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SUMMARY

Suburban growth in the U.S. urban regions has been defined by large subdivisions
of singlefamily detached units. This growth is made possible by the mosilpported
by automobiles and an extensive highway network. These disprdadhly
automobiledependent developments have generated a large body of work examining the
socioeconomic and environmental impacts of suburban growth on cities. The particul
debate that this study addresses is whether suburban residents are more energy intensive
in their travel behavior than central city residents. If indeed suburban residents have
needs that are not satisfied by the amenities around them, they may begraveher to
access such services. However, if suburbs are becoming like cities with a wide range of
services and amenities, travel might be contained and no different from the travel
behavior of residents in central areas.

This paper will compare theffects of long term suburban growth on travel
behavior, energy consumption, and GHG emissions through a case study of
neighborhoods in central Phoenix and the city of Gilbert, both in the Phoenix
metropolitan region. Motorized travel patterns in thesdystueas will be generated
using 2001 and 2009 National Household Travel Survey (NHTS) ddiailojng a four
step transportation demand modeTiransCAD Energy consumption ar@HG
emissios, including both CarboBioxide (CQ) and Nitrous Oxide (pD) for each study
area will be estimated based on the corresponding trip distribution results. The final
normalized outcomes will not only be compared spatially between Phoenix and Gilbert
within the same year, but also temporally betweensy@201 and 200%tdetermine how
the different land use changes in those places influenced travel.

The results from this study reveal that suburban growth does have an impact on
peoplebs travel behaviors. As suburbs grew

behavior letween people living in suburban and urban areas became smaller. In the case

Xiii



of shopping trips the average length of trips for suburban residents in 2009 was slightly
shorter than that for central city residents. This convergence was substantiallyltkie to t
faster growth in trip lengths for central city compared to suburban residents ny¢lae 8
period. However, suburban residents continue to be more energy intensive in their travel
behavior, as the effect of reduction in trip length is likely to besbfly the more

intensive growth in trip frequency. Additionally, overall energy consumption has grown

significantly in both study areas over the period of study.
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CHAPTER 1

INTRODUCTION AND BACKGROUND

1.1 Introduction
Suburban growth in the U.S. urban regions has been defined by large subdivisions of
singlefamily detached units. This growitasmade possible by the mobility supported
by automobiles and an extensive highway netwdhe sububanization processasnot

free at all, as it comesith expensiveeconomi¢ social andenvironmental cost

In the past decade, vehicle milegm@iveled(VMT) in the US., grew from 2.6
trillion in 2000 to close to 3.4 trillion in 2011 (US Departmeh@ ransportation201)).
Such rapid growth neketransportation the largest gdime consumer among all groups,
occupying 71% of the total Petroleum use in United States, as shown in Fijurbel.
large consumption of energyadethe United Sates more glendent ompetroleum

import, which has raisecbnceris regarding national security issuies a long time.

Industry,
23%

Utilities, 1%

Commercial/reside
ntial , 5%

Figurel.l: Percentage of Total U.S. Petroleum Use by Sant®009

Source: U.S. Department dfansprtation Statistics Annual Report 2010



Additionally, therewerealso irreversible damagés the environment. According to
the annual report from UBepartment offrransportatiofUS DOT) transportation sector
wasthe second largest of source of greenhouse ga&j@hhinly carbon dioxide,
emissios in the United States, just aftelectric powergenerationGlobal warming,
caused by the gigantic amount@HG emissionsas also been a concern worldwide in
the recent decade. Health risk associated with harmfidgoatation gas emission has
also threatened the welfare of urban residents, which octupito around 80% of the
entire United Sates populatiddany metropolitanregions have experienced difficulty in

meeting the federal clean air standards.

To reduce the negative effects, in September 2008, California State Legislature
passed the first state law (Senate Bill 375) to curb the suburbanization process using land
use policies, in the hope that the VMT and Getfeildbe maintained under control.

Incentives for compact development was offered to local government and developers to
achieve the ambitious goal, as the State Government realized that improvement in vehicle
technology aloneould nothelp the state to achieve th&HG emissionseduction gal

by the year of 2020. However, the latest feedback of the policy esl/datthe effect of
compact development on VMi#iasrather limited(TRB, 2009. Suchestimate reflects
thelimited information regardinghe impact of compact development on motexdliz

travel patterrfrom the perspective the temporal evolution. In other words, although the
contempoary literatureindicatesthe positive effect of compact development on VMT
reductian, no intuitive resulexistregarding how the effect is likely to evelwover time

andhow longit takesthe new development tasteffect on the/MT reduction.

