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ABSTRACT

Spatial and Temporal Dynamics:
Residential Development Process. (December 2010)
Joung Im Park, B.Agr., Seoul Women'’s University;

M.L.A., Seoul National University

Chair of Advisory Committee: Dr. George O. Rogers

A lack of empirical evidence to understand neighbod and residential
development processes within neighborhoods hatedgald urban planners’ ability to
influence the course of future land development ffain objectives of this study were
to examine neighborhood and residential developmattérns and investigate dynamic
processes in northwest Harris County, Texas, aload).S. Highway 290 transportation
corridor from 1945 to 2006.

Researchers have identified different patternsod Idevelopment: leapfrog,
contagion and infill development. However, becaafsthe fuzziness in neighborhood
and residential development patterns, the nomiaaktications of development
patterns are limited in their potential to charaztedevelopment patterns both on
neighborhood and parcel levels; their applicatimnsievelopment processes and its
impacts are even more limited. This study presemjsantitative approach for
measuring development patterns by characterizilghberhood development patterns
as a function of spatial distance and temporalddipse from the closest existing

neighborhood to new neighborhood(s). The analysikis study was based on



disaggregated parcel data provided by the Harri;mGoAppraisal District (HCAD) real
estate and property records. The quantitative nmeasi neighborhood development
patterns and processes within each pattern of herglood were derived by aggregating
parcel level data into neighborhood level. Thigigtdeveloped the Long-term Trend of
Development Model (LTDM) to classify neighborhoattlaesidential development
patterns based on spatial distance and tempoisg kape from existing neighborhoods
to new neighborhood(s) each year to examine demedopprocesses. Regression
analysis was used to identify the relationship leetwneighborhood patterns and
residential development processes.

This study found that development patterns can &éasored quantitatively with
spatial and temporal relationships between pridrrs@aw development at the
neighborhood level. Empirical evidence supportedhtypothesis that leapfrog
neighborhood development triggers neighborhood ldpweent, contagion follows
leapfrog neighborhood quickly, and infill followsmtagion after a lapsed time.
Residential development patterns in each patteneighborhood showed discrete
development processes. Age of neighborhood casdx to predict development
pressures and growth. In this process, physicakanil infrastructure is involved,

therefore, development process is best observeéldeomeighborhood level.
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CHAPTER |

INTRODUCTION

1.1 Introduction

Land development as a spatial phenomenon encongpd@samic processes.
New neighborhood development occurs first by smiliover existing neighborhoods and
then by filling vacant land between them (Heim, 2O®s outlying boundaries become
saturated, the first stage of expansion, leapfragygnitiates another cycle of land
development. Leapfrogging is a temporary conditeorg vacant or available land left by
leapfrogging is soon filled with new developmente$e patterns of land development
change across space and time and these procegsk® ispatial distance from the prior
development and temporal time when the parcel wasldped.

Current urban growth and development pattern ssutiewever, haven’t fully
considered the spatial attributes on a neighborleazl. Neighborhood development is
a product of economics, social and human activéresinfrastructure. But questions
like “how can we quantitatively identify leapfrogpntagious and infill development
patterns?” or “how do types of land developmentguas contribute to the growth
process?” have never been studied in terms of heilood development patterns and

processes with planning concerns.

This dissertation follows the style of Landscapd Binban Planning.



Traditional urban forms and development models heen extensively studied
during the past century and, subsequently, mangrutitreories were developed, for
example, the concentric zone theory, the sectaryhend the multiple nuclei theory
(Archer, 1973; Zhu et al., 2006). These ecologmadtels of urban form explain the
spatial patterns involving the distribution of peguildings, and activities across a
city's terrain. But these models have been créitias static snapshots of one stage
(Herold et al, 2003; Lopez and Hynes, 2003). Altjilothese concepts and ideas are
widely accepted and applied to measure urban graletcribing the spatial and
temporal dynamics of urban patterns has remainpdthgtical (Zhu et al., 2006).
Planners and economists are aware that develogaieas place beyond urbanized
boundaries, but there is no standardized methpdetmsely measure how, when and
where a neighborhood has been created and devebypadtiing new buildings in and
outside the neighborhood (Sheppard, 2007). Alsoyéiaand Clark (1965) suggest that
growth represents a stage in development procesdher than a static condition. Parts
of an urban area may be in a beginning stage dob®nated by specific types of
development, but eventually they change to a thickgpattern of stable neighborhoods

(Galster et al., 2001).

1.2 Problem Statement

The pattern of urban sprawl and growth has contiribeoughout the United
States for more than three decades (Frenkel anklefalzi, 2008). Since 1980,

suburban population has grown ten times faster ¢leatral city populations in larger



metropolitan areas in the U.S. Today, 8 out of b@eficans live in metropolitan areas,
and among them, 6 of 8 Americans reside in subuabaas. The concentration of
population in urban areas led to a growing needtafal for urban settlement as well as
public infrastructure (e.g. roads, utilities and@vdacilities) to support it. As a result of
human activities, open space and rural land ufieeise areas have evolved into urban
land use. This use has resulted in a large scatification of the environment and has
significantly affected both the structure and fumctof urban areas (Forman, 1995).
Land use changes associated with the processebarf growth can change ecosystem
properties- for example, ecological diversity ahohate conditions from local to
regional scales (Johnson, 2001; McDonnell et @,7)9The existing study has found
that neighborhood and residential land developnseatmajor contributor to rapid urban
growth, more so than commercial or other develogri®meida, 2005).

Researchers have also identified the land developpadterns associated with it:
leapfrog development (Hasse and Lathrop 2003, H2001), contagious development
(Weitz and Moore, 1998) and infill development {S&eker, 2003). Leapfrog
development is often cited as a trigger for urbgoa@sion (Heim, 2001). Immediately
adjacent to an urban area, contagious developneent®(Weitz and Moore, 1998) and
increases impervious surfaces. Infill developmémi/s the growth rate (Steinacker,
2003). However, because of the dynamic naturelmdrutand development, there is little
consensus on a quantitative definition of develaprpatterns in terms of space and
time. For example, infill development is one wayl&rrease urban expansion and

sprawl, but there is a lack of empirical evidenmethis kind of development in spatial



and temporal manner. In the current literature etiggment patterns have been
characterized by researchers in planning, polidaiod development fields as a static
picture of land development patterns (Hammer e28D4; Hasse 2004). But a single
snapshot of land development patterns does natireatite spatial dynamics of changing
patterns nor explain the processes over time (Ceng@07). Moreover, the distinction
between contagious development and infill develauteefuzzy because land
development cannot be investigated at the inditigdaecel development level without
considering surrounding neighborhood developmem¢i$1998, Wiley, 2007).
Something that is largely missing from the literatis a thorough examination of
physical boundaries and patterns of neighborhoedldpment. No study has attempted
to examine what kind of urban development pattemes first and which one follows,
both at a parcel and a neighborhood level. For @kancontagious and infill
development patterns may help to differentiatedifferent courses development
processes take at different stages over time h8aéed to understand urban land
development has culminated in analyzing the prasesser a long period of time.
Moreover, developments are driven by a seriestefri@lated processes of changes;
economic, demographic, political, technological andial (Brueckner, 2000).
Numerous attempts and quantitative methods have Ul for measuring land
development patterns. Usually, a developed urbea iarmeasured at a given time, but
these results have been limited because land daevelat patterns normally are static.
The processes take place in a physical urban emaeat that is later shaped by the

outcomes of these processes.



To analyze the interactions and dynamic naturarmd development, it is
necessary to link the land development pattern itstprocesses. Current studies have
seldom been able to ascertain how land developpatdrns affect development
processes at the neighborhood level. Specificailly a few of these studies have
researched urban growth along a transportationdoor(Zhu et al., 2006), where most
development occurs.

The existing literature has focused on landscapeicado characterize
development patterns based on aggregated datahasnit included the planning
profession or analyzed residential patterns (HasseLathrop, 2003; Crawford 2007).
Past studies have been based on case studies @ditdoore 1998), but those reveal
little about the spatial and temporal process, @afig in quantitative terms. In this
regard, a growing number of studies have applieddeape ecology as the
methodological approach for urban land developr{@atagni et al., 2002; Clark et al.,
2009; McDonnell et al., 1990). This approach issldlasn a mosaic land pattern. This
dimension for measuring development patterns cdrudreas has used land use (land
cover) data to analyze landscapes on a varying.sicelandscape ecology, urban forms
and patterns are scale dependent and place spsoifilsis approach would apply on a
local to global scale and would not be limited twaae study. In urban areas, patterns are
subject to change by people and socioeconomic gsesethey cannot be considered
static in either space or time. In addition, inunaf the structure and function of an
ecosystem is affected by patch size (e.g. neigldoatland development area), shape and

the spatial and temporal relationship among diffetgpes (Clark et al., 2009; Crawford,



2007; Dietzel et al., 2005; Botequilha-Leitao arfaieA, 2002). Similarly, changes in
urban form in any particular patterns and processése development can lead to
structural changes in other patterns, spatiallytangporally, altering the process of the
entire area.

The static picture of urban land development aiisgmrt from the lack of
empirical evidence that focuses on the patterngpancesses of development.
Understanding neighborhood development faciliteesglential development patterns
and processes to be defined and measured quamsdiyatroviding a baseline for
monitoring urban growth and testing growth polici@sice the residential development
pattern has been described quantitatively, theioalship between the prior development

pattern and future development can be analyzed.

1.3 Research Approaches

This study investigates the process of neighborltsv@lopment along the US
Highway 290 from 1945 to 2006. This dissertatioraswes the degree of residential
development patterns and examines the impact f@frdift patterns of urban land
development. This research identifies resident&ketbpment processes for a popular
development region over a relatively long time peércompared to the existing research.

This dissertation provides quantitative measuremehheighborhood and
residential developments. In this study, procefssdo the sequence of changes over
space and time. The lack of high quality data @ngarcel level had limited the

application of development pattern and proceskBeaheighborhood and residential land



development level. A new dataset to examine neididzal and parcel development
patterns and processes was created. Land developatézrns, as suggested in the
literature, were applied to investigate processesadential development. The
classification of neighborhood development is basedpatial and temporal patterns of
development: leapfrog, contagion and infill develgmt. To consider dynamic
interactions in space and time, static and dynalei@lopment patterns have been
described. For each year, this dissertation annakdksifies each neighborhood in terms
of the distance between existing and new developrigratial patterns will be analyzed
in temporal terms to better understand the prooesssidential development. In this
way, the study will examine the spatial and tempadhnanges in a neighborhood
development pattern at the system level.

In doing so, the following three research objediliave been pursued:

1. To quantitatively measure neighborhood and residiet¢velopment

2. To examine the spatial and temporal patterns afivibeirhood development

3. To investigate the relationship between patternseafhborhood

development and processes within the neighborhood

The general research question is: when and howrdsetential neighborhood
development occur? Based on the research purpodesbgectives above, the major
research questions of this study are as follows:

1. What are the development patterns along the U9& c@rridor in Houston,

TX? How can they be measured and observed annually?

2. How do the patterns of neighborhood developmentritute to residential



development within each pattern of neighborhood tive study period?
3. How does the process of land development influ¢ine@utcomes or pattern

of development that results?

1.4 Significance of Research

This dissertation investigates the spatial and teadglynamics of urban land
development processes through residential partalvdgh a landscape ecological
approach. The direct beneficiaries of this studylwaban planners and policy makers,
landscape architects and master planners, andiarelopers.

This study is the first attempt to measure spatia temporal development
processes with disaggregated historical data. ¥amele, this study explores how
leapfrog, contagious and infill development inceeasban growth and which spatial
attributes (e.g. parcel size and distances to nteggosportation) are associated with
development.

By examining the relationship between the spandl temporal dynamics of
residential development, this dissertation providsght into how residential land may
be developed within a neighborhood temporally, laom a neighborhood grows
spatially. The results of this study will enhanke tinderstanding of neighborhood
growth and development processes. It will proviggght into the root causes of the
resulting pattern of residential development ahdreby, offer effective planning

mechanisms to manage urban growth.



Third, this study also provides a quantitative nnieasient for urban land
development based on landscape ecology. Becauae lamd developments are
associated with new development and human procdabegscannot be studied as a
static phenomenon.

The combined method of using Geographic Informa8gstem (GIS) and
analysis of disaggregated real estate appraisalallatvs us to examine both spatial and
temporal relationships between residential develagmatterns and processes that
cannot be explained by a simple approach (Dietzal. €2005). Using digital parcel data
and GIS techniques, this study applies a uniquesarement to land development
patterns and processes and responds to plannsigneles and developers who have the
needs for theory, concept and measurements fomggrepproaches in addition to
demonstrating a parcel level approach to investigatd development patterns and

processes.
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CHAPTER Il

LITERATURE REVIEW

2.1 Introduction

Urban growth with its resulting urban sprawl aneé@l neighborhood
development are dynamic spatial and temporal psese@iasse and Lathrop, 2003;
Ulfarsson and Carruthers, 2006). Nevertheless, Hametal. (2004) found “changes in
land development patterns are usually studiedthsrespatially or temporally static.”
Spatial studies measuring urban growth or subuspaawl have been done by selecting
two or at most three points in time (Crawford, 208@sse, 2004). In contrast, studies
that examine trends in development over long peraidime are usually temporal
analysis, investigating urban growth without sgagéerence to dynamics occurring
within urban boundaries (Compas, 2007; Hammer.g2@04). In addition, limited
disaggregated urban data and empirical methodséasuring and quantifying spatial
and temporal changes over long periods of timegnmonal settings reduce the scope of
the analysis (Hasse and Lathrop, 2003; Compas,, 20@ivimer et al., 2004). However,
adding a new development to an existing developiith in an individual parcel and
neighborhood level) is neither simply spatial non@y temporal, but “instead results
from and exists within these interlinked procesge&mmer et al., 2004). Current
reviews of the literature suggest that spatialtengporal dynamics could be examined

based on patterns of land development and procestmsd development (Galster et al,



11

2001). Early studies of urban sprawl and urbanvgn have primarily focused on
conceptual and descriptive research, rarely adidigessban dynamics with quantitative
measurements. Along with smart growth and sust&raddvelopment strategies, a
growing number of studies describe and examineahneus spatial and temporal
dimensions of land development patterns and presgstasse and Lathrop, 2003; Willy
2007). In Chapter Il, concepts, definitions andrgitative approaches for investigating

patterns and processes in land development arewediin detail.

2.2 Land Development Patterns

Schultz and Kasen (1984) stated “The growth miesropolitan area through the
process of scattered development of miscellanggéestof land use in isolated location
on the fringe, is followed by the gradual filling-of the intervening spaces with similar
use.” Ideally, new growth should take place aroanexisting urban area, but the
popularity of the single-family residence in a stdan neighborhood and the greater use
of automobiles and highway systems have causescartinued leap rather than steady
process of outward development (Cutsinger et &l52Gordon and Richardson, 1997,
Turner, 2007). In addition, less expensive lanthdge attractive to developers and also
to home buyers, this process, called leapfroggsgne manifestation of the broader
phenomenon in a metropolitan area (Heim, 2001)mH@001) describes “leapfrogging,
in which developers skip over properties to obtand at a lower price farther out
despite the existence of utilities and other inftagture that could serve the bypassed

parcels.” In addition to excessive infrastructuosts, it has also been accused of
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environmental degradation such as loss of operesgad habitat fragmentation
(Johnson, 2001). In the literature, it has beesdcits a trigger for rapid urban expansion
(Heim, 2001) and criticized as causing excessifrastructure costs such as more
highways and water causing utilities to be extertdagmote areas (Hasse, 2004; Suen,
1998; Sultana and Weber, 2007; Theobald, 2004).avew this type of development
has long been studied as a concept or hypothesisdsprawl (Harvey and Clark,

1965) and conceptually characterized as a spaaldpment pattern. Besides
transforming the landscape surrounding urban atkagyngoing outward expansion of
land development and associated socioeconomicifunschas altered people’s lives and
environments. So, researchers have been interi@sted only its pattern, but also its
cause and consequences (Brueckner, 2000; Johri¥al), Zhe cost and negative
impacts of urban sprawl have been widely studiagdgi@ger et al., 2005). While
substantial research has addressed socioecon@uésiselated to leapfrog development
such as cheap land price (Heim, 2001) and subuidag (Houinen, 1977), far less
research has focused on developing empirical methgeks to examine and
characterize leapfrog development patterns (Hasdd.athrop, 2003). Like the often
cited expression “we know it, when we see it,” thesrno quantitative definition or
empirical evidence to distinguish whether new residl development patterns are
actually leapfrogging or sprawling in their spatahfiguration and location (Cutsinger
and Galster, 2006; Galster et al., 2001; Hassd atidop, 2003; Mieszkowski and
Smith, 1993; Song, 2005). However, with advancetnelogies and growing spatial

urban information, a number of measurements fqfteg patterns have been proposed
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(Frenkel and Ashkenazi, 2008; Hasse and Lathrop3;28asse 2004; Sudhira et al.,
2004; Torrens, 2008). But, it is still a single gslaot of one stage of development
(Hasse and Lathrop, 2003; Torrens, 2008), in otfgeds, it remains static (Maier et al.,
2006). Torrens (2008) writes “urban growth and ldedelopment is a dynamic
phenomenon, but studies on development focusesorgke temporal snapshot or
disjointed snapshots, rather than following londjitally in synchrony with urban
evolutions.”

On the other hand, large patches of vacant or Isgobland, resulting from
leapfrog development within urban areas, have bieetarget of new development. A
new development or redevelopment of land in exgstiaighborhoods is called infill
development (Landis et al., 2006; Willy, 2007). § bccurs where land has remained
vacant, bypassed or underutilized as a result mwfirmoing and out-spread development
processes (Heim, 2001). Vacant lands can be logateehtral downtown, suburban
neighborhoods or rural villages, and can be resialecommercial or industrial (Willy,
2007). Infill development has played a criticalerah achieving downtown revitalization
and reducing land consumption, providing afforddigesing and an alternative to
sprawl (Sheppard, 2007) or even a solution to sgramith (Steinacker, 2003). On the
other hand, it also has negative consequencesasucist open space and increased
population and housing density, and traffic conigesn a developed area (Farris,
2001). However, with smart growth strategies, “plens and developers hail such infill
as a solution to sprawl and its many costs, whitb@same time revitalizing the

communities receiving the new growth and develogim@ew Urbanism 2006, as cited
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in Willy, 2007). Policies to encourage more infikvelopment are advocated for more
efficient use of land and existing infrastructuarfdis, 2006). In this regard, infill
development has been discussed among plannerohoylmpakers and even
developers. However, most research has focusedwntdwn or arterial revitalization
projects (Mejias and Deakin, 2005), or policy revia a county level (Johnston et al.,
1984). Weitz and Moore (1998) point out that plaugrliterature reveals little about
guantitative methodologies for rigorously examininfijl development or provides little
empirical evidence for policies to guide future picgl development of cities.

In general, infill development is conceptually ddsed as new development
occurring within an urban area (Sheppard, 200®ait be residential, commercial or
industrial. It has been studied based on pattedrdensity in urban areas- for example,
in 1990 the number of new housing units and chamgpermits during 1989 and 1998
in Metropolitan Statistical Area (MSA) (Farries,@0, or the ratio of the total number
of new residential units in the city to the totalmnresidential units in the MSA, divided
by the ratio of the land area in the central aitytte land area in the MSA (Steinacker,
2003). Willy (2007) mentions that there is no agneat on an exact level of
development within urban areas that could be ah d#velopment. The author explains
that “this debate... is exacerbated by the factweaknow little about how much of
development over time could be considered infihene such infill occurs, and how it
relates to existing neighborhoods, particularlgutourban communities.” A growing

number of studies have reviewed this type of dguakent pattern, but most have
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focused on concepts, trends, some factors inflagnafill, and barriers (Ferris, 2001;
Mejias and Deakin, 2005; Phillips and Goodsteifd@®&heppard, 2007; Willy, 2007).

Factors influencing infill development have beardged at both the local and
national level. At the local level, Mejias and Daai005) examined infill development
and revitalization along a major arterial, San Bablenue, LA, California from a
developers’ perspective. In their study, developéesl accessibility to public transit,
attractive landscape and pleasant streetscapesy; foaperty and development costs,
and governmental policies as aspects that positafétct its potential for infill
development. At the national level, Farries (208ddresses positive infill factors such
as easy accessibility to transit and close locaboemployment centers. In addition, the
opportunity for infill housing is generated by grbmin demographic factors. For
example, a large proportion of single or childleesseholds increases the potentials for
infill development. Preference for downtown livingproximity to culture and walking
neighborhoods were also found to encourage irgMetopment (Wiley, 2007).

Barriers for infill development also have been gdddn various scales. Willy
(2007) and Johnstone et al. (1984) mention thatbst important factor influencing
infill development is opposition and resistanceririocal residents. So-called NIMBY
(Not in My Back Yard) opposition has been widelycdmented (Pendall, 2000). Filling
in a new development reduces open spaces neadantasl area and residents are
aware that nearby infill development increaseditrahd service usage.

There is another development pattern- contagioeldpment. As mentioned in

the above chapter, defining sprawled patterns iysviaat facilitate measurement can be
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difficult. According to Weitz and Moore (1998), opart of the definition that can be
measured is the degree to which development touathes development, contagion
development, which leads to a contagious effe¢hemregion. Thus, continuous
developments have extended the suburbs beyondtide c

In addition, landscape ecology principles have hesd to study urban growth.
Forman (1995) explains exurban settlement pattesised on landscape ecology
principles and its principles have been widely jled to examine urban form and
pattern (Camagin et al., 2002; Hoffihine-Willsonaét 2003). In particular, it has been
useful in developing spatial measures of urbanvdpi@lark et al., 2009). Camagni et al.
(2002) indicates that contagion development ocicutise immediately adjacent urban
fringe or is contagious to the urban cluster anig.sthis concept and pattern of
contagion development has primarily been studiadwtestigate policy impact and
implementation, for example, Urban Growth Bounda(ldGBs) (Weitz and Moore,
1998).

