internally and in multiple variations across neighborhoods.
Choosing a single representative street type or building type for an entire neighborhood
could distort the actual range of conditions that is observed in the analysis.

Limits of Typology: A closely related finding concerned the limitations of
typology to serve the specific dimensional baseline required for developing replicable
measures. Drawing only basic distinctions, seventeen building types and eighteen
different street types were identified in this limited set of cases. Even though this range
suggests a rich universe of potential patterns between cases, the typologies were quite
complex and would require considerable discretionary judgment to identify and
compile as measurable datasets. The challenge of building a systematic, consistent
database of useful measures depends on being able to use it across many different
specific conditions. Using this level of typology as the basis for simple, replicable
measures seems highly doubtful. Contrary to the project’s initial hypotheses, this
finding suggests that focusing on more particular dimensions across a greater range of
cases would be a more promising approach for successful measures.

Distinct Scales of Analysis: The above findings all support the larger conclusion
that there are two distinct scales of analysis within the general concept of neighborhood
form: 1) overall neighborhood patterns, and 2) the more detailed realm of experienced
space (i.e. the street/block scale). Each scale has it own with distinct spatial dimensions
and characteristics. The challenges of measuring each scale are distinctly different. The
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analysis related to neighborhood wide scale suggested an approach that is primarily based
on measuring more abstract two-dimensional patterns and distributions. In contrast,
measures of street/block scale are more strongly related to the much more complex and
three-dimensional spaces one experiences walking down a sidewalk, looking out a
window, or mowing a lawn. While plan dimensions are still important, it is the vertical
dimension that adds new complexity. Potential diversity of conditions at this scale
suggests these issues are best examined within a more specific and detailed set of case
studies.

Congruence of Form Elements: One final observation may also prove helpful in
developing strategies for measurement. A comparison of the neighborhood profiles
maps suggests a sharp difference from neighborhood to neighborhood in the congruity
of independent urban form elements (Figure 4-1). Some neighborhoods seem to possess
an underlying structural order that is expressed by each of its component elements—an
example of this is Elm Street. In other cases there appears to be less of an organizing
framework—an example here is Wolf Road. Here patterns of street, block, parcels,
buildings, etc. are much more free-floating with little perceptible relationship between
them. Some measure of relative congruity of elements may offer interesting insight into

basic differences of neighborhood form.

4.3 Urban Form Patterns & Neighborhood Qualities

The previous sections documented and discussed a series of pattern variations
between the sets of case study neighborhoods. This last section considers these patterns
in relation to measuring a broader set of perceptual qualities thought to distinguish one
neighborhood from the next. It also outlines preliminary conclusions of how these

qualities and patterns vary from case to case based on the preceding analysis.
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The section begins with a re-consideration of the initially hypothesized set of
qualities presented in Chapter Three in light of findings outlined in section 4.2.
Definitions are revised and sharpened. In particular, the qualities will be related to the
two identified scales of analysis. Next, some speculative connections will be drawn
between observed variation of physical form and the specific environmental qualities
they might influence. Key issues include how qualities are linked to specific dimensions
of neighborhood form and how can these dimensions might be simply measured.
Preliminary approaches to measurement will be outlined in relation to each scale of
analysis. Finally, two matrices will be presented—one for each scale of analysis—that
summarize the researcher’s preliminary ranking of urban form qualities across all
twelve neighborhoods. This evaluation forms the baseline of observed differences between

cases used to calibrate proposed measures in Chapters Five and Six.

4.3.1 Connecting Neighborhood Qualities, Form, and Measurement

A sound conceptual framework linking: 1) the perceived neighborhood quality,
2) the physical form of the neighborhood, and 3) the process of deriving related
measurements is clearly required to move forward. First the perceived quality must be
defined (e.g. enclosure). Then it must be associated with some set of identifiable
physical elements in the neighborhood (e.g. buildings, trees). Then the key urban form
relationships that affect the perception of the quality must be identified (e.g. height,
spacing). Then a measurement schema that captures this relationship must be derived
(e.g. X=a+b / c). Finally, the measured values must be tested for correlation with
values observed in the field (i.e. does X = sense of enclosure?). A conceptual diagram of

this derivation process may be illustrated as follows:
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The first step in this process involves tracing the linkage between two things: 1)
the observed qualities that distinguish one neighborhood from another and 2) the
physical elements or relationships that manifest them. The physical manifestation of
some qualities (e.g. mystery, timelessness, sterility) may prove very elusive and difficult
to specify. It might relate to the patina of the materials, the way light washes across a
street, the lushness or absence of vegetation, or simply the cultural background and
experience of the viewer. Other qualities (e.g. enclosure, scale, grain) are more concrete.
Their spatial and physical dimensions are more discernable. While some variation of
perception is inevitable, it is likely some general associations can be agreed on. It is
these more concrete qualities that are the focus of this inquiry.

Sorting Out Qualities of Neighborhood Form: Within the context of the

preceding discussion, the hypothesized list of qualities can be resorted into three groups:

1) those related to neighborhood-wide spatial patterns, 2) those related more to the
detailed scale of street, block, landscape and building, and 3) those related to the fourth

dimension of time. The reordered list of qualities is follows:

Owerall Neighborhood Patterns & Qualities
* Spatial Form of Density and Use
* Scale and Neighborhood Grain
e Street Connectivity
* Variability & Consistency

* Boundaries and Edges
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Spatial Qualities of Street/Block Scale (Three-Dimensional)
* Scale and Spatial Enclosure
* Public / Private Overlap Zone
* Orientation of Buildings and Lots along Streets

* Variation & Consistency

Dynamic, Time-related Qualities

* Change & Adaptability

For the purposes of this work, the first two groups seem to hold the most
promise. Adjustments and refinements to the definitions were continually made as the
project moved forward. For instance, variation & consistency was reassigned to be listed
at both scales. Additional work described in forthcoming chapters was undertaken to
better specify this quality within a more scale-specific context. Others qualities such as

change and adaptability that seemed too complex for exploratory work were dropped.

4.3.2 Two-Dimensional Patterns, Three-Dimensional Space

The project’s conception of neighborhood form has been based on the idea of
nested or tiered scales from the outset. They appear, however, to have some important
distinctions as units of analysis and with the kinds of neighborhood qualities each is
associated with. The neighborhood-wide scale tends to be best described in terms of
abstracted two-dimensional patterns. The street/block scale demands approaches more
suited to describing the more three-dimensional, holistic space of an experienced place.
While this distinction may seem self-evident, it suggests the need to merge two quite
contrasting ways of seeing into the work of developing descriptive, replicable measures

of neighborhood form.
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Neighborhood Wide Patterns: This distinction appears to flow logically from
nature and limits of human perception. From a five to six foot viewing height it is
simply impossible to take in a three-dimensional view of an entire neighborhood at a
single moment in time. Human perspective is typically limited to the immediate spaces
framed by adjacent fragments of building edges and landscape. In New England, views
are typically more closed and intimate in summer and more open and expansive in the
winter—often including more distant elements obscured by the foliage of summer.
However, as was found in experimenting with aerial photography, even bird’s eye
views produce largely two-dimensional information about neighborhood space. It is
impossible see inside neighborhood space and overlook it at the same time.

Since the whole neighborhood can’t be seen all at once, it must be experienced
episodically—as a series of linked views over time. In its most simple form, it is the
experience of a person moving thru the space of a neighborhood (e.g. walking, driving,
biking). Perceptions become more complex as many individual trips are compiled over
a longer window of time—weeks, months or years. While movies or videos can provide
a reasonable facsimile of such an episodic sequence, it is not a method that is easily
translated this into discrete measures.

