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Measuring and characterizing urban form is an important task for planners and policy analysts. This
paper compares eighteen metrics of urban form for 542 neighborhoods in Salt Lake County, Utah. The
comparison was made in the context of characterizing three neighborhood types from different time
periods: pre-suburban (1891–1944), suburban (1945–1990), and late-suburban (1990–2007). We used
correlation analysis, within and across time periods, to assess each metric’s ability to uniquely character-
ize urban form; and we used linear regression to assess the ability to distinguish neighborhood type.
Three of the metrics show redundancy and two did not capture differences in urban form for the case
study. Based on our findings, we recommend thirteen of the eighteen metrics for planners and policy ana-
lysts who want to quantify urban form using spatial data that are commonly available. Furthermore, our
case study shows that despite policy efforts to encourage ‘‘smart growth,’’ urban neighborhoods in Salt
Lake County continue to exhibit characteristics of ‘‘sprawl.’’ These findings suggest the effectiveness of
smart growth policies in Salt Lake County have had limited effect.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The spatial structure of cities, also called ‘‘urban form,’’ has
changed dramatically over the last century (Garreau, 1991; Jack-
son, 1985). Cities at the beginning of the century were relatively
compact and densely populated, with transportation primarily by
foot, wagon, or trolley. By the end of the twentieth century the
defining characteristic of most U.S. cities was, and still is, a heavy
reliance on the automobile for transportation. The urban form of
many modern cities can be characterized as low-density, sprawling
development.

A wide variety of spatial metrics have been created to charac-
terize and quantify urban form (Ewing, Pendall, & Chen, 2002;
Frenkel & Ashkenazi, 2008; Galster et al., 2001; Glaser, Kahn, &
Chu, 2001; Song & Knaap, 2004; Theobald, 2002; Torrens, 2000;
Weston, 2002). Urban scientists use spatial metrics to gain under-
standing about the evolving landscape in which we live. Planners
and policy analysts use spatial metrics to evaluate and promote
policies concerning land use and urban development. The in-
creased use and growing demand for spatial metrics is due in part
because of the availability of commercial and open source
computing tools, such geographic information systems (GIS) that
can store and analyze large amounts of spatial data, and the
increased availability of spatial data in the public domain (Kerski
& Clark, 2012).

This paper presents a study comparing 18 spatial metrics that
are simple to compute and require commonly available GIS data.
Our aim was to evaluate the metrics’ relative effectiveness in cap-
turing four dimensions of urban form: density, centrality, accessi-
bility, and neighborhood mix (Ewing et al., 2002). Using Salt Lake
County, Utah as our study area we assigned each of 542 neighbor-
hoods to one of three neighborhood types based on the era during
which they were developed: pre-suburban era (1891–1945), sub-
urban era (1945–1990), and late-suburban era (1990–2007). Given
the recognized differences in neighborhood design following
World War II and the subsequent era of suburbanization, we
wished to evaluate the relative ability of these metrics to capture
differences in the four dimensions of urban form. To evaluate pos-
sible redundancy among metrics we use linear regression and cor-
relation analysis, within and across neighborhood types, to assess
each metric’s ability to uniquely characterize urban form. We in-
clude the late suburban era neighborhood type in order to compare
our results in Salt Lake County with a similar case study carried out
in Portland, Oregon (Song & Knapp, 2004).

The next section provides background on urban form research
and introduces various spatial metrics. Section 3 describes the case
study community and the data used for this project. Sections 4 and
5 present the analysis method and a discussion of the results,
respectively. Section 6 provides conclusions about the particular
case study and offers recommendations for practitioners and
researchers.
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http://dx.doi.org/10.1016/j.compenvurbsys.2013.11.005
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2. Background

2.1. Urban form research

Often the motivation to quantify urban form is to evaluate
policies and strategies aimed at managing urban sprawl (Herold,
Couclelis, & Clarke, 2005). In the 1990s the American Planning
Association (APA) began promoting the concept of ‘‘smart growth’’
as a strategy for controlling sprawl (Knapp, 2005). Smart growth
principals include encouraging mixed land uses, developing walk-
able neighborhoods, promoting public transportation, and foster-
ing communities with a strong sense of place. Related to smart
growth, are the ideals espoused by the philosophy of ‘‘New Urban-
ism’’ (Leccese, McCormick, Davis, & Poticha, 2000). Proponents of
New Urbanism advocate an urban form reminiscent of residential
development before World War II—in other words, compact, pe-
destrian friendly neighborhoods, mixed land uses, and easy access
to public transit and activity centers.