However, current studies in contagious developrhamé been limited (Clark et
al., 2009; Noda and Yamaguchi, 2008). First ofetisting studies are mostly a single
or couple of snapshots in a study time driven kba @dhich does not capture the changes
which make more sense when the concept “contagiswugiplied. Without linking a

pattern to a process, dynamic characteristicsbamudevelopment cannot be examined.
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2.3. Spatial and Temporal Dynamics

Various approaches for measuring urban sprawl aatyzing urban landscape
patterns have been developed to examine urban ly(@atrrion-Flores and Irwin, 2004;
Crawford, 2007; Compas, 2007; Dietzel et al, 2008nkel and Ashkenazi, 2008;
Hammer et al, 2004; Hasse and Lathrop, 2003; H28€84,; Lopez and Hynes, 2003;
Noda and Yamaguchi, 2008; Song, 2005; Sudhira @084). In the early literature
sprawl and urban growth are simply described asicgpatterns of land use (Corry and
Nassauer, 2005; Harvey and Clark, 1965; Peise®)19ater studies found urban
sprawl and growth also refer to processes of lawtldpment (Herold et al, 2003,
Hoffhine-Wilson et al., 2003). Galster et al. (2DPbint out that sprawl can be a noun
(condition) and also be a verb (process). Morem@&reral studies in recent years have
attempted to deal with the dynamic aspect of speandl urban growth (Compas, 2006;
Torrens, 2008). Understanding urban dynamics reguire examination of spatial and
temporal changes in time because in later yeatsrpatcan turn into other patterns, such
as sprawl to compact, in later years as the paaebain growth drives developers to fill-
in previously undeveloped areas. Dynamics of udrawth can be distinguished from
the causes that create such a pattern and thequeersees of such a pattern (Botequilha-
Leitao and Ahern, 2002; Riebsame et al., 1996; baklh 2001).

Significant progress has been made in measuringabpad temporal dynamics
in urban growth (Compas, 2007; Weng, 2007; Torr2@868; Yu et al., 2007; Zhu et al.,
2006). With the combined methods of urban gradmmalysis and landscape metrics, the

application of landscape metrics in landscape ggoderves as methods to examine
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landscape changes. According to Sudhira et al AR0the built-up area is commonly
considered as the parameter for quantifying urlpaavd.” Carrion-Flores and Irwin
(2004) mention that “these metrics have been I@gglun the landscape ecology area,
which is the study of patterns of patches on thedaape, the interactions between
patches on the landscape, and changes in bothrnzatted interaction with time.”
Previous studies suggest several sets of metnidarid use configuration and land use
composition. Weng (2007) stated that “changesrmuddaape pattern can be detected and
described by landscape metrics which quantify atdgorize complex landscape into
identifiable patterns and reveal some ecosystempepties that are not directly
observable.” It supports the understanding of padgtas they change dramatically
reflecting the underlying processes involved (Stadbt al., 2004).

Noda and Yamaguchi (2008) proposed a method tyzmalynamic
characteristics in Toyohashi City, Japan from 1&/2002. The study adopted three
growth categories of infill, expansion, and outtyiinom the work of Hoffhine-Wilson et
al. (2003). Originally, those categories were n&f@ito in the landscape fragmentation
process described by Forman (1995). In their sttygbhgs of urban growth are
categorized with reference to the prior non-devetblandscape configuration;
therefore, “types of urban growth embody a relatiop between the newly developed
area’s location and the existing developed arele Study found expansion of urban
growth is the most common development type; howerél urban growth has been

able to modify urban sprawl.
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Parcel data have been useful in identifying factioa$ drive changes at a
disaggregated level. However, a number of studiameing dynamics in urban growth
have been made based on aggregated patterns afdaabpment (Hasse and Lathrop
2003; Torrens, 2008; Yu et al., 2007; Zhu et &0&), or analyzed spatial signature
based on census and economic data on a countytmpoktan level (Compas, 2007,
Hasse, 2004). Hasse and Lathrop (2003) stateditieagcale information is necessary to
directly link ‘from-to’ land use changes. Usingdinscale data, for example parcel and
roads, studies actually investigate how applieicg@nd planning regulation in a
neighborhood area can pace or shape the developmaasses (Compas, 2007).
Torrens (2008) stated that “methodologies are fightiable and are often data-driven

rather than having a foundation in theory or practi
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CHAPTER 1lI

THEORY

3.1 Introduction

As a spatial phenomenon, urban growth is a dyngnaicess. New neighborhood
development occurs first by spilling over existmgighborhoods and then by filling
vacant land between them (Heim, 2001). As outljaogndaries become saturated, the
early stage of expansion, leapfrogging, createthanaycle of land development.
Leapfrogging is a temporary condition, and vacarawailable land left by leapfrogging
is soon filled with new development. These procesdé¢and development change
across space and time. Spatial and temporal atglauch as location of new
neighborhood(s), number of parcels in the neighbadks) or socioeconomic conditions
when the neighborhood(s) are developed, are indalvéhose changes (Mills, 1981,
Nechyba and Walsh, 2004; Turner et al., 2001; Ty2@05).

Current urban growth and land development stutiesever, have not fully
considered the spatial attributes on the neighloathevel. Neighborhood development
is a product of economics, social and human aEs/and infrastructure. But questions
like “how can we quantitatively identify leapfroggj, contagious and infill development
patterns?” or “how do the types of land developnpatterns contribute to land
development processes?” have never been studiedms of neighborhood

development patterns and processes.
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Traditional urban forms and development models heen extensively studied
during past centuries, and subsequently, many utzories have been developed, for
example, the concentric zone theory, the sectaryhend the multiple nuclei theory
(Camagni et al, 2002; Zhu et al., 2006). Theseagpchl models of urban form explain
the spatial patterns taken by the distributionedyde, buildings, and activities across a
city's terrain. But these models have been créitias static snapshots of only one stage
of development. Although the concepts and ideasvately accepted and applied to
measure urban growth, describing the spatial amgdeal dynamics of urban patterns
has remained hypothetical (Clawson, 1962). In anldiHarvey and Clark (1965)
suggest that development patterns represent aistageelopment processes, rather
than a static condition. As a result, parts of dvan area may be in a beginning stage or
dominated by specific types of development, bun&yaly they change to a thickening
pattern of stable neighborhoods (Galster et aD120

In this background, to define and examine land igweent patterns and
processes, the literature provides more objectigthads but still needs to be further
developed with the planning profession through:egdploring the temporal nature of
growth processes instead of static pictures (Hasdd athrop, 2003), (2) noting spatial
aspects on a local residential development levalqi@r et al., 2001), and (3)
investigating residential development patternsca#fé by neighborhood development
(Almeida, 2005). In this regard, the theory in thiigdy classifies development patterns
into neighborhood and parcel levels by considetiegspatial and temporal dimensions

of distance and time.
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3.2 Theory

Land development theory ihis study incorporates two dimensions: distance
time. This theory explains land development proegess two different level:
neighborhood (Figure Bnd parcelFigure 2 in page 24Planning decision making h
been made on the neighborhood levor example, developing new infrastructure s
as roads and schools is highly related to the ioreaf new neighborhoods. On the otl
hand, home buyer’s decisions or market conditiaeltontributed to lan

development in existing neighborhoo

Figure 1. Theory idgram:neighborhood development

A general diagram of the neighborhood developntegtirty in this study is se¢
in Figure 1 A neighborhood is a socially defined boundaryagegl in planning practic
X axis (lapse time) ithe year the ew neighborhood(s) was developathusthe year
the closest existingeighborhood was develof. Y axis (Distance) is theistancefrom

existing neighborhood® newneighborhood(s). Ae location and the creation of n
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neighborhoods are in response to social and huctatias. Distance from the existing
neighborhood to the new neighborhood reflects diffesocioeconomic status and the
year the new neighborhood was developed is alatectto the nearby physical
environment. Therefore thresholdsgndp in Figure 1) may be applied to determine
patterns of neighborhood development defined basezimpirical methods both in space
and time. Every new neighborhood developed anngallyd be classified as a leapfrog,
infill or contagious development pattern. Thesdgras change over space and time at
the neighborhood level. These thresholds have beered for analyzing at the changes
in ratio of neighborhood development patterns dytire residential land development
process.

Leapfrogging is a matter of spatial distance. lsiders geographic boundary
which is called a “neighborhood.” Since the firsivdlopment in a new neighborhood
can be leapfrog, it is defined on the neighborhieedl. It is a temporary condition, so
vacant or available land left by leapfrogging ietadeveloped with other types of
neighborhood development: infill or contagion deyehent.

New neighborhood development occurs by filling @vailable land within
existing neighborhoods. Instead of spreading d,leapfrogging, infill concentrates
new neighborhood within existing neighborhoodshis case, the infill neighborhood is
a matter of time because of the significant tingedatween the new neighborhood and
prior neighborhoods (Figure 1). Regardless of distabetween the neighborhood
developments, when development has a significaoly time-lag, it could become

infill development.
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New development can be contiguously built nexhmexisting neighborhood
Contagion neighborhood development is characte by relatively short lags in spa
and time (Figure )1 This pattern of new neighborhood continues tglothe existing
neighborhood is connected throughout in the deveéoy processes. Neighborhc
contagion development occurs when surrounding heiditods are developed to th
highest and best use. On the neighborhood levehakiern of contagion developmi
provides an indication of the direction of changeated by new neighborho
development within the context of its regional sc

A generattheory diagram on the parcel level in this studseen irFigure 2.

Figure 2. Theory diagram: parcel developr

Parcel isa piece of lan engaged in market practice.axis (lapse timeis the
year the new parcel was develojminus the year the closest existipaycel was
developed. Y axis {dgtanci) is the distance from the existing parcelshsnew parcels.

Parcel development also occurs by filling in thaikable land within the existin
neighborhood. Parcéhill development is a new devopment, redevelopment, or ret
of vacant or underutilized lots near the existimigastructure Figure 2. On the parce

level, time means the temporal distance betweenedheparcels to the existing parce
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Parcel infill development is a matter of time besmof the significant time lag between
the new parcels and the existing parcels. Regardiegdistance between the
developments, when new development takes a significlong time, it becomes infill
development.

In contrast, new parcels can be contiguously d@eslmext to existing
developments. But on the parcel level, parcel-agpatadevelopment, the same pattern
as contagion patterns on the neighborhood levehla matter of time (Figure 2).
Since every new parcel development is in the exgstieighborhood, distance no longer
contributes to the development processes. Thisnpadf new parcel development
touches along the existing development and contleciaghout in the development
processes. Also, short lags in space and timeeesititilar conduct in the following
development by contact. Eventually, parcel -comtagievelopment becomes

incorporated in the development process.

3.3 Long-term Trend of Development Model (LTDM)

By measuring the changes in spatial and tempokadldement patterns, both on
neighborhood and parcel levels, land developmestgsses can be understood. It is
difficult to ascertain the patterns and process$elewvelopment with aggregated data
(Hasse and Lathrop 2003), but changes in patteflext the land development process,
which is best observed with historical data. Basedhe theory in this study, a Long-

term Trend of Development Model (LTDM) model hagmbeeveloped (Figure 3). In



26

LTDM model, leapfrog pattern is a matter of distubat infill pattern is a matter «

time, lowever, contagion pattern is a matter of distamcktane.

Figure 3. Longeerm Trend of Development Model (LTDI

Each of the development patterns, both neighborlamddparcel level, represel
variables which have be&orrelated to changes in the development proce$hes
model was primarily developed to investigate spatia temporal land developme
processes. It will apply spatial and temporal iathes specifically to show tt
development trend in order to ermine which spatial patterns of development infie

development processes on both the neighborhoogamcdl level
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Neighborhood is a socially defined boundary wreadgages in planning practice.
Parcels developed in the same neighborhood havkasproperties such as value or
school district. Therefore, on the neighborhoocelgthe LTDM model considers
neighborhood to neighborhood distance in spacdiared Here, distance lis
neighborhood to neighborhood distance: the disténooe the existing neighborhood to
the new neighborhood. Lapse time) (s the year the new neighborhood was developed
minus the year the closest existing neighborhoosl dexeloped.

Leapfrog developments do not intersect the exydevelopment. Among new
neighborhood developments, some are built ceriatantes farther away from existing
neighborhoods and can be identified as leapfrogldement.

The literature suggests 0.6km for leapfrog develapnm Hunterdon County, NJ (Hasse
and Lathrop, 2003). This study will use the averdigeance from a new parcel
development to the previously existing settlemerddfine leapfrog developmentn(th
Figure 3). Conceptually, to be leapfrog, the distafth in Figure 3) is at least greater
than an average distance.

New neighborhood(s) can also be created near regisgighborhoods. In this
case, new neighborhood developments are infillhi®ghood or contagion
neighborhood. The main difference between infill @ontagion development is time.
Lapse time {tin Figure 3) is the time between the year the neighborhood was
developed and the year the closest existing neitjolodl was developed. When new
neighborhoods are developed, they are classifieddan the distance in time relative to

existing neighborhoods. For example, infill neighimd development is new
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development occurring within the existing developmeith a long time-lag. Contagion
neighborhood development is defined here as legsasgistance from the existing
neighborhood with short lapse time.

New land development in the existing neighborhasd$haracterized by time
alone. On the parcel level, lapse tim@ (& the time between when the new parcel was
developed and the closest existing neighborhooddeasloped. Based on threshold
(time (¥) in Figure 3), the LTDM model in this study proegla quantitative approach to
define parcel-contagion and parcel-infill. RathHear a static method, this model
illustrates simple annual binary characterizatibdevelopment patterns as built-out or
infill. In this study, the LTDM model suggests areeage time lag throughout the whole
study period. There is little planning literatucestuggest empirical quantitative methods
for time threshold quantitatively. When new devehgmts have below the average lapse

time (), they are built-out in a continuing manner.

3.4 Expected Results

Every neighborhood and parcel development from 184906 in Harris
County, Texas, along the U.S. Highway 290 transyiort corridor will be examined
based on three patterns of neighborhood- leaptmgtagion, or infill. A Long-term
Trend of Development Model (LTDM) has been devetbfmeinvestigate the land
development process based on neighborhood aneéndisiddevelopment patterns in

space and time. As the study area becomes moyedieNeloped, the distance in space
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and time will change. These changes will show dhiffé processes among three patt

of neighborhood. Expected results are illustrateFigure 4.
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Figure 4 ExpectecResults

As illustrated in kgure ¢, this study posits that the three pattern
neighborhood development will have discrete devalemt processes. In addition, e:
pattern of neighborhood development also has éiftemagnitudes within tF
neighborhood on the parcel lev

On the neighborhood level, high pressure within thetaxy urban area or hig
demand for cheap land causes neighborhood leafufrivigyger new urban developme
(H1). Large spatial gaps resulting from a leapfrogediggment between the pri
development aseand new neighborhood leapfrog will provide morailable land fol
new development. Since a spatial dimension is weain this process, land availabil

is an important factor for neighborhood leapfrogaelepment Hy). Where many land
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are available for new development, leapfrog develemt can more likely occur, or the
possibility for a jumping away from the existingycis higher than where less land is
available for new development. In the early staigeetghborhood leapfrog

development, the pressure for residential developmvéhin the neighborhood is not

high because it doesn’t have supporting infrastmecsuch as school, water, sewage etc.
But once a leapfrog neighborhood has infrastructheneighborhood will soon be

filled with residential parcel development. In ateords, development speed in the

leapfrog neighborhoods will show an exponentialelas seen in Figure(#s).

* Hypothesis 1: Neighborhood leapfrog developmeggtrs land development

* Hypothesis 2: Neighborhood leapfrog developmeiiirged to geometry (land
availability)

* Hypothesis 3: There has been slow growth in legpficighborhoods because

they lacked supporting infrastructure in their galévelopment stage.

Though neighborhood leapfrog is a trigger, neighbod contagion would be the
major pattern of neighborhood development throughmeientire study period because
neighborhood contagion is influenced by two dimensi spatial and temporal distances
from the prior neighborhoodH§). Therefore, after neighborhood leapfrog develapime
the extended boundaries and increased availaldenahe existing development
increases opportunities for neighborhood contagmrelopmentHg). On the parcel

level, neighborhood contagion is a process in whieilghborhood is influenced by the
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behavior of developers or home owners through éms@ous or unconscious pressure
of new development by direct or indirect touchiriggristing developments. Proximity
to the existing development and a short lapse wiianaintain similar conditions for
new residential development, both physically and@egably. So the development
pressure remains consistent even though neighbordmatagion gets old within the
contagion neighborhood. Age of neighborhood, ireothiords, the years in
neighborhood, won't be related to development pressfor residential development
(H7). This means that throughout the whole study peitowill show constant

development speed as a linear curve (Figure 4).

* Hypothesis 4: Neighborhood contagion developmedddand development

» Hypothesis 5: Neighborhood contagion is influenbgdpatial distance and
temporal time-gap from the existing development

* Hypothesis 6: Neighborhood leapfrog developmentiases neighborhood
contagion development

» Hypothesis 7: In contagion neighborhoods, proxirtotyhe existing

infrastructures creates constant development pressu

After neighborhood infill and neighborhood contagiaeighborhood infill takes
place in the available areas inbetween the existeawglopments. In other words,
neighborhood infill development is followed by nleliprhood contagiorHp). In the

case of neighborhood infill, the spatial distanmaf the existing development does not
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matter, but the temporal time-lag from the existieyelopment neighborhood is
important Ho).

Since neighborhood infill is close to the existmgghborhoods, the location of
new neighborhood infill already has good accesxisting infrastructure. For this
reason, development pressure for new residenti@lolement is high, so neighborhood
infill has many developments in the early stagepi®development in the early stage
turn to slow development after a few years, anditheslopment pressure within the
existing infill neighborhood will be replaced bydamand to create new neighborhood
infill development. Instead of developing more desitial development in the existing
neighborhoods, people will find another place clasthe existing neighborhood with
infrastructure. As a result, neighborhood infilshashorter life cycle than other

neighborhood patternsi(y).

* Hypothesis 8: Neighborhood infill development ifdwed by neighborhood
contagion

* Hypothesis 9: When an infill neighborhood is deypeld, a temporal lapse time is
a significant factor for developing a new neighlwouth

« Hypothesis 10: In infill neighborhoods, residentiavelopment has grown
quickly because of available supporting infrastnoetin the early development

stage.

Table 1 shows all hypotheses and unit of measurenirethis study.



Table 1. Hypotheses and Unit of Measurements

Neighborhoody o ns

Parcel U of Year

Hypothesis 1

Test with lapse time variable
affecting other pattern of
neighborhood development

Hypothesis 2

Test with land availability

Hypothesis 3

Test with age of neighborhood
(leapfrog neighborhood)

Hypothesis 4

Test with total land developed in
contagion neighborhoods

Hypothesis 5

Test with spatial distance and lap,
time from existing neighborhoods

Hypothesis 6

Test with lapse time variable

Hypothesis 7

Test with age of neighborhood
(contagion neighborhood)

Hypothesis 8

Test with lapse time variable

Hypothesis 9

Test with lapse time from the existi
neighborhoods

Hypothesis 10

Test with age of neighborhood

(infill neighborhood)

33
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CHAPTER IV

METHODS

4.1 Introduction

This chapter outlines the research methods andurerasnts developed and
employed in this study. It begins with the histatibackground of rapid development in
the Houston area. It includes discussions of the slaurce, database creation, and the
definition of patterns that explain the land depeh@nt trends. Analytical supports for
the thresholds in the classification model intrasihar Chapter Il is discussed.

Statistical methods employed in this study are disoussed.

4.2 Study Area

The study area is the northwest part of Harris ®@gurexas, within the Houston-
Sugar Land-Baytown metropolitan area, along the Hi§hway 290 transportation
corridor (Figure 5). Harris County, Texas is lochie southeast Texas near the Gulf of
Mexico. The third largest county in the United 8&tit was founded in 1836 as
Harriburg County, and the name changed to HarrisnGoin 1839. It is governed by the
elected five member Commissioners Court, and thetysseat is in the City of
Houston. The Houston Metropolitan area has undergagnificant growth in the past
three decades and the city of Houston is now thetidargest city in the United States.

This study area has chosen for examining land deweént patterns and processes
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because different from other large U.S. cities, @ityeof Houston did not adopt city
zoning laws in its urban planning . Therefore, sppa@nd temporal patterns of
development in the study area do not result frobanmregulations or policies. Thus the
Houston Metropolitan area is a good place to ingast land development processes in
response to prior and new development in termpade and time.

The climate of Harris County is humid subtropicélhvwhas a temperate climate
all year round because of its proximity to the GaflMexico. The mean annual
precipitation in this area is 43 inches. Becaush®humidity, in summer the
temperature feels hotter than it actually is. Sunsnaee hot and humid but winters are
cold and dry. The mean temperature range variegeeet 45°F in winter to 93°F in
summer. In Harris County, the land is very flatjl s main vegetation is classified as
temperate grassland. The dominant native speatesades and pines.

Figure 5 also shows the major highway in Harris i@puHarris County
transportation systems serve intrastate and iaterseeds with six major railroads
hauling freight to distribution centers and to fwet; passenger rail service is limited to
Amtrak. Buses, trucks, and passenger cars utilizhaork of highways, including
Interstate 10 east and west, Interstate 45 nodlsaath, U.S. Highway 59, which
crosses the county from northeast to southwesgaed to the Rio Grande Valley, and
U.S. 290 leading to West Texas via Austin. Loop éa0ircles the heart of Houston, and
a second loop, Beltway 8, allows traffic to moveward the perimeter of the urban
sector. US 290 was formed in 1927 before the spadlipd. Its whole length is 261 miles

(418km) however, the length in this study area8isiles.
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Figure 5. Study Area (upper) and Major Highwayslarris County (lower)
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According to U.S. Census Bureau, Harris Countyehtaisal area of 1,778 square
miles (4,604 krf); 1,729 square miles (4,478 Rnof it is land and 49 square miles
(127knf) is water. While the whole county size is 1,778a® miles, the selected study
area covers 354.63 square miles. The residengaliarl10.46 square miles, the
commercial area is 203.99 sgmi and other lands48.1.7 square miles.

In 2000, the county had a population of 3,400,5@8ugh a 2007 estimate
placed the population at 4,011,475), accordindgn¢oUdnited States Census Bureau
(Figure 6). The 1945 Harris County population w8@$,849, and from 1945 to 2006, the

area grew by 3,644,285 people according to the §&kaanac.
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Figure 6. Population Growth in Harris County fro8¥5 to 2006
(source: Texas Almanac)

4.3 Data and Unit of Analysis
The Harris County Appraisal District (HCAD) supo#e real and personal

property database through its website (http://ptatal.org). This study used a certified



38

2007 dataset downloaded in August, 2008. Eachpreglerty has a unique account
number which remains static. In addition to genbtaliding information, data has also
provided year information for building, and improwvents on each parcel. Harris County
also provides a parcel GIS shapefile dataset wdliolved us to transform the non-
spatial information into a spatial dataset. Real property data are available for the
study area from the early days of Houston (180icesthe literature points out that
sprawl is generally identified with the outward attan growth of cities occurring after
World War I, the 62-year period (1945-2006) wass®#n as a reasonable representation
of urban development trends.