For the purposes of this project (i.e. deriving replicable measures), a more useful
method of looking at the whole neighborhood scale involves translating of three-
dimensional space into two-dimensional patterns using ortho-photography and maps.
These abstracted views can show overall organization, patterns, and relationships that
are impossible to see as a person inside the neighborhood. Patterns of elements that can
typically be depicted include streets, blocks, vegetation, building footprints, and
topography.

These physical patterns, in turn, no doubt underlie and influence a wide range of
perceptual qualities that distinguish different neighborhoods. For instance the size and
pattern of parcels and dwelling units seem likely to be associated with qualities of
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neighborhood grain, scale, and density. Likewise patterns of streets and blocks are
directly linked to qualities of neighborhood connectivity and accessibility. Finally,
patterns of land use mix, building types and landscape are certainly associated with
relative degrees of variability and consistency that define overall differences in
neighborhood character. Chapter Five will look more specifically at how physical
patterns most closely associated with some of these neighborhood wide qualities might
be simply described and measured.

Experienced Space of the Street & Block: While human perception inherently
limits neighborhood-wide patterns, it is well suited to taking in the more detailed scale
of a street and block. Three-dimensional street views are critical to distinguishing one
neighborhood from another. They are the perceptual windows though which
neighborhoods are seen and understood. The street/block scale of neighborhood space
is accessible to the researcher through field observations and eye-level photography.
Rather than simply representing space as patterns, photographs and field observations
can capture the holistic sense of a place.

While these methods provide an enormous amount of information for the
researcher, they also have limitations. Any chosen point of view has the inherent
potential for bias. Perspective distortion of photographed views also makes it them
impossible to systematically scale or dimension. This makes the task of measuring from
photographs difficult at best. Thus photographs and field observations need to be
supplemented by scaled plans, sections, and axonometrics that convey actual
dimensions in consistent, measurable terms.

At this scale, spatial qualities are not so related to discrete patterns of streets or
parcels but rather are impacted by the full three-dimensional character of the street and
block. An ensemble of buildings, yards, landscape, and street all work together to
govern the perceptual qualities of neighborhood space. Different dimensions of their
relationships are likely to be associated with different qualities. For instance, issues of
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relative height, spacing and width are likely to affect perception of enclosure and scale.
Likewise setbacks, building design, parking and circulation will impact the relative
perception of permeability and transparency. Finally, the spatial composition and
character of any number of elements is likely to affect the overall sense of variability and
consistency found along a particular block or street. Chapter Six will consider the
challenge of measuring particular sets of physical dimensions in relation to a series of

street/block scale qualities.

4.3.3 Baseline of Observed Differences Between Neighborhoods

A central part of the research design called for the exploratory measures
described in Chapters Five and Six to be calibrated using observed differences between
neighborhoods. The analysis in Chapter Four found the differences between case study
neighborhoods to be quite complex and multi-faceted. Moreover, the relationship
between different urban form dimensions and different environmental qualities is also
complex and overlapping. In order to provide a more orderly basis for this calibration
process, Table 4-3 Baseline of Observed Differences: Neighborhood & Street/Block was
constructed to organize the researcher’s initial evaluations of the perceptual differences
between neighborhoods.

The matrix evaluates key urban form relationships under a series of eight
qualities. A series of urban form elements are associated with each quality. The eight
were distilled from the list in section 4.3.1. They are divided between four at the
neighborhood wide scale and four at the street/block scale. Based on the work
described in this chapter, the researcher evaluated the extent or degree of each quality
across all twelve neighborhoods using a simple three-part ranking. These recorded
distinctions formed the baseline used by the researcher to derive, calibrated, assess, and

refine the exploratory measures described in detail over the next two chapters.
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RELATED URBAN

ENCLOSURE

DEVELOPMENT
INTENSITY OF

SIZE AND PATTERN
OF PARCELS,

CONNECTIVITY &
ACCESSIBILITY

INTERNAL AND
EXTERNAL

CONSISTENCY OF
CHARACTER

DISTRIBUTION AND
MIX OF LAND USE,

FORM ISSUES DWELLING UNITS, BLOCKS, CONNECTIONS OF | Lo 0 e &
E BUILDINGS, & LAND BUILDINGS, & STREET, PATH AND ’
LANDSCAPE
USE LANDSCAPE TRAIL NETWORKS
LOWER DENSITY SET
N1 MAIN PRE WWII LOW MEDIUM TO FINE MEDIUM MIXED
N2 DUNSTER POST WWII LOowW MEDIUM TO COARSE LOW CONSISTENT
N3 CAMP BROOK LATE 20TH LOwW MEDIUM LOW CONSISTENT
N4 VALLEY MIXED ERA LOW MIXED MEDIUM TO HIGH MIXED
MIDDLE DENSITY SET
N5 MAPLE PRE WWII MEDIUM MEDIUM TO FINE MEDIUM TO HIGH MIXED
N6 CURTIS POST WWII MEDIUM MEDIUM MEDIUM INCONSISTENT
N7 HEMLOCK LATE 20TH MEDIUM COARSE Low INCONSISTENT
N8 HIGHLAND MIXED ERA MEDIUM FINE MEDIUM TO HIGH CONSISTENT
HIGHER DENSITY SET
N9 ELM PRE WWII HIGH FINE HIGH CONSISTENT
N10O VILLAGE GRN POST WWII HIGH COARSE LOW INCONSISTENT
N11 WOLF LATE 20TH HIGH COARSE LOW INCONSISTENT
N12 WILLOW MIXED ERA MEDIUM TO HIGH MEDIUM MEDIUM INCONSISTENT
PERMEABILITY & VISUAL
ENCLOSURE
TRANSPARENCY VARIABILITY
SIZE AND SPACING | INTERCONNECTION | DEGREE OF VISUAL
RELATIONSHIP OF OF PARCELS OF BUILDINGS VARIATION IN
RELATED URBAN BUILDING AND TREE ’ g
FORM ISSUES HEIGHT TO SETBACK BLOCKS, PORCHES, YARDS ARCHITECUTURE,
BUILDINGS, & WITH ADJACENT STREETSCAPE, &
AND STREET WIDTH
LANDSCAPE STREET LANDSCAPE
LOWER DENSITY SET
N1 MAIN PRE WWII MEDIUM MEDIUM TO FINE MEDIUM HIGH
N2 DUNSTER POST WWII LOW MEDIUM TO COARSE Low Low
N3 CAMP BROOK LATE 20TH MEDIUM TO LOW MEDIUM MEDIUM TO LOW MEDIUM
N4 VALLEY MIXED ERA MIXED MIXED MIXED MEDIUM
MIDDLE DENSITY SET
N5 MAPLE PRE WWII HIGH MEDIUM TO FINE HIGH MEDIUM TO HIGH
N6 CURTIS POST WWII MIXED MIXED MEDIUM LOowW
N7 HEMLOCK LATE 20TH MEDIUM MEDIUM LOW MEDIUM TO LOW
N8 HIGHLAND MIXED ERA MEDIUM TO HIGH MEDIUM MEDIUM TO HIGH MEDIUM TO HIGH
HIGHER DENSITY SET
N9 ELM PRE WWII HIGH FINE HIGH HIGH
N10O VILLAGE GRN POST WWII MEDIUM TO LOW COARSE LOW LOW
N11 WOLF LATE 20TH LOW COARSE LOW LOW
N12 wWiLLow MIXED ERA MIXED MIXED MEDIUM MIXED

Table 4-3 Baseline of Observed Differences: Neighborhood & Street/Block
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The streets provide interesting views of buildings. Nothing is centered or quite lined up,
but this does not produce visual confusion. Is it accidental? The overall plan seems to have
been dictated by the site: A narrow, flat valley hemmed in by the sweeping curve of the
Ottauquechee River on one side and a small creek on the other. The green was laid out
lengthwise on the narrow peninsula between the river and the creek, allowing for many
plots to have rear gardens running down to the riverbank. At each end of the green, two
streets fan out at an acute angle... Woodstock grew by a set of rules—not all written down,
perhaps, but nevertheless widely understood. (p. 89-90).

e Witold Rybynzski City Life: Urban Expectations in a New World

Chapter Five:

DERIVING NEIGHBORHOOD SCALE MEASURES:

The overall goal of this project is to develop a series of measures that describe
physical differences between neighborhoods beyond simple residential density and land
use. This is the first of two chapters that will describe the results of these efforts. This
chapter will address measures of broader, neighborhood-wide patterns. Chapter Six will
focus on the more detailed, three-dimensional scale of an individual block and street.
The intent was not to measure specific physical differences, but rather to derive some
first order correlations with perceived differences in neighborhood qualities.

