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Transitoriented development has been increasingly implemented at stations of
both existing and new fixed transit systermoas the U.S. to stimulate local economy
and create livable communities. A common belief among planners in favor of-transit
oriented development is that the provision of passenger rail systems promotes urban
development around rail stations. There isci laf empirical evidence, however, that
supports this presumption. To address the gap in relevant literature, this dissertation
examines the impact of passenger rail stations on the four different patterns of firm
dynamics in the State of Marylandirm birth andinward relocation as positive impacts,
and firm closure andutwardrelocation as negative impacts. This dissertation uses both
standard and propensisgoreweighted negative binomial regression methods to analyze
the dependent variables of firmmymics constructed from the National Establishment
Time Series (NETS) panel data of the State of Maryland from 1990 to 2010. By

examining both positive and negative impacts of firm dynamics, this dissertation



estimates the likelihood of firm retainmentamet relocation for areas in proximity of the

passenger rail stations, while controlling for a number of potentially confounding factors.

Positive and statistically significant relationships are found between proximity to
the passenger rail stations ahd tates of firm births andward relocating firms in
Maryland, regardless of differences in the level of maturity of stations. From 1990 to
2010, the areas of passenger rail stations in Maryland experienced a wide range of rates
of growth in firm densitydepending on the year of station opening. fEseltsof the
four different patternsf firm dynamicssuggest that areas near passenger rail stations
gain belated economic benefits, well after the introduction of rail stations, shown by
higher likelihoda of firm retainment and net relocation around the mature rail stations
opened before 1990. In comparison, areas near the less mature stations that opened after
1990 had predominantly lower likelihood of firm retainment and net firm relocation.
Planners ath policymakers should be proactive in directing development near rail stations
by adopting a variety of measures and policies that support or at least consistent with

transitoriented development.
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CHAPTER I INTRODUCTION

For more thar150 yeargherail transitnetwork haseenplayinga critical role in
the US. transportation system and econor8incethe 1970s, the number of rail transit
systemsn theUnited Statesi.e. heavy and light rail systenigs more than triplefilom
22 rail transit systems in 1970 to 88 in 20W\6thin the same period, rail transit ridership
more than doubledyrowingto more than 50 billion passengeniles in 2014Billions of
U.S. dollarswere spenin the development dheserail transitsystemsmade availabe
throughrevenue frontransit agencies and financial assistance from the state, local, and
federal government$n 2014 alone,around$36 billion was provided focapital
investments andperation ofail transit systemgAmerican Public Transportation

Association 2017)

Proponens of rail infrastructure often justify such substantial investments in rail
transit systembecause of their contributions (1) improved overall efficiency of
transportation systems, ()vironmentasustainability (3) reducingautomobile
dependencand congestionand(4) promotingeconomic developmenthile the first
threeinfluencesof rail investments are wetlocumented, theontribution of these
investments t@economiadevelopments less understood and has receattyactedclose
attentiors by transportation scholaend economists, as well as local officials and
plannersA full understanchg of the economic impacts of investments in rail transit

systemis critical to the decisioimaking proess of policymakers



The lterature on the economimpacs of transit investments is largely focused
on aspects relatead propety values and total employmemtn important(andperhaps
theleastdiscussejleconomicaspect otransitinvestmentss their impact orchanges in
the patternsf firm dynamics. In the context of this research, firm dynamics refdirto
birth, firm closure and firm relocation patternSomeavailableevidenceabout firm
dynamicssuggestsnvestments in rail trans@iontributeto denser employment clusters
and even denser andne diverse citieg terms of economic activitiekeading
consequently to higher economic produityiyChatman and Noland 2014However,
researclexamining the relationshipetweerfirm dynamicsand transport infrastructure
remains relatively limitedwheremost of theexistingresearctexamineghe aggregate

economic growth (Holl, 200&hatman et. al., 2016

Due toalack of empirical evidence gicymakers and academidssagree about
the magnitude of impact thedil transitinfrastructurenason the patternsof firm
dynamic. The patterns ofifm dynamis within regions andirban areas are important
indicatorsof change iremployment and economic growtkiew firm birth to an urban
economysignak innovationand is an indicator of economic growfReynolds, 1994
Chatman et. al., 20)6~irm birth alone does not capture, however, the overall spatial
patters of firm dynamicdfter all, new firmsin a given location magither fail or decide
to relocate to a more economically suitable locafidrerefore,examiningfirm birth
alone will inflatethe estimated impact of rail investments on economic developrent.
careful examination ahe influencehatrail investmentdiave on theepatterns of firm
dynamic will substantially enrich our understandiof their overall contribution to

economiadevelopment



Variation in thegeographicascope considered in empirical studea
contributing factor tdhe lack of consenswsnong scholarfocusing orthe determinants
of firm dynamics Rail transitinfrastructure investments have numerous impacts on the
location and spatial organization of firms at the miengel, which cannot be captured at
the macrdevel (Holl, 2006) Further, there is a considerable variation in the patterns of
firm dynamics hppening at the miorscalg(i.e. rates of firm births, closures, and
relocations)ecause of differences in transport accessibility and agglomeration
economiescross localitiedNonetheless, a disproportionateare of literaturen firm
dynamicgtakesanaggregate scogeward examiningheimpactof transportation
infrastructurei.e. at regiondevels(Smith and Floridal994 Manzato, et al.201Q
Nguyen et al.2013. Larger geographic units of analyhisle micro-spatialpatternsof
firm dynamic that areessentiato properplanningandjustification offuture
transportation investmenés a catalyst for local economic developménticro-level
examinatiorcan clarify the relationship between transportation infrastructure and firm
dynamics and ascarcity of empirical research on tidationship warrants further

analysis of transportation infrastructure impacts at the rhésrel.

Industrial aggregation is another equally importamttributing factor to the
discrepancyn thefindings of empirical studies€mpirical research on firm dynamics
often focuses on the manufacturing industrial sector alooa alt industrial sectors
combinedF r ms ° s e namsportation castyayvary actoss industry sectoesd
thesecosts ardinked tothe availability and fornof transportation infrastructure

Transportdependentirms seek to minimize total transpardss, sothey aremorelikely



to benefitof a location that minimizes transport co&sch as areas proximate td ra

stations) compartkto less transpodependent firms

Retalil firms for exampleare sensitive to changes in transpootatostsRetail
customers often econoraon travel costs through multipurpose shoppipglienbarget
al., 2002) whichattractsretail firms tolocations that arenore accessible for their
customers. fierefore, changes in transportation costs may considerably impact retail firm
dynamicsManufacturing firms, on the other hanldatare resourcerientedareless
likely to beinfluenced(location wise)y changes in transportation cos®s’(Su 1,1 i van
2005).There are, howevemanufacturing firmghat can beensitive to transportation
costs, depending dhe proportion of the transportation to total coBisspite the
extensive theatical literature on the subject, empirical evidence remains inadequate on
the sensitivity of firms across sectors to transportation accessibility in general and to

passenger rail accessibility more specifically.

The objective of this research is to exaathe impact of rail transit investments
on the patters of firm dynamics, lookingfim birth, closure, and relocatiqratternsn
areas within short distaneéromthree passenger rail transit systdotatedwithin five
jurisdictionsof the State of Maryland he following chaptereviews literature orthe
determinants ofirm birth, closure andrelocationto provide a conceptual framewark
the patternsof firm dynamics The chapteprovides aeviewof studies thaempirically
examine thassociatiorbetweerpassenger raihvestments anthe patterns dirm
dynamicsChapter3 describe irdetailboth regressiomethodsused for the analysi§l)

astandard negative binomial regressimethod,and(2) aPSweighted negative binomial



regressiommethodto control for the endogeneity of rail transit investmefitse research
examineghe patterns diirm dynamics of multiple industry sectors individually to
determine their sensitivity to proximity to pasgenrail stations usintipe two regression
methods The regression analyses examine firm birth, closure, and relocation impacts
across multiple firm size categories and industry sedBirapterst discuss the analysis
results of firm birth and closure, W Chaptels discuss the analysis results of firm
relocation (inward and outward relocation). Chapteo¥ers conclusions,

policy/planningimplications, and future researagendas

This research hypothesizes that amg#lsin short walking distances passenger
rail stationsexperienceon averagepositive net gain in firm birth and firm relocation
(through improved transport accessibijlispmpared to areas farther away from the
stations.The research also hypothesizes that the magnitude of effect experienced in areas
near the transit stations varies across industry sectors. By determining these magnitudes
of effect, plicymakers who advocate ftiansitorienteddevelopment can have a test
understating on what industry sectors are more likely to thrive near rail transit stations,

and consequently guiding future urban development policies.



CHAPTER 2 LITERATURE REVIEW

This chapteprovides the foudation of existing literature on tlketerminants of firm
dynamics with a specific focus on transportatielated determinant$he first section
defines the nature of firm dynamics relevant to this rese@tesecondsection provides
atheoreticaland empirical review of the literature on the determimahtirm dynamics,
i.e. firm birth, closureand survival and relocatiopatterns Thethird section reviews
empirical studies @t eitherdirectly or indirectly examine the influence of transpoota
related factors othe pattern®f firm dynamic. The last section providesore detaibn
themethodologiesgeographical scopegand industriahggregationsonsidered in the

analyses of these empirical studies.

2.1. Firm dynamicsbirth, closure survival,and relocation

There is a commosgpatialelementwithin theliterature ornthe determinants dirm

location decisions and on the determinantthepatternof firm dynamic. The former

is concerned with the location patterns of all existings (i.e. agglomeration forces)
while the laterexamine variatiors in firm birth, firm closure owsurvival, orfirm
relocationpatterngi.e. firm dynamicspcross certain geographic units of analysig.
countries, regions, aounties Nonethelesghesestudiesarebothconcerned with the
guestionof howfirms choose where to locat€hisquestion has been under examination
since the seminal work of Alfreddarshal(1890)titled "Principles of Economic’s

Studies on the determinants of firm dynamics doexaimineonly the location decisian

of firms, butalsotake a step further to examifiem birth, closure, or relocation patterns



(firm birth is the most commonly examined amongst the three patt@imse hasbeen,
howeverno empirical studyo datethat examinedhe determinants @l thesepatterns
of firm dynamis combinedfor a particular regionrOne objective of this research is to fill

that gap.