This study has two units of analysis: spatial @rdgoral. The spatial units have
two levels: “neighborhood” and “parcel.” The temalounit is “year.” On www.hcad.org
website, HCAD defined neighborhood code as “regidewaluation neighborhoods are
groups of comparable properties whose boundaries geveloped based on location
and similarity of property data characteristicsctcaeighborhood in a school district has
a unique identifier known as a residential valuatmmber. These neighborhood
boundaries are maintained via an on-going offickfaeid review. As neighborhoods
change, neighborhood lines are redrawn to reflecthanges, and maintain the
homogeneity of the neighborhood.”

The neighborhood development and parcel developpedtdrns are analyzed
spatially and then, aggregated temporally. As @&2@&long the U.S. Highway 290
corridor, there are more than 1500 coded neighlmatlamd 1,753,899 developed

parcels. 331 coded neighborhood were used aftedmg to two decimal place.
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4.4 Data Procedure

The HCAD real and personal property database wmgiged in ASCII tab-
delimited text files and must be formatted for usa database program. This study uses
GIS to manipulate and map non-spatial historicabrés. The dataset has various
property information pieces. Particularly, thisdstwses three specific real estate
records: “neighborhood code,” “HCAD account numbemd “date erected.”

“Neighborhood code” had been applied to define meoghood subdivision
boundaries. Which were developed based on the deaisdics of location and similarity
of property data. These neighborhood boundariemarstained via ongoing office and
field interviews to keep the homogeneity of theghéorhood. While HCAD does not
provide a GIS subdivision polygon layer, “neighbmot” boundaries are created based
on the “neigbhorhood code.” On the other hand, “HC#ccount number” represents
individual parcel developments throughout the endtudy period. Aggregate parcels
based on “neighborhood code,” represent the neitjiolodl boundary on the
neighborhood level.

“Date erected” was selected to analyze when andendnduilding is built on a
parcel. In this record, the number in the “datetd’ field is defined as the year the
building or improvement occurred. The selectedkattes, e.g. erected date and
neighborhood code in the HCAD database, are jam@dparcel polygons using GIS.
For the lot size, this study calculated polygoraarsing GIS.

This study examines only neighborhoods and panedle U.S. Highway 290

corridor. To select parcels using GIS, this stuskgdua gravity approach. Major
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transportation corridors are a major driving fofaeresidential developments. All
parcels were assigned to their nearest major nosidg Arcinfo Near tool. Each parcel
has only one driving force in terms of transpoctati

In addition, this study made maps for visual insijpecof development patterns
based on “date erected” and “neighborhood codegs&mmaps provide graphic
representations of spatial patterns of residedeaklopment.

Using the Arcinfo Near tool, this study annuallyngeated three different
distances to explore development patterns basegatral distance and lapse time: (1)
parcel to neighborhood: spatial distance from tloation of each new developed parcel
(new parcels) to the existing neighborhood (thetenxg neighborhoods), (2)
neighborhood to neighborhood: spatial distance fiimenocation of each new
neighborhood (new neighborhoods) to the existinghi®rhood (the existing
neighborhoods), and (3) parcel to parcel: distdrare the location of each new

developed parcel (new parcels) to previously dgpeddgparcels (the existing parcels).

4.5 Analysis Procedure

Proposed research consists of five steps.

First, historic neighborhood and parcel developnpattterns will be mapped
based on parcel data from HCAD database for eamhfy@m 1945 to 2006.

Second, new parcel development will be investigatigd respect to existing
development on the neighborhood level. Based anpiicel-to-parcel and

neighborhood to neighborhood distance, this stuidlycelculate lapse time between
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new development and its closest developments. Tabl®ws descriptive statistics of
spatial and temporal distances for neighborhoodpancel levels. When developments
are adjacent to each other, the minimum distanequsal to zero. On the neighborhood
level, the average time-lag was 27.35 years andhtgian was 16 years. On the parcel
level, the average lapse time was 4.09 years anthédian lapse time was 1 year. From
each level, an average lapse time was selectedl iagiaator instead of the median lapse

time (Table 2).

Table 2. Spatial and Temporal Distances on Neigidod and Parcel Levels

Level Measurement Minimum | Maximum | Mean Median | Std.Dev.
Parcel Parcel-to-Parcel 1.00 116.00 4.09 1.00 7.69
(# 156,210) lapse time (year)

Parcel-to-Parcel 0.00 20,576.07 303.17 172.93 391.07
distance in space (ft)
Neighborhood | Neighborhood-to- 1.00 127.00 27.35 16.00 29.11
(#331) Neighborhood
lapse time (year)
Neighborhood-to- 0.00 20576.07 1755.87 1368.3D 1886.50
Neighborhood distance
in space (ft)

On the parcel level, the 1-year lapse time frometkisting development to new
development means residential parcels were develope year after another
continuously. Therefore, the median time-lag isaaseful indicator. On the
neighborhood level, 26% of the study period (16afli2 years) has only one new
neighborhood development or no new neighborhoagufE€i 7). Therefore, a median
value is not a proper statistic to explain charlgE®s/een the existing neighborhoods and

new neighborhoods for approximately a quarter efdtudy period. For this reason, the
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average distance in space and time from the egistil new were selected to classify

patterns at both the neighborhood and parcel levels
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Figure 7. Neighborhood development in Harris Coumtyear (1945-2006)

Third, the patterns of each development will besified as leapfrog, contagious
and infill development on the neighborhood leveddzhon the thresholds (average
distance (d =1,758ft) and laps timeNt= 27.38 years).

Descriptive statistics will be evaluated to cortedescribe the three patterns of
neighborhood: leapfrog, infill and contagion, ana fpatterns of parcel development
will be identified: parcel infill and parcel contag. This study analyzed the spatial
relationship between the existing and new developroe both levels. In this step,
temporally aggregated patterns will describe annbahges in space and time. In this
way, changes in space and time will be appliekpdaén development trends and
investigate the long term land development procEss.descriptive statistics included

annual new development, annual average lapse tira@nnual average distance both
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the neighborhood and parcel levels. These statistit be used to compare
development trends in each neighborhood patterns.

Fourth, regression models have been developedamier how neighborhood
development patterns affect land development peesgshe dependent variable. The
regression coefficient will be used to explore idlative contributions of land
development patterns to the variation in the depenhdariable, annual neighborhood
development and annual parcel development (iJed, development process in each
pattern of neighborhood).

In addition to determining the contributions of leagcdependent variable to the
reduction of the variance of the dependent varglitee multicollinearity will be
considered. Additionally, since this study is invga&ting long-term land development
processes, the selected variable, for example fageighborhood and year built, may be
called autocorrelated if its value in a specifiaqad and time is correlated with its value
in other places and/or time (Huizingh, 2007). Clatien of a variable with itself
through space leads to a statistical autocorrelagroblem. This study analyzed HCAD
records spatially and then aggregated values teatiposo spatial autocorrelation is not
an issue. However, temporal correlation referhigodorrelation between time-related
variables. It reflects the fact that variables ghan time are not completely
independent of prior variables, in other wordsrehe a high dependence. The Durbin-
Watson statistics will be tested to test tempoegeshdency for all regression models.
The value always lies between 0 and 4. If the Duf¥/atson statistic is substantially

less than 2, there is evidence of positive sedaietation. As a rough rule of thumb, if
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Durbin—Watson is less than 1.0, there may be cimusdarm. The Durbin-Watson
statistics will be used all regression models teclethe presence of temporal
autocorrelation in the residuals (Huizingh, 2007).

The multiple linear regression model for leapfrayghborhood development is:

LND =fo+ 1 X1+ o Xo+ B3 Xs+ fa Xa+ f5 X5t fs Xet+ f7 X7+ e

where,
LND = Leapfrog neighborhood development in eaghry
Bo = Constant
B1... Bz = Regression coefficients
X1 = Year of new neighborhood(s) developed
Xz = Number of parcels developed in new neighbod®)an given
year
X3 = Land developed in new neighborhood(s) in giyear
X4 = Average age of neighborhood(s) in years
Xs = Ln (average distance from the nearest existeighborhoods
to new neighborhood(s)) in year
X = Ln (average lapse time from the nearest exjsti
neighborhoods to new neighborhood(s)) in year
X7 = Projected land availability based on neighborh
development area in 2006
e = Error term

Based on the theory in this study and hypothesisd2pendent variablezX
projected land availability based on neighborhoedetbpment, was used for the

neighborhood contagion model.
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The multiple linear regression model for contagi@ighborhood development is:

CND =pfo+ 1 Xe+ fo Xo+ B3 Xz + faXa+ fs Xst P Xet fg Xet €

where,
CND = Contagion neighborhood development in gzattern
Bo = Constant
B1... Ps = Regression coefficients
X1 = Year of new neighborhood(s) developed
Xz = Number of parcels developed in new neighbod®)an given
year
X3 = Land developed in new neighborhood(s) in giyear
X4 = Average age of neighborhood(s) in years
Xs = Ln (average distance from the nearest existeighborhoods
to new neighborhood(s)) in year
X = Ln (average lapse time from the nearest exjsti
neighborhoods to new neighborhood(s)) in year
Xs = Number of leapfrog neighborhoods developedyaa ago
(year -1)
e = Error term

Similarly, based on the theory in this study anddtiiesis 6, independent
variable X, number of leapfrog neighborhoods developed oae §go (year -1) was

used for the neighborhood contagion model.
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The multiple linear regression model for infill ggborhood development is:

IND =pfo+ f1 X1+ o Xo+ B3 Xz + faXa+ fs Xst fs Xet fo Xot €

where,
IND = Infill neighborhood development in each yea
Bo = Constant
B1... Bo = Regression coefficients
X1 = Year of new neighborhood(s) developed
X2 = Number of parcels developed in new neighbod®an given
year
X3 = Land developed in new neighborhood(s) in giyear
Xa = Average age of neighborhood(s) in years
Xs = Ln (average distance from the nearest existeighborhoods
to new neighborhood(s)) in year
Xe = Ln (average lapse time from the nearest exjsti
neighborhoods to new neighborhood(s)) in year
Xo = Number of contagion neighborhoods developes year ago
(year -5)
e = Error term

Besides, Based on the theory in this study and thygses 9, independent variable
Xg, number of contagion neighborhoods developedyeas ago (year -5), was used
for the neighborhood infill model.

To describe patterns of changes, this study usePit&&ords which was
collected for each information for distinct timerijoel. Neighborhood development and
residential parcel development models have longiaddiata such as time or age. Year
(time) is measured externally to the cases in HGAEdrds and age is measured
internally (e.g 1 year, 20 year and 62 year) (Mdn&®91). However, in a regression
analysis on parcel level, if model include yeag(&945) and age (62 years) then the x

matrix is singular, which means it cannot be intéet which will result in unstable
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estimation of parameter. Therefore, parcel levalyasis only use average age of
neighborhood to describe temporal patterns of ahang

In Chapter lll, this study posited three discretiationships between cumulative
development and age of neighborhood. For exampiesldpment within contagion
neighborhoods is linear, however, leapfrog andlinéighborhoods have a nonlinear
function. To test the nonlinear effect of age afjhborhood in Hypotheses 3 and 10,
(X12) was transformed by using an exponential functieapfrog neighborhood) and by
using logs for infill neighborhoods. The three npl# linear regression model for

residential parcel development are:

LRD =fo + f11 X11 + fra XaoL + Szl Xiait f1a Xiat fis Xist f1e Xiet P17 Xirt e

where,
LRD = Residential development within leapfroggidorhoods in
each year
Bo = Constant
B11.. Bis= Regression coefficients
X11 = Number of leapfrog neighborhood developedeaary
Xi12. = Average age of neighborhood
X13. = Land developed within infill neighborhoodsyiear
X1a = Average size of parcels developed in year
X15 = Average distance from parcels developed tortam
transportation corridor in year
X16 = Ln (average distance from the nearest existexgelopment to
new development) in year
X17 = Ln (average lapse time from the existing depeient to new

development) in year
e = Error term
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CRD =fo + f11 X11 + P12 X1z + f1ac Xiact f1a Xiat fis Xist f1e Xiet P17 Xart e

where,

CRD = Residential development within contagiorghborhoods in
each year

Bo = Constant

B11.. B17= Regression coefficients

X11 = Number of contagion neighborhood developegkiar

Xi12c = Average age of neighborhood

Xi13c = Land developed in leapfrog neighborhoods iarye

X1a = Average size of parcels developed in year

X15 = Average distance from parcels developed tortam

transportation corridor in year

X16 = Ln (average distance from the nearest existexgglopment to

new development) in year

X17 = Ln (average lapse time from the existing depeient to new

development) in year

e = Error term

IRD = fo + f11 X1 + f121 X121 + f131 Xaai+ f1a Xiat fis Xist f1e Xiet f17 Xart e

where,

year

IRD = Residential development within infill neigbrhoods in each
Bo = Constant

B11.. B17= Regression coefficients

X11 = Number of infill neighborhood developed in yea

X121 = Ln (Average age of neighborhood in year)

X131 = Land developed within contagion neighborhoodgear

X1a = Average size of parcels developed in year

X15 = Average distance from parcels developed tortam
transportation corridor in year

X16 = Ln (average distance from the nearest existexgelopment to
new development) in year

X17 = Ln (average lapse time from the existing depeient to new

development) in year
e = Error term
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As applied at the neighborhood level, this regmessinodel also includes a
variable to test trigger and follower effects & trarcel level. To link development
processes with other patterns of neighborhood,, lemid developed in another pattern
(X3) was used for the three regression models ondtheeplevel. Total land developed
within leapfrog neighborhoods ¢, total land development in contagion
neighborhoods (), and total land development in infill neighborksqXs)) were used
for contagion neighborhood, infill neighborhoodddeapfrog neighborhood,
respectively.

Measurements on the neighborhood level and measuateran the parcel level
are introduced in Tables 3 andrdspectively. At the neighborhood and parcel lgvels
four independent variables, average distargar{dx,s) and average lapse time, @nd
X17) from existing neighborhoods to new neighborhopbysyear, were transformed into
In(x) functional forms. Because strictly positivariables could have skewed the
distribution, the log was adopted in this studynigrate it.

Fifth, how age of neighborhood development affected residential
development within each pattern of neighborhood exasnined. Regression analysis
reveals that each pattern of neighborhood develapires discrete processes which will
be explained based on coefficient terms. Indepandarables, (X2L), (X12¢), and (X2)
were used for leapfrog, contagion and infill neightood, respectively. Cumulative
percentage of residential parcels developed in sahborhood by year was also used

to explain the discrete development process ameigihorhoods.
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Measurements on neighborhood level

Variables (Unit of Analysis : Neighborhood)

Leapfrog
Neighborhooc

Neighborhooc

Infill

Neighborhooc

Dependent

Variable Y [The number of neighborhoods developed in year

X |Contagion

x
x

X1 |Year of new neighborhood(s) developed

X

X
X

X, INumber of parcels developed in new neighborhodd(gjven year

X3 |Land developed in new neighborhood(s) in given year

X4 |Average age of neighborhood(s) in years

Ln (average distance from the nearest existinghichoods to new

Independent| X neighborhood(s)) in year

\variables

Ln (average lapse time from the nearest existinght@rhoods to new
neighborhood(s)) in year

X7 |Land availability based on developed neighborhaoda in 2006

J

Xg [Number of leapfrog neighborhoods developed one ggarn(year -1)

[+

Xg [Number of contagion neighborhoods developed fiva ygo (year -5)

©

Table 4. Measurements on Residential Parcel Level

Measurements on parcel level

Variables (Unit of Analysis : Year)

Neighborhooc
Contagion

Neighborhooc

Infill

Neighborhooc

Dependent

Variable Y |The number of parcels developed in existing nesghdods in year

< Leapfrog

x

x

X11 |[Number of neighborhoods developed in year

x

x
x

X 1o |EXp(average age of neighborhood) in year

x

X 1oc]Average age of neighborhood in year

X121 |LN(average age of neighborhood) in year

X 13, |Land developed within contagion neighborhoods iarye

X 13c/lLand developed within infill neighborhood in year

Independent

variables X 13 |Land developed within leapfrog neighborhood in year

X14 |Average size of parcels developed in year

Average distance from parcels developed to the tnansportation
corridor in year

Ln(average distance from the nearest existing dgveént to new
development) in year

Ln average of lapse time from the existing develepito new
development ) in year
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CHAPTER V

NEIGHBORHOOD DEVELOPMENT

5.1 Introduction

This chapter presents analyzed results describing the characteristics of
neighborhood development patterns in northwest Harris County along the U.S. Highway
290 transportation corridor. When a residential parcel is developed, it can be developed
in one of the existing neighborhoods or can be the first development in a new
neighborhood. From 1945 to 2006, 331 new neighborhoods were developed and were
classified as either leapfrog neighborhood, contagion neighborhood or infill
neighborhood based on the LTDM model introduced in this study. Characterizing
patterns involves measuring and quantifying neighborhood development patterns. In this
chapter, the spatial and temporal patterns of new neighborhood development were
examined and described in detail.

This chapter departs from descriptive statistics for the selected variables
introduced inChapter IV. The first section presents the descriptive statistics of
neighborhoods development variables (i.e., the number of leapfrog, contagion or infill
neighborhood in each year) as well as spatial and temporal changes over time. The
second section presents the specification of multiple regression models that tests the
hypothesis that changes in spatial and temporal patterns affect annual neighborhood

development.
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5.2 General Neighborhood Development

This study uses new neighborhood development biyaggea measure of
development process on the neighborhood level dEpendent variable, the number of
new neighborhood(s) in each pattern, was clasdifésd spatial distance and temporal
lapse time from the existing neighborhood develapn@ new neighborhood
development. Table 5 presents descriptive staistfimeighborhoods developed across
the patterns as introduced in the previous chapfteosn 1945 to 2006, a total of 331
neighborhoods were developed and classified asebdrog neighborhoods, 139
contagion neighborhoods and 68 infill neighborhoods

In terms of parcels developed, contagion neighbmith{@,268) have more
parcels developed in its first year than infillglgborhood (1,122) and leapfrog
neighborhood (1,299). On average, leapfrog neididmnd started with fewer parcels
developed (10.5) than contagion (16.3) and infiéd.6) neighborhoods. It means that the
development pressure in leapfrog neighborhoods narenuch higher than the other
two patterns of neighborhoods in the beginningestéterefore, fewer parcels were
involved in creating a leapfrog neighborhood depeient.

When leapfrog neighborhood, contagion neighborrarmlinfill neighborhood
were compared, the leapfrog neighborhood had arageespatial distance of 3,353.6
feet from the closest existing neighborhood to mewghborhood while 818.8 feet and
758.0 feet are evidenced by contagion and infilginieorhood. In terms of lapse time,
when the infill neighborhoods and contagion neighbods, and leapfrog

neighborhoods were compared, the infill neighbodhbad an average lapse time of



53

58.8 years from the existing neighborhood to neight®rhood while 8.3 years and
31.4 years are evidenced in the contagion andregpieighborhood. This finding
confirms that a leapfrog neighborhood developmetit greater distance, also has
greater lapse time than total average lapse tim® (Zars). The average of lapse time
(58.8 years) for infill development is 6 times gegdhan contagion neighborhood (8.3
years). On average, neighborhood contagion ha3 ye@r lapse time. This means that
one neighborhood follows another neighborhood afeut 10 years even though they
are contiguous patterns.

The average of year built for the total neighboha@s 1975, but infill
neighborhood (1980) was developed relatively rdgeSum of land developed for

neighborhood development was similar across the ot

Table 5. Descriptive Statistics for Neighborhood/8lepments

Descriptive Statistics Infill Contagion Leapfrog Taal

New neighborhood 68 139 124 331
Sum of land developed 1,122 2,268 1,294 4,684
IAverage of parcels developed in new 16.5 16.3 10.5 14. 2
neighborhood

/Average distance (ft) 758.0 818.§ 3353.¢ 1755.9
IAverage lapse time (year) 58.8 8.3 31.4 27.4
IAverage year of neighborhood developed 198( 1974 1973 1974
Sum of land developed (sqft) 12,524,661.818,723,365.1 13,448,152.8 44,696,179.7

331 neighborhoods developed between 1945 and 2006
Neighborhood-to-Neighborhood distance: the distdrara the closest existing neighborhood to new
neighborhood development

Neighborhood-to-Neighborhood lapse time: the ykanmtew neighborhood was developed minus the year th
closest existing neighborhood was developed



54

5.2.1 Leapfrog Development Trend

Table 6 reports the summary statistics of variafdeteapfrog neighborhoods.
During the 62 year study period, leapfrog developiweas developed for only 38 years.
The number of new neighborhoods developed perwaaaed. An average of 3.3
neighborhoods were developed among the 38 casgsepfesents the calendar year
when new neighborhoods were developed. The avegeaydeapfrog neighborhoods
were developed was 1972. Parcels developed in @apirbg neighborhood(s) varied
from 1 to 285. On average, 34.2 parcels were deeelat one time in one

neighborhood.