1.2 ResearchQuestions

Based on the urgent needs for a deeper understanding of interactive relationship
between land use and travel behayie particular debate that this study addresses is

2



whether suburban residents are more energy intensive in theirtiedaaliorthan central
city residents. If indeed suburban residents have needs that are not satisfied by the
amenities around them, theyagnbe travelling farther to access sselnvices. However,
if suburbs are becoming like cities with a wide rangeervices and amenities, travel
might be contained and no different from the trdadtaviorof residents in central areas.
This paper willcompare the effects of long term suburban growth on travel
behavior energy consumption, and GHG emissions through a case study of
neighborhoods in central Phoenix and the city of Gilbert, both in the Phoenix
metropolitan region. Motorized travel pattemnghese study areas will lgenerated,
using2001 and 2009 National Household Travel Survey (NHTS), tatzalibrate and
build a fourstep transportation demand moaeTransCAD Energy consumption and
GHG emissionsincluding both Carbon dioxide (Gand Nitrous Oxide (bD) for each
study area will be estimated based on the corresponding trip distribution results. The final
normalized outcomes will not only be compared spatially between Phoenix and Gilbert
within the same year, but also temporally begw yeas 2001 and 20090 determine
how the differential land use changeghose places influendeegional and local travel

behavior in both study areas



CHAPTER 2

LITERATURE REVIEW

2.1Compact development andnotorized travel behavior

Before 1990s most of the research whas focusedn travel demandiodeling
using land use characteristics, as the highway construetisnonsidereaf the most
urgencyduring that period of time. Motivated by the mobility improvement accompanied
by thehighway development, more development occurred dispersedlyg nemtote
suburban areas, which Iéal costly impacts on environment, economy as well as the
health and welfare of the residents.

To combat the side effects generated by suburban sprawaklyn1®90s, there
was an upsurge of new urbanism movemieaided by community planneiis suburban
areas all over theountry This urban design movemeantendedio promote walkable
neighborhoods with a mixed land use developm@&ihie movement was characterized
urban design standards such as mixed land use, especially for retail and residential land,
grid road network system, traffic calmirgtc. Thosedesign standardsere developed
based on the rationalkattheycould tosone extent reduce vehicle usage while
encourang walk trips. Thusduring this period of timenost of the literaturéocusedon
the debate whethéhese design standards coafttuallyhelp achievetheir original goal.
Some early 1990s studies posited thsifpe relationship between new urbanism or
neotraditional planning and the reduction\é¢hicle Miles TraveledVMT). Peter
Calthrope (1993) noted that VMT can be expected to be reduced by 57%, if the grid
network instead of the conventionaliburbametwork, couldbe implemented in
residential development. McNally and Ryd®93)also proposed a similar report
regarding how driving behaviaould be discouraged in a grid road network system.

However, it has to be pointed out that those conclusions wavendased on the critical



assumption that the trip generation rateuld not be changed after the implementation of
new grid road network, whiclwasrathersuspiciousn the real worldTherefore Randall
Crane(1996)reviewed the problem based on ecorotheory and claimed that the
ultimateimpact of new urbanism design can be ambiguous. In his paper, he argued that
although the travel distanoceuld be reduced after the implementation of the

neotraditional design methods, therasa possibility that pople would generat@ore

trips due to the decline @fssociatedravel cost. Therefore, theveas a possibilityhat

the effect of travel lengtreductionwould be offset by a higher motor trip generation
freqguency. However , Cranthedelsate ofovinether thegridi s e d
networkcould be expected to reduce VMIhe paped i dndét establ i sh a
framework to understand in which way the compact developrmeooted in new
urbanismwas likely toinfluencethe travel behavior.

In the mid and late 1990s, triggered by the suspicious attitude towards new
urbanismmany studiesvereconducted to reveal the quantitative relationship between
compact development and travel behavior based on case stodiss the countrylhese
earlig attempts mainly use@rdinary Least Squar®(S) multiple regression models to
determine the elastidgdts between travel behavior and explanatory variables. The
dependent travel behavior variallasa measure of individual household travel.

Individual VMT or household level VMTWwerethe most commonly employed measure of
travel behavior (Ewing and @eero, 2010). The explanatory variabtasuld be further
classified into two major categories: 1) land sue variables and 2) socioeconomic

variables. Those vables were lar summarized by @eero and Kockelman (1997) as

the ADO variabl es: Density, Design and Di

Densitywasmost commonly defined as the household unit density, population
density and sometimes employmebesign variablevascommonly déined as the street
pattern, whiclwasgenerally quantified by measures such as block size, road or

intersection density, fraction of fouvay intersectionsetc. (Cevero and Kockelman,

5
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1997; Frank et al., 200 Bhat et al., 2009Diversity wasdefined aghe diversification of
land use type within a particular study unit. Therexetwo widely acceptethdexesto
measure the diversity: 1) Entropy Index (Frank and Pivo, 1995) and 2) Dissimilarity
Index (Kockelman 1996; @eero and Kockelman, 1997 ompared with dissimilarity
index, entropy indewasmore frequently utilized in the research&ke formula for both

land use mix index are shown as below:

J

P;In (P;)
Entropy = Z ]ln(])}

j=1
Where,P; is defined as the proportion of land in thddnd use type, and J is the

number of land use type within the study unit.