What is the relevance of jointBxaminng all these firm dynamics an economy
instead of only examining, for instance, fibmth? S ¢ h u mp "ereative destruction”
argumen{Schumpeterl934)provides glimpseto the answeiSchumpeter arguebkat
an industrial restructuring of a region ocsthrough replacement of less efficient and
lessinnovative firms by those that are newer, smaller, and more innovatiue.
location, however, is the result of either a new fiinth into the economy or the
relocation of an already established fiyat most attention in literatueas beemjiven to
thelocation of newly formed firmand their determinant8Vhile a limited butsizable
numberof studies in the past empirically examirtbd determinants athe spatial
patterns of firm closure and firrelocation gudiesaccouning for access to rail transit

variablesarelacking

Earlier studies on the determinants of fioith have used the total number of
firm birthsin a regionas the dependent variab&nce regions vary in sizd¢,dan be
misleading taonly use thenumberof firm birthswhenexaminng their variation across
differentregions(Armington and Acs2002) To standardize theumberof firm births,
two empiricalmethodgor operationalizindirm birth asa dependent variablarenotable
in literature(Audretch and Fritsct,994 Armington and Acs2002 Sutaria,and Hicks,

2004 Lasch, Robert and Le Roy, 2013he firstapproachs known as théecological



approachin whichthetotal number offirm birthsin any givengeographial unit of
analysisis divided by theotal number of existing firmsvithin that geographal unit.
Thesecond approach, named tlador market approattstandardizes thetal number
of firm birthsrelative tothe size of théaborforce (Audretchand Fritsch,1994a, 1994.
These studies, however, do not take into accdifferences between the numiagifirm

births andthe number ofirm closures across the units of analysis

The relationship between firm closure and firm birth is natightforward.In an
econonic analysis of firm dynamigaunderstanding thgpatialpatterns of firnclosureis
equally important to the understandinglod spatialpatterns ofirm birth. Nonetheless
most empirical studies fail to control fdet aloneanalyzingthe rates ofirm closure
when examining the determinants of fitinth. The rate of firntlosure(alsoknown as
firm exit, destructionor failure) is included as an independent variable in a few empirical
studies examining the determinantdioh birth (Sutaria and Hick2004 Chatman,

Noland, and kein, 2016 (the following section provides detailed discussion on the
determnants of firm birth and firm closurelRelatively highnumberof firm birthsin an
area may not necessarily mean a positive economic trend if the incidents of firm closure

are higher in that area

Therelationshipbetween firmbirth and firmclosurecan be either positive or
negative Overtime, more firmbirthsmay lead to morermn closuresvhen a process
called "competition effect” is at worKhis means existing firms fail to compete with
newly formedfirms to meet market demand atmeénsubsequently exit the econongn

the other hand, orefirm birthsmay lead to lesrm closuresvhenthe market demand



increasegor businesproducts and servicas a process called "multiplier effect”
(Johnson and Parker996 Sutaria and Hicks, 20Q0£€ainelli, 2014. The multiplier
effecthypothesizeshat firm birthscausemorefuturefirm births and impede futufierm
closuresorthatfirm closurescausemorefuturefirm closuresandimpede futurdirm

births

Moreover.firm dynamics are not limited tairth andclosure Firms operate in a
dynamic environment where thénternal and externaontextsarecontinuouslyprone
to changeSuch forces caaitherattract orcompelfirms to relocateFactors external to
firms are ofterreferred toaspushfactors(i.e. relocate out of the exiting locatioahd
pull factors(i.e. relocate to the attracting locatiofiRisselada et al. 2012)he push and
pull (or keep)factors ardirm-related locationspecificfactors andypically similar to
those consideredithin studies examining the determinantgioh birth. Push factors are
negative since they drive firms to emigrate or steer firmawayfrom relocating inward.
Pull factors, on the other hand, are positive since they attract firms to relocate inward
while retaining the existing onesh@ examination dfirm relocation analosure
dynamics howeverrequires an accounf factors specifinternalto firms. Changem
internal factors such as ag&e and structurenay potentially influencérms to relocate
or close The following sectioron the determinaatof firm dynamicgsection 2.1)

providesmoredetails onhese factors

Therefore, m an economynetgrowth or decline in economic activitieanna be
fully understood without aroader analysisf firm dynamic. Whena firm entersan

economy, other things being equakignals innovation angositive contribubn to



economiadevelopmen{Reynolds, 2014; Armington and Ac002; Chatman et. al.,
2016). Other things are not equal, howe¥ams alsocloseand relocatavithin confined
economiesLow closureratesor high survival ratesf newly formedfirms signala
prevalenceof economiocopportunitieghat maintain the econonandpromoteeconomic
growth (Jostarndt and Rudolph, 200H)gh rates of firm relocation toward aneasignal
a flourishing and attractive econorofthat areand contribute consequently to

economic growthNeumark, Zhang, and/all 2005.

A combined record of firnbirth, closure and relocatiorpatterngrovidesa
strongemeasuremerdf net economic growth or declime an areaAcross different
areas of a region, theet difference in the incidenktetweerfirm birth andclosureare
unlikely similar. The samédissimilarityapplies to the incidents of inwaashdoutward
firm relocationin an areaFirm closureand relocatiorlynamicsin generalarenot well
studied The role of rail transit investments in these dynamics are particakeghected
in most empirical studies on the determinant of fairth; it is not clear whether
relocated firm records are included or excluded from the records dbifitin(see for
example Smith and Florida1994;Coughlin and Segev, 2008rmington and Acs,
2002) while only afew empirical studies distinguish betweeming and early failing
new firm entrants when examining their determinants (Elert, 204.research
addressethis gap intheliterature by examining the determinants of fioirth, closure

and relocation patterrw/ertime andacrosamicro-level geogaphic units of analysis
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2.2. Determinants ofirm dynamics theory and practice

Studies orthe determinants dfrm dynamicg(i.e. firm birth, firm survival andclosure
and firm relocatiopdrawtheoretical basis mainly frotheories oleconomic geography
or more specificallylocation theoriesTwo classical pieces of literatubgy Krugman
(1991) and Hayter (199 have renewed the spatial dimensiomainstreaneconomics
thewidely accepted economics as taught across prominent univesgiagreed by
many economistdgrugmanswork (1991) wasthe beginning of Mw Economic
Geographythe field thatries to explaifwhatthe spatial dimension of the econotrgd
to say about the nature of economic forqggigman 2011).Haytets book (1997)titled
"IndustrialLocationTheory' also attracted wide attentidrom scholargo the spatial
implicationsof urbaneconomicsThe underlyingassumptiorof bothlocation theories is
that irms seek to minimize production and transportaéigpenditures and maximize

returns.

In recent decadesin increasing number of economjgisographergandurban
planners havdirected attention toward examining the determinants of firm dynasscs
discussed in section 2.1rm birth is the most empically examinedpatternof firm
dynamics while the determinants of firm relocation decisions are the least examined.
Thereare no direct theorigbatlink transportation investments the patternsof firm
dynamic (i.e. firm birth, closure, and relocationhe theoretical framework of this
research isthereforedrivenmainly by the existing theoriesn industrial locatioras well
asthegeneral theories and empirical research on the determinants diiffiilrclosure

survival,andrelocationpatterns
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The lteratureon the subjegbrovides an extensivest of factors(external factors)
that influencdirm dynamics Most empirical studietend to grougthe determinants of
firm birth into two groups: (1imarket conditionsand(2) localization and urénization
economiegBorwning 198Q Reynolds, 1994Ace, Armington, and Zhang, 200Brixy
and Grotz, 2007; Strotmann, 2007, Wennberg and Lindgvist,) 20tHDket conditions
normally include variables on soeeconomic characteristics such as population, income,
race, and level of educationotalization and urbanization economfagglomeration
economies) include variables on population and employment densities, firm density, and
density of firmsin similarindustry sectarA few studies, however, go beyond these
traditional factors to include other relevant determinants of firm dynaRéesolds
(1994)goes further to include measuredaafal policiesin his analyss of firm birth.
Armington and Acs (2002)ndKronenberg (2012fakethevariation in the regional
(macro) contexinto accountvhen examining the determinants of filkinth and firm
relocation, respective)yoy including distance to regional center in their analyBesre
is adearth of studiethatincludefirm-specific (interngl variablesn their analyss,

mainly due to data limitation (Sleutjes and Beck&13)

Thedeterminats of firm dynamicgi.e. firm birth, closure, and relocatiooan be
categorizednto five maingroupsof factors (1) market conditionselated to supply and
demand(2) agglomeration economigarbanization and localization economig8)
policy environment(4) regionalcontext,and(5) firm-specific(internal)factors The
conceptuaframework in Figurel showshypothetical relationshipsetweerthese groups
of factorsand the patterns dfm dynamics The hypothesis is thaail investments

influencechanges in firm birth, closure, and redtion patterns though improved
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accessibility Firm agglomerations may also play an intermediary role between transit
investments and the patterns of firm dynamidsat is, transit investmenisfluence
changes irfirm agglomeration (density), which conseptlyinfluencechanges in firm

dynamics due to localization and urbanization externalitiesHiggeeel).

Figure 1. A conceptual framework of the determinants of firm dynamics

Firm External Determinants

Local and Regional Labor pool
Accessibility
Transit Investments Densification

Local Policies

Market Conditions

related to supply and

demand Agglomeration

q 1 (Localization and
atial Context . ,
g Urbanization Economies)

Non-tangible

(Subjective)
Determinants . Firm Dynamics
, Firm Birth Sl Lz
Firm Internal 2
Determinants ® Firm Closure

{e.e. age, size, | Location-specific externalities
Firm Relocation

sector, etc.)

The following subsections provide a discussion of egolipof factors in detail
along with a list of variables considered by empirical studies to operationalize these five

groups of factors, as well as their impact on firm dynamics.
2.2.1. Marketconditionsrelated to supply and demand

Across regions and urban areag, slocieeconomic structuref the populations

fundamental tahe supply and demand aspects of the econbfaykets and demand for
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goodsand serviceshangeovertime and acros$ocations.Entrepreneurs and firms
constantly react to changes in freterns of local labor and consuimser, whichin turn
leads tovarious potentiathangesn firm birth, survival and relocatiompatterns
Therefore explanatory variableelated tgpopulationgrowth,income growth
unemploymentand educatiotevel arethe most commdwg used inempirical studies to
operationalize market conditiom$henexaminingthe patterns diirm birth (Reynolds,
1994 Armington and Acs, 200ZButaria and Hicks, 200€heng ad Li, 2010; Cheng
and Li, 201}, the pattersof firm survival (Wennberg andlindgvist,201Q Ace,
Armington, and Zhang2007), or the patternef firm relocation Riselada, Schutjens,

and Van Oort2013.

Changsin populationsizes of urban areakead tochanges irthesize of thdabor
forceandin thedemand for products and servic8sich changes may consequeltdiyd
to differentpatterns of firm dynamg A high population growth rateor instancehasa
positive influence otthe rates ofirm birth, firm survival andnet firm relocatior{i.e.
inwardfirm relocations minus outwarfitm relocatiors). Empirical studies on the
determinarg of firm birth conclue that population growth positivellyfluences firm
birth (Audretchand Fritsch]1994%; Reynolds, 1994; Guesnier, 19%mington and
Acs, 2002 Sutaria and Hicks, 200andCheng and Li2010) The positiverelationship
between population and firm birth remaimken studies use eithére ecolodcal or the

labor market methotb standardize firnirth.

Householdncome is anothékey factorthat influences demand in a local market.