Table 6. Descriptive Statistics of Leapfrog Neigitimmd Developments

Variables Pattern N Minimum Maximum Average Std. Deviation
Dependent Neighborhood 38 1 8 3.23 2.3
\variable Leapfrog
Independent X, 38 1945 2006 1972.18 15.69
variable X, 38 1. 285.( 34.3 67.7

X3 38 7,405.[ 2,676,975.p 353,898.8 575,837.8
X4 38 1.4 62.0 34.9 15.71
Xs 38 1,806.4 12,402.9 3,621.2 1,808.3
X6 38 2.00 125.( 33.9 22.1
X7 38 0.00 2,937,544,942|0 1,889,374,620|2 728,933,289/6

X1: Year of new neighborhood(s) built

X, : The number of parcels developed in new neighhmi{g)

X;: Sum of land developed in new neighborhood(s)

X, : Average age of neighborhood(s)

Xs: Ln (average distance from the nearest existinghtb@rhoods to new neighborhood(s)) in year*
Xs: Ln (average lapse time from the nearest existgighborhoods to new neighborhood(s)) in year*
X;: Land availability (sgft) projected based on depeld neighborhoods area in 2006

*Descriptive statistics of original variable

The average age of the neighborhood(s) (X4) imtmeber of years after the

neighborhood was first developed. In Table 6, & thinimum age of neighborhood is 1,
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this means the neighborhood was developed in ZB&&use the study period ranges
from 1945 to 2006, a neighborhood developed in 1942 years old now and a
neighborhood developed in 2006 is 1 year old ndve dverage age of leapfrog
neighborhoods is 34.8. {(Xand (%) are the log transformed variables: spatial distan
from the closest existing neighborhood to new neaghood and temporal lapse time.
Before transformation, spatial distance was distatd from 1806.4 ft to 12,402.9
ft, and temporal lapse time was distributed frogedrs to 125 years. On averages)(X
was 3621.2 ft from the prior neighborhood which waise the distance from the
average of all neighborhood patterns. In term&wiporal distance, leapfrog
neighborhoods had an average 33.9 lapse time. &eathbility was calculated based
on the total land developed in 2006. On averag@89374,620.2 sqft were available in

the year when the new neighborhood was developed.

5.2.2 Contagion Development Trend

Table 7 reports the summary statistics of varialdlesontagion neighborhoods.
During the 62 year study period, leapfrog developinoecurred only during 49 years.
The number of new neighborhoods developed in ageabe varied; however, an
average of 2.8 neighborhoods were developed am@gges. Compared to the other
neighborhood patterns, contagion neighborhood deeel more often than other
neighborhood development patterns. The averagagiom neighborhood was

developed in 1976. The parcels developed in thegmuagion neighborhood(s) varied
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from 1 to 317. However, an average of 46.3 panvels developed at one time in one

neighborhood.

Table 7. Descriptive Statistics of Contagiondidiorhood Developments

Variables Pattern N Minimum Maximum Average Std. Deviation
Dependent Neighborhood 49 1 15 2.8 2.8
variable Contagion
Independent X, 49 1945 20064 1975.65 17.81
variable X, 49 1. 317.( 46.3 67.3

X3 49 7023.8 2226135.11 382109.5 481577.Y
X4 49 1.( 62.0 314 17.8
X5 49 41.2 1,603.6 821.3 372.§
X 49 1.0 24.8 10.d 6.7
Xg 48 0.( 8.0 2.34 2.5

X;: Year of new neighborhood(s) built
X, : The number of parcels developed in new neighbmd(s)
X3: Sum of land developed in new neighborhood(s)
X, : Average age of neighborhood(s)
Xs: Ln (average distance from the nearest existinght@rhoods to new neighborhood(s)) in year*

Xs: Ln (average lapse time from the nearest existgighborhoods to new neighborhood(s)) in year*
Xs: Number of leapfrog neighborhoods developed ore ggo (year -1)

*Descriptive statistics of original variable

(X4) means years in neighborhood after a neighborin@sideveloped. As

explained in the previous section, minimum ageedhborhood 1 means the new

neighborhood was developed in 2006. The averagefagmtagion neighborhoods is

31.35.

(Xs) and (%) are log transformed variables: spatial distamomfthe closest

existing neighborhood to new neighborhood and teaipapse time. Before

transformation, spatial distance was distributedif1.2 ft to 1603.6 ft, and temporal

lapse time was distributed from 1 year to 24 ye@rsaverage, (¥ were 821.3 ft from

the prior neighborhoods. An average distance qifteg neighborhoods at 3,600.0 ft
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has a four time greater average than contagiorhhertpoods at 821.3 ft. In addition, the
distance of contagion neighborhood was only hafaberage of all neighborhood
patterns (Table 5). In terms of temporal distatespfrog neighborhoods had an average
10.0 years time lapse. Contagion neighborhoods slacen a relatively shorter lapse

time than the other two patterns.

5.2.3 Infill Development Trend

Table 8 reports the summary statistics of variafdefill neighborhoods.
During the 62 year study period, leapfrog developinoecurred for only 36 years. The
number of new neighborhoods developed in year eayr Wowever, an average of 1.9

neighborhoods were developed among the 36 cases.

Table 8. Descriptive Statistics of Infill Neighbadd Developments

Variables Pattern N Minimum Maximum Average Std. Deviation
Dependent Neighborhood 36 1 6 1.9 1.3
\variable Infill
Independent
\variable X1 36 194% 2006 1979.3 17.1

X, 36 1.( 166.( 31.8 44.7
X3 36 6671.4 1,849,349.p 347,907.8 523,685.8
X4 36 1.( 62.( 27.8 17.1
X5 33 @ 1,603.4 708.9 428.7
Xs 36 3] 352 111.1 84.5
Xq 35 0.( 15. 2.6 2.9

X1: Year of new neighborhood(s) built

X, : The number of parcels developed in new neighbmd(s)

X53: Sum of land developed in new neighborhood(s)

X, : Average age of neighborhood(s)

Xs: Ln (average distance from the nearest existinght@rhoods to new neighborhood(s)) in year*
Xs: Ln (average lapse time from the nearest existgighborhoods to new neighborhood(s)) in year*
Xo: Number of contagion neighborhoods developedyaar ago (year -5)

*Descriptive statistics of original variable
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Compared to the other patterns of neighborhoodd,neighborhood usually did
not develop often. On average, infill neighborhowdthis study area were developed in
1979. Parcels developed in the new infill neighlbod(s) varied from 1 to 166.
However, an average of 31.2 parcels were develapede time in one neighborhood.

Similar to the previous section, {Xand (%) are log transformed variables:
spatial distance from the closest existing neighbod to new neighborhood and
temporal lapse time. Before transformation, spalistance was distributed from O ft to
1,603.4 ft, and temporal lapse time was distribditech 31 years to 206 years. On
average, (¥) was 708.9 ft from the prior neighborhood.

Compared to other patterns of neighborhood devetopnmfill neighborhoods
had only half the average distance of leapfroga@mdagion neighborhoods. In addition,
it was also approximately half the average distariadl the other neighborhood
patterns (Table 5). In terms of temporal distaidd| neighborhoods had an average
81. 3 time lapse. Since Harris County was foundetBi70, some neighborhoods were
developed before 1900. In this case, the tempional kag from the existing
neighborhoods has a very long lapse time. In T&p{Xo) represents the number of

contagion neighborhoods developed five-years agar(yb).

5.3 Neighborhood Development Processes
The empirical observations of spatial and temppadierns established the
foundation to explore the relative contributiongedidential development variables to

the variation in the dependent variable, new nexghdéiod development (i.e., the number
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of leapfrog neighborhoods, contagion neighborhaoukinfill neighborhoods in each
year). In this study, three multiple regression eisdvere developed to test the
hypothesis that spatial and temporal relationsfigna the closes existing neighborhood
to new neighborhood affects annual neighborhoo@ldgment.

Regression models on the neighborhood level incatpd seven variables
including year built, parcels developed, land depetl, average age of neighborhood,
average distance from the closes existing to neghberhood, average lapse time from
the closes existing to new neighborhood. To tesdethypotheses as introduced in
Chapter IllI, three unique variables for each paftlemd availability (leapfrog
neighborhood), Number of leapfrog neighborhoodsttged one year ago (year -1)
(contagion neighborhood), Number of contagion neigghoods developed five-years

ago (year -5) (infill neighborhood), were includadceach model.

5.3.1 Neighborhood Leapfrog Development

In Chapter lll, this study posited that leapfroggdorhood development
triggers land development and this pattern of neaghoods is associated with the
geometry of the neighborhood level. Table 9 prestre result of regression analysis;
however, the model was not significant in its&lfy( 0.274, R = 0.05, F = 1.329, P
<0.05). In other words, selected measurements in thystuch as distance in space
and time, years in neighborhood, land availabétty, fail to predict the leapfrog

neighborhood development by year. In addition,Rbebin-Watson statistic in the
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leapfrog neighborhood model is 1.554. A value clos2 indicates that there is no

autocorrelation (Huizingh, 2007).

Table 9. Neighborhood Leapfrog Model

Full Model

B Beta Sig.
(Constant) 6.269 0.517
X5 0.000 0.008 0.984
X3 0.000 0.443 0.474
X4 -0.440 -3.067 0.064
X5 -0.802 -0.133 0.497
X6 -0.208 -0.068 0.692
X7 0.000 3.237 0.056
N 37
R? 0.205
Adjusted R 0.051
F 1.329
Sig. 0.274
df = 6, 31
Durbin-Watson Stat. 1.554
p<.05
X:: Year of new neighborhood(s) built
X, : The number of parcels developed in new neighhmi{g)
X;: Sum of land developed in new neighborhood(s)
X, : Average age of neighborhood(s)
Xs: Ln (average distance from the nearest existinghtb@rhoods to new neighborhood(s)) in year
Xs: Ln (average lapse time from the nearest existgighborhoods to new neighborhood(s)) in
year
X;: Land availability (sgft) projected based on depeld neighborhoods area in 2006

Though this was not an expected result from tedtipgotheses 1, 2 and 3 in this

study, the results were interpretable in an urlmartext. New leapfrog neighborhood

leapfrog development may be a trigger, but theiptedfor the leapfrogging can be

non-spatial variables (Hypothesis 1) such as soomamnic conditions of the calendar

year or lagged year. The study area was seleabed #he US Highway 290 corridor
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based on a gravity approach. The trigger effectosaapplied to some locations outside
the study area (Hypothesis 2). Urban growth is tisexkplain an outward expansion but
the direction of the trigger remains unknown.

Variable (¢), annual land availability, was projected basedatal land
consumption in 2006 according to HCAD real estatd groperty records. As of today,
percentage of nonresidential land use can be eadxljlhowever, if residential parcels
have been transected from other type of land wserural, land availability cannot
capture the selected measuremen) (Xthis study (Hypothesis 2). The age effect on
residential developments for example Hypothesial@ be tested on the parcel level,

and will be explained later in Chapter VI.

5.3.2 Neighborhood Contagion Development

Two hypotheses were made for contagion neighborbodtie neighborhood
level. The first full model incorporated all ther\ables as introduced in the method
chapter (Table 10). It accounted for 60.5 percéth® variation in this variableRf =
0.60, F = 13.08, P < 0.05). The Durbin-Watson statistics in the contagioighleorhood
model is 2.266. In general, if the statistic apphws a value of 2, there may be no cause
for alarm. It means prior contagion neighborhooddscorrelated to future contagion
neighborhood development.

The spatial distance gXand temporal lapse time {}were expected predictors
of contagion neighborhood development, but theyewt significant (Hypothesis 5).

However, it can be interpreted that spatial distagwed temporal lapse time from
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existing neighborhood to new neighborhood is nanhgportant factor for contagion

neighborhood.

Table 10. Neighborhood Contagion Models

Full Model Reduced Model

B Beta Sig B Beta Sig
(Constant) 22.015 0.482 0.721 0.05(
X1 -0.012 -0.072 0.467
X, 0.009 0.227 0.355
X3 0.000 0.460 0.051 0.000 0.653 0.00(
X5 0.271 0.067 0.479
X6 -0.073 -0.022 0.822
Xg 0.250 0.227 0.04¢ 0.293 0.266 0.009
N 48 48
R? 0.656 0.640
Adjusted R 0.605 0.624
F 13.018 40.078
Sig. 0.000 0.000
df = 6, 41 2,45
Durbin Watson Stat. 2.266 2.189

p <0 .05

X:: Year of new neighborhood(s) built

X, : The number of parcels developed in new neightmd ()

X;: Sum of land developed in new neighborhood(s)

X, : Average age of neighborhood(s)

Xs: Ln (average distance from the nearest existinght@rhoods to new neighborhood(s)) in year
Xs: Ln (average lapse time from the nearest exisigighborhoods to new neighborhood(s)) in year
Xs: Number of leapfrog neighborhoods developed o sgo (year -1)

Among these variables, one variablg Xumber of leapfrog neighborhoods
developed one year ago (year -1), was significastlyelated with contagion
neighborhood development. This is an expectedtreduth supports Hypothesis 6 that
lagged year of leapfrog neighborhood is a prediotmontagion neighborhood. This
finding is highly relevant to urban planners antiggomakers who consider the

environmental and socioeconomic aspects of ramdily. When a new neighborhood is
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developed, social and public infrastructure needsetprovided to support the new
urban area. The effect of new neighborhood devetspmanconsciously leads to
neighborhood developments promoting consumptianarke natural and social
resources.

In order to identify a subset of independent vdeabhat are good predictors of
the dependent variable, a stepwise selection metlagdused in the multiple regression
analysis. This procedure has many iterations ofprdation before a set of independent
variables are entered into or removed from theagsion model. During this process,
multicollinearity issues are considered and minadiim the stepwise procedure.

In the reduced model, the sum of land developetim neighborhood(s) X
was entered first followed by 1 year time-laggedusal leapfrog neighborhood
development (¥). Together the two variables, the reduced modsbaated for 62
percent of the variance in this variabi®& € 0.62, F = 40.08, P < 0.05). The Durbin-
Watson statistics is 2.189 in the reduced contageghborhood model. In the reduced
model, prior contagion neighborhood is not coredab future contagion neighborhood
development.

This reduced model indicates that sum of land agezl and 1 year time lag are
significantly correlated with contagion neighbordatevelopment. In terms of land
development, contagion neighborhood was signiflganbre likely to consume more
land, which was an expected result (Hypothesisi#) avstrong significance at the .05
level. In other words, contagion neighborhood depelent occupied a huge amount of

land area, therefore, this result supports the thgsis that contagion neighborhood is
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the primary pattern of neighborhood developmerditeato land development.
Descriptive statistics in Table 5 also support Higesis 4. Among 331 neighborhoods,
42 % (139) were contagion neighborhood while 372&jere leapfrog and 21% of
neighborhoods (68) were infill neighborhoods.

This reduced model explains about 62 percent of#nation in the annual
contagion neighborhood development. It has ani& c4t40.08 with an observed
significance level of less than 0.00. Though twaeipendent variables were found to be
significant at less than the 0.000 level, the stitarmd developed (¥ has more
explanatory power with a beta weight of 0.653 whempared to 0.266 of number of

leapfrog neighborhoods developed one year ago ({¢ar

5.3.3 Neighborhood Infill Development

Two hypotheses were made for neighborhood infilherghborhood level. The
full model incorporated six variables (Table 11)adcounted 77.2 percent of the
variation in this variableRé = 0.77, F = 14.42, P < 0.05). The Durbin-Watson statistic
in the infill neighborhood model is 1.537. The vahf Durbin-Watson always lies
between 0 and 4. A Durbin-Watson statistic muchllemthan 2 indicates a positive
autocorrelation, however, since the value is grehen 1, this statistic can be used for
model specification (Huizingh, 2007).

Among the variables, average age of neighborho@¥(@)and Ln (average lapse
time from the nearest existing neighborhoods to neighborhood(s)) in year gXwere

significantly correlated with infill neighborhooddelopment.
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The age of the neighborhoodjXs positively related to the annual infill
neighborhood i development. In other words, whenntdighborhoods in the study area
age, the possibility for developing an infill nelirhood became higher. {fwvas more
powerful predictor of contagion neighborhood depetent based on standardized beta
value (0.946) than (J. This was an expected result which supports Hygms 9 that
the temporal lapse time from the closest existigigimborhood development is important

to new infill neighborhood development.

Table 11. Neighborhood Infill Models

Full Model Reduced Model
B Beta Sig. B Beta Sig.

(Constant) -8.850 0.00( 30.607 0.074
X1 -0.018 -0.222 0.03¢
X, -0.002 -0.063 0.64(

X3 0.000 0.060 0.688

X4 0.019 0.231 0.045

X® 0.315 0.139 0.17¢

X 1.796 0.946 0.00¢ 1.723 0.908 0.00¢
Xo 0.083 0.123 0.241

N 32 32

R? 0.776 0.732

Adjusted R 0.772 0.713

F 14.421 39.527

Sig. 0.000 0.000

df = 6, 25 2,29

Durbin-Watson Stat| 1.537 1.503

p<.05

X1: Year of new neighborhood(s) built

X, : The number of parcels developed in new neightmd ()

X;: Sum of land developed in new neighborhood(s)

X, : Average age of neighborhood(s)

Xs: Ln (average distance from the nearest existinghtb@rhoods to new neighborhood(s)) in year
Xs: Ln (average lapse time from the nearest exisigighborhoods to new neighborhood(s)) in year
Xo: Number of contagion neighborhoods developedyaar ago (year -5)
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To test the effect of the contagion neighborhoadtiepa on infill neighborhood
developments, number of contagion neighborhoodsldped five-years ago (year -5)
(Xg). However, (%) has no significant statistical bearing on theustmeighborhood
infill. This result contradicts Hypothesis 8 whiphedicted that infill neighborhood
development is followed by contagion neighborhodus result suggests that number of
contagion neighborhoods developed five year agar(® is not a predictor for new
infill neighborhood. However, considering an averaf 27.4 lapse time of total
neighborhood development during the study periabl@ 5 in page 53), the 5 year lapse
time is relatively short. This result suggests tbhdtetter understand the driving forces of
neighborhood infill, a more detailed examinatioed®to be conducted on the
neighborhood level.

The reduced model incorporated two variables- pedt of new
neighborhood(s) (¥ and Ln (average lapse time from the nearestiagist
neighborhoods to new neighborhood(s)) in yea).(!X accounted for 71.3 percent of the
variation in this variable (R2 6.71, F = 39.52, P < 0.05). The Durbin-Watson statistic
in the reduced infill neighborhood model is 1.508is can be a sign of positive
autocorrelation; however, this value still meets #issumption of independent residuals
in regression analysis.

The year built of new neighborhood was excludeg {Xthe full model,
however, it was found that year built of new neigtitood is a predictor of infill
neighborhood during the stepwise procedure ineédeced model. In terms of variable

(Xg), as expected in Hypothesis 8, the regressiontneported a positive association
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with the time dimension. However, {Xwas still insignificant and excluded from the

reduced model.

5.4 Conclusion

This chapter has presented the regression anabgsilis identifying the
variables and their impacts on the variance inhisaghood development based on the
study hypotheses. The regression coefficients t¢lieaxplanatory powers and
relationships in each pattern of neighborhood.

The leapfrog neighborhood model was statisticalggnificant. Though analysis
of the leapfrog model did not statistically suppbe hypotheses, the results can be
implemented in urban planning. For example, thesueaments for trigger effect of
leapfrog development can be socioeconomic instéagdatial variables. Contagion
neighborhood development was followed by leapfreigimborhood. The amount of land
developed was also significant only for neighboihoontagion developments. Infill
neighborhood development results showed that @tieqmm of neighborhood is only a
matter of time dimension. For example, the ageetgimborhoods and temporal lapse
time from the existing neighborhood were matteiy éor infill neighborhood
development. This affirms that spatial and temporehsurements can capture the
different aspects of neighborhood development patte

Multiple regression analysis further explored takative contribution of
variables in the neighborhood development patte&hkough only contagion

neighborhood and infill neighborhood regression ateavere statistically significant,
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60.5 percent and 71.3 percent of the variatioreighorhood development are
explained by the selected measurements charaatgneighborhood development
patterns.

Temporal autocorrelation was considered in neighdad development models.
One assumption in regression analysis is thatrfoe erms are independent. However,
when a social and demographic dataset is appliad@gression model, temporal
autocorrelation is a very common phenomenon. Tiahescorrelation between

successive residuals, the Durbin-Watson statisitwas used on neighborhood models.
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CHAPTER VI

RESIDENTIAL DEVELOPMENT

6.1 Introduction

This chapter presents the analyzed results desgribe characteristics of
residential development patterns within the exgstimighborhoods in northwest Harris
County along the U.S. Highway 290 transportatiomidor. In the previous chapter,
new neighborhood developments were examined andiagd in detail. This chapter
focuses on development trends only within existiagghborhoods. The spatial and
temporal patterns of residential parcel developnretite existing neighborhoods will
explain residential development trends and alsdigpireesidential growth within the
neighborhoods.

This chapter departs from descriptive statisticstdected variables introduced
in Chapter IV. The first section presents empirmaservations of residential
developments within the four types of existing idigrhoods: leapfrog, contagion, infill
and old neighborhood. This section describes sumstatistics of variables for
residential developments within each pattern ofmieorhood (i.e., the number of
parcels developed in each year, average size otlsatteveloped in each year etc.) as
well as their spatial and temporal patterns (distance to U.S. 290 transportation
corridor, spatial distance from the closest exgstsidential developments to new

development, temporal lapse time from the closestiag residential developments to
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new development). The second section presentptdufisation of multiple regression
models that identify the patterns and their immarcthe variance in residential

developments in each pattern of existing neighbmiho

6.2 General Residential Development

This study uses annual residential developmenddh @attern of neighborhood
developments by year as a measure of developmectgs on parcel level. The
dependent variable, the number of parcels developedch pattern of neighborhoods,
was aggregated based on the parcel year builteTaptesents descriptive statistics of
residential parcels developed across the pattermgraduced in the previous chapters.

While 4,689 parcels created 331 new neighborhoetsden 1945 and 2006,
156,210 parcels were developed in the existinghtidhoods. The LTDM model in this
study annually classified all parcels developedtam their neighborhood patterns
during this study period. In addition to the thpadterns of neighborhood development
described in Chapter 1V, 26,8p@rcels were developed in the old neighborhoodstwhi
were developed before this study period. In thiecéhose neighborhoods are indicated
as “old neighborhoods.”