Up to this point, the research has combined two converging theoretical
approaches in probing how the measures might best be constructed. An initial “top-
down” approach identified a series of overall neighborhood qualities (i.e. scale, grain,
mix, enclosure, accessibility, etc.) and hypothesized about key elements and
relationships that contribute to each. The second, more “bottom-up” approach used

systematic field observation, photography, and base mapping to document actual
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variation in physical elements (e.g. buildings, landscape, streets) and speculate about
associations of observed variation with neighborhood qualities. Both approaches seek to
answer the same question: How do physical elements combine to create key differences
in perceived neighborhood quality?

Overview of Method: Correlating Measured Values and Observed Differences.
The next two chapters move on to address the core research question: How can these
key differences be measured in simple, replicable terms? The heart of the derivation
method is a back and forth process of measuring simple, discrete relationships within
the data set and comparing resulting values with the researcher’s observed variation of
qualities between the case studies. The measures are calibrated using the researcher’s
own perception of the differences between the cases built up through the documentation
and analysis of the twelve case study neighborhoods. A summary of the researcher’s
baseline rating of each quality by neighborhood is outlined in the two summary
matrices presented at the end of Chapter Four (Tables 4-3 & 4-4).

The measurement process is organized around a parcel-level database that
compiles data for a range of different neighborhood form elements (e.g. parcels, land
use, building type, street dimensions, etc.). Initial discussion explores potential patterns
and spatial distributions in the data. Based on those results, key relationships between
variables are probed and expressed as simple measures. The resulting values are
internally tested for correlation by arraying them against observed neighborhood
qualities while asking a series of questions:

* Do the values reasonably represent observable variation in neighborhood form?
*  Can they capture relatively subtle variations in urban form and character?

* Do they work equally well in different neighborhoods and conditions?

*  How well do they relate to hypothesized environmental qualities?

*  Are there other measures that might better express or capture these qualities?

*  Can they be calculated with existing data or is additional collection required?
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Depending on results the measure may be refined and adjusted as required. The
process is repeated in trial and error fashion until a reasonably good set of measures is
found connecting urban form variables with a given spatial quality. Measures of little
use are rejected. Other measures are derived in relation to other urban form variables
and other environmental qualities. The overall goal is to develop a set of easily
replicable measures that capture physical differences between neighborhoods in as
simple and efficient way as possible.

While this method is inherently limited by subjective evaluation of the
researcher, it creates a very efficient feedback loop for the complex task of deriving and
testing comparative measures of urban form. To the extent possible, systematic
observation, photography and mapping protocols were used to standardize perception
and help minimize the subjective bias of the researcher. However, as with any
qualitative evaluation, some perceptual bias in inevitable. In the final phase of the
research project, a Neighborhood Evaluation Survey is used to test broader perceptions of
key neighborhood qualities and establish a more substantial baseline of variation against
which to compare and assess derived measures. This work is presented in Chapters
Seven and Eight.

Chapter Outline: The matrix at the end of Chapter Four identifies three primary
qualities associated with measurable neighborhood-wide patterns. They include: 1)
overall scale and grain, 2) overall connectivity, 3) overall variability/consistency.
Exploratory efforts to measure these neighborhood scale qualities were developed in
conjunction with two distinct sets of urban form data. Section 5.1 uses data related to
the underlying framework elements of parcels, blocks and streets. Section 5.2 derives
measures from a series of overlying elements including land use, buildings, and, to a
lesser extent, landscape. Each section begins with a discussion of the data compilation
and specification issues. This is followed by an element-by-element summary of the trial
and error process of calibrating derived measures with observed variation of qualities
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between the case studies. Section 5.3 concludes with some tentative findings regarding

what worked, what didn’t, and what remains to be done.

5.1 Parcels, Blocks, & Street Rights-of-Way: The Underlying Framework

Parcels and street rights-of-way are the basic organizing units of the American
neighborhood. They are the invisible lines that divide up territory and provide the
underlying framework guiding all subsequent development of the neighborhood.
Together they comprise the entire land area of any neighborhood. In their Escher-like
relationship, they represent the two-pronged model of urban form described by Lynch
and others between places and paths. Parcels define the territory where the residents
dwell and related activities take place (store, playfield, gas station, park, school, etc.).
Street rights-of-way define the network of corridors connecting individual parcels with
each other and the outside world. Parcels in turn, can be aggregated into larger units of
geography commonly called blocks. Parcels, blocks and streets combine to create the
spatial structure used for everything from compiling census statistics to assessing
property taxes to giving directions to friends coming over for dinner.

Their abstract nature allows parcels, blocks, and rights-of-way to be more
precisely measured than other neighborhood-wide elements. They don’t have the
inherent material complexity of buildings, streets, landscape or trees. While land
division is not the only factor behind physical character, it is clearly a significant one.
Parcels and street rights-of-way set the legal, territorial, and structural framework for
development. In almost every instance, the first step in developing a neighborhood is
drafting and filing a plat map. This map legally subdivides the land into building
parcels and, in larger subdivisions, related street rights-of-way and blocks.

These attributes make parcel level data the ideal unit of analysis for measuring

neighborhood form for several reasons. First of all, because parcels and street rights-of-
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way cover 100% of the area being analyzed, their distribution is an inherently consistent
geo-spatial expression of basic neighborhood from. Secondly, because parcels are
inherently abstract (i.e. geometrically described lines and polygons), they can be easily
measured and analyzed in quantitative terms. Finally, as bounded cells of analysis, they
provide the ideal framework for attaching all kinds of measured data related to other
more tangible and concrete elements of neighborhood form such as buildings,
landscape, trees, land uses, etc.

It is precisely these qualities that make parcel level data so adaptable and useful
for Geographic Information System (GIS) analysis. Parcels provide a field of
geographically distributed polygons to which non-spatial attributes can be attached as
data tables. These keep tract of everything from 911 addresses, to land records, to
assessment values, to water and gas consumption. While these initial explorations into
measuring neighborhood form do not utilize GIS powered calculations, measurement
protocols based on parcel-level analysis are potentially adaptable to GIS calculation in
the future. This offers the potential for more extensive testing and application of any
derived measures that emerge from this process.

Data Compilation & Specification Issues: The parcel level analysis for this
project is based on locally available data sets. They included GIS shape files (.shp) for
parcels (commonly called coverages, layers or themes) and their attached attribute
tables. Data includes about 1,000 parcel records for the twelve case study neighborhoods
in four towns and two states in the Upper Valley. Parcel records range from as few as
about 25 (in N7 Hemlock Ridge) to as many as 150 (in N9 Elm Street) for neighborhoods
averaging about 50 acres in area.

The wide-ranging quality of available GIS data was discussed in the last chapter.
Related difficulties were encountered compiling a consistent set of parcel attribute
tables. At a minimum, required data fields for each parcel record included: 1) parcel
area in acres or square feet, 2) an identifiable street address and 3) a unique ID number
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to sort by. Each town’s data presented its own unique set of challenges. These are

described in detail in Appendix E.