There isunambiguous evidendbatincome growthstimulaesfirm birth (e.g.Reynolds,
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1994; Smith andFlorida,1994; Armington and Acs, 2002; Sutaria and Hicks, 2084d
attracts firms to relocate (Kronenbe§12. Income growth in mareaincreassthe

demand for goods arsgrviceshence stimulating the birth of new firms,tbe attraction

of firms from other locationChatman et al. (201@xamiredfirm birth of two-digit

NAICS industrial sectors within théensus blocks of Portland, Oregon and Dallas, Texas
metropolitan areasSurprisingly,theyfound thatmedianhouseholdncomehas a

negative association with firm birth for firms that have more than fiy@@mees. They

found the association between household income and firm birth to be positive, however,
for smaller firms (i.e. firms with five or fewer employeds)s not cleaffrom findings in

the literaturenow income growth influences firm closuidanzato, et al(2010)

examined ratesf firm closureof fifteen office industry sectoraithin Netherlands
municipalities For twelve out ofifteen sectorsexaminedthey foundhat the higher the
average population income, the higties rates of firm clsure The authors do not

provide any explanation on why this positive association exists between income and firm
closure. One likely explanation is that high income level in an area indinfitdésd

costsof property and labor which may force some existing fitihag are less competitive

out of business.

The lteratureon the subject of firm birtpbrovidesinconsistentonclusionsabout
theinfluence ofunemploymenbnthe rates ofirm birth. Unemploymentatewas found
to have both positive and negatietationshig with the rate of firm birth. For instance,
a fewempirical studies foundigher unemployment rasto have gositiveinfluence on
the rats of newlyformed firms Reynolds, 1994Armington and Acs, 2002Another

studysuggest thatunemployed workers araore likelyto start their own business
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compared to employed workefherefore, nemployment rates may consequently
decreaseavithin regions with high unemploymerates due tonewentrepreneurshignd
the potential employment opportunities tleegate(Sutaria and Hick2004) Armington
and Acs (2002)usingordinary least squar©(S) regressionattributethis positivet
relationship to the exceptionally low level of unemploymeithin the US Lalor Market
Areag (LMAS) in 1990s The implicationin these studies for theositive association
between unemployment and firm birth is that wireividuals becom@&nemployedn a

region,the rates of firm birthiend to go up

On the other handtleerempirical studiefiave found a negativelationship
between unemployment and fifoirth (Audretchand Fritsch1994; Sutaria and Hicks,
20049). That is the higher the unemployment rate, the lowerr#ties of firm birthUsing
a crosssectional OLS regression for seveffitye largeregions in West Germany
Audretchand Fritsch 1994) found a negative association beem unemployment and
firm birth, suggesting that higher unemployment rates lead to lower rates of firm birth
Sutaria and Hicks (2004€xamined the rasof firm birth in the manufacturingndustry
betweenl976and1991for thetwenty-sevenMetropolitan Statistical AredgMSAS) in
Texas Unites StatedJsingfixed-effectpanelregression modelshey found a negative

relationship between changes in unemployment ratelerdteof firm birth.

I Their finding was small in magnitude and statistically insignificant for all firms but statistically significant
for five out of six examined industry sectors.

2 According to the U.S. Department of LabblMAs are substate geographic areas that consfsine or

more counties or county equivalents

3 According to the U.S. Census bureau, MSAs consist of one or more counties that contain a city of 50,000
or more inhabitants and/or urbanized areas (UA) of 10000@@ore inhabitants.
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The use otrosssectionaimethod and/orrelatively large units of analyslisnit
thevalidity of thefindingsof many ofthese reviewed empiricatudiesthat found either
positive or negative associations between unemployment and firmNdatty micre
level differencesexist within a regiorover timeregarding the association between
unemploymen(as well as other determinants) and the patterns of firm dynaSeictson
2.4discussesimitationsthatthe past studies of the determinants of firm dynamics had

regardingmethodologiesgeographic units of analysiand industrial aggregation

Empirical studies often usucation levehs a proxyor the level of technical
skills needed in the economy, suchfasse ofengineers and scientists, and the level of
entrepreneurial skillseeded to start a business, sucmdke sectors dinance and
marketing Armington and Acs2002. To measurdhelevel ofeducated or skilled
population, studiesftenusethe shareof total populationor adult populationvith college
or higherdegreesn geographiainits of analysisThe iterature on the determinants of
firm birth unanimously revealthat the higher the share of population vatlegeor
higher degres the higher theatesof firm birth (Audretchand Fritsch1994; Reynolds,
1994; Guesnier, 1994rmington andAcs, 2002 Sutaria and Hicks, 2004; and Cheng
and Li, 2010. Additionally, Armington and AcsZ002 found thathigher shargof
unskilled workergmeasured by the share of adults without high school dgases
have a positive influence on firbirth after controlling for the share of adults with
collegeor higherdegreesThe positive influence of population withelower level of
education on firm birth is attributed to the fact thaamy allfirms needunskilled

workers Therefore,m addition b the availability othighly skilled workersa greater
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share of cheap labor facilitatdee process of firnbirth (i.e. share of workers without

high school degregs

Among researcherseds populafactorsinfluencingmarket conditions anelated
to qudity of life, such adiving costs local amenitiesproperty ownershipppportunities
for cultural experiences, landscape, social capital, and pobtichadministrativelimate
( Pt aandSx ly ma 2014k An et al., 2014)Factors relatetb quality of life can be
relevant tathe location decision of firms and firm birtiecausehey indicate how
innovative andnviting the businesgor investmerjtclimate is inaregion A limited
number of empirical studies, however, controlfamtors related to quality of lifwhen
examining the determinants of firm dynamids. et al. (2014)ncluderesidential
locationfactors(such as density of schoa@ad density ofarge grocery storgsn
addition to traditional factort® examine firmrelocation patterns within the service and
manufacturing industrial sectarsthe SeouMetropolitanArea Their results suggest
that the density afchook andlargegrocery storetaveno statistically significant impact
on firm relocation in botimanufacturing and service sectdgamining firm survival,
Wennberg and Lindqgvist (2010ke a timevariant measure of mean housing prices as a
proxy forthe costof living in a region.Their analysis, however, shows posittuet

statistically insignificat relationship between housing prices and firm survival rates.

Tablel provides a summary aharket conditionvariables influencing the
patterns of firm dynamicthat are considered lilge empirical studies on firm birth,
closure, or relocation. The columnstins summarytableprovide information on(1) the

explanatory variables, (2) the empirical study that controlled for the stated explanatory
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variable, (3) te measurement used to operationalize the stated explanatory variable, (4)
the firm dynamic under examination in each respective study (B=firm birth, C=firm
closure, and R=firm relocation), and (5) the direction of impact each explanatory variable
has on fim birth, closure, or relocation decisi¢n®. whethemositive, negative, or

statistically insignificant)
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Table 1. Market conditions variables influencingthe patterns of firm dynamics

Explanatory

Variable

Effect on Firm Dynamics by Industrial Sector (B=Birth, C=Closure, R= Relocation Inward)

Unemployment

NO- I “Variables ElEee Sy Measurement (+) Effect (-) Effect Statistically
Insignificant Effect
Audretch and Fritsch Population B All sectors,Manufacturing,
(1994b) change Services
Population All sectors, Manufacturing,
Reynolds (1994) change B FIRE
Smith and Florida (1994) | Total population |B | Auto-related nanufacturing
Coughlin and Segev (2000 Total population |B | Foreigrownedmanufacturing
1 | Population Population All sectors, Business services,
Armington and Acs (2002) chrfn e B | Distribution, ExtractionLocal
9 Market, Manufacturing, Retail
. . Population .
Sutaria and Hicks (200%) change B | Manufacturing
Holl (20044, 2004k2004c) | Total population (B | Manufacturing
Manzato, et al (2010) Total population |C Office firms
. . % of minority .
Smith and Florida (1994) population B | Auto-relatedmanufacturing
. -
2 Race Coughlin and Segev (2000 fAfr_lcan B | Foreigrowned manufacturing
merican
5 -
Chatman et al. (2016) f Afr_lcan B 7 sectors (NAICS 2ligits code)
merican
Audretch and Fritsch Unemployment B (All sectors, Manufacturing, Manufacturing, Services All sectors
(1994b) rate Services)
Reynolds (1994) grtlsmployment B | All sectors Manufacturing, FIRE
Coughlin and Segev (2000 Unemployment B Forelgnowhed
rate manufacturing
Unemplovment Business services, Distributior]
Armington and Acs (2002) rate ploy B | Local Market,Manufacturing, All sectors, Extraction
3 | Unemployment Retail
Sutaria and Hicks (200%) lélrtlsmployment B Manufacturing
Audretch and Fritsch Change in B All sectors, Manufacturing,
(1994b) Unemployment Services
Change in Finance, insurance, and real .
Reynolds (1994) Unemployment B estate FIRE) Manufacturing All sectors
Sutaria and Hicks (200%) Change in B Manufacturing
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TablelCont i nued...

Effect on Firm Dynamics by Industrial Sector (B=Birth, C=Closure, R= Relocation Inward)
N Explanatory - . —
0. | “Variables Empirical Study Variable Measurement J—_ Effect Statistically
) it ) =ifEs Insignificant Effect

Reynolds (1994) Per capita income changgB | All sectors, Manufacturing FIRE
(Slngwgz)and Florida Mean employee wage B | Auto-related nanufacturing
Coughlin and . . .
Segev (2000) Total personal income (B | Foreigrowned manufacturing
Armington and Acs Per capita income changdB All sectors, Business services, Log Distribution, Extraction,
(2002) P 9 Market Manufacturing, Retall

5 | Income (SZLSSZ)? and Hicks | oo capita income changeB Manufacturing
Holl (20044, . .
2004b, 2004c) Mean manufacturing wag(B Manufacturing
Chatman et al. . . 7 sectors (2ligits NAICS?
(2016) Median HH income B code)
Manzato, et al L .
(2010) Mean population income |C | Office firms
Kronenberg (2012)| Average daily salary R | All sectors, Manufacturing, Service

% of population over 23 .
Reynolds (1994) with college degree B | FIRE All sectors, Manufacturing
Smith and Florida | % of total population with .
(1994) HS or higher degree B | Auto-related nanufacturing
Coughlin and % of population over 25 Foreignowned manufacturin
_ Segev (2000) with HS or higher degree 9 9
6 Education Arminaton and Acs All sectors,Distribution, Extraction
(2002)9 % of adults w/o HS degre|B | Local Market, Manufacturing, Business services
Retail

Armington and Acs| % of adults with college B All sectors,Distribution, Extraction Business services,
(2002) degree Local Market, Retail Manufacturing
Holl (20044a, % of labor force with B | Manufacturin
2004b, 2004c) highereducation 9

! Sutaria and Hicks (2004}udy yields dferent effect when using the ecological approach to standardize firm birth instead of the labor market approach.
2The North American Industry Classification System
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Tabl e 1.

Continued...

