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Abstract

One of the primary objectives of transit-orientestelepment (TOD) is to provide affordable housingtation
areas, which allows transit-dependents to fulfilithesidential self-selection and hence to takedita However,
this objective could be hampered due to high haupiices in TOD station areas. Nonetheless, pasinagsshed
little lights on the impact of mixed use on housprges. This research aims to analyze the relship between
mixed use, density, and accessibility on the omelhand to evaluate the impact of mixed use onihgyxices on
the other hand. To accomplish this empirical redeenedonic price model is applied for the caséagei, Taiwan.
Research findings suggest more types of compatiisiedential-needs uses in neighboring blocks irserdmusing
prices. This research also reveals that highemtityaf land use does not significantly improvedeof
accessibility. A community designed with neighbgrlilocks mixed use and high diversity of land ysewides
better accessibility, but also leads to higher immuprices. Hence this research suggests raisiog firea ratio cap,
together with the suggested mixed use type, which®one hand, is likely to lower housing price pait floor area,

and on the other hand, to increase housing supplPD station areas.

Keywords: Transit-oriented Development; Mixed Use; Hed®rice Model; Spatial Analysis
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COLEEEL LT T
Abstract

A great deal of literature has already contributethe methods of characterizing,
guantifying compactness/”sprawl,” and its causddowever, population, generally used in
measuring compactness/”"sprawl”, when decreasing doenecessarily indicate reducing
housing demand in central city when household siwmks, which is likely to affect
anti-sprawl! policy making. Secondly, unmet housiegnand in central city, will lead to
outbound intra-metropolitan migration; this spiltes effect may found the groundwork of
pushing force of “sprawling” like in a gravitationodel, accompanied by the pulling force of
attractiveness of outskirt, both of which may biefiimced by the level of
accessibility/channeling force between central aitg outskirt, conceptually. However,
this concept has seldom been applied in analyzjnantifying compactness/’sprawl.”

The purposes of this research are threefold: firaims to differentiate population from
household in terms of what they reveal in char@tey compactness/’sprawl.” Secondly, a
pushing-channeling-pulling gravity model will bevé¢oped to classify causes of “sprawl,”
and to gauge the magnitudes of individual and autiere effects of pushing, channeling and
pulling forces. Third, a series of archetypal cactpess/’sprawl” characterized by changes
in household, population and employment altogethkibe developed to better understand
the phenomenon of “sprawl.” To conduct this entairresearch, 36 metropolitan areas in
Taiwan will be applied for years 1966, 1980, 19fd 2000. The primary analysis tools
include descriptive statistics, and panel dataaggjon.

Keywords: urban “sprawl,” household size, housing supply,gbalata regression



1. Introduction

Mostly, urban “sprawl” or decentralization is obgst and measured with population
distribution within a metropolitan area. Howewgcreased population in central city does
not necessarily mean urban sprawl for a few coonti For example, space left by
decreased population in central city may be replaceout-bid by commercial uses, which
still constitute a strong urban core. On the otfeerd, decreased population in central city
does not necessarily indicate centrifugal forcegagulation, either. For instant, in a
special case where a society is experiencing shgrtkousehold size due to socio-economic
changes such as fewer-kids families, increasingiesiparent families, lagged marriage age,
the size of households, representing housing naetisg central city may still increase,
though the population is reduced.

The purposes of this research are threefold: ftraims to differentiate population from
household in terms of what they reveal in char&aatey compactness/’sprawl.” Secondly, a
pushing-channeling-pulling gravity model will bevééoped to classify causes of “sprawl,”
and to gauge the magnitudes of individual and auire effects of pushing, channeling and
pulling forces. Third, a series of archetypal cactpess/’sprawl” characterized by changes
in household, population and employment altogethikbe developed to better understand
the phenomenon of “sprawl.” The hypotheses of¢hipirical research are two-fold: on the
one hand, push effect of unmet housing demandntralecity cause urban sprawl, among
others, affected by housing supply policy in cdrtiées and shrinking household size. On
the other hand, push effect, pull effect, and rhlsgel of channel interact in terms of
affecting urban sprawl.