Area Land # #
ID (ac) Use Units Bldgs Area (sf) Address Block Owner Map Blk Lot Use
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Table 5-1 Sample Parcel Level Database for Two Blocks in N5 Maple

Table 5-1 Sample Parcel Level Database shows an excerpt of the database for two
blocks in the N5 Maple Street neighborhood. These provided the basic data from which
measures were generated for all neighborhood-wide patterns. In the coarse of
compiling a consistent database across all neighborhoods, a series of parcel specification
issues also had to be resolved at the edges of some neighborhoods. Parameters had to

be developed for non-residential parcels and for large parcels with land area that went
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beyond the defined neighborhood boundaries. These issues are also presented in detail

as part of Appendix E.

5.1.1 Measuring Parcel Patterns

The final set of parcel maps are shown as a matrix of development era by density
in Figure 5-1 Parcel Patterns: 12 Neighborhoods. The challenge was to convert the obvious
pattern differences into measures or metrics that capture some degree of the difference.
Key qualities associated with parcel patterns were expected to include: 1) relative scale
or grain, and 2) degree of consistency or variability of distribution. Furthermore,
because parcel patterns underlie much of the development process, there is expected to
be some overlapping with related patterns of buildings, land use and landscape. These
will be explored in the second half of this chapter.

The relative scale or grain of a pattern can be described as the relationship
between the individual increment of whatever is being measured (e.g. parcels, buildings,
trees) and the pattern as a whole. A fine-grained pattern is made up of many small
increments; a coarse grain consists of fewer, larger elements. Grain can also be
consistent (made up of all one size increment) or varied (made up of mixed sizes). Grain
can also be distributed in various patterns across a neighborhood. Grain, as a concept of
relative size, is closely related to scale. Within this project, grain will used for describing
the scale of two-dimensional patterns while the term scale will be reserved for discussion
of more complex three-dimensional environments.

Visualizing Parcel Size and Distributions: Graphs provide a good visual
comparison of parcel size and distribution by neighborhood. Figure 5-2 Sample
Distributions of Parcel Size for N9 and N11, shows the comparative size of individual
parcels for two neighborhoods as consistently scaled bar charts. Parcels are arrayed in a
continuous sequence running around each successive block in counterclockwise order to
show some sense of relative spatial distribution. While the base maps gives a more
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Figure 5-1 Parcel Patterns: 12 Neighborhoods 17 = 1600’
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spatial sense of grain and distribution, the bar chart allows viewing each parcel cell in
scaleable relation to the size and location of every other parcel. A complete set of bar

charts, grouped by neighborhood density, is presented in Appendix E.
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Figure 5-2 Sample Distributions of Parcel Size for N9 EIm and N11 Wolf

Some interesting relationships can be observed in the charts. In an overall sense,
the proportions of the charts themselves provide a quick impression of grain. Fine-
grained patterns with many small parcels are wide and short (e.g. N8 Highland); coarse-
grained ones with fewer larger parcels are narrow and tall (e.g. N7 Hemlock). Others
fall somewhere in between. Some neighborhoods show great variation in size (e.g. N1
Main) while others are quite consistent (e.g. N3 Camp Brook). Finally in some cases the
range of parcel size is consistent across the site (e.g. N9 Elm) while others show distinct
clusters of different size parcels (e.g. N11 Wolf). These sharply contrasting patterns all
appear show a rough correlation with observed differences in grain and variation /
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consistency outlined in Table 4-3. A detailed comparative review by density level
provides some additional insights into the relationship of parcel size patterns to the

overall neighborhood. This analysis is presented in conjunction with the charts in

Appendix E.
area count average max min median

(acres) (number) (ac) (acres) (acres) (ac) SDV
N1 Main 58.46 104 0.56 4.98 0.05 0.38 0.640
N2 Dunster 57.64 88 0.66 1.84 0.28 0.56 0.277
N3 Camp 41.46 68 0.61 3.32 0.25 0.47 0.503
N4 Valley 51.48 80 0.64 3.75 0.18 0.52 0.521
N5 Maple 58.01 136 0.43 2.47 0.07 0.30 0.439
N6 Curtis 28.35 67 0.42 3.38 0.18 0.27 0.546
N7 Hemlock 57.98 23 2.52 8.83 0.46 1.10 2.788
N8 Highland ~ 44.46 137 0.32 2.27 0.09 0.27 0.228
N9 Elm 50.72 154 0.33 1.27 0.04 0.27 0.209
N10 Vill Gn 47.47 37 1.28 14.60 0.23 0.40 2.899
N11 Wolf 50.52 51 0.99 11.10 0.19 0.33 2.005
N12 Willow 41.21 52 0.79 4.91 0.12 0.56 0.863

NOTE: parcel area includes parcels only , not street rights-of-way.
Table 5-2 Data Characteristics of Parcel Size by Neighborhood

Measures of Parcel Size (Grain): While the visual correlation between the bar
charts and neighborhood form provide useful insights, only individual lot size is
actually measured. Table 5-2 Data Characteristics of Parcel Size by Neighborhood presents a
series of basic comparative statistics for parcel size across the twelve data sets. Several
of them prove quite useful. Average lot size provides a decent measure of overall grain.
Neighborhoods with larger parcels have higher values (red), smaller parcels lower ones
(green). The relationship is clearest where parcel size and distribution are consistent
(e.g. N7 Hemlock and N8 Highland). As parcel sizes and distribution are more mixed,
values get muddier. For instance all four lower density cases are about the same. While
they have the same average grain values, the texture of the pattern changes significantly
depending on whether the average is made up of similar sizes as in Camp Brook or a
more variable ones as in Main Street. A second related issue is how much these
character differences are rooted in parcel pattern /grain dimensions versus differences
in patterns of other elements such as buildings, streets, or landscape.
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Maximum and minimum values are useful to get a sense of the range of lot sizes
but a few aberrant values can distort the actual range (e.g. N3 Camp Brook). Comparing
the median with the average provides some indication of parcel mix. When the average is
much higher than the mean it suggests some larger parcels in the mix (e.g. N11 Wolf).
When the values are almost the same it suggests a more consistent distribution of sizes.

Standard deviation (SDV) is a useful in measuring the degree of variation of lot
sizes. This suggests a stronger link to quality of variation / consistency rather than grain.
Neighborhoods with low SDV tend to be ones perceived as more consistent (e.g. N2
Dunster) while cases with a higher SDV suggest a greater degree of variation between
large lots and small lot areas (e.g. N10 Village Green). However relatively high SDV
values seem associated with cases with more consistently large lots (e.g. Hemlock Ridge)
even though they may be perceived as relatively consistent in character simply because
the values have a greater range in absolute terms.

Sorting Size by Parcel Type: In order to consider measures that may be more
sensitive to issues of mixed parcel size and distribution, it was useful to sort all parcels
into simple categories of parcel size. Assigning simple typologies of size allows seeing
the relative “strata” of parcel mix much more clearly than a continuous gradient of
parcel size. There is also a strong correlation between different size classes of parcel and
certain types of development categories. This helps to correlate concentrations of certain
type sizes with development character. A simple countif formula that counts only the
data cells falling within a prescribed range of values was used to tally parcel size within
five size categories ranging from very small to very large. The classes are based on the
range of sizes found in the cases and were defined as follows:

* Very Small (less than .2 acres): Typically smallest village lots, always pre-

zoning, but with ample space for freestanding house and yard.

e Small (.2 to .4 acres): Smaller lots found in both older and newer areas.

Typically single family but some multi-family, especially in older areas.
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*  Medium (.4 to 1.0 acres): Typically post-war single-family sub-division lots
or larger single-family or multi-family lots within older neighborhoods.