%\ X,/8
=1[ rd.

k
Dissimilarity = Z
joi
Where K is the number of developed grid cells in the larger geographicjarea,
indexes grid cells, andindexes the eight grid e that abut a grid cell when units are
divided into a rectangular grid, witty=1 if adjacent grid cells have differing land uses.
In addition to the above thrd® variables, DestinatioAccessibility and Distance
to Transitwere alsdrequentlyincludedinto the regression model as the fourth and fifth
D variable. In a largaumberof motorized travel studies, destination accessibiiag
commonly interpreted as the accessibility of employment across a larger regional area
(Boarnet, 2011). In mostsearch, th@ariableswerecalculated as the total number of
employment within a certain distance to the study unit. The threshold for distance varied
among studies, as stated by Handy and Niem
measure accessibility ekiss 0 rvero@umed Duncan (199@)cludedaccessibility variables

with different distance threshold into their modiigietermine the best approach for

their study cases.



The study results from these OLS regression studies ¥889@sreveaédthat
more conpact developmentoaild help reduce the individual or household level VMT
and in most studiegndthe resultaverestatistically significant. The most common
problems encountered by the researclaggeloping multiple regression modghere
the underestimation of standard errors of estimated coefficients, leading to inflated
significance level (Boarnet, 2011). Such problemald becorrected using multilevel
linear modeling method (Ewing et al., 2003).

Although, the multiple regressisoud indicatethe relationship between travel
behaviors and land use variables, the underlying rationale associated with the relationship
was somehow neglecte@iherefore, the OLS modelgereonly sufficientfor hypothesis
testing, i.e. whetheihe correlaton between travel behavior and land use development
patterrs exists Whereasthose modelsannot answer the questiosisch as how compact
development and travel behavimyuld interactive with each other and why the
elasticities varyamong cases. Thererin the most recent decade, the research attention
hasshiftedfrom OLS regression model to structural models, whichpzaantiallyunveil
land use and travel behavior interaction.

The structural model basstudies attempteid connect land use pattewith
travel costwhichwould eventually alter travel behavioFhese studiewerecommonly
structured based onthe mieeoc o nomi ¢ t heor i esudyiB20@lr net and
attempted to connetnd use and travel behavior togethsmgtravel costvariables
This research noted that the land use pattern chemgld cast influence on travel time
cost by changing travel distance or travel speed. The most recent approaches proposed by
Crane (2011veremo del s based on t he mimandwlchonomi cs
wascontrolled by three factors: tastes, resources and pfibesesults from many
structural model studidgndicated that the compact developmerttuldindeedreduce
travel speed or travel distance, whighuld possibly leado reduced indiddual VMT

(Boarnet and Crane, 2001; Chatman 2008 and Zegd43.20
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To scelf-sel @&cti ono o c c wearckes, the structiralmedelg ar | y

which connecedland use type and travel behaviinghousehold vehicle ownership
variables, wereleveloped. In early 1990s, Cervero (1994) suggestecdhthaiduals may
choose residential locatidrased on their travel habit. For example, residents living in
Transit Oriented Development (TOD) zones may be preferred to travel via transit mode.
Thus, lased on this theory, some structural models assdcié@ential locationvith
vehicle ownerships. Joimodek of vehicle ownership and travel behaviarsre
establishedn this kind of studie$Bhat and Guo, 2007; Brownstone and @o2009;
Bento and eal., 20@). The results from these studies reeedhat by controlling the
seltselection effect, higher residential dengsibuld still reduce household VMT
generation. However, simultaneous estimation in this type of structural mocds dwrtn
to berather complicated as the relationship between residential density and vehicle
ownershipwvascommonly nonlinear. While on the other hamaine recent research has
posited that a large set of socioeconomic variatxesd help reduce the seffelection
prodem in the conventional OLS regression model (Hand et al., 2006; Cao et al., 2009).

In reality, the dependent variable and explanatanableswill intertwine with
each other. However, the abawentionednodels cannohandlesuch complex
relationshipquite well. Therefore, with a better power to explore this kinchokiple
relationshipamong variableghe Structural Equation Models (SEM) have become a
more prevailing tooin most recent studie&i( & Shen, 2011; Ewing et al., 20L3rhe
study resuls from this type of research indicdta negative relationship between
developmentlensity and VMT (Liu & Shen, 2011). The national level study from
Ewi ngos t e adthatdahe deasitgouddwhaven positive effect on VMT

reduction (Ewing et al., 2(B).