A number of studies have used spatial metrics to evaluate smart
growth policies and measure urban sprawl. For example, recently
in this journal Liu and Shen (2011) used spatial metrics to analyze
the influence of urban form on household travel and energy con-
sumption in Baltimore, Maryland. Early and influential studies of
spatial metrics include Galster et al. (2001) who used eight spatial
metrics to characterize the amount of sprawl for 13 U.S. Urban
Areas, and Ewing et al. (2002) who used 22 sprawl metrics to de-
rive ‘‘sprawl rankings’’ for 83 U.S. cities. Weston (2002) used four
spatial metrics to characterize urban form in Austin, Texas to as-
sess the feasibility of retrofitting current residential neighborhoods
to New Urbanist ideals. An important conclusion from Weston’s
work is that if planners with New Urbanist ideals hope to encour-
age re-development of existing neighborhoods they must first
know, in a quantitative fashion, how far off those neighborhoods
are from the ideal.

Finally, an important study, relevant to our work, was carried
out by Song and Knapp (2004) who sought to quantitatively mea-
sure urban form across three different time periods of develop-
ment in Portland, Oregon. Song and Knaap’s motivation was to
determine whether spatial measures of urban form offer empirical
evidence that urban form changes over time. They found that start-
ing in the 1990s several measures of sprawl had changed. For
Table 1
Selected spatial metrics that use commonly-available GIS data.

Urban form category Spatial metric (units)

Density 1. Median single family residential lot size (acr
2. Housing density (housing units/sq. km.)
3. Median number of rooms (#)
4. Population density (pop./sq. km.)
5. Average household size (people/housing uni

Centrality 6. Mean distance to commercial zone (km)
7. Mean distance to public parks (km)
8. Mean distance to K-12 schools (km)
9. Mean distance to transit bus stops (km)

Accessibility 10. Street connectivity (ratio streets to intersec
11. Median perimeter of residential blocks (m)
12. Dendritic street pattern (ratio cul-de-sacs t
13. Median length of cul-de-sacs (m)

Neighbor-hood mix 14. Land use contiguity (Juxtapose Interspersio
15. Land use richness (Patch Richness)
16. Land use diversity (Simpsons Diversity Ind
17. Pop. working outside city of residence (pro
18. Renter–owner balance (ratio renters to own

a 1 – Torrens and Alberti (2000), 2 – Galster et al. (2001), 3 – Glaser et al. (2001), 4 – Ew
8 – Frenkel and Ashkenazi (2008).
example, on average newer residential neighborhoods were better
connected and more pedestrian friendly (Song & Knapp, 2004).
2.2. Spatial metrics

We compared 18 spatial metrics that are simple, straightfor-
ward, and require commonly available GIS data. We selected these
metrics from eight previous case studies (Ewing et al., 2002;
Frenkel & Ashkenazi, 2008; Galster et al., 2001; Glaser et al.,
2001; Song & Knapp, 2004; Theobald, 2002; Torrens & Alberti,
2000; Weston, 2002).