This paper starts with a revisit to conceptual,gptel, and index-based definition of urban
sprawl, and the causes of urban sprawl. Thengthgirical study employed Taiwan to
evaluate the impact of pulling, pushing and leearessibility between central city and
outskirts on urban sprawl. The data needed argitetnfrom a few different government
demographic, economic, and map data bases overageBade-span—between 1966 and
2000. Research methods include descriptive statjgtanel data modeling. Finally,
policy implications are developed for land use pldrousing policies for central city and
outskirts.

2. Revisit to Urban Sprawl



The definitions of urban sprawl seems not extremehyfusing conceptually, but not so
straightforward when involving measuring it, in paular digging into the concept-base of
currently applied indexes. The more universalstifinition of urban involves the
concept of low density metropolis-wide or locabyd local strip development, and leap-frog
development. Dynamic transformation of urban sprawolves. Population is
decentralized, or the population is moving outwiaodh central city to outskirt (Figure 1.a).
In many cases, it leads to urbafisprawl” The dilemma of this type of dynamic urban
sprawl is embedded is the new spatial distribugiatterns (Figure 1.b).
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Figure 1. (a) Dynamic urban sprawl; (b) Case with ¢ onfusing condition of urban sprawl.

Population and employment should be both takenantmunt to gauge
compactness/sprawl since they are two major aietsvihat use up space in a metropolitan
area. The basic one is to measure, for examplentral city, if population and employment
increases or decreases, i.e., the signs of chdhgele 1).

Table 1. Archetypal central city: Changes of popula  tion, household, and employment in cc

Pop + Pop -

Emp. + Toward compactness Same level of compactness/sprawl with change in land
use type (Issue: need a term for this), including possible
pop replaced by Emp.
® HH +: Toward “compactness” (not replaced by
emp.) (This is why the use of hh is significant.)

® HH -: Pop possibly replaced by Emp.

Emp. -- Same level of compactness/sprawl with Toward “sprawl”
change in land use type (Issue: need a term ® HH +: still with residential attraction though.

for this), including possible emp replaced HH -: Toward “sprawl”

by pop.




There are at least two methods to count changemilption and employment
altogether, as opposed to only examining the doestof change, i.e., for the two “Same
level of compactness/sprawl with change in lang’usehe above table. One type of
methods is to count the floor space for resideatial commercial in use. The most ideal
data to calculate if space is more used or leggdge if central city is used us more or less.
However, the data are mostly unavailable. Therdthpee of method is to count the land
area for residential and commercial in use. Thelke is not ideal since the real floor
space used up cannot be correctly counted. Tlaenday not be counted correctly also
when land use is mixed in the buildings. In addifimostly the data are unavailable.

The way of thinking about dynamics of growth, rédlsition, and impact of sub-area
characteristics in terms of population dimensi@mnal The growth of population
constitutes what and the amount has to be disetbit space in a metropolitan area.
Housing stock formulates the level of attractionerms of quantity on the one hand.
Unmet housing demand in this sub-area may caudeitte of spill-over, or in the central
city case, urban sprawl. So the above involvesetiariables representing different roles:
population growth represents the amount to beildigtd; housing stock represent the force
of pulling, and; unmet housing demand cause theefof pushing. For example, for central
city, the overall population growth of metropolitamnd then blown up by shrinking
household size, formulates the amount needed tiisbrébuted, which cause change of
urban form, but not necessarily compactness o\gpi (t-t1—t0).

3. Factors Causing Urban Sprawl

Factors causing sprawl may involve two phenomenange of population (growth, mostly,
and decrease), and (re)distribution of activitlastlt residential and employment). Growth
definitely leads to distribution of new populatiand employment, affected by pushing, pull,
and accessibility characteristics of places in sropelitan area, and accessibility ability of
population and employment. Redistribution of erpopulation and employment is also
affected by characteristics of places in a metitgrolarea. In a fast growing metropolitan
area, the impact of distribution of growing resiti@nand employment spatial needs on urban
form could be larger than that of redistributioreafsting residential and employment needs.