Effect on Firm Dynamics by Industrial Sector (B=Birth, C=Closure, R= Relocation Inward)

Explanatory ar Variable —
No. | ™\ riables Empirical Study Measurement (+) Effect () Effect Statistically
Insignificant Effect
Reynolds (1994) Mediandwelling All sectors, Manufacturing, FIRE
g | Property value
value Chatman et al. (2016) | Median rent 7 sectors (NAICS 2ligits code)
0 ;
Reynolds (1994) % of _owneroccupled FIRE All sectors,
Property dwellings Manufacturing
9 . -
ownershi . . All sectors, Business
P ,(Azrgg)lg)gton and Acs E)rr?:pérletors / labor Local Market, Manufacturing, Retail servicesDistribution,
Extraction
Audretch and Fritsch | Per capita value . .
" Market (1994b) added All sectors, Manufacturing Services
productivity | Coughlin and Segev | Per capita value
(2000) added
12 Financial Sutaria and Hicks Per capita local bank Manufacturin
capital (2004} deposits 9
Smith and Florida Count of auterelated Auto-related
T (1994) unions manufacturing
13 | Unionization

Coughlin and Segev
(2000)

% of unionized
employee

Foreignowned
manufacturing

1 The study used thecological approach only to standardize firm birth.
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2.2.2. Agglomerationeconomiegurbanization and localization economies)

Agglomeratioreconomes play an important role in the analysis of firm dynamics. The
underlying assumption of the theories of agglomeration economies ihelsaistering
of firms brings about higher cost saving bighereconomic return tondividual firms
than if they weretherwisespatiallysegregate@arshal, 1964Porter, 1990Anaset al,
1998. Localization and urbanization economies are the two distinct manifestation
agglomeration economie&gglomeration externalitiesf the clustering ofirms of the
same industry are called localization econonoespecialization externalitigsand
agglomeration externalitiex the clustering of firms of various industry sectars
called urbanizatioeconomies or diversity externalitie&nasetal., 1998;Beaudry and
Schiffauerova, 2009EXxisting research considers population density, industry
specialization, average firm size, and firm age to andhaémpact of agglomeration

economie®n firm dynamics.

Firmsmay gainmonetary or technologicalenefitswhen they agglomerate.
Monetary agglomeration economies are the result of a reduction in the ogstitsf
without adecreasén productivitywhenfirms cluster For examplethe search for
workers with specific skillss less costly for firms located in large citiesnthin large
employment clustersarge populatiors contain a greatehare of skilled workerns the
labor forcecompare to small citiesvith small populationsin contrastsincethe labor
force of asmall city or small employment cluster may contaww workers with desired

skills, the searclior workers witha certain specializatiomay becomenore costly
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Firms can also reduce shipping costs by locating near markets and supplier
Technologicalains on the other handye the result of a rise in the productivatyfirm
inputsbecause oflustering of firmswithout acorrespondingeduction ininput costs
This isa uniguecharacteristic ohigh-tech andesearch andevelopmen{R&D) firms.
Therise in productivity is attributed toigherknowledgespillover andan increasen
competitivenesacrosgirms and workersinformation on never innovative
technologies and kno¥vows may behared in informallace-to-facemeetings between
employees of different firmsThe largeror more localizedhe employment clustershe

higher these externaliti¢end to bgBrueckney 2011).

Despite thdarge body otheoreticaliterature on agglomeration economies and
productivity, here is littleempiricalevidencesstablishinghelink between
agglomeratioreconomies anthe patternsof firm dynamic combined(i.e. firm birth,
closure, and relocationpast empirical studies hagenerallyfocused oronly one of

these dynamicat a timeto examineassociation with agglomeration

The field ofurbaneconomics asserts the positive relationsimpngindustrial
agglomerationeconomicexternalitiesand firm productivityReynolds 1994
Armington and Acs, 200Zheng ad Li, 2010; Cheng and Li, 20L1However, he
influenceof transportation investments local agglomerationss ambiguous because of
thelimited empiricalevidenceln addition, adistinctionmust be madbetweerralil
transit investmerand highway investmenishen examining thanfluenceof
transportation investments local agglomerationRail transit investments have the

potential through modal shifto reduce diseconomies of agglomeration caused by road
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congestionasgreater trafficcongestiorconsequentlyeads tahe decentralizatiorof

firms (Wheaton, 2004).

Population density is the most commonly used explanatory vatiable
operationalize urbanization economieempirical studies that examine firm dynamics.
Acrossgeographic ungof analysishigher populationdensityimplies higler levels of
urbanization(i.e. population densities separatbanareas fronsuburbarand rural
area$. The empirical evidencs abundantegarding the positive association between
population densitand the rates dfrm birth (Audretch and FritscH,994b; Reynolds,
1994; Coughlin and Sege200Q Wennberg and Lindqvis01Q Chatman et al2018.
Areas with high population densitibave higher overall supply of labor and human
capital as well as higher demand for goods aadvices, consequently leading to more

firm births.

Reynolds (1994)however, found instances$ negativeassociation between
population densitandfirm birth. Using crosssectionalOLS regression, he examined
firm birth rates of manufacturing and finance, information, and real estate (FIRE)
industrieswithin US labor market aredsetween 198@nd 1988He found population
densityto have a positive influence dhe rates of firm birth in thEIRE sector whereas
the influence was negative for manufacturfirgns, arguingthat low manufacturing firm
birthsin densely populated areas reflaatontinuing displacement manufacturing
companiegowardlower cost(low density)regionsaway from urban center§his

finding is inconsistentvith the findings of other empirical studiea firm birth,andalso
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inconsistent wittKrugman's (1991dheorythatlinks population densityo ahigher

concentration of economactivity.

The influenceof industry specialization on firrpirth is not straightforwardThe
literature on industrial location defineglustryspecializatiorasthe concentration of
firms of a certainndustrysector,which ismeasuredby eitheremploymentensityor the
number of firms irtheindustrysector The findingsof empirical studiesn firm
dynamicsindicate that industry specializatioman areaan havesithera negative
influenceon firm birth(Holl, 2004a; Chatman et al., 201@)a positiveone(Smith and
Florida,1994 Armington and Acs2002) Smith and Florida (19949xaminel therates
of firm birth of Japanese aut@lated manufacturing firms within US countasdfound
that the percentage of labor force in atgtated manufacturing positively associated

with the number oftbirths of Japanesauterelated manufacturing firms

On the other han@hatman et al. (201@xamined firmbirth within the census
blocks of two U.S. citiesandfound that the number of firmaithin own-industryhas a
negative relationship withrm birth. In other wordsthey found thathe higher industry
specialization leads tihelower rate of firmbirth for anygivenindustry sectarin
general, anegative association between industry specialization and firmaittie local
level suggest that“inter-industryeconomie¥! aremore important tharwithin-industry

economies ?whereas @ositive associatiowould suggesbtherwise The geographic

Al s o Jdacdbdiamd onomi es’ since the t heeacanentesnspiedbya r gume nt
Jacobs (1969¥ho identifiesdiversification externalities, highlighting the knowledggilloveracrossfirms

in complementary sectors.

2Also Makkddliian economies’ swithindndustty Bconomiésaso r et i c a I
inspired by he seminal worlof Alfred Marshall(1964).
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scale of measurement (unit of analysiften affectsvhich ofthese twanechanismss
more likely to befoundin empirical studies examining firm dynamitke geographic

scale of measurement is discussedetail insection 2.4)

Agglomerationswith firms of different sizes (in terms of number of employees)
canhave a differeninfluenceon firm birth. Smaller firms may benefit more from
clustering than larger firm&or a given employment size, a smaller average firm size
indicates the presence of a high number of firms (i.e. more small firms than large firms).
A region with a large share of smallrfis indicate a higherpresence of business owners,
consequentlgtimulatingentrepreneurshipgndcontributingto information spillover
(Reynobs, 1994; Chatman et al., 2018yerage firm sizen an areas oftencalculated
by dividingthetotal employmenby thetotal numbeof firms (Audretschand Fritsch,

1994k Armington and Acs2002 Sutaria and Hick2004).

Findings of enpirical studiesare not consistent about the association between
averagdirm sizeandfirm birth. Sutariaand Hicks (2004joundthataverage firm size
within the MetropolitarStatistical Areas (MSASh Texasis positivelyassociated with
firm birth (i.e. large frms stimulatefirm birth). There are two possible mechanisms that
explain the positive association between avefagesize and firm birtheither larger
firms spinoff! entrepreneursr new firms areestablished to service larger firn@n the
other handArmington and Acs (200Zpundanegativeassociatiorbetweeraverage
firm sizeandthe rates ofirm birth within U.S. labor market areas (LMAS)hat is the

larger theaveragdirm sizein an areathelower therate offirm birth.

1 Spinoffs arenew firmsfounded by employees of firms iheé same industrgparent firms).
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Two key standardiation method#n these studie@.e. the ecological or the labor
market approachas shown isection 2.} generatalifferentresultsregardinghe
direction ofinfluencethataveragdirm sizehason firm birth. For instanceAudretsch
and Fritsch (1999 used a crossectionalOLS regressiomodelto examine the
geography of firm birth withirr5 regions inWestGermanyandseveral of their control
variables had opposing directions of influence on firm birth across the two
standardizatiompproacks The poor explanatory power of linear regression models is
anotherreasorbehindcontradictory results aggmprical studieson the determinants of

firm dynamics(see section 2).

Besideghe averagsizeof firm, the average age of firnvathin ageographianit
of analysis can also influence the propensity of firms to thrive, fail, or relocate (Anas, et
al., 1998) Smallerandyoungerfirms are more likely to fail or relocate thaigger and
more mature firmgHayter, 1997)Kronenberg (2013)using logit regressiomxamined
Dutch manufacturing and services firmighin the 485 Netherlands municipalities in
2003 Hefound thathigheraverageage offirms within amunicipality negatively
influences firm relocation patterndvoreover, &aminingindustry sector restructuring,
Sutaria and Hicks (20Q4lsofound no statistically significant relationship between the
total earning®f service sector (representing the dominance of service induisiin

Texas MSA3% and thebirth of manufacturing firms.

The presence of local universities and research instist@Enhave a positive
influence on agglomeration economifsademic nstitutionsmayattract firms to cluster

because of thknowledge spillovebenefits they provideAudretsch and Feldman
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1996. Examining thebirth and survivaratesof newly formed firmsWennberg and
Lindgvist 2010 controlled forthenumber of medical and educational institutions
present withirSweden's 87 labor market aredsingtime-series OLSnethod, they
found no statistically significance influence for thantrol variable oritherfirm birth
or firm survival.This control variable is, however, rarely used in the studies on the

determinant of firm dynamics.

Table2 provides a summary dhe explanatoryariablesused in the reviewed
empirical research to operationalagglomeratioreconomies. The columns inish
summary tabl@rovide information on: (1) the explanatory variables, (2) the empirical
study, (3) thevariablemeasurement, (4) the firm dynamic under examination in each
respective study (B=firm birth, C=firm closure, and R=firm relocation), and (5) the

direction ofinfluence( i.e. whether positive, negative, or statistically insignificant).
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Table 2. Urbanization and Localization Economie$ variables influencingthe patterns offirm Dynamics

Effect on Firm Dynamics by Industrial Sector (B=Birth, C=Closure, R=
Exolanato Relocation Inward)
No. VZriabIesry Empirical Study Variable Measurement Statistically
(+) Effect (-) Effect Insignificant
Effect
Audretsch and Fritsch . . All sectors, Manufacturing,
(1994b) Population density Services
Smith and Florida Population densit Auto-related
(1994) P y manufacturing
Reynolds (1994) Population density FIRE Manufacturing All sectors
Coughlin and Segev | Population density (9 . .
1 Level pf . (2000) dummy variables) Foreignowned manufacturing
urbanization Wennberg and
Lindquist (2010) Population density Manufacturing (4 susectors)
Population and emp. .
Chatman et al. (2016 densities 7 sectors (NAICS 2ligits code)
Kronenberg (2012) Population density Al S(_actors, Manufacturing,
Services
Index (industry Al sectors,
Reynolds (1994) Manufacturing,
workers/total workers) FIRE
Smith and Florida % of labor force in . Auto-related
) Auto-related manufacturirtg :
(1994) manufacturing manufacturing
. . All sectors, Business services,
Industry ,(Azr(r)rg)lg)gtonand Acs Inoduusltart)iloenstabllshments/ Distribution, Extraction, Local
2 | specialization pop Market, Manufacturing, Retail
or intensity LQ (share of manufacturing .
Holl (20044a) emp.) Manufacturing
Chatman et al. (2016 Number offirms in industry 7_s_ectors (NAICS 2
category digits code)
Kronenberg (2012) An employ_mer_lt All sectors, Services | Manufacturing
specialization index
Kronenberg (2012) LQ (share of sector emp.) All sectors, Services Manufacturing

! performinga Poisson model generated the positive effect in this study.
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Table2

Continued...