2.2 Current research limitations

First of all, resultsfrom mostcurrentstudiescould not bedirectly appliedo
regional policy decision makingrocess The example of California Senate Bill 375
could be served as an evidence for such limitafionmake the research more intuitive to
policy decision makersnorestudiesmayfocuson alarger spatial area, instead of the
current prevailing communitgeighborhoods or single household unitke reationship
between regional level land use patterns may be further studied to support land use policy
decision making.

Additionally, the efeect of temporal land use change, especiallydtminant
suburbanization processnindividualtravel behaviomay dso befurtheranalyzed to
determine whether the relationship between development pattern and travel behavior will
change over timelherefore, he temporal comparison will be conducted in this thesis to
check the potential variation dhe relationshigoetween the suburbanizan and travel
behavior ando determinejf indeed there is positive variation in travel pattern, will the
energy consumption ar@HG emissionse reduced based on such change.

Furthermoreijn most of the current met@nalysis the lasticities between VMT
andland use variablesereestimated at metropolitan level or community level. Not
manystudieshavefocusedon the difference betweemban and suirban households.
However, there is a possibility that the elasgsitmay vary in those areas. Moreover,
little spatial models were established to eliminate the spatial autocorrelatiolem
associated with variables and residuals. Therefore, this thesis will include appropriate

spatial models based on Robust LM testsltegor conventional OLS regression models.



CHAPTER 3

ANALYSIS FRAMEWORK DEVELOPMENT

3.1.RegionalMotorized Travel Pattern Analysis

To analyze motorized travel patber two specific trip purposehomebased
work (HBW) andhomebasedshopping(HBSH) trips,werestudied. These two kinds of
trips could contributeto up to around 35% of the daily motorized tripd?hoenix
Metropolitan Region. Other types of trips will fiether studied in the future, due to the
currentdata andime limitation. The specific trip definitions employed in this research
are as follows:the HBW trips are defined as trips between households and employment
places and HBSH trips are those between households and retail associated places. Figure

3.1 illustratesthe defintion of different trip purposesor r eader sé referenc

HBW % NHB O Household
/ w Work Places

O A Retail Places
HBW: Home-based Work Trips
a HBSH: Home-based Shopping Trips
HBSH NHB: Non Homeb-based Trips

Figure3.1: Trip Purpose Classification

SourceAdapted by Author

The traditional fowrstep transportation modeksbuilt in this studyto estimate
the regional travepatterns foHBW and HBSH tripsThe choiceavasmade based on the
following reasons:

First, the purpose of this reseaismot to forecast travel demand in the futbce

to analyze the trip distribution betwe®AZs, based orthetravelimpedance costs
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amongthem. Therefore, the gravity model inherited in fstep modeis sufficient to
perform analysisSecontly, compared with other types of modetuch as tour based
modek and activity based modglfour-step model (trip based modd)less data
consuming aneéasierto perform insoftwaresuch asi'ransCAD Other models require
tour origin and destination TAZs as inputs, whazknot accessible in this research.
Additionally, there is no sufficient information to develop the accdgsihitility
function for each TAZwhich is another required input in activity based madels

Based orthe trip generation definition fromime four-step modelthe production
of homebased trigs alwaysdefined aghe trip end that occurs at home attiactionis
always the end that occurs at the +#mmme location. Therefore, for trips that start at work
places and end at home the production is still the TAZ where the household locates and
attraction ishe TAZ where the work place is situated. Basedlmse definitionsthe
number of trips in the OD matrpellscan be interpreted as the trips between origin and
destination TAZs. For example, if 5 tripseestimated between Origin TAZ 1 and
Destination TAZ 4jt indicates that 5 triparegenerated beteen home in TAZ and
employment in TAZ 4. While there is no further information regarding whether the trips
actually start withirorigin or destinationTAZs based on the OD matrix. The trip

production and attraction definitis@areillustrated in Figure3.2 for reference.

@ Production @ Attraction
T O Household
A Retail Places
@ Production
@ Production @ Attraction @  Attraction
o f/_\ HBW: Home-based Work Trips
HBSH A HBSH: Home-based Shopping Trips
@ NHB: Non Homeb-based Trips

Figure3.2: Trip Production and Attraction Definition

SourceAdapted by Author
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3.2.Local Travel Pattern Analysis for Study Areas

Two study areas with different development paterareselected within
Phoenix Metropolitan area. The first, with meintensive development, locatedthin
the Central Phoenix area, while the other with comparatively less development, situated
at the suburban area in City of GilbéFhe two selected arshave comparatively similar
size while dramatically different development patseiirhe land use pattern variables
employed in this studyere 1) population density, 2) employmeatcessibility 3) road
density and4) land use type diversity (entropy index).