Growth will definitely affect degree of compactnisgsaw! since the urban form will
change due to more space used by human. Howewerthgwill not necessarily lead to
compact or sprawling form; in contrast, new urbamf depends on policies digesting their
new spatial demand. Hence growth may reinforcentipact of exiting compactness or
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“spraw!” tendency possibly shaped by such politiessing policies, transportation policies;
for example, newly resulted unmet (increasing) haudemand in central city may reinforce
sprawling trends.
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Table 2 Four Population-Household-Employment-Based Archetypl Central Cities: Taiwan

No ﬁlz%P ﬁgg ﬁEé\ACP Type of gﬁg%ﬂ]gg)’"?éﬂ)p” HH, FEr?::?rl L\mng:;cséilg(),\?ese?j; d Jobs/Housing Balance Overall APOP Overall Compactness/Sprawl Policy Implications
1 + + + ® Growing central city (CC); To serve spatial needs from N/A N/A N/A Conditionally
® Toward compact CC. centralizing population and desired/acceptable if
employment to lead to more compact standards of living
urban form, and maintain residential (livability) is maintained.
livability.
2 + + -- ® Population-growing CC, but with (Towards jobs/housing balance? If @ Toward balance N/A N/A Acceptable
weakening employment; toward balanced, then the cc is ® Away from balance-More Planning-oriented policy
® Residential activities replacing  heading toward good urban form; if economically robust CC intervention to induce
employment activities. not, it's not.) CC-bound migration of
® What could have been missed: employment?
Wrongly diagnosed as more
compact CC since being
observed from population alone.
3 + -- + -- (Barely exist at present) N/A N/A N/A N/A N/A
4 + - -- -- (Barely exist at present) N/A N/A N/A N/A N/A
5 - + + ® Employment-growing CC, with @ Increasing housing supply can ® Toward balance N/A N/A Acceptable
increasing housing demand but serve housing needs, and hence  ® Away from balance-More Market-oriented policy
with diminishing population. leads to more compact CC. economically robust CC meet CC-bound migration
® Employment activities replacing of population.
residential activities, yet with
more residential demand.
® \What could have been missed:
Wrongly-Diagnosed as less
compact CC since being
observed from population alone,
and yet with more residential
demand.
6 - + -- ® \Weakening CC, but with ® Increasing housing supply can N/A N/A N/A Market-oriented policy
increasing housing demand. serve housing needs, and hence meet CC-bound migration
® \What could have been missed: leads to compact CC. of population.
Decentralizing CC, yet the
residential need in CC was not
identified if not observing from
HH.
7 - - + ® Employment-growing CC, but ® Toward balance N/A N/A Acceptable
with weakening population. ® Away from balance-More Planning-oriented policy
® \What could have been missed: economically robust CC intervention to induce
Wrongly-diagnosed as less CC-bound migration of
compact CC since being population?
observed from population alone
and yet with more employment
demand.,
8 - -- -- ® Direct Observation: Weakening @ (Diminishing metro or N/A ® + Decentralizing @ + Decentralizing CC but Planning-oriented policy
central city decentralizing urban form? Needs still of compactness in intervention to induce

® Urban form: Less compact CC

to analyze the overall growth rate
of the metro and
compactness/sprawl index.)

® -- Diminishing

general
® -- Sprawling

CC-bound migration of
population and
employment?




Growth -- the growth of population constitutes whatl the amount have to be distributed in
space in a metropolitan area. Housing stock foaeslthe level of attraction in terms of
guantity on the one hand. Unmet housing demathisrsub-area may cause the force of
spill-over (push out forces), or in the centray@ase, urban sprawl.

So the above involves three variables represeniifeyent roles: population growth
represents the amount to be distributed; housigksepresent the force of pulling, and; unmet
housing demand cause the force of pushing. Fonpbea for central city, (1) the overall
population growth of metropolitan, and then blownhy shrinking household size, formulates
the amount needed to be distributed, which cauaegeghof urban form, but not necessarily
compactness or “sprawl;” (t-t1—t0).

The outward pushing forces between time 1 and 8rfies., expected POP t2 — Real POP
t2)(the pink part), lead to outward population moeat/change at the outskirt at the ending year
of the period (t2), or the change of degree of nrlsprawl” between t1 and t2 (e.g., pop-based
sprawl t2- pop-based sprawl t1).

Unmet demand for space for population and employmamse push out effect. Unmet
demand is a collective result of housing demandsapgply, in terms of both quantity and quality.
Characteristics in terms of both quality and qugnti For instance, the simplest one, highway
system differs from general road systems in terhggality, and also the length of roads per se
differs in terms of quantity. Another example ofqgtity difference alone is the unmet housing
demand. If not, then the good thing is that batimgactness and sprawl can be gauged. In
this case, a sub-area in a metropolitan area canltath push-outward and pull-inward factors
and the overall condition. For central city, pe$fect means “sprawl’ forces, and pull
effect means“compactness effect. For suburban areas, push effect ffagmpactness
force or further “sprawl’ effect.