Effect on Firm Dynamics by Industrial Sector (B=Birth, C=Closure, R= Relocation
Explanatory L Variable Inward)
NE: Variables EMTATEE Sy Measurement (+) Effect () Effect Statistically
Insignificant Effect
Audretschand Fritsch Mean firm size B (All sectors, All sectors, Manufacturing,
(1994b) (employment/firms) Manufacturing, Services) | Services
Reynolds (1994) fSirrr]r?sr,e of small B | All sectors, Manufacturing FIRE
4 Industrysize Armington and Acs Mean firm size B All sectors, Distribution, Local| Business services,
structure (2002) (employment/firms) Market, Manufacturing, Retail | Extraction
. . { Mean firm size .
Sutaria and Hicks (2004] (employment/firms) B | Manufacturing
Mean firm size All sectors, Manufacturing,
Kronenberg (2012) (employment/firms) R Services
5 Industry age Kronenberg (2012) Average firm age | R All sectors, Manufacturing,
structure Services
. Change in service
Industrial . . ] .
6 Sutaria and Hicks (2004] share of total B Manufacturing
restructure )
earnings
Sutaria and Hicks (2004] P_rlor year firm B | Manufacturing
birth rate
7 Firm birth and Sutaria and Hicks (2004] Prior year firm B | Manufacturing
closure closurerate
Chatman et al. (2016) Number of firm B 7 sectors (NAICS digits
closures code)

1 The sign of theffectchangesvhenthe study usethe ecological approach to standardize firm birth instead of the labor market approach.
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2.2.3. Policy environment

Government policies and actions can dire@lyindirectly) influencethe rates of firm

birth, firm closure,andfirm relocation Government pliciesthat may directlynfluence

the patterns dirm dynamicsare interventioato guideurban developmermtatterns
through land use and zoning regulatiddeban development policies vary across US
jurisdictions Some jurisdictiols aremore proactive than othgin pursuingdenser and
more compact urban developmeRbr exampleas early as 1960MontgomeryCounty;
Maryland,adopted a number of planning tools to promote a compact and dense urban
development pattern. These policiepact thecounty'sability to attractbusiness
investment and economic growtinaap et al., 20%), and subsequently influence firm

birth, closure, and relocation patterns.

Indirectgovernmenpoliciescan also influence the patterns of firm dynamics.
Based on data availabilitg, fewempirical studies use tax polidpr government
spending policyas a proxy for the policy environment within a region (Smith and
Florida,1994 Reynolds 1994 Coughlin and Sege200Q Sutaria and Hick2004). The
relevantliteratureis ambiguoushoweveyabouttheinfluenceof governmentaxationon
the patterns of firm dynanscFor instanceSmith and Florida (1994pundproperty tax
to haveboth positiveandnegativeinfluenceon firm birth dependag on the used
regression modeT heir negative binomiamodel yields a negativeassociation between

property tax and firm birthwhereas the Poissanodel yielded a positiv@ssociation
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2.2.4. Spatialcontext

Severaktudies examining the patterns of firm dynamics use distance measures t
representhe spatialcontext of firms within a region or urban arédde most common
measure to depict spatial contextdthe most familiar taurbanplannersis the distance
to central business district (CBDistance to CBDs oftenused as a proxfpr the level

of urbaniationor accessibility Theoretically proximity to thecity or regioral center
indicateshigher urban density and accessibjltgmpare to less accessible suburban or
rural areasOne can thereforassumehatdistance to CBD iselated taagglomeration
andincluding distance to CBS ascontrolvariablein the analysigan be considered
doublecounting Unlike agglomeration economies, however, these distaeesureare
invariableacross timeThereforejn a polycentriaegionwith seveal employnent
centers, distance to CB&s an accessibilitjmeasuras different from measures capturing
accessibility to employment centers (agglomerations) tovex In addition to distance to
CBD, a good proxy to capture the level of accessibility at the rée is the ratio of
transit to auto accessibility (Chatman et 2016) High ratios of transit to auto
accessibilityare normallycharacteristiof denser thanareassince they are often

equipped with bettgoublic transporservicecompared tdow density suburban areas.

Locations proximatéo urban centarcanbeattractive for business investment
andfirm relocation andalsoconduciveto firm longevity. A limited numberof studies
have controlled for fetors related to spatial context whamalyzing firm birth firm
closure or firm relocationChatman et al. (2016) found that proximity to CBD in

Portland Oregon and Dallas, Texhasa positive influene on frm birth. They also
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foundapositive association between the ratio of transit to auto accessibilithamnates
of firm birth. Manzato, et al. (201®n the other handoundthatdistanceto major
shopping areawithin Netherlands municipalitidsas a negative relationship with the
rates of firm closuregreater distances from shopping areas, they found, are highly
correlated with firm closuresimilarly, Kronenberg (2012ound thatmunicipalitiesthat
are farthe awayfrom the Netherlands economic centeRandstad(a megalopolis in the
centralwestern Netherlandandthe economic center of the Netherlanaieless

attractive for firms to relocate tdhese studies, and others, highlight the importance of
distance to city or urban centers in discussions on economic development and firm

dynamics.

Table3 andTable4 providesummarie®f the explanatory variables used in the
reviewed empirical research to operationappécy environment and spatial context
The columns in these summary tables providermation on: (1) the explanatory
variables, (2) the empirical study, (3) the variable measurement, (4) the firm dynamic
under examination.e. whetheffirm birth (B), firm closure(C), or firm relocation(R)),
and (5) the direction of influence (i.e. ather positive, negative, or statistically

insignificant).
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Table 3. Government Policy Environmentvariables influencing the patterns of firm dynamics

Effect on Firm Dynamics by Industrial Sector (B=Birth, C=Closure, R=
No. | Exp. Variables | Empirical Study VNS Refekationflniat) —
Measurement (+) Effect (-) Effect Statistically
Insignificant Effect
Smith and Florida | F°" capita | Auto-related
personal and Auto-relatedmanufacturing )
. (1994) manufacturing
1 | Local taxation property tax
Coughlin and Per capita Foreigrowned
Segev (2000) property tax manufacturing
Local Reynolds (1994) GOV' spending pey All sectors Manufacturing, FIRE
capita
2 goverr_lment Sutaria and Hicks | Gov. spending per
spending (2004F capita Manufacturing

Table 4. Spatial Contextvariables influencing the patternsof firm dynamics

Effect on Firm Dynamics by Industrial Sector (B=Birth, C=Closure, R=

ratio

(NAICS 2-digits code)

Vaﬁ)gt)).les Empirical Study Variable Measurement Reloeatiolliiale) Statistically
(&) ISiifeet () Sifee! Insignificant Effect
Smith and Florida Distance t(_) th_e closest Autd Auto-related
(1994) assembler; Distance to the manufacturin
biggest 3 Auto assemblers 9
. Seven industry sectors

Spatial Chatman eal. Distance to CBD (NAICS 2-digits code)
context (2016) Transit to Auto accessibility| Seven industry sectors

Kronenberg (2012)

Distarce to the center of the
Randstaél

All sectors, Services

Manufacturing

Manzato, et al.
(2010)

Distance to the shopping
areas

Office firms

! Poissm model generateglositive effect.
2 The study used the ecological approach to standardizéiiitin
3 Randstad is a central area in Netherlands, located between Amsterdam, Rotterdam, The Hague, and Utrecht.




2.2.5. Nontangibledeterminants

Market conditions, ecessibility and agglomeration economiae notthe only factors

that may influencé¢he patternsf firm dynamic. There araenontangiblefactors(also

known as soft factorghatcanalsoinfluencethe patternsf firm dynamics butan

hardly be quantifiedThesoft factorsaresubjectivein naturesince they areelated to the
emotional and culturgreferences of entrepreneurs and business owners. For instance,
entrepreneumay choose aertainlocation to stara business mostly because of already
established socialapitalor business tieData orsoft factorsand personal preferences

are nearly impossible tabjectively quantify since they are natcessarilysupported by

rational arguments (Risselada et al. 2012).

This researchthereforefocuses on tangible and quantifiable factoehgghlighted
throughout this chapterto examineghe determinants dirm birth, closure, and
relocation patternd able5 summarizeshe explanatory variables consideradhis
research and theixpectedlirection (sign) ofimpactonfirm birth, closure, and
relocationpatterns The following section providesdetaiked accounbf transportation
related determinants of firm dynamitet are overlooked ithe relevantiteratureand

arethusthe main focus of this research
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Table 5. Variables explaining the rates of firm birth, closure, and relocation

Determinants of Firm Dynamics(Birth , Closure, andRelocation) | Expecteddirection of impact
Categories No. | Explanatory Variables Birth | Closure Net .
Relocation
Market 1 | Unemployment rate +/- +/- +/-
conditions
2 | Income + - +
3 | Race percentagefrican-Americar) +/- +/- +/-
4 | Education level -
5 | Property value (rent) -
Urzanization 6 | Population density -
an
localization 7 Industry specialization (share of firms per + _ +
economies sector)
8 | Employment density +/- - -
9 | Average firm size +/- - -
10 | Average ag®f firms N/AL - -
11 | Firm closure rates + N/A? +
12 | Firm birth rates N/A3 + +
Policy
environment 13 | Property tax +/- +/- +/-
Spatial )
context 14 | Distance to CBD + - +

Notes: 1.Firm closure and relocation analyses incltideaverageage of firmsasacontrol variable
2. Firm birth and relocation analyses incluttie number of firm closuress a control variable
3. Firm closure and relocation analyses incltigke number of firm birthas a control variable