To compare the travel patterim the two study areasiBW and HBSH tripsvere
further classified into three types based on the location of origin and destination TAZs.
Intra zonal tripsverethose withbothorigin and destination located within the stuadga,
illustrated as the red arrows in Figur8.3The Interin tripswerethose produced by
households outside of the study area, while attracted by facilities within the study area
shown as the green arrowlshe Interout tripswerethose produced by kigeholds within
the study area, whilattracted by facilitietocated outside of the study aredisplayed as

the purple arrows

——

I

m I l Entire Metropolitan Area
—— - »
- i_Ti Study Area (Phoenix/Gilbert)

1 O . —
i \\ |--—-s ©  Household
.i E ml ﬂ Attractions (work, retail)
_______ —_— Z——_ Intra-zonal Trips
O/ Z——_ Inter-in Trips
O Z——>_ Inter-out Trips

Figure3.3: Trip Type Classification

SourceAdapted by Author
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Based on the definitiaof different type of trips, the intraonal trips numbewas
achieved from the Four Step Model output OD mairibh both origin and destination
TAZs within the study area. The inteut trips number will be the sum of those with
origin TAZs withinthe stidy areaanddestination TAZs outside the study ar€he total
number otrips produced by households within the study avasobtainedby adding the
intra-zonal and inteout trips together.

The trip attributes such as frequeascaverage trip lengthas well as the total
VMT for the above mentioned thragpes of tripsvereestimated to analyze the travel
patterrs for both study area3.hoseattributeswerethencompareetweerlocal and
nonlocal resident$or Phoenix and Gilbert study aredfie purpose of schcomparison
wasto determine whether the suburbanization progeBhoenix Metropolitan area
actually encourageshore tripsregional wideto the suburban area, or regional residents
still preferedto travel to the centrairban aredo workand shop. Comparisomas also
madebetween local residents from Central Phoenix and Gilbert to detewhigtber the
different spatial distribution of employment and retail service will affieeseinhabitants

in differentmanners

3.3.Study Area Energy Consumption andGHG Emissions

The energy (gasoline) consumptiwasestimated based on the VMT distribution
results.The energy consumptiomascalculated by mitiplying the VMT results with
average Miles per GalloMPG) for different vehicletypesobtained fron2001 and 2009
NHTS dataAlthough thismethodwasrather simple, it stilto some extentonsidered the
traffic condition and travel speed in energy estimagimtessThe road network
developed for VMT calculation was established baseuhten TAZ travel time and travel
speed. For road segments located within different areas, such as urban, suburban, and

rural, different travel time and travel speed were assigned.
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The GreehouseGas (GHG)is the type of gathat tras heat in the earth
atmosphereEnvironmental Protection AgenciPA) definad four major typs of GHG
as Carbon Dioxide (C£), Methane (CH)), Nitrous Oxide (NO) and air conditioning
refrigerant (HFG134a). In 2010, a total of 6882 million metric tons of,@Quivalent
wereemited into atmosphere, 27% of which came from transportagctor(EPA,
2013).According to EPA dataZO, occupies up to 95% of the GHG emissions within
transportation fields, while the other three types only accounti86 bfGHG
emissionsGlobalWarming PotentialsGWPs) wereappliedin this studyto convert the
emissios of three minor GHG gases into equivalent@@issios. The higher the
numkber of GWP, the more heat the gas is likely to capture compare@withThe GHG
emissiongompositionand CQ equivalent calculation standards are listed in T38dle

Table3.1: GHG emissiongomposition and Global Warming Potential (GWP) standards

GHG Emissions Type GWP! Percentage Emission Calculation
Standard®

Carbon Dioxide (Cg) 1 9599%  8.8Kg CQ/gallon

Methane (CH) 25 Associated the travel mile and

Nitrous Oxide (NO) 298 age of the vehicle.

Air Conditioning Refrigerant (HFC 1430 1-5% Dondét have cle

134a) depends largely on the conditio

of the car service.

1. GWHP: global warming potential, used to convert the emissiord@taequivalents.
2. Data Source: EPA 2012

Compared with Methane, ® is commonlyconsidered as more harmfak its
global warming potential (GWHR3$ much higher. Additionally, then@asno sufficient
information to estimate Methane emissionefidfore Methane emissiowasnot studied
in this paperAlthough the Air Conditioning Refrigerant (HFC34a) has thhaighest
GWP among the three minor GHG gasewatnot included in GHG calculation, dse

latestvehicletechnologywasable to eliminate this type of gas emission.
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3.4.Regression Moded Development

OLS regression models weiiest established on differg spatial scak regional,

urban area and neurban area for both studyye®@ 001 and 2009. The
included in this researaliere employment accessibility, retail service accessibihibad
density andDiversity (Entropy Index). The objages of model developmemnwerel) to
explorewhether the elastidgies between travel behavior and built environment remained
the same over study perio?) to determindow they werdikely to changewith the
variation ofD-variables over timand 3) to beck whether spatial factors should be taken
into considerationdMarket incremental testwereconducted tdind outif separate

models should be accepted for urban andumvan areadf indeed the travel patterns
werespatially autecorrelated, spatiahodels such as spatidhg and spatia¢érror models
would bedevelopedo explain the travel behavefor the entire region. This kind of
comparisorcould provide more information for metropolitan level of policy decision

making process.