If a direction is defined as forces causing compess and sprawl, then forces can be
defined, for explaining sprawl, as pushing outwlardes of central city, pulling-outward forces
of suburban areas, on the one hand. And on thex bnd, pulling-inward forces of central
cities, and pushing outward of suburban areas. ahlaéysis unit seems to be the metropolitan
areas since the sprawl and compactness is measiuitegl metropolitan area level, sprawling
forces can also be measured at the metropolitah, lsewch as pushing-outward forces and
pulling-outward forces, and the compactness effects

4. Methods



This research employs a time-series-based frametwakalyze the dynamics of urban
“sprawl” factors and their impacts on “sprawl.” &time series framework incorporates time
points, years 1966, 1980, 1990, and 2000, for 3Bapelitan areas in Taiwan. Due to both
time-series and cross-sectional data format, padettel analysis is employed, which is conducted
in Stata 10.

Population and employment should be both takendantmunt to gauge compactness/sprawl
since they are two major activities that use ugspa a metropolitan area. Hence, USI is based
not only on population (e.g., Pop-Moran’s | in Tali), but also employment (e.g.,
Pop-Emp-Moran’s | in Table 1), which altogether caweal if urban “sprawl” measured
according to population spatial distribution pattex not really happening if employment spatial
distribution is counted; for example, populatiors&a decentralized central city may be
substituted by employment space, which does nokeveeaentral city but possibly the other way
around, and may not be treated as urban “spravtlalasult of “population bid out by
commercials.”

To count population and employment together forsngag compactness/sprawl, an
assumption is adopted that one percentage posfelmsgration of population in one sub-area in
a metropolitan area can be made up by the gainfmatidon of one percentage point of
employment, and vice versa. This assumption caohtie weightings of employment and
population, which allow counting them altogethen ghe following index is developed (Table
1):

Mix Index of Population and Employment
= (Population + Employment * W) popuiation-baseds OF

= (Population / W + Employment) empioyment-based

Where W = Metropolitan Population / Metropolitan Employment

A panel regression model is built to probe factagsing the spatial distribution of
population in a metropolitan developing in a spraw/fashion, based on the experience of
intermediate and large 23 metropolitan areas iwaaifor 1966, 1980, 1990, and 2000. This
panel model, with change in the degree of urbarasj as independent variable, composing
three time-point time-series data, allows it toraiee the extent to which factors, for example at
the beginning of a time point (e.g., 1966 of thé@:9980) affects the change of urban form
during this time point. A variety of the 23 metadipan areas expands the variance of degrees of
change of urban “sprawl” and the characteristicghefmetropolitan areas. The selection of
change of urban “sprawl” in a dynamic sense, a®sgg to degree of urban “sprawl!” in a stable
sense, makes it possible to uncover what makegrapoétan more compact or sprawling (more
in the notes).  The findings of this model sexvexamine the research hypothesis



Following are framework and variables of the paegression model of the dynamic urban
“sprawl” model. Out of the 36 metropolitan areagd aiwan (Yang, 2001), only 26 intermediate
to large metropolitan areas are selected. Secpnldda are collected for four time points,
19661, 1980, 1990, and 20002, ten to 15 years,aphicth is probably not too short to observe
changes in a metropolitan areas in terms of laedtsnsportation infrastructure,
socio-economic characteristics, and urban form.es&Hour time points formulate three time
time points of observation, i.e., 1966~1980, 198®d] and 1990~2000, making up 78 (3*26)
observations in total.

Change of global Moran’s |, an urban sprawl! indd$lfor short hereafter), is chosen as
dependent variable to measure degree of urbanwgpiaend independent variables are classified
according their impacts on urban “sprawl” (Equatign Global Moran’s | is able to gauge the
degree to which high-density sub-areas in a melitapcarea are clustered; it, hence, is able to
distinguish compactness from sprawl—the more comb@curban form, the higher the value of
Moran’s I3 (Tsai, 2005). Hence positive value lobhoge of Moran’s | indicates a metropolitan
area is becoming more compact, and vice versa. raivkl are calculated from the city-based
data for each metropolitan areas with Spatial Aorietation Tool of ArcGIS 9.2. The
weighting in calculating the Moran coefficient ietinverse distance between the centroids of
two cells, which more sensitive and accurate inattarizing metropolitan forms than contiguity
criteria (i.e., O for discontinuous cells, and 1 dontinuous cells).