2.3. Transportationnfrastructureandfirm dynamic

Transportatiorinfrastructurds vital to the economic growtbf cities and regions

(Chatman and Noland, 2011nvestments inail transit, in particulargould increase the

size,density and diversity otities, which couldsubstantially contributeo increasd

economic productivityChatmanet al., 2015 The questionfohow transit investments

influencethe spatial dynamics of economic activitiseweveryemainsvaguely and

partially answeredDelineatingthe influence ofransit investmentsn the patternsof
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firm dynamicsis key to answering this questiomore comprehensivelynd is the main

objective of this research

Research shows that transit accessibility p&alsy role in linking firms to
markets Proximity to consumers and suppligssasignificant determinant dhelocation
decisionsof firms (Giuliano, 2004) and he spatial separation of producers (origins) and
consumers (destinationdjivesthe demand foinvestment irtransportation
infrastructure. The earliest theoreticatordsof accessibilityas a significant factor ithe
location decisiosof firms emergedn the agricultural land rent theory by Von Thunen
(1826). More than a century later, the monocentric urban theory by Alonso (1964) also
shows that accessibilitwhich ismeasuredby the distanceo the central business district
(CBD), plays a major role in shapitige urban spatial structuréccording tonew
economic geography models, higher costs of transportation lead to more dispersed
economic activitiegas firms needo supplydispersednarkets(consumersjocally (Puga,
1999; FujitaKrugman, and Venables, 1999; Ottaviano, Tabuchi, and Thisse). 2002
Reduced transportation costs, on the other hand, impaoeessibilitypetween markst
leading subsequently the centralizatiorof economic activitieslue to (1) access to
larger and more diverseputs (e.graw materialsand labor)and(2) accesdo larger pool
of consumersThe concentratiorof marketghrough improved transit accessibility offers

advantages tbrms due toagglomeratioreconomiesas discussed in section 2.2.2

Sinceimprovedtransportatioraccessibilityfacilitatesthe centralization of
economic activitiesit can alsanfluence changes in ihepatterns ofirm dynamics, 2)

agglomeratioreconomies and productivity, aBjlproperty valuesAmong these, firm
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dynamics are thleast examined, whereas changes in property values are the most
thoroughly studieéspect of transportation investments. At least two 1aptdysedhave
been conductetb date thasummarizehe findingfrom dozens of empirical studies on
the link between transportation apbperty valuesDebrezion Pels, and Rietvel(2007)
andMohammacet al. (2013) conductesimetaanalyss of studies that examine the
connection between rail transit and changes in property valbeg.foundthata
consensusxists acrosempiricalstudiesabout thepositive associatiohetween the
presence of rail stations and commercial and residentipépyoralues Market
concentratiorand dispersion forces canpacttransportation investmenisy reducing
transportation cost®r firms. The level otransportation infrastructuifectsthe coss
thatare incurred fofirms to transporinputs and outputd.ransportation investments,
therdore, influence the geographéxtent of the markedtreathatfirms can access
Similarly, firms carrealizeagglomeration benefits from clusterittgough labor and
inputsharing and knowledge spillavéArmington and Acs, 200Beaudry and

Schiffauerova, 2009

Theseconcentratiorand dispersion forceme notstraightforwargdhowever
Firmsacrosdifferent industry sectonmayrespond differently to changes in
transportation costs. Firms withlatively high transportation costs may concentrate in
response to a reduction in transportation c@tsthe other handirms with relatively
low transportation costs malyspeseto takeadvantage ofower costof labor and land
rent(kilkenny, 1998;Holl, 2004b).Therefore examiningtransportation impact across

differentindustrial sectors iBnperativeto the analysis of firm dynamics.
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Theexternal factors must be accounted for wirgimg to determinghe net
influence of transportation investmentstbe patterns dfirm dynamics as discussed
earlier in this chapteilhesefactorsinclude the nature of prexisting market conditions,
urbanization and locaation economiesafglomeration economiesgjndexisting local

regulations and policiesuchas zoning ath landuse plans and local taxation.

There are no coherent accouot$iow rail transitinfrastructure influencethe
patternsof firm dynamic. Mostempirical studies on firm dynamicserlookcontrol
variables related to rail transit dueth@ difficulty of accouning for complexand
interlinked transportationelated factorssuchas tye, scale,dcation andthe operating
characteristics afail transitinfrastructure The few existing sties that include
transportatiorvariableshaveexaming only one aspect of firm dynamiasostly firm

birth (seeTableb).

Jointly examining the patterns of firm dynamic®. firm birth, closure, and
relocation patterng} key to understanding the overall impact of rail transit systems on
firm dynamics beaase the patterns of firm dynamics may intedifferenty acrosshe
units of analysisMoreover, imderstanding the patterns of firm dynamiicsirban ares
key to understanding the overall growth or declingsaiirban economy. For instance,
highrates offirm birth in acertainarea(e.g. an area near a rail statici@esnot
necessarily indicat#hatthis areais experiencing a net growth firm agglomeration if
the rateof firm birth is equal or less than the rates of ficlosure Rail transitvariables
arenot considereth the studiesthat linkedtransportation and firm dynamicshere

most of the emphasis is givenhighway accessibilityTable6 andTable7 provide
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summarie®f the studiesthat take into account transport variables when examining the
patterns of firm dynamics. The tablsmmarize thesgtudiesby the following factors

(1) the dependent variable and how it is measy®&dhe transportatierelated variables
used as contro(3) the units of analysis (geographic resolutig¢a),the analyzed industry
sectors and the perio(h) thestatisticalmethod, and 6) the impact of the transportation

related variable.

Theinclusion and operationalizatiarf transportation infrastructufactorsin the
analyse®f the patternf firm dynamic varies considerably itheliterature Previous
studies used a variation bfnaryandcontinuousmeasuresf transportationoftenrelated
to theavailability of highwaysto examine thanfluenceof transportation accessibilitn
the patterns of firm dynamic®therstudies used a binary variable to indicate whether or
not highway are presentithin the examined units of analysis, suctSasith and
Florida 994 andCoughlin and Segef2000) To improveon thiscrude measureent
later studies usetthe distance to nearest highwaysoll, 2004a,2004, 20044, as well
asthedistance to nearest rail statipts account for the availability of transportation
networks(Manzato, et al., 2010Nguyen et al., 2013; Risselada, Schutjens, and Van

Oort, 2013 An, Kang, and Lee, 201€hatman, Noland, andlein, 2016).
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Table 6. Summary of paststudies onfirm birth that include transportation-related variablesin their analysis

Empirical Dependent . Geographic Industrial Sectors Impact of Transport
Study Variable Transport Variables Resolution (Time Period) Method Variables
Firm Birth
Smith and Number of | Presence of an interstate | US counties Japanesaffiliated Crosssectional, Positive and significant
Florida (1994) | firm births | highway (dummy manufacturing automotive | using Tobit, Poisson,
variable) related industries (1990) and Negative
binominal models
Coughlin and Number of | Presence of an interstate | US counties Two-digit SIC foreignowned | Crosssectional, Positive and significant
Segev (2000) | firm births | highway (dummy manufacturing (1989994) | using negative
variable) binominal models (8
regions dummies)
Chatman, Number of | Distance to nearest rail | Census blocks | Two-digit NAICS industry Crosssectional, Positive and significant
Noland, and firm births | station (includesdummies| of Dallas and sectors (seven broad Negative binominal | (coefficient sizes are
Klein (2016) for 0.25, 0.250.5, 0.51 Texas categories by authors) (1991 count model larger in Portland
mile thresholds)distance | metropolitan 2008) compare to Dallas for
to nearest highway exit | areas most industry sectors)
Holl (2004a) Number of | Distance to nearest Spain Manufacturing 10 sub Fixed-effect Poisson | Positive and significant
firm births | motorway (10km intervals| municipalities | sectors (198(1994) with time dummy
up to 50km and >50km)
Holl (2004b) Number of | Distance to nearest All 275 Manufacturing 13 sub Fixed-effect Negative| Positive and significant
firm births | motorway (10km intervals| Portugal sectors Services9 sub Binominal model
up to 50km and >50km) | municipalities | sector§19861997) with time dummy
Holl (2004c) Number of | Distance to nearest All 275 Manufacturing 13 sub Fixed-effect Negative| Positive and significant
firm births | motorway (10km intervals| Portugal sectors; Service® sub Binominal Model and
up to 50km and >50km) | municipalities | sectorg19861997) Poisson with time
dummy
Melo, Number of | Density of railway Portuguese Five industrial sectors: 1) Negative Binomial Pasitive and significant
Graham,and firm births | network; density of municipalities | primary industries; 2) Models
Noland (2010) motorway network manufacturing; 3) electricity,
gas, and water; 4)
construction; 5) wholesale
and retail (1995 and 2003)
Bacher and Number of | Distance to the nearest | Swiss Forty six sectors based on | Fixedeffects Poisson| Positive and significant
Brulhart (2013) | firm births | highway access, distance| municipalites |[two-di gi t 1 e v e || regression
to the nearest airport NACE classification




Table 7. Summary of paststudies on firm closure, survival, and firm relocation that include transportation-related variables

Empirical Dependent . Geographic Industrial Sectors Impact of Transport
Study Variable Transport Variables Resolution (Time Period) Method Variables
Firm Closure and Survival
Manzato, et al | Firm closure | Distance to nearest airport, Netherland 15 Dutch office Parametric | Negativeand significant
(2010) rates nearest rail station, nearest municipalities and industry sectors duration except for distance to neare
high-speed train station provinces (1996- 2006) models high-speed train station
nearest highway exit
Cader and Firm Presence of interstate highway| All 105 Kansas IT-producing, Two-step Two-step OLSNegative and
Leatherman survival counties, U.S. Goodsproducing, OLS and significant for IT-producing
(2011) and Service proportional | industry.Positive but
producing industries hazard insignificant for the other
(19902003) model two industriesProportional
hazard modelNegative and
significant for all industries.
Firm Relocation
An, Kang, and | Probability | Distance to nearest expressway Seoul Metropolitan Manufacturing and | Binary logit | Subway stationnegativeand
Lee (2014) of firm to distanceto nearest rail station; | Area divided into 300 | servie firms (2006 | model significant
relocatein distance to nearest subway meterwide hexagons | 2011)
(binary) station; distance to airport; (158,453 hexagons
distance to harbor; distance to | total)
main road; density of beine
Nguyen et al. | Probability | Distance to highwaydistance to| 17 regions and 335 Manufacturing and | Binary logit | Highway: positive and
(2013) of firm to train station zones in Tokyo retail firms (1994) mode significant for manufacturing
relocate out Metropolitan Area but insignificant for retail;
(binary) Train station: insignificant
for manufacturing but
positive and significant for
retail
Risselada, Probability | Distance to train station Urban residential All industrial Binary Marginal to insignificant for
Schutjens, and| of firm to distance to freeway neighborhoods of the | sectors: (2005 logistic both train station and
Van Oort relocate out municipality of 2008) models freeway.
(2013) (binary) Amsterdam, Netherlanc

- 6-digits postal codes
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This section provides a comprehensive revietheempirical studies that
consider transportatierelated factors when examining the patterns of igmamics.lt
reviews existing empirical studiewith respecto their methodologieghe considered
industrial sectorsand their findingsMost of thelimited number of studieimdirectly
examnetransport infrastructur relation to the patterns of fir dynamicsOnly afew
studieshavetransportatiorrelatedfactors as the focal point of the analysisen
examining the patterns &fm dynamicg(i.e. firm birth, firm relocation or firm closure
or surviva). Firm birth, firm survival, andirm closurearediscusseqointly in the
following sectionbecausehey areinterconnectedand becausthere areno empirical

studeson firm closurehat accountor transportatiorrelatedfactors

2.3.1. Rail TransitandFirm Birth, Closure and Survival

Firm birthhas a positive influence on the economic growth of a region. Job creation and
changes in economic structure are the most notable positiveaitiesrof firmbirth.