Following Ewing et al. (2002) we organize the metrics into four
urban form categories: density, centrality, accessibility, and neigh-
borhood mix (see Table 1). Churchman (1999) suggests density is
the most intuitive characteristic of urban form and it is often con-
sidered the most indicative of ‘‘sprawl’’ (Galster et al., 2001). Smart
growth advocates argue that living in low-density neighborhoods
increases dependence on automobiles with potentially adverse
health and environmental effects (Johnson, 2001). Centrality met-
rics seek to quantify the separation between where people live
and where they must go for common daily activities (Song &
Knapp, 2004). These measure the strength of activity centers, such
as the central business district or other commercial centers (Ewing
et al., 2002). Accessibility is a related concept, but with greater focus
on the ability to access destinations (a neighborhood might have
high centrality, i.e. near key activity centers, but poor accessibility
because of missing street connections to the activity centers). Crit-
ics of sprawling suburban development contend that neighbor-
hoods with winding dendritic streets, large residential blocks,
and cul-de-sacs are not pedestrian friendly (Jin and White, 2012).
Consequently, accessibility metrics seek to quantify street pattern
and network connectivity (Ewing et al., 2002; Song & Knapp, 2004).
Neighborhood mix refers to land use and demographic heterogene-
ity. It has been argued that zoning restrictions following World
War II encouraged segregating residential subdivisions from com-
mercial activities, and also encouraged (either intentionally or
unintentionally) social and economic segregation (Lindsrom &
Bartling, 2003). We include three metrics aimed at quantifying
land use heterogeneity and two concerned with demographic het-
erogeneity. Unlike the other sixteen metrics, these three involve
calculating an index (see Appendix A).
GIS data Earlier case studya

es) Parcels 4, 7
Census, Parcels 2, 5, 7
Census 7
Census, Parcels 4, 8

t) Census 7

Streets, Parcels 2, 7
Streets, Parcels 7
Streets, Parcels
Streets, Bus Stops 6, 7

tions) Streets, Parcels 6, 7
Parcels 7

o streets) Streets, Parcels 6
Streets, Parcels 7

n Index) Parcels 1
Parcels 8

ex) Parcels 6, 8
portion) Census 4, 3
ers) Census 1

ing et al. (2002), 5 – Theobald (2002), 6 – Weston (2002), 7 – Song and Knapp (2004),
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3. Study area

3.1. Salt Lake County, Utah

Approximately 1 million people live in the 16 cities that com-
prise Salt Lake County, Utah (U.S. Census., 2009). Nearly all of the
county’s population resides in a valley bounded by the Oquirrh
Mountains to the west, Wasatch Range to the east, and Great Salt
Lake to the north. In many respects urban expansion is limited
by a natural growth boundary created by the physical features of
the landscape. The areal extent of the valley bottom is approxi-
mately 310 square miles (800 km2). While a significant portion of
the valley bottom remains undeveloped as agriculture and range-
land, the county has witnessed tremendous growth in the last
30 years. We calculate that between 1977 and 2006 approximately
50% of agricultural lands had converted to suburban land uses (GIS
calculation using UDNR-DWR. (2006) data), with population
growth acting as the major driver of land use change.

Interest in growth issues for Salt Lake County can be traced to
1988 with the formation of the non-profit Coalition for Utah’s
Future which eventually became the current public/private part-
nership called Envision Utah (Envision Utah., 2009). Comprised of
business leaders, community members, and a representative from
the Governor’s Office of Planning and Budget, Envision Utah has fo-
cused on ways to encourage economic growth and improve quality
of life throughout the state. During the 1990s, Envision Utah ac-
tively researched and advocated for smart growth strategies that
were already underway in California, Denver, and Portland. Hun-
dreds of workshops were organized throughout Salt Lake County
aimed at presenting different growth scenarios to local leaders
and community members to help visualize and shape the urban
form of new development (Envision Utah, 2009).
Fig. 1. Geographic distribution of the 542 neighborhoods.
3.2. Three neighborhood types

What constitutes a residential neighborhood has been debated
by urban planners and scholars for much of the last century. Neigh-
borhoods have been variously defined as spatial units with rela-
tively homogenous social and economic characteristics,
residential areas with little through traffic, or as catchment areas
for the local elementary school (Lynch, 1984). Because neighbor-
hoods are considered the basic building block of urban form
(Lynch, 1984) we sought a spatial unit that met the general condi-
tions of relative spatial and demographic homogeneity.