Theoretically potential factors leading to mopeasvling urban form are classified into
pushing-outward, pulling-outward, and accessibiéyegories (Equation 1, Table 1), a
gravity-model like theory. First of all, pushingievard factors can further be classified into
pushing outward from central city and pushing outlhia general. The former are those
pushing population out of central cities, primaulymet housing demand for central-city living
in terms of quantity, quality, and price of housiagd quality of community theoretically; data
dated back more than four decades are only avaifablquantity-based for this empirical study.
As a consequence, variables are incorporated teasune the housing demand not served by
new housing in central city between previous timmp(i.e., (t-1)) and current time point (i.e.,
t0), not by existing empty housing stock at presitime point, or by both a whole (Table 1).
Hence, pushing-outward factors are mostly reladaghtler-served housing demand. The
pushing outward in general category are those ifath@t measures increasing spatial needs,
which if not served vertically (higher floor areste), is likely to be served horizontally, that is
moving outward. The variables include populatioovgh rate, change of household size,
which altogether contribute to household growtle.rat

Secondly, by the same token, pulling-outward factoe those pulling population out of

11966 is selected instead of 1970 because somesigosficant variables for this research are ongitable then.
2 Some data are only available one year beforeter. af
% Sprawling indexes measuring the degree that aetvitre evenly distributed, such as Shannon’s pyad
Sprawl Index, are not selected since they are ertalbineasure spatial relationship (Tsai, 2005).
8



central cities to outskirts, majorly attractionaaftskirt characteristics, including quality of
communities, and quality, quantity, and price ofisinog.  Due to the limited availability of the
forty-year-old data, merely new housing added dytire time point in question, and existing
unoccupied housing at the beginning of the timefaie incorporated. In contrast to
under-served housing demand of pushing-outwardrscthe incorporated pulling-outward
factors are supply of housing.

Finally, accessibility variables are those thatlitate the pushing/pulling outward factors,
and it can be further broken down by public polielated, and socioeconomic characteristics: the
former include highway length, number of highwayrance/exits, intercity roadway length, and
the latter include wage, automobile ownership, mwaged ownership (Table 1).

Other than the above three types of factors causingn sprawl, there are variables that
might also affects the change of urban form oveetthat needs to be controlled for. These
control variables may include characteristics ofetropolitan area, such as population at the
beginning time point of the observation time pdir., t-1), percentage change of population size
(t-1~t0), percentage change of household sizet@)1and population density (t-1) (Table 1).

The factors affecting change of urban form in teahgrban sprawl/compactness can be of
dynamic or stable fashion. In this dynamic modebsuring the change of degree of urban
sprawl/compactness during an observation time go@t AUSI; .4 in equation 1), variables
shown above can be both the change of certain deaistics during a time point (i.e., dynamic);
for example, incremental number of highway interg@during a time point may lead to
worsening degree of urban sprawl. On the othed hand the characteristic at certain time
point (i.e., stable) may also cause more sprawlitign form during a time point; for example, a
metropolitan of high population density (at the ineghg of the time point) may have higher
floor area cap, and hence given others equal, rsightlevelop in a more compact shape; or
pressure from high-density living might cause eutign from high-density to low-density
sub-areas, and hence leads to less compact fomshott, the above sprawl-causing factors are
classified according to the mechanism that varghféect urban form; they can be further broken
by time-series (dynamic) and difference betweerrapelitan areas (cross-sectional) for the
panel regression model.