Among 156,210 parcels, 129,350 parcels were degdlop331 neighborhoods
which were developed from 1945 to 2006 and 26f&60els were developed in the 77
old neighborhoods existing before this study perid,210 parcels developed in the

existing neighborhoods per year are illustrateBigure 8.
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Figure 8. Parcels Developed in the Existing Neighbods from 1945 to 2006

Table 12 presents new parcels developed in thérxiseighborhoods from
1945 to 2006. In terms of residential developméat08% of residential parcels
(70,925) were developed within leapfrog neighbodsy@8.00% of residential parcels
(45,047) were developed within contagion neighbodsp 11.23% of residential parcels
(18,067) were developed within infill neighborhood6.69% of residential parcels were
developed within old neighborhoods. While neighlomdh contagion (139, 41.99%) had
more neighborhoods developed than leapfrog neigiadoal (124, 37.46%), more parcels
were developed within leapfrog neighborhoods. dans that the development pressure

within leapfrog neighborhood is higher than otheighborhood patterns.
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Table 12. Descriptive Statistics for ResiderDalelopments

Measurements Infill Contagion Leapfrog Old Total
'The number of parcels developed 18,067 45,047 70,925 26,860 160,899
Sum of land developed (sgft) 475,107,480.8 @&B2933.6  810,669,190.8 1,776,047,136.B,604,492,741|7
lAverage year of parcels 1,989. 1,988. 1,989/9 1,976.5 1,987.1
developed
lAverage size of parcels 26,297/0 12,046. 11,430{0 66,122.4 22,402.
developed in each year (sqft)
lAverage distance from parcels 16,278{1 15,594.6 ,615.1 15,678.7 15,708.
developed to US 290 highway (ft)
IAverage distance from 303}4 280.19 372(4 309.9 328.5
the existing parcels developed
lto new development (ft)
lAverage of lapse time from 4.6 3.6 3|5 7.5 4
the existing parcels developed
to new development (year)

160,899 residential parcels developed between 48452006
Parcel-to-Parcel distance: the distance from tbsedit existing development to new development

Parcel-to-Parcel lapse time: the year the new devetnt was developed minus the year the closestirexi
development was developed

When the residential developments within each patiéneighborhood are
compared, residential development within leapfremhborhoods has an average spatial
distance of 372.4 feet from the existing neighborhto the new neighborhood while
280.7feet and 303.4 feet are evidenced by neiglolodrcontagion and infill.

In terms of lapse time, residential developmenhinineighborhood infill has an
average lapse time of 4.6 year from the existingeigpment to new development while
3.6 years and 3.47 years are evidenced within gmrtand leapfrog neighborhoods,
respectively. The average of the total parcels logeel during the study period was 4.3
years. On the neighborhood level, neighborhoodl imdis the greatest lapse time among
neighborhoods; similarly, the same temporal devalaqt trend was found on the parcel
level. This finding confirms that residential dem@ent within an infill neighborhood
has greater time lag. However, unlike the neighbodievel, the average lapse time

doesn’t show large differences among the threehheidiood patterns.
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Though this study investigates residential develepisiduring 1945 to 2006, the
average year built for the whole parcel was 19&rcéls developed in old

neighborhoods were relatively older than other mleaghoods.
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Figure 9. Age of Neighborhood and Cumulative RadidéDevelopments within Each
Neighborhood

Figure 9 illustrates residential development rateesponse to the age of
neighborhoods. The theory in this study posits &aah pattern of neighborhood has
discrete development processes. Residential danelopand development process are
related to neighborhood patterns. For example, v@@e% neighborhoods were
developed (projected based on 2006 developmemdkeats 8 years within infill
neighborhoods. However, the same percentage ofer@sal development takes 10 years

for contagion and 15 years for infill neighborhoods
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6.2.1 Residential Development Trend in Leapfrog Nghborhoods

Table 13 reports the summary statistics of varghe residential development
in leapfrog neighborhoods. An average of 1,114s@dential parcels were developed
during the 62 year study period. At least one dawves developed in a leapfrog
neighborhood each year with a maximum number d4garcels developed in a year.
In leapfrog neighborhood, ¢ was number of neighborhoods developed in year.
During the 62 years study period, 124 leapfrog mesghoods were developed for 38
years. Among the 38 years, an average 2 neighbdsh@ere developed each year; X
was an average age of neighborhood in year. Thageeage of neighborhood in year
varied from 1 to 31. In leapfrog neighborhoodsidestial parcels were developed when
the age of neighborhood was an average 10.6 ydavgever, transformed variable

(X120) was applied in the regression model.

Table 13. Descriptive Statistics of Residential Blepment in Leapfrog Neighborhood

Variables Pattern N Minimum Maximum Average Std. Deviation
Dependent Parcels developed |n 62 1 4224 1114. 1,176(6
\Variable Leapfrog
Independent  [Xy; 62 @ 8.0 2.0 2(4
Variables 62 1 31 10.6 6.5

X131 62 7,316.1 116,651,742)2 7,649,745.3 17,590,560.
X 14 62 7,880.p 739,347.5 50,579.8 138,639(7
X 15 62 3,750. 40,044.1 13,631.1 5,905|0
X16 62 164.6 12,402.9 1,179.38 2,787.1
X17 62 1.2 17.5 4.4 3.8

X1 : Number of leapfrog neighborhoods developed i yea

X1 : Exp(Average age of leapfrog neighborhood) in year

X1a : Land developed within infill neighborhood in yea

X14 : Average size of parcels developed in year

X1e 1 Average distance from parcels developed to nraimsportation corridor in year

Xqe : Ln(average distance from the nearest existingld@wment to new development) in year*
X17 1 Ln(average of lapse time from the existing depgaient to new development ) in year*
*Descriptive statistics of original variables
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(X131) was land developed in infill neighborhoods ineary An average of
7,649,745.3 sqft of land was developed during thgegars. However, the minimum
average size of parcels developed in a year w&@0.0&qft and the maximum average
size of parcels developed in a year was 739,34jftSHowever, the average size of
parcels developed in a year was 50,579.3 sqfts)(X

(X15) was the average distance from parcels develapteetmain transportation
corridor in year. The minimum average distance fparcels developed to main
transportation was 3,750.7 ft and the maximum ayesthstance from parcels developed
to main transportation was 40,044.0 ft. On averag®, residential parcels were
developed 13,631.1 ft away from the U.S. Highwa g@nsportation corridor.

(X16) and (X%7) are the log transformed variables: spatial distaand temporal
lapse time from the closest existing developmemiete development. Before
transformation, spatial distance was distributedif164.6 ft to 12402.9 ft, and temporal
lapse time was distributed from 1.2 years to 1é&y. On average, new residential
development in leapfrog neighborhoods was 1,191 the prior neighborhood. In
terms of temporal distance, residential developnrelgapfrog neighborhoods had an

average 4.4 time lapse {7

6.2.2 Residential Development Trend in Contagion Nghborhoods
Table 14 reports the summary statistics of varmhe residential development

in contagion neighborhoods. An average of 75&s@dential parcels were developed
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during the 62 year study period. 2,711 was the mar number of parcels developed

in a year.

Table 14. Descriptive Statistics of Residential Blepment in Contagion Neighborhood

Variables Pattern N Minimum Maximum Average Std. Deviation
Dependent Parcels developed 62 a 2711 757.9 729.4
\Variable in Contagion
Independent  |Xy; 62 @ 15.0 2.2 2.7
variables 62 ] 23 9.3 5.1

X 13¢ 62 57,313/ 72,865,187.9 12,871,099|2 15,321,816{3
X 14 62 6,478.[ 77,543.1 14,633|7 11,392.
X 15 62 768.1 19,712.y 11,716. 5,619.4
X 16 62 4.9 7.2 5.7 0i5
X17 62 136.3 1308.8 342.51 223.2
X 18 62 1.6 10.0 3.7 1.7

X11 : Number of contagion neighborhoods developed ar ye

X4 : Age of contagion neighborhood

X1ac: Land developed within leapfrog neighborhood ey

X4 : Average size of parcels developed in year

X4 : Average distance from parcels developed to rraimsportation corridor in year

X4 : Ln(average distance from the nearest existinvgldpment to new development) in year*
X417 : Ln(average of lapse time from the existing depeient to new development ) in year*
*Descriptive statistics of original variables

In contagion neighborhood, (¥ was number of neighborhoods developed in
year. During the 62 years study period, 139 leapfreighborhoods were developed for
49 years. Among the 49 years, an average 2.2 naigbbds were developed each year.
On average, 2.2 neighborhoods were developed esh (y¢2) was an average age of
neighborhood in year. The average age of neighloarihoyear varied from 1 to 23. In
contagion neighborhoods, residential parcels weweldped when the age of

neighborhood was an average 9.23 years.



77

Land developed in leapfrog neighborhoods (X13cyayed 12,871,099
(Rounded to the nearest sq ft)1§ represents how much land was developed in infill
neighborhoods. An average of 12,871,099.2 sqfad was developed in infill
neighborhoods during the 62 years. The minimumamyeesize of parcels developed per
year was 6,478.7 sgft and the maximum averageo$igarcels developed per year was
77,543.1 sqgft. However, the average size of pa®leloped during the 62 years was
14,633.7 sqft (X). This average value was approximately 1/3 theamgeesize of
parcels developed in leapfrog neighborhoods.

Like above paragraph, (¥ was average distance from parcels developeceto th
main transportation corridor each year. The mininayarage distance from parcels
developed to main transportation was 768.1 ft Aedraximum average distance from
parcels developed to main transportation was 197/120n average, new residential
parcels were developed 11,716.6 ft away from ti& Highway 290 transportation
corridor.

Spatial and temporal distances were log transforfd@@ and X17) to account
for spatial distance and temporal lapse time froendlosest existing development to
new development. Before transformation, spatigbdise was distributed from 136.3 ft
to 1,308.8 ft, and temporal lapse time was disteddrom 1.6 years to 10.0 years. On
average, new residential development in contageghtorhoods was 342.5 ft away
from the prior neighborhood. In terms of temporatahce, residential development in

contagion neighborhoods had an average 3.7 tinse I@f-).
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6.2.3 Residential Development Trend in Infill Neighorhoods

Table 15 reports the summary statistics of varmhe residential development
in infill neighborhoods. An average of 290.2 resitii parcels were developed during
the 62 year study period. 1,074 was the maximumbauraf parcels developed each

year.

Table 15. Descriptive Statistics of Residential Blepment in Infill Neighborhood

Variables Pattern N Minimum Maximum Average Std. Deviation

Dependent |Parcels developg 62 1 1074 290.7 285.6

\Variable in Infill

Independent |X1; 62 @ 6.0 1.1 1.4

Variables 1y 62 1 2q 8.6 5.0
X 13 62 15,477f 57,614,553.8 9,003,579.p 10,199,983.8
X 14 62 6,398.p 195,396.6 21,494.4 30,231.7
X 15 62 3,761.8 38,874.2 14,894.0 7,612.4
X 16 62 60.2 1,096.4 340.6 197.6
X 17 62 1.(|) 20.0 4.4 4.1

X141 : Number ofinfill neighborhoos developed in ye:

X5 :Ln(average age of infill neighborhood) in year*

X1z : Land developed within contagion neighborhoodgear

X4 :Average size of parcels developed in year

X1s : Average distance from parcels developed to riraimsportation corridor in year

X1¢ :Ln(average distance from the nearest existingldpment to new development) in year*
X17 :Ln(average of lapse time from the existing depeient to new development ) in year*
*Descriptive statistics of original variables:

Like the above paragraphs,gXwas number of neighborhoods developed in
year. In infill neighborhoods, 68 infill neighborbds were developed for 36 years
during the 62 years study period. Among the 36g/ear average 1.1 neighborhoods
were developed each year.,¢Xwas an average age of neighborhood in year. The

average age of neighborhood in year varied from 20t In infill neighborhoods,
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residential parcels were developed when the ageighborhood was an average 8.6
years. For the infill regression analysis;{Xwas transformed by taking logs.

(X13)) represents how much land was developed in camagighborhoods. An
average of 9,003,579.5 sqgft of land was developexfill neighborhoods during the 62
years. The minimum average size of parcels devdlppe year was 6,398.5 sqft and the
maximum average size of parcels developed perwasarl95,396. 6 sqft. However, the
average size of all parcels developed during thgeé? study period was 21,494.4 sqft
(X14). This average value was approximately 1/3 theameesize of parcels developed in
leapfrog neighborhoods.

(X15) was the average distance of developed parcéitetmain transportation
corridor each year. The minimum average distanaewéloped parcels to the main
transportation corridor was 3,761.8 ft and the mmaxn average distance was 38,874.2
ft. On average, new residential parcels were deesld 4,894.0 ft away from the U.S.
Highway 290 transportation corridor.

(X16) and (X%7) are the log transformed variables: spatial distaand temporal
lapse time from the closest existing developmemietw development. Before
transformation, spatial distance was distributedifi60.2 ft to 1096.4 ft, and temporal
lapse time was distributed from 1 year to 20.0 ye@n average, new residential
development in infill neighborhoods was 340.6 fagvirom the prior neighborhood. In
terms of temporal distance, residential developnreimtfill neighborhoods had an

average 4.4 lapse time {7
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6.3 Residential Development Processes

Empirical observations of spatial and temporalgratt established the
foundation to explore the contributions of resid@rdevelopment variables relative to
the variation in the dependent variable, residepascel development (i.e., the number
of parcels developed within leapfrog, contagion enfidl neighborhoods each year). In
this study, three multiple regression models weneetbped to examine spatial and
temporal relationships between existing developraadtnew development within each
pattern of neighborhood. Three multiple regressmmaels for each pattern of
neighborhood will show significant factors for nessidential parcel developments
within the neighborhood. In addition, this studysjped that the average age of the
neighborhoods ((3¢1), (X120), and (>¢2)) in Table 4) would be related to residential
development within each pattern of neighborhoodgithesis 3, 7 and 10). Because
age of neighborhood can be a meaningful predidttaa development process, simple
regression analysis using average age of neighbdras the independent variable was
followed in the next section of this chapter. Imliéidn, Figure 13 shows a discrete
development process, i.e., rapid or slow developnemesponse to the age of
neighborhood. Since this study involve time relatath, the Dubin-Watson test for

temporal autocorrelation will be applied on pategkl as well.

6.3.1 Residential Development within Leapfrog Neigtorhoods
The first full model incorporating all the variables introduced in the method

chapter (Table 16). This accounted for 47.4 peroétite variation in this variable {R:
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0.47, F = 8.85P < 0.05). Small values of the Durbin-Watson statisticdaate the

presence of autocorrelation. In this model, theldihikVatson statistics is 0.636. Since

this value is less than 1, this model shows pasgitocorrelation (Table 16). In this

case, one of assumption in a regression modethibadrror deviations are uncorrelated

is not meet. It will be discussed in the concludeer.

Table 16. Regression Model of Residential Develapsen Leapfrog Neighborhood

Full Model Reduced Model

B Beta Sig. B Beta Sig.
(Constant) -2097.851 0.127 -622.274 0.044
X11 -36.643 -0.074 0.47¢4
X121 0.000 0.213 0.03( 0.000 0.238 0.013
X131 0.000 0.080 0.438
X14 -0.008 -0.925 0.00( -0.006 -0.704 0.00(
X1s5 0.162 0.811 0.00( 0.146 0.734 0.00(
X16 190.815 0.163 0.43(
X 17 178.471 0.091 0.574
N 62 65.000
R? 0.535 0.504
Adjusted R 0.474 0.478
F 8.859 19.616
Sig. 0.000 0.000
df = 7,54 3,58
Durbin-Watson Stat 0.636 0.586
P< 0.05
X1 : Number of leapfrog neighborhoods developed &rye
X1 : Exp(Average age of leapfrog neighborhood) irryea
XiaL : Land developed within infill neighborhood inaye
X4 : Average size of parcels developed in year
X1g : Average distance from parcels developed to riraimsportation corridor in year
X1g : Ln(average distance from the nearest existingld@ment to new development) in year
X7 : Ln(average of lapse time from the existing depeient to new development ) in year

Among variables, transformed average age of nerjidoal, exp (average age of

neighborhood in year) (%) and average size of parcels developed in yea),(®nd



82

average distance from parcels developed to the tremsportation corridor in year
(X15), were significantly correlated with annual resitial parcel development in
leapfrog neighborhoods.

There is arf ratio of 8.85 with an observed significance levidless than 0.00.
Though three independent variables are found wdyeficant at less than the 0.000
level, average size of parcels developed in yea)) ¥as the most explanatory power
with the standardarized coefficients Bata -0.92®8mvbompared to 0.81 of distance to
the main transportation corridor {f and 0.21 of average age of neighborhood in year
(X12).

The regression analysis suggested that averagef agegghborhood also made a
unique contribution to explain residential devel@mtnin leapfrog neighborhoods
(Hypothesis 3). The analysis determined that ageemfhborhood affected annual
number of residential developments as posited ipdthesis 3. Considering the spatial
distance variable (2§), the regression analysis suggested that spasiainde from
existing developments to new neighborhoods is sbatstically significant predictor at
the parcel level. The classification theory in thligdy stated that a leapfrog pattern can
be defined based only on the distance from the pegelopments to new development
on the neighborhood level. This result supportdyothesis that spatial distance
between prior development and new developmensigraficant predictor for only
neighborhood development. However, descriptivassted in the previous section
indicated that residential development patterrisapfrog neighborhoods show a large

spatial distance within leapfrog neighborhoods carag to other patterns. Residential
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development was approximately a 0.7 mile averagiauce (1,179.2 ft) from the closest
existing development in leapfrog neighborhoods.

The reduced model incorporated three variables #wei full model. In this
reduced model, transformed average age of neighbdrlexp (average age of
neighborhood in year) (%) and average size of parcels developed in yeaj,(&nd
average distance from parcels developed to the tremsportation corridor in year (3§
were significantly correlated with annual residahgiarcel development in leapfrog
neighborhoods. Together the three variables reaalfed? R as witnessed in the
previous regression model with all seven variablég second model accounted fBf (
=0.47,F =19.616P < 0.05). Same as shown in the full model, average sizaafels
developed in year was negatively related to theleesial development in leapfrog

neighborhoods.

6.3.2 Residential Development within Contagion Neldorhoods

Table 17 presents the results of parcel developmiighin contagion
neighborhoods. The full model incorporated severabtes as introduced in the method
chapter. It accounted for 86.6 percent of the viarian this variable R = 0.86,F =
57.298,P < 0.05). The Durbin-Watson value is 1.658 (Tahig In contagion full
model, there is no significant sign of alarm. Irstbontagion model, average age of
neighborhood (%), land developed within leapfrog neighborhood éary(X3c),
average distance to the main transportation car(g), Ln(average distance from the

nearest existing development to new development@an (X¢), and Ln(average of
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the existing development to newettgsment ) in year (%) were

significantly correlated with annual number of ges developed within contagion

neighborhoods.

Table 17. Regression Model of Residential Develapsieén Contagion Neighborhood

Full Model Reduced Model

B Beta Sig. B Beta Sig.
(Constant) -1840.073 0.003 -54.752 0.444
X11 11.514 0.043 0.481
X 1o¢ 43.381 0.338 0.00( 35.807 0.279 0.00(
X 13c 0.000 0.598 0.00( 0.000 0.783 0.00(
X14 -0.001 -0.019 0.701
X15 0.028 0.219 0.01¢
X 16 314.337 0.197 0.003
X 17 -252.098 -0.144 0.024
N 62 62
R? 0.881 0.847
Adjusted R 0.866 0.842
F 57.298 163.228
Sig. 0.000 0.000
df = 7,54 2,59
Durbin-Watson Stat. 1.658 1.826
P< 0.05
X1 : Number of contagion neighborhoods developeceary
Xisc : Average age of contagion neighborhood in year
Xiac : Land developed within leapfrog neighborhoodyear
X4 : Average size of parcels developed in year
X1g : Average distance from parcels developed to riraimsportation corridor in year
X1g : Ln(average distance from the nearest existingldpment to new development) in year
X7 : Ln(average of lapse time from the existing depeient to new development ) in year

Among significant variables, temporal lapse timg{Xvas negatively correlated

to residential parcel development in contagion mleigghoods. The theory in this study

posits that average age of neighborhood has aamtreffect on residential development
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in contagion neighborhoods. The regression anasygported Hypothesis 7 that
development pressure in contagion neighborhoodsrstant.

On the neighborhood level, this study expecteddhaintagion neighborhood
would follow after leapfrog development. Therefasa,the parcel level, the amount of
land developed in leapfrog neighborhoods was useddependent variables for
residential development in contagion neighborhodte. analysis found that the land
developed in leapfrog neighborhoods 4 remains a powerful predictor; Standardized
coefficient Beta (0.598) supportsi@€) with more explanatory power when compared to
other variables.

Spatial distance () was positively correlated to annual residentalelopment
but temporal lapse time ¢ was negatively correlated to annual residential
development. Since these variables had a lineardlagionship with the dependent
variable, the shorter the spatial distance, theemesidential development occurred.

In Table 17, the reduced model incorporated twaabégs. The second model
accounted for 84.2 percent of the variation inwaeable & = 0.84,F = 163.228P <
0.05). The Durbin-Watson statistics is 1.829 (Table B/yalue close to 2 indicates that
there is no autocorrelation. In the reduced mddal,variables, average age of
neighborhood (%) and sum of land developed in leapfrog neighbodsaeach year
(X130) were significantly correlated with the annualqes developed within contagion
neighborhoods. Land developed in leapfrog neightimalb (X 3c) was also a predictor
of residential development in contagion neighbodsod@ased on the standardized

coefficients Beta (0.783), land developed in leagineighborhoods is the most
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powerful predictor and also supports Hypothesisat kand developed in trigger
neighborhoods is related to residential developrmefadllowing neighborhoods.

In the reduced model, the results showed averagefageighborhood (2%¢) is a
significant factor, however, spatial distancedp@nd temporal lapse time {X are not

predictors for residential development in contagieighborhoods.

6.3.3 Residential Development within Infill Neighbohoods

Table 18 presents the results of residential pateetlopment within infill
neighborhoods.

The full model incorporated three variables whichaunted for 38.1 percent of
the variation in this variabléxf = 0.38,F = 6.36,P < 0.05). The Durbin-Watson value is
0.931 (Table 18). As explained earlier, small valakthe Durbin-Watson statistic
indicate the presence of autocorrelation. Accordangim et al, (2006), a value less
than 0.80 indicates temporal autocorrelation. Tioeeg in this model, the Durbin-
Watson test shows no sign of alarm. Number oflinBighborhoods developed in year
(X11), Log transformed average age of neighborhoad)>and sum of land developed
in contagion neighborhoods in each yeays(MXvere significantly correlated with annual
number of parcels developed within contagion neighbods.

The reduced model also incorporated three variases the full model. The
second model accounted for 39.6 percent of thetiani in the variableRf = 0.39,F =
19.760,P < 0.05). As in the full model, number of infill neighbarbds developed in

year (X1), log transformed average age of neighborhoad)>and sum of land
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developed in contagion neighborhoods in each yéas) (were significantly correlated

with annual number of parcels developed withinllimiighborhoods. This specified

model decreased the standardized beta coefficigheilog transformed average age of

neighborhood variable from 0.431 to 0.351.