While the enpirical research on the determinants of firm birth is abundaintited

numberof studieshave examinethe link between proximity to transportation
infrastructureandthe numberof firm births (Smith and Florida, 1994; Coughlin and
Segev200Q Holl, 20043 2004, 2004&; Melo, Grahamand Noland, 2010Chatman,
Noland, anKlein, 201§. Most of these studiesccount for proximity tdighway
infrastructurebut fail to account for proximity teail transit infrastructuréseeTable6).

There are only two studies that take into account proximity to rail stasan

explanatory variable their analysis of firm birth (Melo, Grahamnd Noland, 2010; and

Chatman, Noland, and Klei@016) Relevant empirical researaidicates a positive
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connection between accesgad transitandfirm birth but fails to consider other aspects

of firm dynamics such as firm closuresrrvival

Theselimited number oktudiespredominantly found positiverelationship
betweerthe availability of transprtation infrastructurand firm birth The proximity to,
or the presence of, highways are examined in all these sardig@gpically inrelationto
firm birth in the manufacturing sect(@eeTable6). Studies that examinddm birth in
relation tohighway systems found thdte closer the distance to highway exits, the
higher the ratesf firm birth (Smith and Florida, 1994; Coughlincdi&egev200Q Holl,
200432004, 200%). As stated earlierhere isalack of empirical evidencenthe

association betweehe availability of passengedil infrastructureandfirm birth.

In general, he distance to rail station is the most commonly used method to
operationalize thavailability of passengerail infrastructurg Manzato, et al., 2010;
Chatman, Noland, andlein, 2016. Nonethelessonly onestudydirectly examines the
association betweeareas withirshortdistances tpassengerail stationsandfirm birth.
Chatman, Noland, and Kle{2016 used dummy variables to indicates presence or
nonpresence ofighernumbersof firm birth within specific distancentervalsfrom rail
stations inPortland, Oregon andallas Texasmetropolitan areag\nother less popular
method is théevel ofdensity ofrail networks within certaingeographic ungof analysis.
Melo, GrahamandNoland (2010usedthe density ofail networks within Portuguese
municipalitiesto examindts impact on firmbirths In bothstudies, the findinguggests
that there i positive andtatisticallysignificant connection between the availability of

rail transit and theumber offirm births.
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There & more to thelynamicprocess otirbaneconomicghan firm birth In a
particular area,umber of firm births is noa sufficientindication, per se, of a net
economic gairor loss Firm births cammerelybe the result of the closure existing
firms in aprocess called "creative destruction,” coined by the classical ecordasegth
Schumpeter§chumpeterl1934. Moreover, he processf firm birth and firm closure
can be considerabhleterogeneouacross different geographical areas. In other words,
exiging firms go out of busines@.e. fail to make profit or to compete with existing
firms) and new firm&mergedisproportionally across different geographical areas.
Thereforeit is important to examinkothfirm birth and firm closurdo determine theet
influence oftransportationnfrastructure (such as passenger rail system) on firm birth
relative to firm closureHowever, tudies that include transportation variables in firm
birth analysisonly considerthe number ofirm births as an outcome vabée (Holl, 2004;
Smith and Florida, 1994 oughlin and Segev, 2000; Chatman, Noland,kdeah, 2016.
These studies examined whether the presehf the proximity to) transportation
infrastructurgmostly highwaysincreaseshe probabilityof firm birth. They consistently
foundthe association to h@ositive and significartbetween proximity to transport
infrastructure anthe numberof firm births. These findings, however, aireadequate to
indicate thenet influenceof transportationnfrastructueson firm birth without

examining their influence on firm closure.

2.3.2. Rail TransitandFirm Relocation

Despite the importance of information on firm relocation to providing accurate analyses

of firm dynamics, there is very limited research on the subject, and even less research on
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the influence of rail transan firm relocation decisiongJnlike firm birth andclosure
firm relocation explicitlyaccounts for theecision of firms tsubstituteone location with
anotherCertainexternal and internal factors may influence firms to relodsge.
discussed irsection2.2, firms constantly adjust to nesircumstancesdue tochanges in
market conditions, urbanization and localization economies rgoant policies and
regulations, or other netangible factorsOther changes in firrapecific characteristi¢s
suchassize, age, sectpand growth patternspay also lead to changesthelocational

preferencesf firms.

In the relevantiterature, firm relocation decisions remain the most understudied
filed of research. The reastor thisgapis likely thelack of datasets thaticcurately
capture firmrelocation patterns. In recent yeans|y three studies have examihthe
probability of firms to relocatan relation tofirms' proximity to rail statiorf{An, Kang,
and Lee, 2014; Nguyen et al., 20R3sselada, Schutjens, and Van Qa@13) Table7
provides astructurecsummary of these studiexludingdependentariables;
transportatiorvariables geographiaesolutiors; industrialsectorsmethodologiesand
predicted inpacs of transportatiorvariables None of these studiegefocusedon the
U.S. economyhowever Moreover, these studiapecificallyexaminethe probability of
firms toeitherrelocate out oto relocate inUsing binary logit modelNguyen et al.
(2013 examinedactors influencinghe probability of firms taelocate oufpush factors)
or stay (pull factor§ within 17 regions and 335 zon@sllowing the zone systemsed in

thar dataset)n Tokyo Metropolitan AreaThey found thathedistance to the nearest

L Pull factors and push factors are not mutually exclusive factors influencing firm relocation. covariates can
be both a push and a pull factor at the same time. For instance, population density can negatively influence
some firms (push factor) and at tteame time positively influence others (pull factors).
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train stations negatively associated withe decisiorof retail and manufacturing firms

to notrelocate outi(e. areas within shorter distances to the rail stations were more likely
to deteroutwardfirm relocationthan areas farther away from the statjpbsit the results
werestatistically insignificanfor manufacturing firmsTheir analysisuggestshat

retailers are more likely to take advantage of rail transit systems than manufacturers.
However, their anakis ofwhether or not firms are attracted to these z¢megard

relocation)did not includethedistance to the nearest station variable.

Risselada, Schutjens, and Van Oort (2CdI8p examined firm relocation push
factors within urbamesidential neightrhoods of the munipality of Amsterdam,
Netherlands&-digits postal codgausing binary logit model. They found proximity to rail
stations had no statistically significate influence on fimacaton decisionsAgain,
their study focuses amnly oneaspect of firm relocation dynamics, that is the probability
of firms to move or stay within thgeographic ungof analysisOn the other handn,
Kang, and Lee (2014xaminedhelocationchoicefactorsof relocatingmanufacturing
and service firmsvithin Seoul Metropolitan Area divided inBD0-meterwide hexagons
using binary logit model once agaifhe authorsfound thatareas within short distante
subway stationbkad a positive association witte probabilityof inward firm relocation
for service firms butthe same areas hachegative association withe probability of
inward firm relocation fomanufacturing firmsln contrasto theNguyen et al. (2013)
study,An, Kang, and Lee (2014nalysis is focused only on pull factd¢re. the

probability of inward firm relocation)
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As shown throughout thsulsection, studies on firm relocation have focused on
the impact of certain factors (only a few considering the proximity to rail stations as a
factor) oneither inward firm reloation or outward firm relocatioft is important,
however, to examine both of thefsgetors withinfirm dynamics (inward and outward
firm relocation)at the same timmm order to understand the net firm relocation effects
within a given unitof analysisMore importantly (to the purpose of this researblojh
inward and outwarfirm relocation patternsiust be examined to determitine influence
of rail stations on net firm relocation (by comparing inward firm relocation effects to
outward firm relocatios effecty. This research fills the gap in literature by examining
the impact ofireas within short walking distandespassenger rail statioms net firm

relocation

2.4. Methodological aspects

Empirical studiegakedifferent approaches &xamire the determinants of firm
dynamics.The findings are oftemconsistenaind sometimes even contradictory
regardingthe influencerail transit accessibilithaveon the patterns dfirm dynamics
evenamongthe few studies that account for transportatidated factorsThe
inconsistencieareattributed to differences irfl) included explanatory variablg®)
model ofanalysis (3) geographic scope and units of analyarsd(4) industrial sectors
consideredThe previous sections of this chapteveredn detail areview on the
explanatory variablethatstudies consider for the analysis of firm dynamidse
following sectiongeviewmodels, units of analysis, and industrial aggregaditaly®s

of thepreviousstudies on the patterns of firm dynamics
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2.4.1. Models

Earlier studies on the determinants of fioirth modeledthe dependent variable as the
rateof firm birthsrelative to labor force arelative toexisting firms.To generate a
continuous dependent variable suitable for OLS or fie#ect regressins, many of the

past studies calculate the rate of firm birth using efih@rbirthsper populatior{or size

of labor force)or firm births per existing firmgseeTable8). The $andardization of the
dependent variable alloweimpleOLS or fixed effect panel regressions todpplied
(Audretsch and Fritsch, 1994b; Reynolds, 1994; Armington and Acs, 2002; Sutaria and

Hicks, 2004)

Empirical research on firm survival is abundant in the literature, whereas
empirical evidence on firm closure is scarce. In particular, little empirical evidence exists
regarding the association between transportattated factors and firm closure or
suvival (seeTable7). Firm survival requires a different modeling technique compared to
the occurrence of firm birth, closure, and relocation. Duration modelingfdheres the
most common method for examining firm survival. Hazawtek! arethe common
mathematical modslusedto analyze survival even{3able9 provides a sumary of a
few studies on firm survivalManzatoet al (2010use adurationhazard modeio
examineoffice firms within municipalities and provincesf Netherlands. They found that

the proximity to intercity rail stations increases the probabilitpfhite firm survival.No

! Hazard models are statistical models used to examine the assdogti@en the survival time gertain
events/objectand one or morexplanatoryariables An example isCox proportionahazards mdel
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studies, howeveagre found to havexaminel firm closure in relation to transportation

related factors.

As a dependent variable, firm birth, closure, and relocation are better modeled as
count measure while firm survival is more suitably modeled as the duration of survival of
firms. Since firmbirthsarediscrete evenfsnorerecent studies assurtteatthe pocess of
firm birth follows a Poisson canegative binominadlistribution(see Chapter 3 for
detailed discussionyvhich makesount models more suitable firm birth analysis

(Holl, 2004a, 2004b, 2004c; Melo et al., 200hatman et al., 2016
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Table 8. Methodologicalaspects of past studies that examine the determinants of firm birth

Author

Dependent Variable

Geographic Unit of
Analysis

Industrial Sectors (Time
Period)

Method

Audretsch and Fritsch
(1994b)

1) Rate offirm birthsrelative to
existing firms; 2) Rate of new
firms relative to labor force

75 regions in west
Germany

All industries, manufacturing
industry, and services (1986

Ordinary leastsquares
regressior{OLS)

Reynolds (1994)

1) Rate of firmbirthsrelative to
existing firms; 2) Rate of new
firms relative to labor force

US metropolitan areas;
manufacturing rural area
and traditional rural areas

All sectors, manufacturing,
and FIRE (1986.988)

Crosssectional OLS
regression

Armington and As
(2002)

Rate offirm birthsrelative to
labor force

US labor market areas
(LMAS) (394)

4-digit SIC industries1 (1994
1996)

Crosssectional OLS
regression

Sutaria and Hicks
(2004)

Annual rate of new firms
relative to existing firms

All 27 Metropolitan
Statistical Areas (MSAS)
in Texas, US.