* Large (1.0 to 4.0 acres): Largest single family lots in both new and older
neighborhoods or smaller multi-family development in newer areas.

* Very Large (greater than 4.0 acres): Almost always large multi-family

development lots for newer master planned projects (24 to 132 units).
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Large Parcels V&Y Large Small
Parcels 1% PSmaIII Parcels Parcels Small
ma
10% T;Z ) Large 9% 4% Parcels
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29%
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Parcels Parcels
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Parcels Parcels Large 0% ° _—Pparcels
6% 6% Parcels 39
° 24% °

Medium Medium
Parcels Parcels
88% 73%
3 CAMP BK parcel count by size 3 CAMP BK parcel area by size

Figure 5-3 Percentage Count & Area of Parcel Type by Size: N1 & N3

Measuring Parcel Mix: The type categories allow a more robust measure of
parcel size mix by calculating the share of each size type by neighborhood. Figure 5-3
Percentage Count & Area of Parcel Type by Size shows four pie charts for two

neighborhoods that record percentages of each size type by count and by land area. The
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full series of twenty-four charts are included at the end of Appendix E. The results
provide a quick snapshot of some of the key patterns noted in the bar charts. For
example, the same progression of lot variation that was visible in the bar charts is given
numerical expression in the pie charts. N1 Main shows the widest distribution of parcel
types (i.e. the most variety) with percentage shares of all five categories. N2 Dunster
shows a dropping out of both very large and very small, with a strong clustering toward
medium parcels. N3 Camp Brook shows the least variation--it is almost entirely (88%)
comprised of medium parcels.

The pie charts also show an inverse relationship between number of parcels and
area of parcels in the extreme categories. For instance at N1 Main, only 1% of the parcels
are very large but they cover 7% of the neighborhood area. Conversely, the 13 % of the
parcels that are very small cover only 3% of the area. It can take many small lots to cover
a significant part of the neighborhood while a few very large parcels can have a
relatively large impact. At N10 Village Green and N11 Wolf only 8% of the parcels are
very large but respectively comprise 63% and 58% of the total area.

While the percentage of type is useful for measuring the relative mix of parcel
types, it again offers no accounting of the spatial relationships between types visible in
the bar charts and the base plans. For instance, the percentage of parcel area by type of
N5 Maple and N6 Curtis look very similar with about 75% small and very small and
25% medium and large. Yet the clusters of large lots are completely different in both
character and use—one being a single-family area, the other being a multi-family area.
Likewise, the percentages of type can’t detect the higher degree of intermixing of smaller
lot types in N5 Maple. Thus the percentages of parcel type might be seen as ingredients
in a recipe. They tell how much of each thing goes into the bowl, but don't reveal how
they are combined or what the shape and flavor of the final outcome is. A more
sensitive metric may require some ability to measure dimensions of arrangement and
spatial distribution.
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Variation in Spatial Distribution: The spatial dimensions of a pattern are quite
complex, even for something as simple as a hundred or so parcels of known size. The
potential distribution variations are nearly infinite. This information is typically best
expressed through a map. An astute reader of urban development maps can discern
quite a bit about a place from known relationships and patterns. However, translating
these subtleties into a set of easily calculated metrics is simply not a realistic goal for this
study. The goal instead is to find proxies that can make some first-order distinctions—it
might be thought of as an exercise in measuring pattern “shadows.”

Parcel patterns come in many different varieties. They can be regimented or
random. They can be clustered by type or type mix, or they can be mixed evenly across
the pattern. The previous measures describe average parcel size and variation across
neighborhoods. The gradient runs from places with quite consistent parcel sizes to
places where sizes are quite varied. The question here is how these are mixed across
space. Looking again at the base maps and the bar charts, N1 Main and N9 Elm both
have a mix of sizes (more extreme in NI Main, less so in N9 Elm) that are more or less
evenly distributed. N4 Valley and N12 Willow also have a mix of sizes, but they are
arranged in uneven clusters that do not reflect the general mix. In N4 Valley, medium
lots tend to be clustered in the east and small lots in the west. N12 Willow is even more
patchy with a few very large lots in the west, a small lot group in the center, and large
lots across the eastern half. Of course, if there is not much variation in type, the spatial
distribution of type is, by definition, consistent (e.g. N3 Camp Brook).

Measures of Spatial Distribution: One potential way to better measure
distribution was to break down patterns of parcel mix into smaller sub-pattern areas
within the neighborhood. This allows comparing parcel grain and mix of different areas
with the neighborhood. Two techniques for dividing the neighborhood into smaller
units of analysis were tested. The first simply divided each neighborhood into four
equal quadrants as a two by two grid. The lot type mix was counted and measured for
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each quadrant. While this provided systematic comparison between neighborhoods, it
proved quite difficult to actually calculate using available methods. First of all, hand
counting and coding lot size by this new spatial division was extremely time-
consuming. While this may be a relatively simple procedure using GIS, doing so was
beyond the the scope of this study. Secondly, establishing control criteria for
subdividing the study areas and assigning overlapping parcels introduced another level
of data specification and complexity into the protocol. Finally, and perhaps most
importantly, the quadrants often did not capture the visible variations in the pattern.
Just like the neighborhood as a whole, a quadrant could contain clustered areas or parts
of clusters that obscured plainly visible differences of pattern.

A second method was more successful. This entailed parsing size data by pre-
existing divisions of neighborhood blocks. Parcel data was already coded by block so it
was much easier to compile and analyze local distributions. Furthermore, blocks are a
basic structuring element of the physical neighborhood. Observed variation in
neighborhood character, both on maps and in the field, was much clearer between
blocks than between arbitrary quadrants. While streets may have an even closer
relationship to observed character variation than blocks (i.e. two sides of a street are
seen together while opposite sides of a block are not), coding parcels by blocks was
much easier. And while the number of blocks varies between neighborhoods, this in
itself represents a rough measure of neighborhood grain and scale.

The second technique was tested on two neighborhoods of similar density but
contrasting spatial distributions of parcel size. In the N9 Elm neighborhood, all eight
blocks seemed to have a similar mix of lot sizes compared to the neighborhood as a
whole. Two charts were generated to illustrate the relative consistency of the parcel mix
by block. Figure 5-4 Parcel Type % by Block is a 100% stacked bar chart that shows the
relative percentage of parcel types for all eight blocks. They all share a mix of very small,
small and medium parcels. Though ratios vary from block to block, they generally
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correlate with overall ratios shown in the pie chart. Figure 5-5 Area of Parcel Type by Block
shows the land area in acres for each parcel type across all eight blocks as a three-
dimensional bar chart. It gives a good visual sense of variation within an overall

consistent mix of parcel types from block to block.
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Figure 5-4 Percentage of Parcel Type by Block: N9 EIm & N11 Wolf
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Figure 5-5 Area of Parcel Type by Block: N9 EIm & N11 Wolf

A very different relationship between overall parcel mix and block-by-block
parcel mix is seen in the Wolf Road neighborhood. The parcel mix on the individual
blocks varies between each other as well as with the neighborhood as a whole. The
stacked bar chart shows the variation of type mix across the three blocks Block 1 & 3

are almost entirely small and medium lots. Block 2 is half large and very large lots and one
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half small lots. The contrasting patterns between blocks are even more strikingly
illustrated in the three-dimensional bar chart showing the total land area assigned to
each parcel type for each block. As opposed to the graduated values across the Elm
blocks, values for Wolf blocks range widely and abruptly by block. Four very large lots
comprise nearly 90% of Block 2 while the other two have no very large lots at all. This
reflects the highly segregated character of large multi-family projects to the east and
small single-family areas to the west.