3.5Analysis Framework Summary

(" Regional Analysis E] B Spatial & Temporal ) (| Regression

2001 & 2009 NHTS 2001 vs. 2009

Regression Scale

Transportation Phoenix vs. Gilbert

Mode! for Trave‘I TAZ Level VMT Metropolitan Region
B AT generation Pattern >  Travel Pattern Analysis
Analysis Urban Area
(Trip Frequency and g Energy Flow Analysis

Energy Consumption Trip Lenth) Non-Urban Area

Model i >
%_) |

GHG Emission

GHG Analysis

Change Contribution Factors Analysis Regression Variables

Inter and Intra Zonal

Model Energy Flow
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To summarize, a tedown analysis methodasemployed in this researchirst
the regional travel pattemasanalyzedor the entire metropolitan regidrased on the
trip generation and distribution methaddour-step modelThen the trip distribution
results associated with the two specific study avesrgextracted and energy
consumption an@HG emissionsvereestimated for those areas. The resutisnfthe
above research step®recompared not only spatially betweesantral Phoenix and
Gilbert, but alsolongitudinally betweenyears2001 and 2009n addition to the
descriptive comparison analysis, Ordinary Least Square (OLS) models as well ds spatia
regression modelseredeveloped to quantify the elasties between built environment
associated variables and motorized travel behavior patinasunderlying reassmo
longitudinalchangesvere also discusseth the hope that could provide new
perspectives for decision makers to support their land use policy making process. The

detailed researctiowchartis illustrated in Figure 3.4.

16



CHAPTER 4

CASE STUDY FOR PHOENIX METROPOLITAN AREA

4.1Data Sourceand Study Area

4.1.1. Data Source

2001ard 2009 National Household Travel Surv&HTS) datawerethe major
data source used in this study to produce Oiiggstination (OD) matrix for HBW and
HBSH trips. NHTSis a periodic nationdlousehold level travesurveyaiming at
facilitating transportabn planners and policy maketdp to now, there are two sets of
NHTS data including 2001 and 2009. Previous to NHTS, Federal Highway
Administration (FHWA)conducted National Personal Transportation Survey (NPTS
which couldbe dated back to 1968ates and Metropolitan Planning Organization
(MPO) have the right to purchase more household samples in the area that they are
particularly interested infhe 2009 NHTSor Phoenix Metropolitan ardaes 4707
householdsincluding not only the public accetde data, but also the agh data
purchased bthe MPO, Maricopa Association of Governmeni$AG). The spatial
distributiors of the2009 NHT Ssamplechouseholdsaindthe ACS census tract level
householdsverecomparedn Figure 41. The color of each ceuns tractwasassigned
based on quantile classification method, i.e. each color represents 10%atfirthe
datasetAccording to the result, the sampled househaieie proportionate to the total
spatial distribution of entire household$e suburban amewasslightly oversampled,
while in urban areagspecially in the center of Phoenix Coyrdgmparatively fewer
households were samplethe 2001 NHTS data only d&98 households for Arizona
State and the samplawumber of differenhouseholdvasnot proportionate tolte entire
household populatiodditionally, therewasmissing information regarding the location

of those householdsgnderingit unfeasibleo conduct trip productiobasedn this
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datasetFortunately, th&eHWA alsopublished2001 NHI'S transferability National files
includingadjusted census tract level vehicle trip generatiors fateHBW and HBSHon
their official website. Therefore, the transferability datsusedin this research for
2001 trip productionThis dataset may ndie accurate to estimate local travel behayior
as itwasadaptedor each census trabased or2001 NHTS data, 2000 Transportation
Planning Package data and American Community Survey (ACS)Hiateeverto make
it feasible to perform teporalcomparison, this dataset wasiployed, as it was more
comparable with 2009 NHTS data in the aspects o$tingey and data processing
methods. Therip travel timedistribution from 2001 Arizona NHTS dateasused to

validate the trip distribution output.

sehold Number|

Legend

Census Tract

2009 ACS Household Number|
00-8110

Figure4.1: Comparson of Sampled household numbiapf and actual household
number(bottor) in 2009

SourceAdapted by Author based on 2009 NHTS data and 2009 ACS data
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The census tract level demographic and seconomic information, such as
household numbehousehold size, average household vehicle ownershgpmedian
household incomayasobtained to estimate trip production using cross classification
method. For gar 2001, th@0® census tract level summary file data from American
Community Survey (ACSyvasemployedandthe2009ACS data (5year estimatg was
usedfor 2009trip production.