ﬂUSIi, to~(t-1) — &, + B 1Xpush + B prull + B 3xaccessibility + B 4Xcontrol + &0 (1)

Where

AUSI; o1y is change of urban sprawl index (USI) of metropolitan area i from previous time point (t-1)
to current time point (t0), where i = metropolitan area, and t = time

a i is the unknown intercept for each entity

Xpush (1) IS the pushing outward factors,



Xpuil ¢-1) 1S the pulling outward factors
Xaccessibility(t-1) 1S factors of accessibility connecting between inner cities and outskirt,
/3 is the coefficients for X, and

€ is is the error term

It is noteworthy that the independent variables eamtwo kinds of format: the stable and
dynamic; the stable statistics shows the stattiseabeginning or mid-term of an observation time
point, and dynamic statistics gauges the changbaracteristic of a dynamic statistic. In this
change of urban sprawl model, this stable arrangeofendependent variables lead to
cross-sectional like analysis, i.e., different eltéeristic of metropolitan areas, regardless which
time point they occurs, leads to more compactss #rawling development in the future. On
the other hand, the dynamic arrangement measureth&rtthe change of status leads to a more
compact/less sprawling urban form in the futureicliis more like time-series analysis.
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Table 3 Variables adapted in developing panel mode Is of urban “sprawl,”

by pushing outward, pulling outward, and accessibil ity categories

Variable

Alternative Variable(s)

Urban Sprawl Index (USI):
Change of Sprawl Index (SI), population based (4Sl.1)-)

Pushing outward factors:

Overall pushing outward:

Household growth rate between previous time point (i.e., t-1)
and current time point (i.e., t0) (4HH%-1)-10)

Percentage change in household size (4HH-Size% (.1)-0)

Pushing outward from central cities:

Ratio of household growth not served by new housing in
central cities between previous time point and current time to
point to metropolitan households [=(predicted household growth
in central cities (.1)~to— new housing in central city (.1)~t0)/ total
metropolitan households ]
(4HHcc-Not-Served-By-New-Housingcc ¢-1)-t0)

Population growth rate between previous time point and
current time point (4Pop%.1)-to)

Ratio of Household growth not served by new and existing
unoccupied housing in central cities between previous
time point and current time point to metropolitan
households
[=(predicted household growth in central cities .1)~to —new and
existing empty housing in central cities) o / total metropolitan
households o]
(Ratio-2HHc-Not-Served-By-All-Housingcc(1)-t0)

Ratio of Migration from central cities to outskirts between
previous time point and current time point to metropolitan
households [(predicted number of households in central cities
0 — real number of household in central cities )/ total
metropolitan households ]

(Ratio-Migrationg -1)-t0)

Pulling outward factors:

Unoccupied housing stock in the outskirt in previous time point
(Outskirt-Housing-Stock.1))
(Quantity-based, as opposed to price-, and quality-based)

New housing built from previous time point to current time point
in the outskirt (Outskirt-New-Housing:1)-t)

Ratio of all available housing in the outskirts to metropolitan
households
(New housing (1)~ plus unoccupied housing stock in outskirts (.1))/
total metropolitan households ) (Ratio-Outskirt-All-Housing«)-wo)

Percentage unoccupied housing stock in the outskirt in
previous time point
(=Outskirt-Housing-Stock...yMetropolitan-Housing-Stock 1))
(%Outskirt-Housing-Stock 1))

Percentage new housing built from previous time point to
current time point in the outskirt
(=Outskirt- New-Housingt.)-o/
Metropolitan-New-Housing..,)-w0) (relative quantity)
(%Outskirt-New-Housing:1)-to)

Accessibility variables:

Public policy related:
Highway length at mid-time-period (i.e., t-0.5) (KM)
(Highway-KM.o5))
Number of highway exits at mid-time-period
(Highway-Exitx..5))
Socioeconomic characteristics
Household automobile ownership at mid-time-period
(Automobile-Ownership.o.s))
Household moped ownership at mid-time-period
(Moped-Ownershipg.o.s))

Control variables

Population at previous time point (Pop (1))
Household density at previous time point (HH-Density .1)

Highway density at mid-time-period (KM/KM?)
(Highway-Density(..o.5))

Density of highway exits at mid-time-period
(Highway-ExitDensity to.5))

Growth rate of the whole metro is picked to calteil@ewly developed demand for
housing/space in central city. Submitting the pafon change between t1 and t2 in central
city (the green part) from the population growtlvad (population t1 * growth rate t1-t2)(the
purple part) the magnitude of pushing-outward feraee calculated (the pink part) (Figure 2).