Despite limitations, spatial census data offer an objective
framework for delineating residential neighborhoods in urban
and suburban areas (Song & Knapp, 2004). In the geographic hier-
archy of the U.S. Census, census block groups (smaller than tracts
yet larger than blocks) offer an appropriate geographical unit con-
sidered representative of neighborhoods with similar social, eco-
nomic, and demographic characteristics (Peters & MacDonald,
2004). The population size for urban/suburban census block groups
is approximately 1500 people (Peters & MacDonald, 2004). Because
our study focuses on residential neighborhoods we identified
neighborhoods as the residential portion of each census block
group, thereby excluding census units predominated by commer-
cial and industrial land uses. In total there were 542 residential
neighborhoods defined from the census block groups in this man-
ner (Fig. 1).

We categorized the 542 neighborhoods into one of three neigh-
borhood types based on the era during which they were developed.
Neighborhood types were pre-suburban (developed between 1891
and 1944), suburban (developed from 1945 to 1990) and late-
suburban (developed after 1991 to 2007). Neighborhood age was
determined by calculating the median age of all residential
buildings in the neighborhood using county parcel data. Suburban
neighborhoods are most common, comprising 68% of the neighbor-
hoods and 65% of the 2007 population. Pre-suburban neighbor-
hoods constitute 18% of the neighborhoods and 14% of the 2007
population, with the remaining 14% of the neighborhoods and
21% of the population in the post-suburban category. Fig. 2 pre-
sents examples of the three neighborhood types depicted at the
same map scale with high resolution digital aerial orthophotogra-
phy. In these three examples, the median year-built for residential
homes in photo (a) is 1920, in photo (b) is 1960, and in photo (c) is
1996.

4. Analysis methods and results

4.1. Statistical analysis of neighborhood types

While Analysis of Variance (ANOVA) is often used to test for dif-
ferences between and among means of two or more groups, it is
sometimes advantageous to consider ANOVA as a special case of
the linear regression model (Hamilton, 1992; Lattin, Carrol, &
Green, 2003). Using a regression model with encoded indicator
variables for the neighborhood types allowed us to estimate
regression coefficients from which inferences could be made con-
cerning group (i.e. neighborhood type) means. From the regression
equation:

Yi ¼ b0 þ b1Xi1 þ b2Xi2 þ ei ð1Þ



Fig. 2. Example neighborhood from neighborhood type (a) pre-suburban, (b)
suburban, and (c) late-suburban.
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Yi represents the continuous variable for the urban form metric i
and Xi1 and Xi2 are indicator variables (0 or 1) for the pre-suburban
and suburban neighborhood types. The late-suburban neighbor-
hood type is considered the omitted type, such that for the fitted
model b0 equals the mean for the late-suburban type when b1 = 0
and b2 = 0. It follows that, for the fitted model b0 + b1 equals the
mean for the pre-suburban type and the mean for the suburban
type is b0 + b2.

Because inference concerning model parameters (e.g. regression
coefficients, group means) relies on assumptions of independence,
we employed a spatial form of the linear regression model (Simul-
taneous Autoregressive model (Bailey & Gatrell, 1995; Bivand,
Pebesma, & Gomez-Rubio, 2008)) to account for spatial depen-
dence in model residuals.1

Table 2 compares population means of the three neighborhood
types for the 18 urban form metrics. Population means are esti-
mated using the methods described above, and a z-test used to test
for equality of means. Larger z-scores indicate greater difference
1 With spatial data, model residuals are frequently spatially autocorrelated. In our
study, for example, we could expect two adjacent neighbourhoods to be similar, even
after accounting for a particular measure, such as housing density. These additional
forms of dependence often manifest themselves in the model residuals, thus violating
a key assumption of the conventional independent error model (i.e. Ordinary Least
Squares) resulting in a biased estimation of regression coefficients (Bivand et al.,
2008).
between two group means, with statistically significant differences
denoted at a = 0.10, 0.05, and 0.01 levels by asterisks.