While the ratios of percentage shares can be constructed to measure the
contrasting mix of types between neighborhoods, finding a measure that captures the
range of internal variation (i.e. from block to block) seems a bit trickier. A neighborhood
value would require combining many sets of parcel type ratios. While the charts
illustrate the range of parcel pattern variation, they do not calculate a representative
numeric value. One approach may be to calculate a simple standard deviation (SDV)
across the average lot size for each block. The values calculated for the two test
neighborhoods seem to reflect the extremes of type distribution. The SDV value of .06
for average lot size across Elm blocks is quite small in contrast the SDV value of 1.62 for
average lot size calculated for Wolf blocks.

Combining Elements & Measures: These initial results suggest some significant
correlation between simple parcel statistics and perceived qualities of neighborhoods.
Average parcel size seemed to be a good measure of neighborhood grain. The results
also suggest some areas where correlations aren’t as clear, such as spatial distribution
and the quality of overall consistency and variation. The demonstrated potential of
combining parcel pattern and block pattern in the last analysis suggests the interaction
of elements may be more useful than simply looking at elements in isolation—looking
for key relationships between them appears to be a promising direction for deriving
even better results. Measures related to other elements (e.g. streets, buildings, land use,
landscape) may also prove more efficient proxies for these and other neighborhood
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qualities. The next sections will consider elements measured individually as well in

combination with each other.

5.1.2 Rethinking Density: Finding the Common Denominator

The considerable challenges of translating obvious differences in parcel patterns
into simple, replicable measures resulted in a new level of respect for the conventional
density measure of units per acre. While it may miss many significant aspects of
neighborhood form, the simplicity with which it can be calculated across a great variety
of circumstances make it a powerful and elegant first order measure. These first round
explorations served as a reminder that the overall research goal was not to measure
every possible detail of spatial form but rather to derive simple, efficient ways to explain
basic differences in neighborhood form.

One of the most powerful features of the unit per acre measure is the ability to
describe a broad range of physical conditions in comparable terms by using a known
common denominator—in this case a single acre. This suggests a useful lesson for other
measures. One of the seeming limitations of the basic measure average parcel size was
that it produced a series of values without a comparative reference point—just a series
of fractional parcel sizes. A closer examination shows, however, that average size is in
fact a ratio of area divided by count—in this case the entire area of a neighborhood in
acres divided by number of parcels in it. The fractional value is area—the numerator.
The reference unit is a single parcel—the denominator. It can be expressed as a kind of
intensity measure as acres per parcel.

Inverting Terms: The problem is that a parcel isn’t the same kind of standardized
reference point that an acre is. It didn’t take long to realize that the same proportional
relationships would show up if the ratio was inversed with parcels as the numerator and
acres as the denominator. The same measure can be re-expressed as parcels per acre. The
fractional value of parcel is now the numerator. The reference unit of area—in this case
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a single acre—is the denominator. Thus the same proportional measures between
neighborhoods can be re-stated in reference to a known reference unit by a simple
inversion of terms.

As a test case, the block-by-block average parcel size values for N9 ElIm and N11
Wolf that were used to look at spatial distribution of parcel patterns was re-expressed as

parcels per acre for both block and neighborhood:

N9 ELM:  Block Average Size  Parcels / Acre
N9 B1 0.35 2.89
N9 B2 0.33 3.00
N9 B3 0.30 3.32
N9 B4 0.29 3.42
N9 B5 0.27 3.71
N9 B6 0.27 3.70
N9 B7 0.36 2.81
N9 B8 0.46 2.18
Overall 0.33 3.04
WOLF: Block Average Size  Parcels / Acre
NH11 B1 0.49 2.06
NH11 B2 3.26 0.31
NH11 B3 0.41 244
Overall 0.99 1.01

The significance of this re-expression is that the value becomes a more
comparable index because it is expressed as a kind of density. It measures the intensity
of something (in this case a parcel) over a constant unit of measurement (in this case a

170



single acre). Instead of envisioning a comparison of lot sizes (e.g. .33 acres versus 3.26
acres), the common denominator of an acre creates a consistent framework for
comparative analysis (e.g. 3.0 parcels per acre versus .31 parcels per acre). The former
value (for N9 Elm) expresses a higher density of parcels than the latter (for N11 Wolf). It
feels more like an indexed measure. The simple inversion of terms to create a common
denominator may prove useful in developing measures for other elements of
neighborhood form such as streets, land use and building type.

Rethinking Density: A related idea reconsiders the place of units per acre in the
research design. Instead of focusing only on new measures that lie beyond this standard
density measure, what about using it in new ways that might be more sensitive to
spatial patterns? For example, the problem of capturing the varying patterns of parcel
mix that were masked by average parcel size could easily be restated as average density
masking variations of density within a neighborhood. Analyzing density patterns block
by block would certainly provide a more robust picture of the neighborhood form than
simply looking at a neighborhood-wide value.

Consider the two examples from above—two neighborhoods with the same
overall density, overall size, and overall unit mix. In the case of N9 Elm the density of
individual blocks would likely be fairly consistent with the overall density. There would
likely be some gradient of density that drops off as blocks get farther from downtown.
In the case of N11 Wolf, block densities are likely to be more variable from block-to-
block and with a far greater range to either side of average density. And rather than
gradient based on distance from a neighborhood center, higher values are likely to be
clumped around multi-family housing blocks and lower ones around single-family
blocks. Comparing these internal density distributions allows simple density to be a
much more effective measure for differentiating neighborhood form—even ones with

the same overall development density.
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5.1.3 Measuring Block Patterns

Neighborhood blocks aggregate complex parcel patterns into much simpler
patterns. Data on block size is widely available through the US census. It has been used
in some recent studies as a relatively successful proxy of both street connectivity and
general urban design scale at a regional scale (Krizek 2003a, 2003b). As noted in the
previous section, blocks also provide a good framework for looking at internal
distribution patterns of more detailed urban form elements (e.g. parcels, land use,
buildings, landscape) within a neighborhood. However, as discussed in Chapter Two,
without being able to specify the more detailed elements of urban form it is impossible
to understand the relationship block size with more specific urban form qualities (i.e.
scale, enclosure, etc.).

The other general problem within the context of this study is the poor
congruence between census block geography and neighborhood geography in places
like the Upper Valley (discussed at length in Chapter Three). This makes use of pre-
existing block data of limited value in small urban regions without a continuous urban
fabric. However, once a parcel-level database is in place, deriving some simple block
measures is quite straightforward and seemed likely to provide a quick proxy for both
connectivity and grain. In general, smaller average block size would be expected to
correlate with finer grain and higher connectivity. This expectation is based on the
assumption that smaller block sizes are associated with smaller parcels and a denser
network of streets.

The four neighborhood block patterns shown in Figure 5-6 Comparative Block
Patterns serve to illustrate both the basis for these expectations and the confounding
issues that could potentially undermine the usefulness of block measures within the
context of this study. While these four cases were chosen to illustrate the basic range of

issues, a full set of smaller scale maps are presented as Figure 5-8 in the next section.
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Figure 5-6 Comparative Block Patterns in Four Neighborhoods

The examples above illustrate the wide variety of block sizes, shapes, and
patterns in the Upper Valley. Of the twelve neighborhoods, only N9 Elm fits the
prototypical urban design pattern comprised of blocks defined by streets around their
entire perimeter. Due to the highly varied terrain, all other neighborhoods have at least
one edge defined by a parcel line marking a change from developed area to open space
(see Chapter Three for detailed discussion). More typically, neighborhoods are
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comprised of some combination of street-defined inside blocks and open space-defined
exterior blocks.