Table 18. Regression Model of Residential Develapsa Infill Neighborhood

Full Model Reduced Model

B Beta Sig. B Beta Sig.
(Constant) -524.605 0.171 -90.581 0.221
X11 53.214 0.256 0.047 52.004 0.250 0.015
X 12 149.688 0.431 0.007 121.725 0.351 0.001
X 13 0.000 0.404 0.003 0.000 0.367 0.001
X14 -0.001 -0.055 0.654
X15 0.002 0.048 0.664
X 16 71.109 0.144 0.276
X 17 -40.979 -0.104 0.468
N 62 62
R? 0.452 0.426
Adjusted R 0.381 0.396
F 6.363 19.760
Sig. 0.000 0.000
df = 7,54 3,58
Durbin-Watson Stat} 0.935 0.874
P< 0.05
X1 : Number of infill neighborhoods developed in year
Xya : Ln(Average age of infill neighborhood in year)
Xz : Land developed within contagion neighborhoodsysear
X4 : Average size of parcels developed in year
X1g : Average distance from parcels developed to riraimsportation corridor in year
X1g : Ln(average distance from the nearest existingld@ment to new development) in year
X7 : Ln(average of lapse time from the existing depeient to new development ) in year

In the reduced model, land developed in the coatageighborhoods (%) was

the most powerful predictor of annual resident@lelopment in infill neighborhoods.

As explained in the previous section, the more denklopment in contagion
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neighborhoods, the more residential developmemtfithneighborhoods. In both

models, residential development within infill neligithoods revealed that there was no
relationship between spatial distance and tempapak time from existing development
to new development. It means within a neighborhoesy development does not affect

either spatial distance or temporal lapse time.

6.4 Residential Development Process and Age of Nieprhood

In the previous section, the relationships betwaamual residential development
and spatial and temporal variables were examinédmultiple regression analysis. The
analysis found some factors affected annual resalatevelopment in each pattern of
neighborhood. Three residential development magtalsstically supported that average
age of neighborhood was significantly correlatedeadential development. However,
the multiple models showed only whether the aveeggeof neighborhood was
significant or not. It does not suggest how effettaverage age of neighborhood are
different in each neighborhood. In this regardnapge regression model using average
age of neighborhood as an independent variableuged to investigate the discrete land
development processes among the three neighbodex@liopments. In Chapter lil,
Hypotheses 4 and 10 posited that effects of aveaggef neighborhood could vary
from the early stage to late stage in leapfrogiafili neighborhoods. To test the
nonlinear function of age effect, the original arahsformed variables @4 and X))
were used as an independent variable and comgagediginal variables with the

coefficient terms.
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The cumulative percentage of residential developgnmeleapfrog neighborhoods
was expected as a curve that is concave upwargsré9 in page 73). The first
regression analysis for leapfrog neighborhoods @atteal for 0.08 percent of the
variation in this variableR? = 0.08,F = 6.680,P < 0.05). However, regression analysis
using the original variable, average age of neighbdod (X,) accounted for 32.5
percent of the variation in this variabR?(= 0.327,F = 30.630, P < 0.05). In the second
leapfrog models, average age of neighborhood i mignificantly correlated with the
annual parcels developed within leapfrog neighbodso

In contagion neighborhoods, the effects of ageetghmorhood were expected as
linear function. Regression analysis for contagierghborhoods accounted for 29.9

percent of the variation in this variab®E 0.29,F = 27.066P < 0.05).

Table 19. Test Statistics for Age Effects Compaewng Neighborhood Patterns

Dependent variable Independent B Beta Sig. F R
variable
Annual Leapfrog X 120 8.685E-11 0.317 0.012 6.680 0.085
number of  [Neighborhood |x . 105.992 | 0.581 0.000 30.63( 0.327
residential (No transformation)
Developmenti gion KXo 71621 | 0558 | 0000 27.066  0.299
Neighborhood
Infill X 121 166.432 | 0.480 0.000 17.926 0.217
Neighborhood |~ 25743 | 0.450 0.000| 15.270 0.19(

(No transformation)

Independent variable ¢X is average age of neighborhood each neighborhood.
N= 62, P<0.05

In infill neighborhoods, regression analysis udimg exponent transformation
(X12), infill neighborhoods accounted for 21.7 peraainthe variation in this variable

(RF=0.21,F = 17.926 P < 0.05). Regression analysis using the originaibde,
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average age of neighborhoods, infill neighborhaaatunted for 19.0 percent of the
variation in this variableRf = 0.19,F = 15.270P < 0.05). In addition, to capture the
actual age effects, the correlation between yedage effects was analyzed based on
residuals (Appendix H).

Based on the coefficients’ terms in Table 19, agerage of neighborhood in
each pattern of neighborhood revealed discreteesléqr each analysis. Analysis results
and Figure 13 explain the expected relationshipl amnual residential development.

For example, Figure 13 supports the hypothesisrédsadential development in
contagion neighborhoods would remain constantifercomplete range of age of
neighborhood (Hypothesis 7). Hypothesis 3 and l1i@@hvbhowed that age of
neighborhoods is related to residential developmetthin leapfrog neighborhoods
were statistically explained in the previous chapte

Table 19 reports the residential development ipfleg and infill neighborhoods
are associated with percentage changes in avegagef aeighborhood rather than
absolute changes (linear). In leapfrog neighborkptitk relationship between average
age of neighborhood and residential developmentexpected as exponent function.
However, the exponential transformation variableg(Xexplained only 8 percent of the
variance. In case of infill neighborhoods, log sfaimmed average age of neighborhood
variable explained slightly more than the originatiable. It means the log
transformation fit well and simple regression ifilimeighborhood is log-linear

relationship.



Table 20. Neighborhood Patterns and Developmetd3ses

Residential Land Development Processes
Early Middle Late
in study period in study period in study period
Neighborhood Leapfrog Slow Fast Slow
Development i
Patterns Contagion Constant Constant Constant
Infill Fast Moderate Slow/ zero

Table 20 reports land development processes inattérn of neighbood. In
terms of age of neighborhood, each neigbhorhoodihiggie land development process
within the neighborhoods. In Figure 9 in page #tagion development shows
relatively constant slope during the whole develeptiyear. Proximity to existing
neighborhoods also means proximity to the existifigistructure, therefore,
development presures within this pattern of neighbod remains constant. However,

infill neighborhood has relatively rapid growthtime early stage (Figure 9 in page 73).

6.5 Conclusion

This chapter has presented regression analysiksédentifying the variables
and their impacts on the variance in residentigbtijopment based on the theory and
hypotheses developed in this study.

Multiple regression analysis further explored tlkative contribution of the
selected spatial and temporal residential developmattern variables to explain the
variation in annual parcel development in eachgpatdf neighborhood. For example,
more than 47.4 percent of variation in residerd&telopments within leapfrog

neighborhood (38.1 % for infill, 84.7 % for contagineighborhood, respectively) is
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explained by spatial and temporal variables charethg residential development
patterns.

According to regression analysis, average ageighberhood was a significant
predictor for all patterns of neighborhoods. Inpieag neighborhoods, average size of
parcels (X4) was negatively related to annual number of regidedevelopment.
Distance to the main transportation corridoggpXvas significant factor. () was
significant in leapfrog and contagion neighborhoddss finding supports that infill
neighborhood development does not related to taategpn system. In infill
neighborhoods, number of new infill neighborhood¥),) and land developed in
contagion neighborhoods (3) were significant factors. Spatial distance fraxseng
development to new development and temporal lapsewere a predictor of annual
number of residential development in contagion imeoghoods.

Besides, the significance of the differences irap@aters would indicate whether
neighborhood development patterns changed by tgeselacted spatial and temporal
pattern variables affected residential developmBmerefore, the difference in
parameters as explained in this chapter indicdtatthese spatial and temporal patterns
affected the number of parcels developed in eattkrpaof neighborhood. In other
words, neighborhood pattern seems to change therpat residential development
within existing neighborhoods.

In addition, the Durbin-Watson statistics was usetést correlation between
successive residuals. Roughly speaking, if theeveclose to 2, there is no

autocorrelation. Kim et al, (2006) suggested therderms are highly positively
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correlated if th the a value less than 0.8. Theegfamong three neighborhoods, only
residential parcel development within leapfrog héigrhoods shows serial
autocorrelation. However, residential parcel depelent within contagion and infill

development didn’t show alarm.
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CHAPTER VII

CONCLUSION AND DISCUSSION

This chapter presents a summary of the major fogslof this study followed by
a discussion of their planning implications. Lintibas in this study and

recommendations for future research are also presérere.

7.1. Summaries

The LTDM model was introduced for classifying ndaghhood and residential
development patterns. This study developed a urstassification theory and model
and also demonstrates the use of analytical statist regression analysis to examine
neighborhood and residential development pattandstzeir relationship to development
processes. Neighborhoods and residential developmaps generated by the
geographic information system proved to be veryulder visual inspections and
displaying changes in the patterns over time. HGA# estate and property records can
be manipulated to create spatial datasets whiolwaksearchers to generate historical
spatial datasets.

The patterns of neighborhood development were défbased on distances in
space and time. In terms of spatial distance amgdoeal lapse time from the existing

neighborhood to new neighborhood, this study qtetntely defines the patterns of
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neighborhood development and measured residetv@labment patterns within the
neighborhoods based on the LTDM model developdhdisnstudy.

In the LTDM model, the average spatial distance<d., 758 ft) and the average
temporal lapse timeNt 27.38 yr) were applied to classify neighborhoegtealopment
patterns. Based on the classification model d@eslon this study, 331 new
neighborhoods were classified either as leapfrogtagion or infill neighborhoods. The
analysis found that 124 leapfrog (34.46%), 68 li{#0.54%) and 139 contagion
neighborhoods (41.99%) were developed from 194906.

Research hypotheses for each pattern of neighbdnvece made and tested with
spatial and temporal measurements at both the Io@igbod and parcel levels. Based on
the LTDM model, this study analyzed spatial andderal patterns with disaggregated
parcel data, and then aggregated them in a temp@aaher. Two measurements,
neighborhood and parcel, were applied to test yipetheses. In methodological
concerns, HCAD records and the LTDM model are werngue approaches to create
spatial datasets and analyze spatial information.

One of the major findings is the significance oigdorhood as a spatial unit of
analysis. Neighborhood is a socially defined boupdaplanning practice. But existing
studies in spatial and temporal patterns of urbbawth and development have not
adopted neighborhood concept and geographic boyiagaa unit of analysis. Since
developing new homes and neighborhoods is a samo@aic activity, this study found

that neighborhood can be a good measurement unitlban growth studies.
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On the neighborhood level, the neighborhood leapfnedel didn’t explain the
relationship between neighborhood developmentsspatal and temporal variables.
Leapfrog neighborhood was expected to be a triggaxever, the selected spatial and
temporal variables didn’t predict it because thiglg did not adopt socioeconomic
variables such as population rate or property wtaeonnect development and
economic conditions. This study posited that neaghbod contagion development
followed after neighborhood leapfrog developmerawedver, neighborhood infill
development did not have any relationship with &ryagged neighborhood contagion
development. Neighborhood infill development showeeélationship with temporal
patterns such as age of neighborhoods and tenmppsa time from the existing
neighborhood.

On the parcel level, this study found that neighlbod patterns affected the
residential development process. For example,deeofineighborhood is not important
for residential developments within contagion néigithoods because the growth
process within contagion neighborhoods is consistem the early to the late stage.
This was expected in the theory because proximigxisting neighborhood means close
supporting infrastructure near contagion neighbodso

In the case of leapfrog and infill neighborhoodse af neighborhood is a
predictor for residential developments within ihfieighborhoods. In the case of the
leapfrog neighborhoods, it showed an exponentialecun other words, very slow
development in the early stage, moderate developcwemg the middle stage, and

finally, rapid growth in the late stage. Howevaerfjli neighborhood showed an inverse
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trend of leapfrog development- rapid developmenheearly stage, moderate
development during the middle, but very slow depalent or no new development in
the late stage. As expected in this study, inale $tage, the developers or homebuyers
who prefer to be close to the existing neighbortsomduld find available vacant land

within the urban area.

7.2. Discussions and Implications

Urban sprawl has characterized land developmentxey years. Today, one of
the most challenging problems in dealing with lalestelopment is how to examine the
process of land development. Or, how we can appigly policy instruments to alter
the patterns of development and mitigate its impBatanswer these questions, this
study has provided several policy implicationsnipiove land development decision-
making.

First, urban growth and development needs to benstmbd as a process that
occurs in the context of urban growth dynamicsostudies have commonly engaged
in static snapshots of development patterns witglsidata or a few datasets to assess
changes. In this study, an advanced treatmentedktiporal scale was implemented by
using long term historical development on a caleydar basis. The value of this
temporal approach supports the fact that land deweént is a dynamic process. This
study helps to quantitatively define and measuxeld@ment patterns. These spatial and
temporal patterns of neighborhood and residengaélbpment can be linked to

development processes (Bengston et al, 2004; Qadisad 2004).
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Second, existing neighborhoods should be evaldzedd on patterns for future
development. It has shown that this approach caappked to quantitatively measure
leapfrog, contagion and infill development pattesssvell as evaluate their effects on
development patterns and processes. Each neighdzbgattern reveals a different story
within each pattern of neighborhood. However, stigly’s findings suggest that the
impact of leapfrog development remains consistélmé, 2000). In addition, it affects
the neighborhoods that follow and future developmethin leapfrog neighborhoods.
Therefore, neighborhood level planning and politied incorporate urban growth and
land development better project the eventual pategsulting from the current process.

Third, consequences of leapfrog development shioelldddressed based on
infrastructure. Leapfrog development is known as ofithe causal factors for urban
sprawl and is addressed as a temporary conditioause surrounding open spaces
eventually are developed when infrastructure ivipied in leapfrog areas. To prevent
leapfrog development, an ordinance was adoptedstdute development impact fees
requiring developers to pay some of the costsrfivastructure. But generally, developer
and homebuyers in the development market are métarded with the full social costs
and benefits of their decisions which can lead&dficient land use. In most cases, the
first developer and homebuyer pay the developnmpact fee or rely on municipal
infrastructure. This study suggests that not oe&pfrog neighborhoods were areas
where financing new infrastructure was important, the following contagion
neighborhoods were also affected. Based on théfysdn this study, the following

neighborhoods which resulted from leapfrog develepivere “free riders” in terms of
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cost of growth. Therefore, this study suggestetttimdevelopment impact fee should
be applied to following contagion neighborhoodsté@smann, 1977).

Fourth, while the results are specific to this Ha@ounty case study, the
approach can be extended to other regions. Theytla@o method developed in this
study can be used to classify development paterdsxamine the degree of
development patterns from local to global. For arbemnagement purposes, this method
can be applied to other urban settlements for wthieke is insufficient spatial
information. Non spatial historical estate propedgords can provide spatial
development pattern information.

In short, this research is useful to land use @anand policy makers as policy
adjustments can be applied to discourage spravdldement and mitigate the
consequences based on empirical evidence. Theagbptaken in this study can be
useful to test policy outcomes against negativeaictgoand current processes. This

would facilitate improvement of current policy ingnents for land development.

7.3. Study Limitations

This study has several limitations.

The first limitations of this study are relatedt®study area. Arcinfo near
function used to select the study area (the noshpart of Harris County) based on a
gravity approach to define the study area and seds@ential parcels along the US
Highway 290 transportation corridor. During thi®pess, some parcels may have been

excluded within the same neighborhood if interstaggaway 1-10 or 1-45 was their
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nearest major transportation corridor. Therefooee neighborhoods located on the
margins may not have captured the whole developprecess because of missing
parcels.

The second limitation is the neighborhoods devealdmefore this study period,
which started after World War Il and changed thg wflife in our world. However,
since the City of Houston was founded before 18@€e were 77 neighborhoods
already developed before 1945. Residential pametldpment within those pre-existing
neighborhoods did not include development pressamdsiemands which may have
affected spatial and temporal development patteitisn the neighborhoods developed
after 1945.

The third limitation is its spatial measuremente®tudy area has non
developable land area, i.e., waterbodies, farmmararhes. The bivariate distance
calculation between the existing development awd sevelopment each year cannot
capture those nondevelopable features.

The last limitation is the socioeconomic aspectthefdevelopment process. This
study did not adopt socioeconomic variables sudhasne or economic conditions
when neighborhoods and parcels were developed. demelopment is a byproduct of
economic and social activity. Adding socioeconow@gables to predict development

patterns will enhance the meaning of spatial anmpteal patterns of development.
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7.4. Further Research

Further research is needed to increase the vabdlifye study and to explore the
relationships between neighborhood patterns andemsal patterns. The theory and the
LTDM model developed in this study would supporagtitative approaches to measure
development processes and provides solid foundédiomban planning and policies.

Further research is needed to expand the studyt@cesver all of Harris County.
Since the county has several major transportagistess, such as I-10 and 1-45, it is
worth examining the development patterns and peasesn a whole county scale. The
analysis findings in this setting could be morenthacase study. Comparing patterns and
processes for each major transportation area amhect the transportation and
development process in the urban metropolitan area.

Second, the scope of this study could be exparaledthude a comprehensive
set of socioeconomic variables representing tiggeri, leader and follower of land
development. For example, future research coulcheethe relationships between
leapfrog development and socioeconomic conditi@mgap land is known as the main
reason for leapfrogging development. Whether th#tlie or not, economic conditions
could change the directions, degrees and pattémhsvelopment.

Third, animation techniques to visualize the depgient patterns will be useful
to understand the development process. The locafiorighborhood and the growth
within the neighborhoods can be identified and @ied on a map. This would allow
urban planners, developers, policy makers and bearebuyers to consider the location

of a trigger and following development.
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APPENDIX A

NEIGHBORHOOD DEVELOPMENT

1. Introduction

Appendix A presents the analyzed results descritiiagharacteristics of
residential development patterns at both neighlmitemd parcel levels in northwest
Harris County along the U.S. Highway 290 transgamtacorridor. In order to explain
general development trends in this study areasthidy explains neighborhood and
parcel developments that occurred before this ghadipd. Also, annual and cumulative
developments during the study period are reviewetktail at both levels.

Next, the results of new neighborhood developmenpeesented to classify
patterns of neighborhood development introducedhapter IV. The three sections give
general trends of three patterns based on the suoyrstadistics and cartographic
representations of the patterns: leapfrog neighdmhcontagion neighborhood, and
infill neighborhood. The final section presents tasults of the LTDM analysis on
parcel level, and introduces residential develogmenthe existing neighborhoods. The
summary statistics is given to explain parcel-ir#iid parcel-built out developments
throughout the whole study period. All parcels deped in the early neighborhoods
before this study are also included in this section

The summary statistics include annual new neighimmtdevelopment, annual

parcel development in each neighborhood pattemyalrdistance from existing to new
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neighborhood, and annual lapse time from existnigpé new neighborhood. Descriptive
statistics of the patterns of neighborhood develamnwvere computed to the
characteristics of neighborhood development pattaanoss different patterns. The
spatial distribution patterns of parcel and neighbod development patterns are

presented through a series of maps (Figure A-3).

2. General Development Trends

A total of 160,899 residential parcels were devetbm this study area during
the period 1945-2006. Since Harris County was fednd 1836, there were some
existing developments in this study area beforg shidy period. Residential
development began in 1987 when 5 residential pagete developed in one
neighborhood. Development consistently grew urgd4d when the number of
residential parcels totaled 844 (Figure A-1).

Neighborhoods also consistently grew until 1944 mitieere were 77 cumulative
neighborhood developments (Figure A-2). The locetiof neighborhoods developed by
1944 were spread throughout the entire study di@al developed area in 1944 was

8.44 square miles of this study area.
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Figure A-1. Cumulative Parcel Developments by 1944
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Figure A-2. Cumulative Neighborhood Developnsdny 1944

To visualize the changes in neighborhood developmegr time, a series of

historical neighborhood development maps was deditpased on HCAD real and
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property data. Figure A-3a and Figure As3tow the progression of neighborhood
development in the study area. Maps show only eesidl development and each color
represents all neighborhoods developed in thisystnela. In the early study periods,
neighborhoods were surrounded by available landlwwas later filled with new

development.
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Figure A-3b. Neighborhoods Developed in Study Arean 1975-2006
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Table A-1 presents spatial and temporal neighborhood development trends in this
study area. After 1944, 331 new neighborhoods and 160,899 residential parcels were
developed. Overall, an average of 5.33 new neighborhoods and an average of 75.63 new
residential parcels were developed each year. A new neighborhood was developed most
years, but no new neighborhood was developed in the years 1947, 1958, 1985, 1987 and
1991.

On the neighborhood level, the maximum number of new neighborhoods was
developed in 1979. 23 new neighborhoods were developed with 247 new parcels. On the
parcel level, maximum number of new parcels was developed in 1980 with 493 new

parcels developed in one neighborhood.

Table A-1. New Neighborhood (N) Developments Summary Statistics

Minimum | Maximum Mean Std. Deviation
Neighborhood Developed 0 23 5.33 5.30
per year
Parcels in New N 1 493 75.63 108.92
N-N distance (ft) 0 20576.07 1755.87 1886.46
N-N lapse time (year) 1 127 27.35 29.11

331 neighborhoods developed between 1945 and 2006
Neighborhood-to-Neighborhood distance: the distance from the closest existing neighborhood to new
neighborhood development
Neighborhood-to-Neighborhood lapse time: the year the new neighborhood was developed minus the
year the closest existing neighborhood was developed
Table A-1 also shows the spatial trends of new neighborhood development. N-to-
N distance is the distance from the existing neighborhood to new neighborhood

development each year. On average, the spatial distance between the prior

neighborhoods and new neighborhood(s) was 1755. 87 ft throughout the study period.
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However, there were several cases of new neighbdshwith no spatial distance. Their
locations were adjacent to existing neighborhosdgheir boundaries touched each
other. Therefore, the minimum N-to-N distance wdiséhd the maximum distance was
20576.07 ft. This farthest neighborhood was deweddp 1945 and one residential
parcel was erected in that neighborhood.