The utility of estimated beta coefficients and standard errors
was that they allowed us to infer confidence intervals around the
spatial metric means using Monte-Carlo simulation. We ran 1000
Monte-Carlo simulations using the estimated beta coefficients
and standard errors to produce the strip-charts in Figs. 3 and 4.
Error bars mark positions 1 and 2 standard deviations from the
mean which is marked with X. Strip charts are useful because they
visually graph differences in means and convey the variability of
urban form metrics by neighborhood type. As an example, while
there is little difference in means for median block perimeter size
between the suburban era and the late-suburban era neighbor-
hoods, the variance around the mean in the late-suburban era
neighborhoods is nearly double the variance of the suburban era
neighborhoods—in other words, there is a greater variety of neigh-
borhood block sizes in late-suburban neighborhoods (after 1990)
than in neighborhoods built during the suburban era (1945–1990).

4.2. Correlation analysis

We used Pearson’s Moment correlation to identify possible
redundancies between metrics. Fig. 5 shows correlations for each
urban form category within neighborhood type and across all
types. Fig. 6 shows correlations across all metrics. In general, we
found most of the metrics to have correlations less than q = 0.50.
However, a few metrics exhibit high correlation the implications
of which are discussed below.
5. Discussion

The following discussion elaborates on the results presented
above. First, we synthesize the findings with the intent to provide
guidance for planners and policy analysts seeking to select and use
spatial metrics to quantify urban form, and discuss the metrics
within each urban form category: density, centrality, accessibility,
and neighborhood mix. Second, we discuss the findings in terms
of the lessons learned from the particular results of the case study.

5.1. Spatial metrics

The density metrics produced the highest correlations of all the
categories, suggesting not all five may be necessary to characterize
this dimension of urban form, or that information provided is only
marginally different and may therefore be more suitable under
specific circumstances depending on the aspect of urban form
one is trying to measure (see Fig. 5). For example, while population
density is a common density metric used in practice, Galster et al.
(2001) and Theobald (2002) argue that housing density is a better
measure of the physical condition of land use, and therefore urban
form. We concur, and suggest housing density be coupled with aver-
age household size or median number of rooms to measure both the
physical condition of land use and living density. In addition, we
found that median size of residential lots is useful because it sheds
light on societal values and affluence of neighborhoods. For our
case study, this metric showed practical and statistical significance
when comparing mean differences across the neighborhood types
(Table 2 and Fig. 3).

It should be noted that centrality metrics measure characteris-
tics of urban form in the present-day for neighborhoods developed
at different time periods in the past. For example, mean distance to
commercial zones is the mean distance of neighborhoods to pres-
ent-day commercial areas. This type of metric, while not a measure
of how the neighborhood was developed, is useful because it pro-
vides an assessment of urban form across the landscape as it is



Table 2
Mean values and statistical comparison of means by neighborhood type.

Spatial metric Meana Z-scoreb

(a) Pre-suburb (b) Suburb (c) Late-suburb (a) & (b) (b) & (c) (a) & (c)

1. Median single fam. res. lot size 0.13 0.25 0.30 8.78��� �3.60��� �9.44���

2. Housing density 40.88 16.14 12.93 �10.56��� 1.39 9.22���

3. Median number of rooms 5.15 6.50 6.60 7.10��� �0.60 �6.01���

4. Population density 78.94 44.20 35.25 �9.53��� 2.50�� 9.26���

5. Average household size 2.38 2.91 3.09 6.34��� �2.45�� �6.72���

6. Mean dist. to com. zone 3400.88 3681.01 3837.95 2.81�� �2.13 �3.54���

7. Mean dist. to public parks 628.74 701.60 731.55 1.57 �0.79 �1.77
8. Mean dist. to K-12 schools 2113.99 2136.25 2779.44 0.18 �5.61��� �4.15���

9. Mean dist. to transit bus stops 322.08 411.31 530.06 2.22� �3.81��� �4.18���

10. Street connectivity 2.24 1.92 1.80 �7.21��� 2.70�� 7.61���

11. Median perimeter of blocks 356.69 593.49 588.42 8.14��� 0.17 �6.06���

12. Dendritic street pattern 21.70 11.08 7.09 �5.73�� 2.08 �6.02���

13. Median length of cul-de-sacs 76.63 68.24 80.61 �1.97 �2.76�� �0.71
14. Land use contiguity 52.17 44.06 51.95 �4.06��� �3.88��� 0.08
15. Land use richness 5.32 5.12 5.67 �1.80 �4.81��� �2.45��

16. Land use diversity 0.54 0.53 0.50 �1.31 1.67 2.34�

17. Pop. working outside city 0.62 0.73 0.75 6.00��� �1.98 �6.07���

18. Renter–owner balance 2.67 0.62 0.29 �5.79��� 0.93 5.17���

a See Table 1 for units.
b Standardized difference between the means. Probability of equal means denoted by: �p < 0.10; ��p < 0.05; ���p < 0.01. P-values corrected for multiple testing using

Bonferroni method (Dalgaard, 2002).
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Fig. 3. Strip charts for density and centrality metrics.

J.H. Lowry, M.B. Lowry / Computers, Environment and Urban Systems 44 (2014) 59–67 63
today, and in the case of mean distance to commercial zones, tells
us how much travel is required of people living in older pre-subur-
ban neighborhoods as opposed to suburban neighborhoods.

What is striking about the centrality metrics is that we did not
see major differences in mean values between neighborhood
types. In fact, mean distance to public parks showed no statistically
significant difference across any of the neighborhood types
(Table 2 and Fig. 3). Mean distance to transit bus stops did show
slight differences across neighborhoods; however it also exhibits
high correlation with mean distance to commercial zones which
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seemed to capture differences better. The observed correlation
between these two metrics might be because there is often a high
concentration of bus stops in commercial zones. For this reason,
the metric mean distance to transit bus stops might be improved,
and therefore more worthwhile, if it were to measure only the
distance to bus stops located within a certain walkable radius.
Another possible explanation could be that measures, such as
mean distance to transit bus stops, are much more malleable once
the neighborhood has been established. While some of the other
measures, in contrast, are less subject to changes by governments
or businesses once the main ‘‘shell’’ of the neighborhood has been
put in place.

Our new metric for centrality, mean distance to K-12 schools, is
not one that we found previously in the literature, but it proved
to be very effective and easy to calculate. It exhibits low correlation
with the other metrics, and demonstrates the ability to capture
(with statistical significance) the trend toward longer school com-
mute distances, a reality that has been well documented in the lit-
erature (McDonald, 2007). Therefore, we recommend two
centrality metrics: mean distance to commercial zones and mean dis-
tance to K-12 schools.

Accessibility metrics provide information about residential de-
sign and street connectivity. Smart growth advocates argue that
these qualities determine neighborhood ‘‘walkability’’ and ‘‘bike-
ability’’ (Lwin & Murayama, 2011). We found low correlation
among all four accessibility metrics and each proved useful for
quantifying urban form (Fig 5). For this reason, we recommend
all four accessibility metrics in order to capture different dimen-
sions of street design and connectivity. For example, median cul-
de-sac length in the late-suburban era is about the same as the
pre-suburban era, yet there are approximately three times as many
cul-de-sacs.

Neighborhood mix metrics tell us about the spatial and demo-
graphic fabric of our urban landscape. All five neighborhood mix
metrics showed low correlation within and across neighborhood
types, suggesting the ability to uniquely quantify different aspects
of neighborhood heterogeneity. However, land use diversity (Simp-
sons Diversity Index) did not convey differences in neighborhood
type. It should be noted that this metric, like the other land use
metrics, does not take into consideration land use quality. In other
words, land use heterogeneity in one neighborhood is not qualita-
tively the same as the heterogeneity observed in another neighbor-
hood. Therefore although land use diversity, which measures spatial
evenness of land uses, is not statistically different across neighbor-
hood types, this might be due to an interspersion of vacant or agri-
cultural land.