The range of this mix varies widely from case to case. N2 Dunster and N7
Hemlock illustrate the common condition in many newer neighborhoods where limited
access to adjoining streets or parcels results in a one very large perimeter block (#1 in
both these examples) and a number of smaller interior blocks. In other cases, perimeter
blocks are not always larger. N5 Maple has one larger perimeter block (#1) and a series
of smaller ones (#4, 6, 8, 10) that result from the street or trail right-of-ways connecting
through to the edge of open space beyond in four different locations. However, very
different edge conditions make these small outside blocks very different in character
from similar sized inside blocks—for example inside block 7 or 9 compared with outside
block 6 or 10.

There is also the same issue faced when comparing parcel patterns—how to
account for widely different distribution patterns that can be masked by similar average
size numbers. For example N7 Hemlock and N9 Elm both have roughly the average
block size with about the same number of blocks over the same total area. But the very
different internal distributions underlying those average values create a very different
block pattern. In N9 Elm, block size range is modest ranging from a low of about 4 acres
to a high of about 11 acres with the majority around 5 or 6 acres. In contrast, N7
Hemlock the smallest block is less than a half-acre and the largest nearly forty acres.
There is no strong size pattern evident. Average block size can mask underlying
differences.

This results in fundamental questions about the comparability of the block
patterns for the purposes of measurement. Not only are there questionable differences
between different types of blocks, a series of tricky data specification issues, such as how
to define boundaries on non-street edges, make the prospects for replicable datasets
uncertain. However, even with these problems, there still appears to be some useful
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general correlations between block patterns and neighborhood character—especially in
relation to grain and connectivity. The advantage of readily available census datasets
for a widely accepted increment of neighborhood form make block patterns a potentially
powerful first order measure worth investigating within the limitations of this set of
cases.

Measures of Average Block Size. The simplest measure of grain is the average
size of the base unit—in this case the neighborhood block. Figures 5-7 and 5-8 show
inverse expressions of the same relationship—one as an average number, the other as a
ratio of blocks per unit area. In this case 50 acres was chosen as an area increment that

was relative to the size of a typical neighborhood in this set.
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Figure 5-8 Ratio of Blocks per 50 Acres by Neighborhood

The advantage of the latter measure is that is allows the higher measured value
to be correlated with finer grain and higher connectivity. It also expresses the measure

relative to some known constant rather than simply a number. Comparing the scores
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across the neighborhood shows some mixed results, with greater success in capturing
observed grain than connectivity. In a very general sense, smaller block size or larger
blocks per 50 acres correspond with grain. The older, finer-grained areas score higher in
the green bars (e.g. N8 Highland) and newer, coarser-grained ones lower (e.g. N10
Village Green). However, looking more carefully within density sets finds several
incongruities between scores and observed character. In the lower density set, N4
Valley shows a much higher score than N1 Elm despite having a similar village
character and a much greater extent of large lot post-war tract development.
Correlations in the middle density set seem better though N6 Curtis and N7 Hemlock
seem somewhat over valued compared to the finer grained N5 Maple. Correlations in
the upper density set seem reasonable based on initial assessments of grain.

The measure is somewhat less useful as a measure of connectivity. While the
overall direction of the relationships seem correct, there are a number of mis-matches.
N2 Dunster, a very low connectivity case with only one way in and out, is scored
equivalent to N1 Main a village neighborhood that is pretty well connected to its
surroundings (though without strong internal connections). Likewise, N9 Elm, clearly
the best example of high connectivity, scores in the upper middle range, lower than a
number of neighborhoods that clearly have a less connected network. Itis also
relatively close to N7 Hemlock, which has very limited network connectivity (see Figure
5-6). N3 Camp Brook also seems to score higher than it should given its very limited
street connectivity although a higher degree connection to surrounding open space and
trails may partially justify a higher score.

These initial results suggest, despite idiosyncrasies of block pattern, average
block size provides a rough measure of neighborhood quality. The scores also show
variation in block grain having little relation to density. The measure is easy to
calculate, though difficult to specify reliably within this context. A number of
questionable correlations suggest other measures may be better suited to describing
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variation across this particular set of neighborhoods. These also suggest that other
block-based measures such as average block length would be even more difficult to
specify for the irregular block structure found in this set. They may hold more promise

in larger metropolitan areas with more consistent patterns of urbanization.

5.1.4 Measuring Street Patterns

If parcel and block patterns represent the staying side of neighborhood space,
street patterns represent the moving side. While the majority of neighborhood area is
comprised of parcels, there would be no access to individual parcels without some kind
of street network. Street patterns are important for at least three reasons: 1) as a system
of public rights-of-way; 2) as a network of paths around which other elements are
organized; and 3) as the “windows” through which neighborhoods are perceived as a
place. This section will address streets in relation to the first two issues—public domain
and path network. Streets as corridors of spatial perception will be reserved for the
more detailed scale of analysis in Chapter Six.

Measuring Streets as Public Domain: Parcels and street rights-of-way (ROW)
comprise 100% of neighborhood area. However, the relative relationship between them
varies quite significantly from neighborhood to neighborhood. In some cases street
rights-of-way are a relatively thin part of neighborhood structure. In other cases, they
are the primary organizing structure of neighborhood space. A matrix of base maps
showing measured street rights-of-way and adjacent block structure arrayed by density
and age of development can be seen in Figure 5-9 Street ROW & Block Patterns.

The overall range of these differences can be measured as a simple ratio of the
land area of private parcels to the land area of public streets. It can also be perhaps
more simply expressed as a percentage of street ROW area in relation to neighborhood
area. Both these measures are shown in Table 5-3 Relationship of Street ROW to
Neighborhood Area. Specification of the street right-of-way data was very
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straightforward. Overall street length was multiplied by ROW width for each block of
each neighborhood. Only internal streets were counted. Boundary streets and private

drives or parking areas were not included.

parcel  n-hood street street % parcel % street str: par

area (ac) area (ac) area (ac) count area ROW ratio
N1 Main 58.46 65.25 6.80 6 90% 10% 0.12
N2 Dunster 57.64 63.25 5.61 8 91% 9% 0.10
N3 Camp 41.46 47.09 5.62 4 88% 12% 0.14
N4 Valley 51.48 60.75 9.27 9 85% 15% 0.18
N5 Maple 58.01 66.21 8.20 14 88% 12% 0.14
N6 Curtis 28.35 32.82 4.48 4 86% 14% 0.16
N7 Hemlock 57.98 62.07 4.09 3 93% 7% 0.07
N8 Highland  44.46 52.22 7.76 10 85% 15% 0.17
N9 Elm 50.72 57.88 7.16 6 88% 12% 0.14
N10 Vill Gn 47.47 50.94 3.47 4 93% 7% 0.07
N11 Wolf 50.52 54.56 4.04 4 93% 7% 0.08
N12 Willow 41.21 46.75 5.54 8 88% 12% 0.13

Table 5-3 Relationship of Street Right-of-Way to Neighborhood Area

Compared with some other parts of the country, the proportion of street area in
Upper Valley neighborhoods appears to be relatively low. The highest ratio within the
twelve study neighborhoods is .18 or about 15% of total land area as streets. The
relatively dense street grids of cities such as New York and San Francisco streets can
account for more than 25% of the land area. The lower percentages in this region may
be related to generally lower regional residential densities. Larger lots require a less
fine-grained street pattern. However street area is also likely to be a function of
development type.

Even within this relatively low range, there are significant differences in street
area coverage in the Upper Valley cases that impact neighborhood character. At the low
end of the range, streets are about 7% of total area. These include N7 Hemlock, N10
Village Green, and N11 Wolf—the three neighborhoods with the most large-block, large-
lot multi-family development. The high end is about twice that at 15%. It includes N4
Valley and N9 Highland—both areas with small blocks and lots. In general, right-of-

way width does not seem to be much of a factor as width does not vary much across the
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twelve cases. In older neighborhoods right-of-ways are typically 40 feet wide while
newer ones are more likely to be 50 feet. Paving width, which would have a more direct
impact on perceived character, also does not appear to be a factor. Streets are
consistently 18-22 feet wide across all neighborhoods. As can be seen in the base maps
in Figure 5-9, differences in street area is primarily a function of some neighborhoods
having significantly more lineal feet of street than others.