The trip attraction process mainly relien the2000 and 2010 Phoenix
Metropolitan area disaggregated employment data from MA®.employment from
2000wasreclassified witl2-digit Standard Industrial Classificatio8IC) code, while the
2009 datavasmarked with edigit North American Industry Classification System
(NAICS) code.

2000 and 2010 Phoenix Metropolitan area road networkvesappliedto
implementtrip distribution process. It has to be pointed out the road networkvaata
quite crude, withouadvancednformation such as average travel speed, number of lanes

for each road segmentic.

4.1.2. Study Area

Phoenix Metropolitan aremasselected as the maceawea to analyze the regional
travel pattern, as would beunfeasibleio estimatenter and intra zonal travel behavior
without larger study context.he Phoenix Metropolitan area has a total of 2001 TAZs
and an area df1193.7square miles. The total population increased rapidly during the
study period fron8233820to 4130721 Specific Transportation Analysis Zones (TAZS)
within the Phoenix and Gilbevtereselected to determine the impact of compact
development on motorized travel behavior, energy consumptio@ B emissionsThe
selection processasbased on thareaattributes such as development density tetal
area so that the two smaller sty areasvould havedifferentdevelopmenpatternbut

similar size The study areas are illustrated in Figur 4.
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Legend
Study Area
/7] Gilbert
'//‘ Phoenix

Phoenix Metropolitan Area

Figure4.2: Phoenix and GilberStudy Area

Source:Adapted by Author

The two study areas, Phoenix a@adbert, hal substantially different development
patterrs throughout the study periodhe2001 and 200@veragedevelopmentensity
indexes for both of the areweretabulated in Table 4. Gilbert has witnessed more
intensive development in the past dée compared with Phoenix area. However, the
overall development density in Phoenix anassstill substantially higher in Phoenix,
especially in the aspect of various kind of employment, where Phaesistill six times
more condensed than Gilbert stuahgain 2009

Table4.1: Average density information for Phoenix and Gilbert in 2001 and 2009

Study Area Population Density Employment Density | Road Density (Mile/acre)
Area (Acres) 2000 2009 Change| 2000 2009 Change| 2000 2009 Change

Phoenix 39934.4 8.54 8.68 2% 6.48 6.71 4% 0.0288 0.0291 1%
Gilbert 24684.3 481 6.52 36% | 094 135 43% | 0.0133 0.0242 82%

Data sourceadapted by author using ACS population data, employment and road data from MAG.
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In addition tothe average dengschange, the spatial distribut®af condensed
developmentvithin the two study areshave alsachanged slightly, as shown in Figure
4.3. In phoenix study area, compared wtitle distribution 2001, the residential dertsi
and employment densitg 2009 weremore evenly distributed, as the range (difference
between the highest and lowest) of residential dedsityined slightlyfrom 24.9 people
per acre to 23.8 people per acres tradrange oémployment density decressfrom
88.5employmentger acre to 74.8mployment$er acre. Such change indichtbe
decentralization ofentral urban are®n the other handhé southeastern part of Gilbert
study aredas becomenore condensed in the past decade, due to the atgion

suburbanization process.

Figure4.3: Residential and employment density change for Phoenix and Gilbert

SourceAdapted by Author based on ACS population data and Employment data from MAG
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To convertthe above mentionetknsus tract level data into TAZ level data, the
census tracteeredivided into smaller pieces, as the boundary of census tract and TAZ
did not coincide with each other (i.e. some census tracts fall into two TAZs). The census
tract level datavasthen redlocated to each smaller polygons based on area information.
The TAZlevel datavasthen developed by aggregating all spatially intersected census
tract data togetheEventually, he TAZ leveldemographic and socieconomic datavas
applied to implementhe trip generation proce$or Phoenix Metropolitan area. The

spatial distributions of these daeeattached in AppendiA.

4.2Phoenix Metropolitan Area Regional Travel Pattern

4.2.1. Trip Production

42.1.1. Trip production with Cross lgssificationMethod

Although the cross classification methedsusedas the major trip production
estimation method, different detailed processes were implemented fe2@8arand
2009, due to data quality limitation. The specific procedarediscussedn the
following paragraphs.

Instead of using the 2001 NHTS survey data to generate the cross classification
table, he NHTS transferability tablevas used to estimatgeneration rate®r Phoenix
Metropolitan arepasthere was no sufficient sample number tnlattributesin 2001
NHTS data In the transferability table, households within each census tract were
stratified into25 categorie®y household size and vehicle numigumberof
households, vehicle trip generation rate as well as HBW and HBSH adjustaexfan
each householdategorywereprovided in the table. The HBW and HBSH production

wereestimated using the following formula for year 2001:
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Trip; production for Census Tract,,

n

= z number of household, ; * vehicle trip generation ratej,
j=1

* trip; adjustment index;,

Where,

I, is the type of trip, such as HBW and HBSH,;

J, is the type of household, classified by household size and vehicle ownership;

k, is thek" census tract.