Finally, the two metrics for demographic heterogeneity showed
a statistically significant distinction between neighborhood types
(Table 2 and Fig. 4) and effectively measure different aspects of
the urban landscape. Proportion of people working outside their city
of residence provides a measure of job decentralization while the
ratio of renters to owners characterizes social and demographic het-
erogeneity. Consequently, we recommend all four neighborhood
mix metrics: land use contiguity, land use richness, population
percentage working outside the city, and renter–owner balance.

5.2. Case study findings

The findings of this case study are interesting and instructive for
the broader debate on the natural and ‘‘planned’’ dynamics of



Fig. 5. Pearson’s moment correlation for spatial metrics within and across neighborhood types. Note: The metric number 1–18 is shown; see Table 1 for metric names, units, and
GIS data required.

Fig. 6. Pearson’s moment correlation across all metrics. Note: The metric number 1–18 is shown; see Table 1 for metric names, units, and GIS data required.
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urban form. A comparison of pre-suburban and suburban neigh-
borhoods lends empirical evidence to the hypothesis that the spa-
tial structure of urban neighborhoods experienced significant
changes following World War II. Historians have documented that
for almost five decades, economic conditions, societal values, and
inexpensive automobiles pushed Americans into sprawling, low-
density suburbs with segregated land uses and dendritic street net-
works (Jackson, 1985). We found 11 of the 18 urban form metrics
confirmed this story with statistically significant differences in
mean values.

To highlight a few prominent differences between pre-subur-
ban and suburban neighborhoods, we note median residential lot
size increased from nearly a tenth of an acre to a full quarter acre,
housing density decreased drastically from 41 units/square km to
only 16 units/square km, and dendritic street pattern nearly dou-
bled. The neighborhood mix metrics showed more homogenous
land uses in the suburban neighborhoods. Again, this metric is
based on present-day land uses, so the more heterogeneous nature
of pre-suburban neighborhoods may be a relict of how the neigh-
borhoods were developed (i.e. non-residential land uses juxta-
posed to residential land uses) or current zoning policies in older
neighborhoods allowing mixed uses, or a combination of the two.
The lower value for land use contiguity suggests less even intersper-
sion and juxtaposition, or ‘‘clumping.’’ In other words, the
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suburban neighborhoods exhibit more discontinuous residential
development, also known as ‘‘leap-frog’’ sprawl (Ji, Ma, Twibell, &
Underhill, 2006).

Furthermore, compared to the pre-suburban neighborhoods,
10% more of the people living in neighborhoods built during the
suburban period commute to work outside of their city of resi-
dence. They are also three times more likely to be homeowners
in the suburbs compared to those living in neighborhoods built
during the pre-suburban period.

Equally informative is the comparison between suburban and
late-suburban neighborhoods, which were built during a period
of active efforts to reverse, or at least decelerate, urban sprawl.
However, despite efforts toward ‘‘smart growth,’’ it seems many
of the same trends continued, albeit not nearly as drastically –
median lot size increased from a quarter to a third of an acre, hous-
ing density decreased again, but not nearly as much, from 16 units/
square km to 13 units/square km, and street patterns showed even
more dendritic qualities. Concerning urban sprawl in the 1990s Lo-
pez and Hynes (2003) found that continued sprawling growth was
not a universal phenomenon across the U.S. and in fact some
metropolitan areas became more densely populated. However,
they suggest that increased density is more likely to occur in cities
where low-density growth is not an option, such as where there
are physical barriers to suburban expansion.