The extent of the street network seems to be somewhat related to size of parcels.
All things being equal, simple geometry dictates that larger lots require less street area
per square foot of parcel than smaller lots do. For example N2 Dunster with 90%
medium and large single family lots only requires about two-thirds as much street area
as N8 Highland with 80% small and very small, primarily single-family, lots. Another
factor is efficiency of street layout. N4 Valley’s relatively high percentage (15%) seems
in part due to several single loaded streets and sweeping curvilinear geometries. Street
layout will be considered in more detail in the street network discussion.

By far the greatest factor affecting the extent of street area is proportion of large
and very large parcels. The three neighborhoods dominated by large and very large
parcels (i.e. parcels above 1 acre) have less than half as much total street area as those
comprised of mostly medium, small, and very small lots. The larger parcels in Hemlock,
Village Green and Wolf are not associated with large-lot single-family areas but rather
with areas of large-lot multi-family land use. This factor is primarily responsible for the
relatively high correlation of % of overall street area and observed differences of
neighborhood form and character.

Typically these larger multi-family parcels have their own internal circulation
systems of driveways and parking lots that minimize the amount of public street
infrastructure. This circulation pattern alters the traditional relationship of dwelling
unit to street and seem strongly associated with differences in neighborhood character.
It not only affects street patterns, but also patterns of land use, blocks, building
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typologies, open space and vegetation. These issues will be discussed further in
upcoming sections.

Finally, the relationship of street area to parcel area also seems potentially linked
with the perceived quality of public space. Neighborhoods with a more extensive street
network may be associated with a more active street life while those with less public
streets may feel more private and secluded. However there are some complicating
factors. Public space can also take the form of parks or open space that can contribute to
the public domain. Another issue is that not all streets are public rights-of-way. Private
streets and driveways in larger multi-family areas often function as shared community
space for local residents although they remain part of the private domain. This issue
will be further discussed in the next chapter.

Measuring Streets as Connecting Frameworks. The pattern and interconnection
of this street network also has a significant relationship to the perceived differences
between neighborhoods—particularly the quality of connectivity. The concept of
connectivity has been widely discussed in the transportation / land use literature over
recent years as a critical dimension of street networks (Butler, Handy, and Paterson
2003). Connectivity refers to the directness of links and the density of connections in
path or road network (Victoria Transport Policy Institute 2005). A well-connected street
network has many short links, numerous intersections, and minimal dead-ends (cul-de-
sacs). As connectivity increases, travel distances decrease and route options increase,
allowing more direct travel between destinations.

A series of measures have been discussed in the literature of the past ten years.
Given that this is one of the few urban form measures that has been given considerable
attention, it will not explored in great detail in this study. However several measures
will be tested to gauge the utility of some basic measures for this set of neighborhoods.
In particular, efforts will be focused on distinguishing between a neighborhood’s
internal and external connectivity. Internal connectivity refers to the interconnection of
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the network within the borders of a neighborhood. External connectivity refers to the
connections of the neighborhood’s streets to the surrounding street network and land
area. The range of these relationships in all twelve cases can be seen in the base maps of
street right-of-way and block pattern in Figure 5-9 Street ROW & Block Patterns.

Measuring Internal Connectivity. The most basic measure of street connectivity
is the density of street intersections. More intersections per unit area offer a greater
number of route choices within the neighborhood. Not all intersections, however, are
created equal. Four-way intersections offer more choices than three-way intersections.
More importantly, intersections with non-closed ended streets offer greater accessibility
that those with dead-end or single loop streets. There are also some issues of specifying
intersections. Are offset street crossings counted as one or two intersections? Are
private streets and drives counted or not?

For this initial exercise two types of intersection counts were made. The first
counted all intersections within the neighborhood. The second counted only
intersections with non-close ended streets—intersections that led to other route choices
in the network rather than back to same ones. As previously, the measure is expressed
as a count per 50 acres to provides some tangible relationship of the value to the size of a

typical neighborhood.
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Figure 5-10 Street Intersections per 50 Acres by Neighborhood

The above graphs comparatively arrays the two counts with all intersections on
the left side and only non-closed end intersections on the right. Again the values show
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little if any correlation to development density with intersection density varying across
both density class and the entire set. There is less variation among the all intersection
measure with only two large lot multi-family cases, N10 Village Green and N11 Wolf,
showing very low accessibility. It is important to note that if private drives serving
multiple units were counted, these cases would show values more equivalent to the
others. It is also important to note that in the case of N7 Hemlock, all the loop drives
were counted because they were included in the town’s GIS system database even
though they are technically private streets (see diagrams in Figure 5-9). Another issue is
N9 Elm Street, the case with the greatest perceived connectivity, does not score as high
as many other cases.

The only non-close ended streets measure shows a much stronger variation
between cases that seems to better correlate with perceived differences in internal
neighborhood accessibility. The more traditional block and street networks show much
higher values than newer patterns of loops and cul-de-sacs where route choices are more
limited. It is interesting to note that N9 Elm, the only true grid network, now scores
near the top. It is the only case where the value remains the same for both measures. It
is also interesting to note that the cases with only loop and cul-de-sac internal streets (i.e.
N3, N6, N7, N11) drop completely off the chart. These results suggest some
combination measure that gives some greater weighted value to non-close ended streets
might prove an even more representative measurement on internal neighborhood
connectivity.

Measuring External Connectivity. A second set of measurements examined the
relative impacts of number of external access points on values of neighborhood
connectivity. The more points of connection to its surroundings, the higher the
connectivity value for given neighborhood. Again there are a series of specification
issues. Do connections to major streets count more than to minor streets? How are
minor connections to dead end streets with no connections to the internal network
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counted? Do connections in multiple directions count more than connections in only
one or two? Do restricted access points (i.e. one way or emergency access only) count
the same as unrestricted access points? Perhaps most importantly, how can bike and
pedestrian-only access points be included in measures of external connectivity?

Two relatively simple measures were developed for this initial exercise. The first
includes only functioning street connections to the outside street network. The second
adds in all public trail and path connections. Measures are again expressed as ratios of

counts per 50 acres for comparative purposes.
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Figure 5-11 External Access Points per 50 Acres by Neighborhood

The results show a fairly robust range of connection values across all
neighborhoods that seem both independent of density and fairly well correlated with
initial perceptions of differences in street networks between neighborhoods. The left
hand bars show street only connections. The more traditional connected street patterns
score higher (e.g. N4, N8, N9) while the more isolated development patterns score lower
(e.g. N2, N7, N11). While N9 Elm scores near the top, some weighting for connections in
all four directions could help account for its stronger network connections.

The bars on the right represent values with trail and path connections added. In
general the same relative order in between neighborhoods is maintained though some
neighborhoods such as N3 Camp Brook and N5 Maple show a sharper rise. In the case
of Elm, the only neighborhood 100% bounded by streets, trail and path connections are

less. To some extent the preferred measure of external connectivity largely depends on
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the relative values placed on the different types of travel modes served. Clearly
vehicular accessibility is primarily a function of street connections while more local

pedestrian, bicycle, and recreational accessibility is strongly linked to trails and paths as

well as streets (see Figure 5-12).

Street / sidewalk connection to downtown at east end (#3545)  Trail connection to conservation lands at west end  (#5299)

Figure 5-12 Street versus Trail Connection at Eith