The trip production cross classification tafile 2009wasgenerated using 2009
NHTS data. The sampled householkeclassified into48 categoriesy household
size, household vehicle ownershgmd household income. The nunmbef HBW ard
HBSH tripswere aggregated by household typEse trip generation ratégr each kind
of household category wetkencalculated using the following formul@he cross
classification table for households within only one peoplabsilatedn Table 4.2and
the entire tablean be achieved frodppendixB.

Total number of trips(type;;)
Total number of households;

Trip production rate; =

Where,
I, Is the type of trips, such as HBW or HBSH;

J, is the category of household.

Table4.2: 2009 HBW and HBSH trip generation rate

Household Household . HBW HBSH

; . Household income . .
size vehicle generation rate generation rate

1 <=1 1=<%$10,000 0.167 1.542

2=%$10,006%$19,999 0.140 1.364

3= $20,000 to $34,99¢ 0.288 1.268

4= $35,000 to $49,99¢ 0.580 1.232

5= $50,000 to $69,99¢ 0.577 1.282

6> =$70,000 0.545 0.955
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>1

1=<$10,000
2=$10,006$19,999
3=$20,000 to $34,99¢
4=$35,000 to $49,99¢
5= $50,000 to $69,99¢
6>=%$70,000

0.200
0.182
0.091
0.304
0.647
0.548

1.000
1.000
2.364
1.174
1.118
1.290

SourceAdapted by Author

The calculated trip generation rateereassigned td@' AZs based onheir average
household size, household vehiolgnership, and household inconestimatedising
2009 ACS data. Th€AZ leveltrip productiors werethencalculatedoy multiplying the
number of households within a specific TAZ with the corresponding generatioii nate
TAZ level HBW and HBSH productioresults for 2001 and 2009 are shown in Figure

4.4 and Figure 4 separatelyThe detailed formula for production calculatisrshown as

below:

Trip production;, = Trip production rate;, * number of household,,

Where,

i, is the type of trips, such as HBW or HBSH;

k,is the K" TAZ.

Legend
TAZ
2001 HBW Production

Figure4.4: 2001 (left) and 2009 (rightiBW Trip Production Result

SourceAdapted by Author
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Legend

TAZ

2001 HBSH Production
043- 150,00

Legend

TAZ

2009 HBSH Production
0.00- 150,00

I 2 2
I 2500.01 - 3000.
I cooo o - 1100403

Figure4.5: 2001 (left) and 2009 (right) HBH Trip Production Result

SourceAdapted by Author

The final trip production resultsy trip purposdor both study years are displayed
in Figure 46. Although this study focusqarimarily on HBW and HBSH trips, three
other kind of trips such as Horgased Social and Recreational (HBSO), Hdrased
Other (HBO) and Non Hombased Trips (NHByvere also estimated herso that the
final resultscould be compared with the original NTHS data to validate the trip
production outputsThe major trip purposadistributiors remained stable in the past
decade, as HBSH and NHB triperestill the most dominant (>50%) trip purpose.
Accordingto the trip production results, the total trip number within Phoenix
Metropolitan area increaséy 57% from 8.0 million to 12.6 million The number of
HBW trips increased by 40%, from 1 million to 1.4 millidviearwhile thepopulation

numberwithin the region increased by approximately 35%
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2001 Trip production result 2009 Trip production result

& Sh

Ao

EHBW ®EHBSH mHBSO mHBO ®NHB EHBW ®EHBSH ®mHBSO mHBO mNHB

Figure4.6: 2001 and 2009 TpiProduction Result

Source:Adapted by Author

42.1.2. Trip ProductionResultValidation

To validate the trip production results, the trip composiwas compared with
that from NHTS datal'he 2001 trip productisand NHTS survey results are illustrated
in Figure 47. Compared with the survey data, the 2001 trip production resiith higher
portion of HBO trip and a lower portion of HBSH trips. The other trip type percentages
were similar withthe survey data. Hrewerethreepossiblereasongo such difference:
1) The 2001 NHTS Data summamgasfor the entire Arizona State; 2) the 2001 NTHS
sample size was rather limited, asvdsobtained from FHWA website without adoh
data; 3) The trip generation ratesnot directly generated from the survey data but
provided by transferability table, whistasadjustedoy FHWA based omational data.
The differencandicatead thatin 2001compared witnational averageesidentsn

PhoenixMetropolitan aredaendedto shopmorefrequently.
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