Expected POP growth = 11

can be assumed as the
average growth rate of the

metro, composed of birth



J

- Those who moved outward: (1) Zoned out, (2) Intenoket
h (3) Met residential demand

} POP t2: From statistics

J

Figure 2 The Way of Calculating Pushing-outwarddesr

5. Empirical Results of Panel Regression Model of U rban Sprawl

Table 3 presents a fixed-effects model of panalession analysis for the 36 metropolitan areas
in Taiwan for three time periods—1966-80, 1980-&fj 1990-2000; this model shows the
variables that cause a metropolitan to becomeclmspact or more sprawling during the three
observation periods. This panel model is a dynanudel which shows what factors cause the
change of urban form, rather than a stable mod®iisty the characteristics of metropolitan
areas with different degrees of compactness/spraWwhis fixed-effects model is selected over
fixed effects model since the results of Hausmanhdeggests its superiority where the
probability is not significant (i.e., .009<.05).n &ddition, Robust standard errors are adopted to
control for heteroskedasticity. The model hadyajood predictive powers with goodness of fit
of 61.2%.

First of all, the panel model results show thategahy the pulling-outwards forces cause
less compact or more sprawling development thooghesof the results are not statistically
significant (Table 3).  Controlling for two metrgan variables—population and household
density— the more rapidly the population grows aveome-one-decade-long period in a
metropolitan area, indicating more residential ispaeeds, the less compact or more sprawling it
becomes, without considering how compact or spreghvdi metropolitan area is at the beginning
of an observation time period; the coefficient #dalue of population growth rate reveals that
the change of Sprawl Index is statistically pogiyvaffected by population growth. However,
even though household size has a negative coeffjéradicating that shrinking household also
contributes more residential needs and hence tespact development or urban sprawl, it is not
statistically significant. ~ Similarly, emigrationoim central cities to outskirts has a positive
coefficient, meaning it will cause less compactmmre sprawling development, but it is not
statistically significant.  All the findings as &ale suggest that when the need for residential
space a metropolitan area in Taiwan grows, theapelitan appears to grow un-smartly from the
population distribution point of view. BesidesistAnalysis again supports that population is an
ideal variable to gauge the degree of urban spiawtlthe number of households is superior than
population in measuring needs for residential space
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Secondly, the panel model results show that thieenithe proportion of all available
housing (existing unoccupied housing stock plusindwilt housing) in the outskirts, the less
compact or more sprawling the metropolitan areaines (Table 3). However, the impact is
only borderlinely significant.  This result may itgphat, given others equal, the housing
available in the outskirts pulls households outwdodoutskirts, and hence cause less compact
development or urban sprawl, or vice versa thahthesing available in central cities may lead to
more compact development. Thirdly, the model e¢smals that improved accessibility due to
higher automobile ownership, lead to a less commagtore sprawling development spatial
pattern. In addition, the number of highway exgibgs not statistically affect urban form (Table
3).

Finally, the model shows that the degree to whiamet&ropolitan will become more
sprawling or compact is also affected by its popaitasize and household density. Given
others equal, the larger the metropolitan poputatioe less compact or more sprawling its urban
form will become (Table 3). This result is consigtwith the impact of population growth
presented above. Household density of a metr@potitea affects USI differently; the higher
the household density, the more compact or lessmiog the metropolitan area will become.
Unlike population size, which is largely causedloy nature of the society, and metropolitan
area, household density to certain degree canféeted by land use policy and consequently can
be a significant policy tool affecting urban formterms of urban sprawl.

Further, the relative significance of each fachatteads to less compact/more sprawling
urban form is revealed by the magnitude of staridaddcoefficients (Table 3). This
significance analysis of factors will be analyzegarately for policy-related and for natural
characteristics of a metropolitan area, respegtivalen though the line sometimes is hard to
draw when policies are mostly made to cope withettigyment trend. This arrange of analysis
framework make it easier to understand what natirafacteristics cause a metropolitan area to
grow in a more compact or more sprawling way, ahdtwpolicies can shape future urban form
more significantly.

Table 3 Dynamic Panel Model of Urban “Sprawl,” Tawan’s Metropolitan Areas,

1966-2000
: . ; Robust Standardized
Variables Coefficient (Sig.) SE. Coefficient
Pushing outward factors:
Overall pushing outward:
Populatlon_growth rate between previous time point and 14.881(.029) 6.644 119
current time point (4Pop%t1)-w0)
Percentage change in household size (4HH-Size% (.1)-0) -39.602(.381) 44.900 -.052

Pushing outward from central cities:
Ratio of migration from central cities to outskirts between
previous time point and current time point to metropolitan 16.282(.805) 65.724 .026
households (Ratio-Migrationg ¢-1)-t0)