Table A-1 also reports the temporal trends of newgtborhood development.
N-to-N lapse time represents the temporal distweteeen the closest existing
neighborhoods and a new neighborhood(s). Since H&aDand property records have
been maintained on an annual basis, the minimumlapsk time is 1-year. Among 331
new neighborhoods, 7% had developed one afterthes (L-year), and 37% had been
developed in greater than the average lapse tih8%2/ears). Based on the average N-
to-N distance (1755.87 ft) and the average N-Nddpre (27.35 year), the LTDM
model in this study classifies new neighborhoodettgyments as either leapfrog, infill
or contagion. Table A-2 shows new neighborhood ldgveent patterns in northwest
Harris County along the US Highway 290 transpaotatiorridor between 1945 and

2006.

Table A-2. New Neighborhood Development Patternsi@ary Statistics

Leapfrog Infill Contagion Total
. 124 68 139 331
New neighborhood development (35.46%) | (20.54%) (41.99%) (100%6)
. . 1,299 1,122 2,268 4,689
Parcels in the new neighborhood (27.70%) | (23.93%) (48.37%) (100%)
Average neighborhood ratios 0.28 0.24 0.48 1

331 neighborhoods developed between 1945 and 2006
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On the neighborhood level, the analysis found E24frog (34.46%), 68 infill
(20.54%) and 139 contagion neighborhoods (41.996t) 1945 to 2006. On the parcel
level, 1,299 parcels (27.70%) were developed ipfleg neighborhoods, 1,122 parcels
(23.93%) were developed in infill neighborhoods ar2b8 parcels (48.37%) were
developed in contagion neighborhoods.

Figure A-4 illustrates three patterns of neighboadhdevelopment and the yearly
contribution of each. Cumulative patterns of thmegghborhood developments exhibited
some regularity in the temporal pattern (Figure)A&Gumulatively, leapfrog
neighborhood development was usually higher thathamd contagion neighborhood
development. By 1964, leapfrog (24.19%), contagi&$174%) and infill neighborhoods
(22.06%) had similar patterns. After 1964, leapft4§.77%) and infill neighborhoods
(45.59%) had similar patterns until 1974. In aduditiafter 1964, the leapfrog (89.52%)

and contagion curve (89.21%) are parallel until399
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Figure A-4. New Neighborhoods Developed per Yeamfi1945 to 2006
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Table A-3 presents the temporal trends of residepércel developments. An
average of 2,595 parcels was developed each yeagdbe study period. Minimum
parcels (117) were developed in 1946. Maximum psu@@e779) were developed in
1983. P-P distance is the distance from the eggarcel to new parcel development
per each year. On average, spatial distance betiveezxisting parcels and new parcels
was 328.52 ft during the study period. Like neigiiood developments, the temporal
unit is 1-year. When new parcels were adjacenkistiag parcels, minimum P-P lapse
time is 1-year. Therefore, minimum P-P lapse tinas W& and maximum distance was
116-years. Among 160,899 parcels developed duhisgstudy period, 89,451 parcels
(56% of total parcels) had a 1-year Lapse time.iMar lapse time was 116 years in

1996.
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Table A-3. Residential Parcel Developments SumrBéayistics

Minimum Maximum Mean Std. Deviation
Parcel Developed per y¢ 117 7779 2595.14 2222.26
P-P Distance (ft) 0 20576.07 328.52 1886.46
P-P Time_Gap (year) 1 116 4.31 8.03

160,899 Residential parcels developed between 4842006
P-P distance: the distance from the existing pacceew parcel development

P-P lapse time: the year the new parcel was degdlapnus the year the closest existing parcel was
developed

Figure A-6 illustrates new parcels developed pary€&he HCAD real estate and
property records have a 5-year fluctuation showmfthe data maintenance. The reason
for the rapid parcel developments in 1950, 1955X9&D could found in the nature of
the data. After the 1960s, parcel development aszéd before the 1980 economic
recession. Figure A-6 indicates development cywidlsin two periods, one between
1970 and 1985 and one starting in 1987 and cuyrstill underway. 281 new parcels
were developed in 1945; this increased to 7,77&hbyear 1983 and later decreased

rapidly to 1,172 from 1983 to 1987. New developadpls increased to 7,354 by 2006.

9000

8000

7000

6000

5000

4000

# of Parcels

3000

2000

1000 I

1945 |m
1947 .-
1949  jm—
1951 m
1953  jmmm
1955
1957  |jmm
1959  |jmm
1961 =
1963 =
1965  |jm—
1967 |jum
1969  j—
1971
1973
1975
1977
1979
1981
1983
1985
1987
1989
1991
1993
1995
1997
1999
2001
2003
2005

Figure A-6. All Parcels Developed per Year from 894 2006



118

3. New Neighborhood Development

Figure A-7 shows new neighborhoods developed parfyem 1945 to 2006. In
1944, 77 neighborhoods were found in this studg arel they were 19% of the
cumulative neighborhoods by 2006. Figure A-7 illasds two identical cycles of new
neighborhood development between the 1970s andL880s. From 1975 to 1981, 107
new neighborhoods were developed; these were 32a838€ total neighborhoods
developed in 2006. One new neighborhood was deedlop1967; this increased to 23
by 1979 and later decreased rapidly to zero fro®18 1985. After 1991, the number

of new neighborhoods developed increased contiryoa2006.
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Figure A-7. New Neighborhoods Developed per yeamfd 945 to 2006

Figure A-7 shows new residential parcels develqmdyear from 1945 to 2006.

844 new parcels were developed in this study ard®44 and they are 0.52% of the



119

total cumulative parcels developed in 2006. Inghdy study periods, from 1945 to
1969, new neighborhoods had only a small numbpagdgfels in their first year. Figure
A-8 illustrates two identical cycles of new neighh@od development between 1970 and
the mid 1990s. Between 1975 and 1981, 107 new beibbods were developed; this
was over 30% of the total new neighborhoods dewslajuring the study period. In
1954, 4 new parcels were developed. This peakéfi3ain 1980, and then decreased to
zero in 1985. As new neighborhoods developed, anskdevelopment cycle started in

1992.
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Figure A-8. Parcels Developed in New NeighborhgoeisYear (1945 - 2006)

# of Parcels

3.1 Leapfrog Neighborhood Developments
124 new neighborhoods were classified as leapfeaghitborhoods. Number of

leapfrog neighborhoods developed per year is rtstl in Figure A-9. Leapfrog
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development wasn't developed every year, becauseapérog neighborhood was
developed in the following years; 1946, 1947, 199%3, 1959, 1967, 1984-1985, 1987-
1993, 1995, 1997 and 2001-2005. This graph indsca@ny leapfrog neighborhoods

were developed during the late 1960s and 1970s.

# of Neighborhoods

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Leapfrog Neighborhood

Figure A-9. Leapfrog Neighborhoods Developed pearyfeom 1945 to 2006

In 1968, 40 leapfrog neighborhoods were developdte study area; these were
40% of leapfrog neighborhoods (Figure A-9). Thisntuer increased greatly- there were
48, 65, 101 and 108 for the years of 1970, 19780 Fhd 1985 respectively, indicating
that the leapfrog neighborhood development procesrris County was accelerated
during that time. After 1985, 15 leapfrog neighbmytis were developed during the next

20 years.
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3.2 Contagion Neighborhood Developments

139 new neighborhoods were classified as contaggaghborhoods in this study
area. Number of contagion neighborhoods developegear is illustrated in Figure A-
10. During the 62 year study period, contagion Imeaghoods were developed only
during 48 years (77.42%). On average, 2.24 contaggaghborhoods were developed

per a year in this study area.
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Figure A-10. Contagion Neighborhoods DevelopedYear from 1945 to 2006

In Figure A-10, it is easy to see that large nuelmémew contagion
neighborhoods were developed between 1968 and T9®&4e 16 years, 83 contagion
neighborhoods were developed which were 59.71%etumulative contagion

neighborhoods in 2006. Two new neighborhoods weweldped in 1968 was 2; this
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increased to 15 by 1979 and later decreased rajpdigro from 1968 to 1985. After
1990, 1 or 2 contagion neighborhoods were conglgtdaveloped except in 1991, 1997
and 2004. Like the infill neighborhoods, this p&eas roughly proportional to the high
periods of development within the study area sadfigure A-6. However, on
neighborhood level, contagion neighborhoods haea iee primary neighborhood

development (41.99%) in this study area.

3.3 Infill Neighborhood Developments
68 new neighborhoods were classified as infill hbmyhoods. Infill

neighborhoods developed per year are illustratddgare A-11.
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Figure A-11. Infill Neighborhoods Developed peraYdéom 1945 to 2006
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During the 62 year study period, infill neighborkisonvere developed only
during 36 years (58%Pn average, 1.1 infill neighborhoods were develgpeda year
in the 62 year period. A temporal pattern of Infidighborhood showed large numbers
of new neighborhoods in two time period- the 1980d 2000s onward. The first peaks
were roughly proportional to the high periods ofelepment within the study area seen

in Figure A-6.



REGRESSION OUTPUT- LEAPFROG NEIGHBORHOOD

APPENDIX B

Leapfrog Neighborhood Development

Descriptive Statistics

Mean Std. Deviation
Neighborhood Leapfrog
3.26 2.250 38

developed
X1 1972.18 15.694 38
X2 34.18 67.729 38
X3 3.538988E5 5.7583779E5 38
X4 34.82 15.694 38
X5 8.1158 .37224 38
X6 3.3097 .73512 38
X7 1.8894E9 7.28933E8 38

Variables Entered/Removed

Variables Variables
Model Entered Removed Method
1 X7, X6, X5, X3,

. Enter
X2, X42

a. Tolerance = .000 limits reached.
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Model Summaryb

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson

1 4522 .205 .051 2.193 1.554

a. Predictors: (Constant), X7, X6, X5, X3, X2, X4

b. Dependent Variable: Neighborhood Leapfrog developed

ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 38.335 6 6.389 1.329 2742
Residual 149.033 31 4.808
Total 187.368 37

a. Predictors: (Constant), X7, X6, X5, X3, X2, X4

b. Dependent Variable: Neighborhood Leapfrog developed
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Coefficients®
Unstandardized  Standardized
Coefficients Coefficients Collinearity Statistics
Std.
Model B Error Beta t Sig. Tolerance VIF
1 (Constant) 6.269 9.557 .656 517
X2 .000 .020 .008 .014 .989 .071  14.102
X3 1.730E-6 .000 443 725 AT74 .069 14.519
X4 -.440 234 -3.067 -1.883 .069 .010 103.386
X5 -.802 1.166 -.133 -.688 497 .690 1.449
X6 -.208 521 -.068 -.400 .692 .886 1.129
X7 9.992E-9 .000 3.237 1.988 .056 .010 103.312
a. Dependent Variable: Neighborhood Leapfrog developed
Excluded Variables”
Collinearity Statistics
Partial Minimum
Model Beta In t Sig. Correlation Tolerance VIF Tolerance
1 X1 A .000 .000
a. Predictors in the Model: (Constant), X7, X6, X5, X3, X2, X4
b. Dependent Variable: Neighborhood Leapfrog developed




Residuals Statistics?®

Minimum Maximum Mean Std. Deviation
Predicted Value 1.18 6.52 3.26 1.018 38
Residual -3.522 5.506 .000 2.007 38
Std. Predicted Value -2.048 3.201 .000 1.000 38
Std. Residual -1.606 2511 .000 915 38

a. Dependent Variable:

Neighborhood Leapfrog developed
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Histogram
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Dependent Variable: Neighborhood Leapfrog developed
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Std. Dev. =0.915
N =38
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Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Neighborhood Leapfrog

developed
1.0
o0

0.8
o)
3 (6]
| .
o o0
£ 0.6 o
S
o e}
® 0
b
O 0.4 0000
o O
o
X
L

0.7 ooooo

o
'}
0.0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Observed Cum Prob



Neighborhood Leapfrog developed
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Scatterplot

Dependent Variable: Neighborhood Leapfrog developed
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APPENDIX C

REGRESSION OUTPUT- CONTAGION NEIGHBORHOOD

Contagion Neighborhood Development-Full Model

Descriptive Statistics

Mean Std. Deviation N
Neighborhood Contagion
Developed 2.88 2.788 48
X1 1976.29 17.422 48
X2 47.23 67.644 48
X3 3.891876E

c 4.8409128E5 48
X4 30.71 17.422 48
X5 6.5518 .69015 48
X6 2.0162 .84679 48
X8 2.35 2.531 48
Variables Entered/Removed

Model Variables Entered Variables Removed Method
1 X8, X5, X6, X1, X3, X2?% . Enter

a. Tolerance = .000 limits reached.

Model Summaryb

Adjusted R Std. Error of the
Model R R Square Square Estimate Durbin-Watson

1 .810° .656 .605 1.751 2.266

a. Predictors: (Constant), X8, X5, X6, X1, X3, X2

b. Dependent Variable: Neighborhood Contagion Developed
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ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 239.522 6 39.920 13.018 .000%
Residual 125.728 41 3.067

Total 365.250 47
a. Predictors: (Constant), X8, X5, X6, X1, X3, X2
b. Dependent Variable: Neighborhood Contagion Developed

Coefficients®
Unstandardized Standardized
Coefficients Coefficients Collinearity Statistics

Model B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) 22.015 31.001 .710 .482

X1 -.012 .016 -.072 -.733 467 .866 1.154

X2 .009 .010 227 .935 .355 .143 6.993

X3 2.650E-6 .000 460 2.008 .051 .160 6.256

X5 .271 .379 .067 714 AT79 .952 1.051

X6 -.073 .324 -.022 -.227 .822 .868 1.152

X8 .250 118 227 2.123 .040 .736 1.358
a. Dependent Variable: Neighborhood Contagion Developed




Excluded Variables®

Collinearity Statistics

Partial Minimum
Model Beta In t Sig. Correlation Tolerance VIF Tolerance
1 X4 A .000 . .000
a. Predictors in the Model: (Constant), X8, X5, X6, X1, X3, X2
b. Dependent Variable: Neighborhood Contagion Developed

Residuals Statistics®
Minimum Maximum Mean Std. Deviation N

Predicted Value .54 11.46 2.88 2.257 48
Residual -3.463 7.802 .000 1.636 48
Std. Predicted Value -1.035 3.802 .000 1.000 48
Std. Residual -1.977 4.455 .000 .934 48
a. Dependent Variable: Neighborhood Contagion Developed
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Dependent Variable: Neighborhood Contagion Developed
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Normal P-P Plot of Regression Standardized Residual
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Neighborhood Contagion Developed

Dependent Variable: Neighborhood Contagion Developed

Scatterplot
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Contagion Neighborhood Development-Reduced Model

137

Descriptive Statistics

Mean Std. Deviation N
Neighborhood Contagion
Developed 2.88 2.788 48
X1 1976.29 17.422 48
X2 47.23 67.644 48
X3 3.891876E5 4.8409128E5 48
X4 30.71 17.422 48
X5 6.5518 .69015 48
X6 2.0162 .84679 48
X8 2.35 2.531 48

Variables Entered/Removed®
Variables Variables
Model Entered Removed Method
1 3 . Stepwise (Criteria: Probability-of-F-to-enter <= .050,
Probability-of-F-to-remove >=.100).

2 8 Stepwise (Criteria: Probability-of-F-to-enter <= .050,

' Probability-of-F-to-remove >=.100).

a. Dependent Variable: Neighborhood Contagion Developed




Model Summary®

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson
1 .763% .582 573 1.823
2 .800° .640 .624 1.708 2.189

a. Predictors: (Constant), X3

b. Predictors: (Constant), X3, X8

c. Dependent Variable: Neighborhood Contagion Developed

ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 212.434 1 212.434 63.946 .000%
Residual 152.816 46 3.322
Total 365.250 47
2 Regression 233.923 2 116.961 40.078 .000"
Residual 131.327 45 2.918
Total 365.250 47

a. Predictors: (Constant), X3

b. Predictors: (Constant), X3, X8

c. Dependent Variable: Neighborhood Contagion Developed
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Coefficients®
Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics
Model B Std. Error Beta t Sig. Tolerance  VIF
1 (Constant) 1.166 .339 3.439 .001
X3 4.392E-6 .000 763  7.997 .000 1.000 1.000
2 (Constant) 721 .358 2.016 .050
X3 3.763E-6 .000 .653 6.666 .000 .832 1.203
X8 .293 .108 266 2.714 .009 .832  1.203
a. Dependent Variable: Neighborhood Contagion Developed
Residuals Statistics®
Minimum Maximum Mean Std. Deviation N
Predicted Value a7 11.15 2.87 2.231 48
Residual -3.779 7.899 .000 1.672 48
Std. Predicted Value -.945 3.709 .000 1.000 48
Std. Residual -2.212 4.624 .000 978 48
a. Dependent Variable: Neighborhood Contagion Developed




Histogram
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Dependent Variable: Neighborhood Contagion Developed
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Normal P-P Plot of Regression Standardized Residual
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Neighborhood Contagion Developed

Scatterplot

Dependent Variable: Neighborhood Contagion Developed
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APPENDIX D

REGRESSION OUTPUT- INFILL NEIGHBORHOOD

Infill Neighborhood Development-Full Model

Descriptive Statistics
Mean Std. Deviation
Neighborhood Infill developed 2.00 1.368 32
X1 1979.41 16.535 32
X2 32.84 46.692 32
X3 3.824650E5 5.4603145E5 32
X4 27.59 16.535 32
X5 6.5041 .60292 32
X6 4.5088 .72049 32
X9 2.19 2.023 32
Variables Entered/Removed
Model Variables Entered Variables Removed Method
1 X9, X4, X5, X2, X6, X3* . Enter

a. Tolerance = .000 limits reached.

Model Summaryb

Model

R

R Square Adjusted R

Square

Estimate

Std. Error of the

Durbin-Watson

1

.881?%

776

722

721

1.537

a. Predictors: (Constant), X9, X4, X5, X2, X6, X3

b. Dependent Variable: Neighborhood Infill developed
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ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 44,998 6 7.500 14.421 .000%
Residual 13.002 25 .520
Total 58.000 31
a. Predictors: (Constant), X9, X4, X5, X2, X6, X3
b. Dependent Variable: Neighborhood Infill developed
Coefficients®
Unstandardized Standardized
Coefficients Coefficients Collinearity Statistics
Model B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) -8.850 1.742 -5.080 .000
X2 -.002 .004 -.063 - 474 .640 .500 2.002
X3 1.511E-7 .000 .060 406 .688 .406 2.464
X4 .019 .009 .231 2.115 .045 .750 1.334
X5 315 .226 .139 1.392 176 .903 1.108
X6 1.796 .225 .946 7.977 .000 .638 1.568
X9 .083 .069 .123 1.201 241 .851 1.175

a. Dependent Variable: Neighborhood Infill developed

Excluded Variables®

Collinearity Statistics

Partial Minimum
Model Beta In t Sig. Correlation Tolerance VIF Tolerance
1 X1 A .000 . .000

a. Predictors in the Model: (Constant), X9, X4, X5, X2, X6, X3

b. Dependent Variable: Neighborhood Infill developed




Residuals Statistics®
Minimum Maximum Mean Std. Deviation N
Predicted Value -.42 421 2.00 1.205 32
Residual -1.018 1.791 .000 .648 32
Std. Predicted Value -2.008 1.834 .000 1.000 32
Std. Residual -1.412 2.483 .000 .898 32
a. Dependent Variable: Neighborhood Infill developed
Histogram
Dependent Variable: Neighborhood Infill developed
10 Mean =3.18E-15
Std. Dev. =0.898
N =32
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Normal P-P Plot of Regression Standardized
Residual

Dependent Variable: Neighborhood Infill developed
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Neighborhood Infill developed

Scatterplot

Dependent Variable: Neighborhood Infill developed
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Infill Neighborhood Development-Reduced Model

Descriptive Statistics

Mean Std. Deviation
Neighborhood Infill developed 2.00 1.368 32
X1 1979.41 16.535 32
X2 32.84 46.692 32
X3 3.824650E 5.4603145E5 32

5

X4 27.59 16.535 32
X5 6.5041 .60292 32
X6 4.5088 72049 32
X9 2.19 2.023 32

Variables Entered/Removed?®
Model Variables Variables Method

Entered Removed
1 X6 . Stepwise (Criteria: Probability-of-F-to-enter <=
.050, Probability-of-F-to-remove >=.100).

2 X1 . Stepwise (Criteria: Probability-of-F-to-enter <=

.050, Probability-of-F-to-remove >=.100).

a. Dependent Variable: Neighborhood Infill developed
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Model Summary®

Model R R Square Adjusted R Std. Error of the  Durbin-Watson
Square Estimate
1 .830° .688 678 776
2 855" 732 .713 .733 1.503
a. Predictors: (Constant), X6
b. Predictors: (Constant), X6, X1
c. Dependent Variable: Neighborhood Infill developed
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 39.925 1 39.925 66.265 .000%
Residual 18.075 30 .603
Total 58.000 31
2 Regression 42.434 2 21.217 39.527 .000"
Residual 15.566 29 .537
Total 58.000 31

a. Predictors: (Constant), X6

b. Predictors: (Constant), X6, X1

c. Dependent Variable: Neighborhood Infill developed
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Coefficients®
Unstandardized Standardized
Coefficients Coefficients Collinearity Statistics

Model B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) -5.102 .883 -5.777 .000

X6 1.575 .193 .830 8.140 .000 1.000 1.000
2 (Constant) 30.607 16.538 1.851 .074

X6 1.723 .195 .908 8.834 .000 .876 1.141

X1 -.018 .009 -.222 -2.162 .039 .876 1.141
a. Dependent Variable: Neighborhood Infill developed

Residuals Statistics®
Minimum Maximum Mean Std. Deviation N
Predicted Value -.23 3.86 1.92 1.150 36
Residual -1.080 2.142 -.033 717 36
Std. Predicted Value -1.907 1.588 -.066 .983 36
Std. Residual -1.475 2.924 -.046 .978 36
a. Dependent Variable: Neighborhood Infill developed




Frequency
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Dependent Variable: Neighborhood Infill developed

o

\\

-1 0 1 2
Regression Standardized Residual

Mean =-0.05
Std. Dev. =0.978
N =36



Normal P-P Plot of Regression Standardized
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Neighborhood Infill developed

Scatterplot

Dependent Variable: Neighborhood Infill developed
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APPENDIX E

REGRESSION OUTPUT

154

RESIDENTIAL DEVELOPMENT WITHIN LEAPFROG NEIGHBORHOO DS

Residential Parcel Development within Leapfrog Neigborhoods -Full Model

X15, X11_NB, X14, X16°

Descriptive Statistics
Mean Std. Deviation

LP_Parcels 1113.97 1176.546 62
X11_NB 2.0000 2.37473 62
X12_ Age_exp_transformation 6.9679E11 4.28789E12 62
X13_Infill 7.6497E6 1.75906E7 62
X14 50579.2846 1.38640E5 62
X15 13631.0505 5904.92466 62
X16 6.1408 1.00468 62
X17 1.2583 .59996 62

Variables Entered/Removed
Model Variables Entered Variables Removed Method
1 X17, X13_Infill, X12_Age_exp_transformation,

. Enter

a. All requested variables entered.