Finally, considering that the ‘‘New Urbanist’’ philosophy seeks
to shape development toward an urban form reminiscent of pre-
World War II, it is constructive to compare pre-suburban and
late-suburban neighborhoods. However, and perhaps lamentably
for New Urbanists, our results show that across nearly all metrics
urban form the late-suburban neighborhoods do not resemble
pre-suburban neighborhoods. On the other hand, it should be
noted that our analysis compared differences in neighborhoods
types ‘‘on average,’’ so it is all together possible that a few specific
neighborhoods built during the late-suburban period may have
successfully achieved some ideals of new urbanism.
6. Conclusion

This study compared 18 spatial metrics that are used by practic-
ing planners and academics to quantify urban form. The results
showed high correlation for a few of the metrics – an indication
of possible redundancy in what they are measuring. Furthermore,
some metrics proved more effective than others for characterizing
urban form. Based on our findings, we recommend thirteen spatial
metrics to quantify urban form: median single family residential lot
size, housing density, average household size, mean distance to com-
mercial zones, mean distance to K-12 schools, street connectivity,
median perimeter of blocks, dendritic street pattern, median length
of cul-de-sacs, land use contiguity, land use richness, population per-
centage working outside the city, and renter–owner balance.

Additionally, our analysis revealed significant differences in
spatial and demographic characteristics of three residential neigh-
borhood types. Spatial structure is very much a relict of the time
period in which the development occurred. The differences we
report between pre-suburban (1891–1944) and suburban
(1945–1990) neighborhoods are not surprising given the widely
recognized changes that occurred in U.S. cities across these two
time periods (Lindsrom & Bartling, 2003; Mieszkowski & Mills,
1993). Of greater interest is what we find when we compare
suburban and late-suburban (1990–2007) era neighborhoods.

Beginning in the 1990s, concern for uncontrolled urban growth
reached the consciousness of professionals and laypersons alike. In
a study similar to ours, Song and Knapp (2004) report that the city
of Portland, OR appears to be winning the battle against urban
sprawl. While they do not explicitly correlate the policies of
Portland’s growth management program to their observations of
an urban form more characteristic of Smart Growth, they suggest
that the changes observed after 1990 could very well be a result
of such policies.

Our findings suggest that Salt Lake County is not doing as well
in the battle against sprawling urban growth. Many factors might
explain the lack of shift toward ‘‘smarter growth.’’ Geographically
the county has room to grow. As of 2006, 65 square miles
(165 km2) or 20% of the valley bottom was still in agricultural pro-
duction (GIS calculation with UDWR (2006) data) and in prime po-
sition for residential expansion. Utah’s population is young and
growing, fueling demand for additional homes (U.S. Dept. of
HUD, 2009). Generally the political climate is conservative, favor-
ing local control of land use planning rather than planning on a re-
gional scale (Envision Utah, 2009). The strategies employed by
Envision Utah are not enforceable regulations, but are rather guid-
ing principles, offered to local decision makers based on informa-
tion obtained from the public through informal workshops.
Finally, Utah experienced high economic growth during the
1990s and early 2000s (U.S. Dept. of HUD, 2009) as did much of
the nation. These combined factors greatly influence the spatial
and demographic pattern of residential neighborhoods observed
in this study.
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Appendix A

Because the three neighborhood mix metrics are expressed as
an index value rather than a common unit of measure (as are the
other spatial metrics) we provide the equations for these metrics
for the interested reader. These metrics are drawn from discipline
of landscape ecology (McGarigal, Cushman, Neel, & Ene, 2002) and
may be unfamiliar to some urban planners. For each of these indi-
ces a higher value corresponds to greater land use heterogeneity.

Juxtaposition and Interspersion Index

¼
�
Pm

i¼1

Pm
k¼iþ1½ðEikÞ � lnðEikÞ�

ln mðm�1Þ
2

� � ; ð1Þ

Patch Richness ¼ m
100 hectares

; and ð2Þ

Simpsons Diversity Index ¼ 1�
P

i¼1mniðni � 1Þ
NðN � 1Þ ð3Þ

where m is the number of land use types in the neighborhood, Eik

the length of the edge between land use type i and land use type
k, ni the number of parcels of a land use type i in the neighborhood,
and N is the number of parcels in the neighborhood.
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