Pulling outward factors:
Ratio of all available housing in the outskirts to metropolitan

households (Ratio-Outskirt-All-Housing-1)-1) 34.580(.060) 18.082 142

Accessibility variables :
Public policy related:

13



Number of highway exits at mid-time-period

(Highway-Exitc.os) .362(.612) J1 .041
Socioeconomic characteristics:
Household e_lutomoblle qwnershlp at mid-time-period 342(.000) 026 1.222
(Automobile-Ownership.os)
Control variable s:
Population . 4.56e-05 (.000) 9.63e-06 1.449
Household density (1) (HH/KM?) -.253 (.000) -.046 -2.056
Constant 2.582(.778) 9.119 0.262
Summary Statistics:
Total number of observations 108 (3 time periods, 36 metropolitan areas)
R? 0.612
Hausman test (Fixed/Random): Prob. .009

In the arena of natural characteristics, populasiae of a metropolitan area is the most
significant factor, and followed by household autdnfe ownership, and population growth rate
(Table 3). Across all metropolitan areas, thedaggppulation size, household automobile
ownership, and population growth rate, the lesstel@d/more dispersed the metropolitan area
becomes. Among these non-policy variables, houdehdomobile ownership, in fact, can be
affected by such policy as transportation infradtice, taxing and pricing policies, and density of
land use policy.

The policy-related variables affecting the chanfydemree of urban sprawl, are household
density, and the availability of housing in theshkirtts (Table 6), all of which are land-use related
factors. Household density has a lot higher img@ant the availability of housing in the
outskirts, and in fact is the most crucial factofsall. The higher the overall household density,
and less supply of housing in the outskirt, theemmmmpact or less sprawling a metropolitan area
will become.
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8. Conclusions and Policy Implications

In reality, many cities are not monocentric, butypentric. So the issue of how to define
where is place to be developed and others arerarter to determine pull/push as “toward
sprawl” or “toward compactness.” How to grow eowimentally smartly given that population
is head toward to the high point, and then coneeké¢ shrinking period on the one hand, and
human-built area is hard to turn back as nature@@mwent again? Perfect substitution effect
can lead to more compact development, but pertdadtgution effect will not materialize in the
short run, since human-built area is hard to tackkas nature environment again in foreseeable
horizon. Substitution effect means people flowimg metropolitan areas now switch from
living in less compact rural areas or small tonmabre compact metropolitan areas. At this
level, overall the urbanized areas are growingremvnentally smartly since more people live in
higher density areas.

Variables affecting unmatched housing/neighborhoodinmet housing demand can be
analyzed by this framework, so that the policy oheglvith decentralized cc is developed
accordingly. For example: under supply of housingc due to floor-area cap (i.e., quantity of
housing), leads to high housing prices (quantitgaing housing characteristics). In turn, given
others equality, high housing prices lead to pusheffect. For example: shrinking household
size leads to more housing demand. And given sthgual, shrinking household size lead to
push-out effect.

Increasing number or change of households repretianflow of moving entity, which is
better than population since it is a result of letwdd size and number of households. So, does
this mean the change of number of households frbroan is partially affected by the degree of
preferred quality of an area, other than quantityich will formulate the push/pull force of t-1,
and in turn, affect urban form of tO.

Increasing hh from time t-2 to time t-1 in cc, miegntoward-compactness force during this
period, which underlying the attractiveness ofroorf t-2 to t-1, may still represent the degree of
attractiveness of this area in terms of qualityegithe level of quality seldom overturn promptly.
Change of hh in central cc from t-2 to time t-1ai®int outcome of all quality aspects, as well as
guantity for the same period of time. Hence, dydlased variables can definitely be
incorporated. However, since not all location-cleorariables may be available and collected,
change of households at time t-1 can still of gnegortance.
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Notes

1 Non-work trips are not included for a few reasdinst, since non-work trips are composed of aatgrof trip
purposes (e.g., personal business, shopping, aditaheppointments), their relationships with sadfection and
transit proximity are likely to be different fronaeh other. In addition, many non-home-end destinatof
non-work trips are not as easy for riders to pinpas workplaces. Also, to collect statisticallyge enough
sample of one particular type of non-work trips Vabloe too costly. As a result, both data colletémd analysis

for non-work trips are barely feasible for thiseasch.
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