Variables Entered/Removed

Model Variables Entered Variables Removed Method
1 X17, X13_Infill,
X12_Age_exp_transformation, X15, . Enter

X11_NB, X14, X16°

a. All requested variables entered.

Model Summaryb

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson

1 .731° .535 AT74 853.147

.636

a. Predictors: (Constant), X17, X13_Infill, X12_Age_exp_transformation, X15, X11_NB, X14, X16

b. Dependent Variable: LP_Parcels

ANOVA"®
Model Sum of Squares df Mean Square F Sig.
1 Regression 4.514E7 7 6447927.990 8.859 .000%
Residual 3.930E7 54 727859.370
Total 8.444E7 61

a. Predictors: (Constant), X17, X13_Infill, X12_Age_exp_transformation, X15, X11_NB, X14, X16

b. Dependent Variable: LP_Parcels
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Coefficients?®

Unstandardized Standardized
Coefficients Coefficients Collinearity Statistics
Model B Std. Error Beta t Sig.  Tolerance VIF
1 (Constant) -2097.851 1352.560 -1.551 127
X11 NB -36.643 51.452 -.074 -712 479 .799 1.251
X12_Age_exp 5.836E-11 .000 213 2.224 .030 .943 1.061
X13_Infill 5.383E-6 .000 .080 .782 438 .813 1.229
X14 -.008 .002 -925 -4.585 .000 212 4,721
X15 .162 .028 811 5.825 .000 444 2.251
X16 190.815 239.963 163 .795 430 205  4.871
X17 178.471 315.882 .091 .565 574 .332 3.010

a. Dependent Variable: LP_Parcels

Residuals Statistics®
Minimum Maximum Mean Std. Deviation N
Predicted Value -346.73 3671.10 1113.97 860.190 62
Residual -2186.281  2770.152 .000 802.705 62
Std. Predicted Value -1.698 2,973 .000 1.000 62
Std. Residual -2.563 3.247 .000 941 62
a. Dependent Variable: LP_Parcels
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Dependent Variable: LP_Parcels
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Normal P-P Plot of Regression Standardized
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Scatterplot

Dependent Variable: LP_Parcels
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Residential Parcel Development within Leapfrog Neigborhoods — Reduced Model

Descriptive Statistics
Mean Std. Deviation N
LP_Parcels 1113.97 1176.546 62
X11_NB 2.0000 2.37473 62
X12_Age_exp_transformation 6.9679E11 4.28789E12 62
X13_Infill 7.6497E6 1.75906E7 62
X14 50579.2846 1.38640E5 62
X15 13631.0505 5904.92466 62
X16 6.1408 1.00468 62
X17 1.2583 .59996 62

Variables Entered/Removed?

formation

Variables
Model Variables Entered Removed Method
1 15 . Stepwise (Criteria: Probability-of-F-to-enter <= .050,
Probability-of-F-to-remove >= .100).
2 Stepwise (Criteria: Probability-of-F-to-enter <= .050,
x4 ' Probability-of-F-to-remove >=.100).
3 X12_Age_exp_trans Stepwise (Criteria: Probability-of-F-to-enter <= .050,

' Probability-of-F-to-remove >= .100).

a. Dependent Variable: LP_Parcels




Model Summaryd

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson
1 3247 105 .090 1122.332

2 669" 448 429 888.858

3 .710° .504 478 850.088 .586

a. Predictors: (Constant), X15
b. Predictors: (Constant), X15, X14
c. Predictors: (Constant), X15, X14, X12_Age_exp_transformation

d. Dependent Variable: LP_Parcels

ANOVA®

Model Sum of Squares df Mean Square F Sig.

1 Regression 8862143.206 1 8862143.206 7.036 .010%
Residual 7.558E7 60 1259629.312
Total 8.444E7 61

2 Regression 3.783E7 2 1.891E7 23.938 .000"
Residual 4.661E7 59 790068.120
Total 8.444E7 61

3 Regression 4.253E7 3 1.418E7 19.616 .000°
Residual 4.191E7 58 722650.151
Total 8.444E7 61

a. Predictors: (Constant), X15
b. Predictors: (Constant), X15, X14

c. Predictors: (Constant), X15, X14, X12_Age_exp_transformation

o

. Dependent Variable: LP_Parcels
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Coefficients®
Unstandardized Standardized
Coefficients Coefficients Collinearity Statistics

Model B Std. Error Beta t Sig.  Tolerance VIF
1 (Constant) 234.096 361.047 .648 .519

X15 .065 .024 324 2.652 .010 1.000 1.000
2 (Constant) -656.763 321.574 -2.042 .046

X15 153 .024 768  6.327 .000 .635 1.575

X14 -.006 .001 -735 -6.055 .000 .635 1.575
3 (Constant) -622.274 307.845 -2.021 .048

X15 .146 .023 734 6.278 .000 .626 1.596

X14 -.006 .001 -.704 -6.029 .000 .628 1.593

X12_Age_exp 6.523E-11 .000 .238  2.550 .013 .985 1.015
a. Dependent Variable: LP_Parcels

Residuals Statistics®
Minimum Maximum Mean Std. Deviation N
Predicted Value -764.02 3701.20 1113.97 834.956 62
Residual -2049.995 2720.736 .000 828.921 62
Std. Predicted Value -2.249 3.099 .000 1.000 62
Std. Residual -2.412 3.201 .000 975 62
a. Dependent Variable: LP_Parcels
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Scatterplot

Dependent Variable: LP_Parcels
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APPENDIX F

REGRESSION OUTPUT
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RESIDENTIAL DEVELOPMENT WITHIN CONTAGION NEIGHBORHO ODS

Residential Parcel Development within Contagion Nghborhoods -Full Model

Descriptive Statistics

Mean Std. Deviation N
Parcels developed in
Contagion 757.94 729.417 62
X11 2.24 2.720 62
X12 9.29 5.678 62
X13_Leapfrog 1.2871E7 1.53218E7 62
X14 14633.6851 11391.99669 62
X15 11716.6421 5619.39856 62
X16 5.7102 45812 62
X17 1.2190 41804 62

Variables Entered/Removed

Variables

Model Variables Entered Removed Method
1 X17, X14, X13_Leapfrog, X16, X11, X12, X15% . Enter
a. All requested variables entered.




Model Summaryb

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson

1 .939° .881 .866 267.051 1.658

a. Predictors: (Constant), X17, X14, X13_Leapfrog, X16, X11, X12, X15

b. Dependent Variable: Parcels developed in Contagion

ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 2.860E7 7 4086280.244 57.298 .000?
Residual 3851074.037 54 71316.186
Total 3.246E7 61

a. Predictors: (Constant), X17, X14, X13_Leapfrog, X16, X11, X12, X15

b. Dependent Variable: Parcels developed in Contagion
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Coefficients®
Unstandardized Standardized
Coefficients Coefficients Collinearity Statistics
Model B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) -1840.073 584.828 -3.146 .003
X11 11.514 16.209 .043 .710 481 .601 1.663
X12L 43.381 10.128 .338 4.283 .000 .353 2.829
X13L 2.848E-5 .000 .598 8.119 .000 405 2471
X14 -.001 .003 -.019 -.386 .701 .879 1.138
X15 .028 .011 219 2.686 .010 331 3.025
X16 314.337 101.247 197 3.105 .003 .543 1.840
X17 -252.098 108.600 -.144 -2.321 .024 .567 1.763
a. Dependent Variable: Parcels developed in Contagion
Residuals Statistics®
Minimum Maximum Mean Std. Deviation N
Predicted Value -314.12 2777.44 757.94 684.775 62
Residual -402.964 1126.776 .000 251.262 62
Std. Predicted Value -1.566 2.949 .000 1.000 62
Std. Residual -1.509 4.219 .000 941 62

a. Dependent Variable:

Parcels developed in Contagion




Histogram
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Dependent Variable: Parcels developed in Contagion
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Parcels developed in Contagion

Scatterplot

Dependent Variable: Parcels developed in Contagion
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Residential Parcel Development within Contagion Nghborhoods - Reduced Model

Descriptive Statistics

Mean Std. Deviation N
Parcels developed in
Contagion 757.94 729.417 62
X11 2.24 2.720 62
X12 9.29 5.678 62
X13_Leapfrog 1.2871E7 1.53218E7 62
X14 14633.6851 11391.99669 62
X15 11716.6421 5619.39856 62
X16 5.7102 45812 62
X17 1.2190 41804 62

Variables Entered/Removed®

Variables Variables

Model Entered Removed Method
1 Stepwise (Criteria: Probability-of-F-to-enter <= .050,

X13_Leapfrog .
Probability-of-F-to-remove >=.100).

2 12 Stepwise (Criteria: Probability-of-F-to-enter <= .050,
' Probability-of-F-to-remove >=.100).

a. Dependent Variable: Parcels developed in Contagion




Model Summary®

Adjusted R Std. Error of the
Model R R Square Square Estimate Durbin-Watson
1 .883° 779 775 345.690
2 .920° .847 .842 290.171 1.829
a. Predictors: (Constant), X13_Leapfrog
b. Predictors: (Constant), X13_Leapfrog, X12
c. Dependent Variable: Parcels developed in Contagion
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 2.528E7 1 2.528E7  211.586 .000%
Residual 7170101.691 60 119501.695
Total 3.246E7 61
2 Regression 2.749E7 2 1.374E7 163.228 .000"
Residual 4967746.868 59 84199.099
Total 3.246E7 61

a. Predictors: (Constant), X13_Leapfrog

b. Predictors: (Constant), X13_Leapfrog, X12

c. Dependent Variable: Parcels developed in Contagion
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Coefficients®
Unstandardized Standardized Collinearity
Coefficients Coefficients Statistics

Model B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) 217.092 57.532 3.773 .000

X13L 4.202E-5 .000 .883 14.546 .000 1.000 1.000
2 (Constant) -54.752 71.815 -.762 449

X13L 3.730E-5 .000 .783 14.375 .000 873  1.145

X12L 35.807 7.001 .279 5.114 .000 873 1.145
a. Dependent Variable: Parcels developed in Contagion

Residuals Statistics®
Minimum Maximum Mean Std. Deviation N
Predicted Value 18.57 2839.68 757.94 671.276 62
Residual -465.923 1284.406 .000 285.374 62
Std. Predicted Value -1.101 3.101 .000 1.000 62
Std. Residual -1.606 4.426 .000 .983 62
a. Dependent Variable: Parcels developed in Contagion




Histogram

175

Dependent Variable: Parcels developed in Contagion
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Parcels developed in Contagion

Scatterplot

Dependent Variable: Parcels developed in Contagion
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APPENDIX G
REGRESSION OUTPUT

RESIDENTIAL DEVELOPMENT WITHIN INFILL NEIGHBORHOODS

Residential Parcel Development within Infill Neighlmrhoods -Full Model

Descriptive Statistics
Mean Std. Deviation N
Parcels developed infill NB 290.15 285.846 62
X11 1.0968 1.37554 62
X12 1.8990 .82375 62
X13_contagion 9.0036E6 1.02000E7 62
X14 21494.3889 30231.67646 62
X15 14894.0292 7612.42519 62
X16 5.6755 .58018 62
X17 1.2001 72243 62

Variables Entered/Removed

Model Variables Entered Variables Removed Method

1 X17, X15, X13_contagion, X16, X14, X11, X122 . Enter

a. All requested variables entered.




Model Summaryb

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson
1 672° 452 381 224.901 935
a. Predictors: (Constant), X17, X15, X13_contagion, X16, X14, X11, X12
b. Dependent Variable: Parcels developed infill NB
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 2252839.157 7 321834.165 6.363 .000%
Residual 2731334.537 54 50580.269
Total 4984173.694 61

a. Predictors: (Constant), X17, X15, X13_contagion, X16, X14, X11, X12

b. Dependent Variable: Parcels developed infill NB
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Coefficients®
Unstandardized  Standardized
Coefficients Coefficients Collinearity Statistics
Model B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) -524.605 378.248 -1.387 A71
X11 53.214  25.586 .256 2.080 .042 .669 1.494
X12 149.688 47.097 431 3.178 .002 .551 1.815
X13_contagion 1.133E-5 .000 404 3.154 .003 .618 1.618
X14 .000 .001 -.055 -.450 .655 .673 1.485
X15 .002 .004 .048 437 .664 .833 1.200
X16 71.109 64.565 144 1.101 .276 591 1.692
X17 -40.979  56.060 -.104 -731 .468 .506 1.978
a. Dependent Variable: Parcels developed infill NB

Residuals Statistics®

Minimum Maximum Mean Std. Deviation N
Predicted Value -79.74 680.68 290.15 192.176 62
Residual -438.153 614.039 .000 211.603 62
Std. Predicted Value -1.925 2.032 .000 1.000 62
Std. Residual -1.948 2.730 .000 .941 62

a. Dependent Variable: Parcels developed infill NB
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Normal P-P Plot of Regression Standardized

Residual

Dependent Variable: Parcels developed infill NB
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Parcels developed infill NB
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Scatterplot

Dependent Variable: Parcels developed infill NB
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Residential Parcel Development within Infill Neighlmrhoods - Reduced Model

Descriptive Statistics

Mean Std. Deviation
Parcels developed infill NB 290.15 285.846 62
X11 1.0968 1.37554 62
X12 1.8990 .82375 62
X13_contagion 9.0036E6 1.02000E7 62
X14 21494.3889 30231.67646 62
X15 14894.0292 7612.42519 62
X16 5.6755 .58018 62
X17 1.2001 72243 62
Variables Entered/Removed®
Variables Variables
Model Entered Removed Method
1 X13_contagion . Stepwise (Criteria: Probability-of-F-to-enter <= .050,
Probability-of-F-to-remove >=.100).
2 Stepwise (Criteria: Probability-of-F-to-enter <= .050,
x12 ' Probability-of-F-to-remove >=.100).
3 11 Stepwise (Criteria: Probability-of-F-to-enter <= .050,

' Probability-of-F-to-remove >=.100).

a. Dependent Variable: Parcels developed infill NB
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Model Summaryd

Adjusted R Std. Error of the

Model R R Square Square Estimate Durbin-Watson

1 .498° .248 235 249.980

2 603" .364 .342 231.795

3 .653° 426 .396 222.074 .874

a. Predictors: (Constant), X13_contagion

b. Predictors: (Constant), X13_contagion, X12

c. Predictors: (Constant), X13_contagion, X12, X11

d. Dependent Variable: Parcels developed infill NB

ANOVA®

Model Sum of Squares df Mean Square F Sig.

1 Regression 1234775.511 1 1234775.511 19.760 .000?
Residual 3749398.182 60 62489.970
Total 4984173.694 61

2 Regression 1814180.032 2 907090.016 16.883 .000"
Residual 3169993.662 59 53728.706
Total 4984173.694 61

3 Regression 2123783.297 3 707927.766 14.355 .000°
Residual 2860390.396 58 49317.076
Total 4984173.694 61

a. Predictors: (Constant), X13_contagion

b

c

. Predictors: (Constant), X13_contagion, X12

. Predictors: (Constant), X13_contagion, X12, X11

. Dependent Variable: Parcels developed infill NB
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Coefficients®
Unstandardized  Standardized
Coefficients Coefficients Collinearity Statistics

Model B Std. Error Beta Sig. Tolerance VIF
1 (Constant) 164.558 42.498 3.872 .000

X13_contagion  1.395E-5 .000 498  4.445 .000 1.000 1.000
2 (Constant) -43.646 74.650 -.585 .561

X13_contagion  1.080E-5 .000 385 3.525 .001 .902 1.109

X12 124.573 37.935 359 3.284 .002 .902 1.109
3 (Constant) -90.581  73.932 -1.225 .225

X13_contagion  1.028E-5 .000 367 3.493 .001 .897 1.114

X12 121.725 36.362 351 3.348 .001 901 1.110

X11 52.004  20.755 .250 2.506 .015 .992 1.008
a. Dependent Variable: Parcels developed infill NB

Residuals Statistics®
Minimum Maximum Mean Std. Deviation N

Predicted Value -90.42 754.39 290.15 186.591 62
Residual -475.629 646.655 .000 216.545 62
Std. Predicted Value -2.040 2.488 .000 1.000 62
Std. Residual -2.142 2.912 .000 .975 62

a. Dependent Variable:

Parcels developed infill NB
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Dependent Variable: Parcels developed infill NB
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Normal P-P Plot of Regression Standardized
Residual

Dependent Variable: Parcels developed infill NB
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Parcels developed infill NB
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Scatterplot

Dependent Variable: Parcels developed infill NB
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APPENDIX H

REGRESSION OUTPUT

Residential Parcel Development and year —Leapfrogéighborhood

Variables Entered/Removed”

Variables Variables
Model Entered Removed Method
1 X112 . Enter

a. All requested variables entered.

b. Dependent Variable: LP_Parcels

Model Summaryb

Model R R Square  Adjusted R Square Std. Error of the Estimate

1 .783° .613 .606 738.320

a. Predictors: (Constant), X11

b. Dependent Variable: LP_Parcels

ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 5.173E7 1 5.173E7 94.902 .000?
Residual 3.271E7 60 545116.989
Total 8.444E7 61
a. Predictors: (Constant), X11
b. Dependent Variable: LP_Parcels
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Coefficients?

Standardized

Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -99723.042 10351.405 -9.634 .000
X11 51.044 5.240 .783 9.742 .000

a. Dependent Variable: LP_Parcels




Residual of year and Age —Leapfrog Neighborhood

Variables Entered/Removed”

Model

Variables

Entered

Variables

Removed

Method

1

a

Age

. Enter

a. All requested variables entered.

b. Dependent Variable: Unstandardized Residual

Model Summaryb

Model

R

Adjusted R Std. Error of the

R Square Squ

are Estimate

1

.059%

.003

-.013  737.03247590

a. Predictors: (Constant), Age

b. Dependent Variable: Unstandardized Residual

ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 114007.127 1 114007.127 .210 .6492
Residual 3.259E7 60 543216.871
Total 3.271E7 61

a. Predictors: (Constant), Age

b. Dependent Variable: Unstandardized Residual
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Coefficients?

Standardized

Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 70.999 181.053 .392 .696
Age -6.699 14.623 -.059 -.458 .649

a. Dependent Variable: Unstandardized Residual




Residential Parcel Development and year —Contagiadeighborhood

Variables Entered/Removed”

Variables Variables
Model Entered Removed Method
1 X112 . Enter

a. All requested variables entered.

b. Dependent Variable: Parcels developed in Contagion

Model Summaryb

Adjusted R Std. Error of the

Model R R Square Square

Estimate

1 .745° .556 .548

490.336

a. Predictors: (Constant), X11

b. Dependent Variable: Parcels developed in Contagion

ANOVA®
Model Sum of Squares df Mean Square Sig.
1 Regression 1.803E7 1 1.803E7 .000?
Residual 1.443E7 60 240429.872
Total 3.246E7 61

a. Predictors: (Constant), X11

b. Dependent Variable: Parcels developed in Contagion
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Coefficients?

Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -58770.624 6874.619 -8.549 .000
X11 30.133 3.480 .745 8.660 .000

a. Dependent Variable: Parcels developed in Contagion




Residual of year and Age —Contagion Neighborhood

Variables Entered/Removed”

Variables Variables
Model Entered Removed Method
1 X122 . Enter

a. All requested variables entered.

b. Dependent Variable: Unstandardized Residual

Model Summaryb

Model

R

Adjusted R Std. Error of the

R Square Squ

are Estimate

1

.065%

.004

-.012  489.28427009

a. Predictors: (Constant), X12

b. Dependent Variable: Unstandardized Residual

ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 61846.511 1 61846.511 .258 .613%
Residual 1.436E7 60 239399.097
Total 1.443E7 61

a. Predictors: (Constant), X12

b. Dependent Variable: Unstandardized Residual
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Coefficients?

Standardized

Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 52.092 119.854 435 .665
X12 -5.608 11.033 -.065 -.508 .613

a. Dependent Variable: Unstandardized Residual




Residential Parcel Development and year — Infill Nghborhood

Variables Entered/Removed”

Variables Variables
Model Entered Removed Method
1 Year® . Enter

a. All requested variables entered.

b. Dependent Variable: Parcels developed infill NB

Model Summaryb

Model

R

Adjusted R Std. Error of the

R Square Square Estimate

1

.780°

.609

.602 180.321

a. Predictors: (Constant), Year

b. Dependent Variable: Parcels developed infill NB

ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 3033230.768 1 3033230.768 93.285 .000?
Residual 1950942.926 60 32515.715
Total 4984173.694 61

a. Predictors: (Constant), Year

b. Dependent Variable: Parcels developed infill NB
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Coefficients?®

Standardized

Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -24126.689 2528.140 -9.543 .000
Year 12.360 1.280 .780 9.658 .000

a. Dependent Variable: Parcels developed infill NB




Residual of year and Age — Infill Neighborhood

Variables Entered/Removed”

Variables Variables
Model Entered Removed Method
1 X12° . Enter

a. All requested variables entered.

b. Dependent Variable: Unstandardized Residual

Model Summaryb

Adjusted R Std. Error of the
Model R R Square Square Estimate

1 .063° .004 -.013  179.96367519

a. Predictors: (Constant), X12

b. Dependent Variable: Unstandardized Residual

ANOVA®
Model Sum of Squares df Mean Square Sig.
1 Regression 7727.462 1 7727.462 .239 6272
Residual 1943215.463 60 32386.924
Total 1950942.926 61

a. Predictors: (Constant), X12

b. Dependent Variable: Unstandardized Residual
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Coefficients?

Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -1497.517 3065.846 -.488 .627
X12 761 1.558 .063 .488 .627

a. Dependent Variable: Unstandardized Residual
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