Manufacturing (1974.991)

Crosssectional, OLS
and Fixedeffect
regression models

Cheng and Li (2010)

Rate offirm birthsrelative to
labor force

All U.S. counties

Two-digit NAICS industry
sectors (200:2003)

Geographically
weighted regression
(GWR)

Cheng and Li (2011)

Rate offirm birthsrelative to
labor force

All U.S. counties

Ten industrial categories
based on the-gigit NAICS
code (20012003)

OLS, GWR, and spatial
error model (SEM)

Lasch, Robert and Le
Roy (2013)

Number of firm births

The 348 labor
market areas (LMAS)

Information and
communication technologies
(ICT) sector (1992001)

Multivariate regression
model

Brixy and Grotz (2007)

Rate offirm birthsrelative to
labor force

West German regions

All industries, manufacturing
industry, and business
services (1987997)

Fixed effects panel
regression

Bosma, van Stel, and
Suddle (2008)

Number of new independent
startups and the number of
new subsidiaries

Forty regions in the
Netherlands

Manufactumng and service
industries (1982002)

Linear regression SUR
(seemingly unrelated
regression)
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Empirical research otie patterns diirm relocation issparseMost of the
previousstudies on firm relocation have udadary logit modelsKronenberg, 2012;
An, Kang, and Lee, 2014; Nguyen et al., 2013; Risselada, Schutjens, and Van Oort, 2013)
to examine thdikelihood thatfirms will relocate(seeTable9). Among these studies,
only three account for proximity to rail transit statioBsudies on firm relocation
examine thdikelihood of firms toeither reloca inward(An, Kang, and Leg2014)or to
relocate outwardRisselad, Schutjens, and Van Oort, 20Mguyen et a].2013 but not
both (seeTable7). The dependent variable in relocation studies is modeled as a binary
variable (1. c¢. the dependent variable equa
Both relocation patterns must be examinkedweverto find outthe net impact of
proximity to rail transiton firm relocation patterng.e. the patterns of inward firm
relocation relative to outward firm relocatioi) proximity to rail stationsnegatively
influences inwardrelocation (as found b&n, Kang, and Leg2014), this negative
associatio does nonecessarilyndicatethat subway stations are repulsive to firfpgsh
factor), but it is likelythatareas near radtations retaimorefirms from relocating
outwardthan attractelocatingfirms tolocate within This research, therefore, examines
inward and outward relocation patterns to accurately determine the net relocation effects

of areas near passenger rail stations.
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Table 9. Methodologicalaspects ofpast studies that examine thedeterminants offirm relocationor firm closure andsurvival

Author

Dependent
Variable

Geographic Unit of
Analysis

Industrial Sectors (Time Period)

Method

Firm Closure and Survival

Wennberg and
Lindgvist (2010)

Duration of new
firm survival

Sweden's 87 labor marke;
areas

Telecom and consumer electronic
financial services, IT, medical
equipment, and biopharmaceuticg
industries (1993 2002)

Event history analysis.

Ace, Armington,
and Zhang (2007)

New-firm
survival rate

TheU.S. Labor Market
Areas (LMASs)

Service sector (1991998)

Crosssectional, ordinary least
square linear (OLS) regression

Brixy and Grotz
(2007)

Survival rate

West German regions

Manufacturing, business services
and all industries (19811997)

Panelregression with fixed
effects

Firm Relocation

Sleutjes and Volkel
(2012)

Probability of
firm to relocate

145 neighborhoods withir
40 Dutch municipalities

Commercial firms (2008)

Poisson regression model

Kronenberg (2012)

firm relocation
(binary)

The485 Netherlands
municipalities in 2003

Dutch manufacturing and services
firms (20022003)

Two-stage nested logit
regression

Sleutjes and
Beckers (2013)

Probability of
firm to relocate

Five neighborhoods in
three Dutch cities

Chamber of Commerce's
classification of 11 industrial
sectors (2005 2007)

Quialitative and descriptive
analysis (50 irdepth interviews
with entrepreneurs)
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Moreover, gveral crossectional studiesave generated results tlbffer
substantially frontime-series studies:or exampleSutaria and Hicks (2004&xamined
birth rates of manufacturindirms by usingfour fixed effect model$o assesshe
contribution oftime-relatedeffects(i.e. betweerl 976 and1990 and/orlocationrelated
effects(i.e. acros27 Metropolitan Statisticéreasin Texas, US)They found
substantial differences in their modet¢gardingthe overall explanatory power and the
direction of impacbf several othe explanatory variables depending on tloduision or
exclusion ofone or bottof time and locatiorixed effect! (i.e. unspecifiedyear and
region dummy variablesrosssectional models, therefore, tend to yield unreliable
results because they fail to account for changes in the patterns of firm dyoaerics
time. A panelmodel structure is esstial to captur@ver timechanges in firm dynamics.
Moreover none ofthe past studiesccount for thendogeneity ofhe placement of rail
stations when examining firm birth, closure, or firm relocation. Ch&ppeovides details
on why it is important to account for the endogeneity of rail systems and shows how this

study accounts for it.

2.4.2. Units of analysis

As mentioned earlieg great deal a$patial variatiortends tooccu in areaswithin close
proximity to transportation infrastructure, especially in the case of rail tramstuse of
macro geographic unitsf analysisn regression modelgeneratesinreliable findings

when examining the connection between transportation networkbapatterns ofi rm

! The authors do not specify what fixed effect variables were used in their regression models.
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dynamics, especially in the case of rail transit network. Unlike road networks, rail transit
networks tend to be spatially scattered and often accessed by walking. Therefore, the use
of smaller geographic units of analysisegression models necesaryto accurately
determingheassociatiorbetweerareas within short walking distanoérail transit

stations and the patterns of firm dynamics.

In the reviewed empirical studiebgtgeographical units of analysis are often too
large to account for raro-level spatial variation in theumberof firm births (seeTable
8). The analyses are often conducted at the county level in thé3m&h and Florida,
1994;Coughlin and Segev, 20P0r at the municipal level in European countries (Holl,
2004a, 2004b,@4c; Melo, Graham, and Nolar2)1Q Bacher and Brulhar013.
Only threeempirical studies have usgdographic units of analysis small enough to
adequatly capture spatial variation afpattern of firm dynamics in relation to rail transit
infrastructurgRisselada, Schutjens, and Van Oort, 2013; An, Kang, and Lee, 2014;

Chatman, Noland, and Klein, 2016)

Chatman, Noland, and Klein (2016) use census blatksn the metropolitan
regionsof Dallas, Texas, and Portland, Oregon, to examine the connection between
proximity to rail stations and firrhirth. They found proximity to rail transit stations to
have a positive influence on firbirth, andthe influencevas stronger in Portland than it
was in Dallas. The authosadtributethe difference inheinfluenceof rail transit on firm
birth between the two citigs Dallas's lower transit usage, higher-stifeet parking
requirements, and poor policies towarcdsiGcation near rail stationén, Kang, and Lee

(2014) divided 8oul Metropolitan Area into 30Mheter wide hexagons to examine the
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probability ofrelocating firms tdocatewithin these hexagon3hey found proximity to

rail stations to have a positivefiluence on the probalyi of firms to relocate within.

2.4.3. Industy sector

Across industry sectorseveralcontrol variablesnay have differeninfluenceon firm

birth, closure, and relocatigratterns as discussed in the second section of this chapter
For instancefirms in service industrare expectetb be drawn to densely populated
areas to take advantageletal market conditions, whereas manufacturing firms may be
deterred bynigh density dued the associated higheosts oflabor and propertyt is,
therefore imperative toexamire the patterns of firm dynamicacross multiplendustry
sectosto strengthen the body of knowledged improve the level of understanding of

how firms across different industry sectaee influenced byail transitinvestmers.

2.5. Chapter summary

Based on the literature revievnjg chapter identified factors thpotentially
influence the patterns of firm birth, firm closure, and firm relocafidre influential
factorsof firm dynamics werelividedinto five categories(1) market conditiong(2)
agglomeration economig@) policy environment(4) spatial contextand(5)
transportatiofrelated factorsThis chapterdentifiedseveral keygaps inthe past
empirical studiesn the determinants ofrfn dynamicswith special attention to the
studies that includkin their analysis factonelated torail transit investmentgs:irst, most
of theempirical research is focused on the determinants of firm birth, and there is limited

empirical evidence on theubjectsof firm closure and firm relocation pattert@&econd, a
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considerable number tie previous studies used regression models that are not
appropriatdor the analysis of the patterns of firm dynamitkeregression modelsf

these studiewereeithercrosssectionalor the dependent variab{e.g. number of firm
births) were standardized to allow fmple OLS or fixed effect panel regsesns

Third, most ofthe empiricalstudiesfail to capture the patterns of firm dynamics at the
micro-level since the units of analysis usedhe regression models of these studies

too large(e.g. counties, cities, or regiong)nally, there is litte empirical research that
examines thassociation between transportation related factors and the patterns of firm
dynamicsacross different industry sectors becatheprevious researamostlyfocused

on all sectors combined or only manufacturing secto

The following chapter (Chapter @jscusseshe statisticalmethod that are most
appropriate to analyzée countof firm births, closurs, inward relocations, and outward
relocationgoutcome variablesjt a micro levelTwo regression methods are discussed in
Chapter 3 that are used for the analysis: (1) a standard negative binomial regression, and
(2) a negative binomial regression that controls for the endogeneity of the placement of
rail stationsChapter 3 also proved a description ofheinfluential factorgcontrol
variables}hat are considered in the analysis of this dissertatibith wereidentified

throughouthis chapter
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CHAPTER 3 DATA, VARIABLES, AND METHODOLOGY

In empirical research, tteelection obne method of analysis over anothes ledo
different conclusionsver the determinants of firtmrth, firm closure, or firm relocation
patterns Further there is a lack okmpirical evidence othe patterns dirm dynamics
other than fim birth. As explainedn Chapter 2similar explanatory variablelsave
offered inconsistentesults about thefluenceson the patterns of firm dynansacross
empirical studiesleading tadifferent conclusionsStudieson the determinants of firm
dynamicshaveoftenappliedordinary least squasg OLS) regressiomodelsto examine
a set ofexplanatoryariables data usedior these methodare eithecrosssectional or
measured over a relativebyief period Additionally, limitationsin the qualityof datahas
restricedthe number of variables considetiadhe pastempirical studieshat examine
the patterns diirm dynamics Limited data quality hasestrictedhow these studies
operationalizedhe dependent and independeariablesas discussed throughout
Chapter 2The distinction between firmirth and relocation has not been maadenost
of thesestudies These shortcomings caused ambiguitthiliteratureon the subject
regardingthe magnitude anthedirection of impacthatrelevantexplanatory variables

have orfirm birth, closure or relocation patterns.

This research contributes to the literature in the field of firm dynamics by
conducting a comprehensive examination of the determinants of firm birth, closure, and
relocationpatternausing a large and more detailed dataBkis chapter is divided into
three sections. The first section providedetded description of the datasahd units of

analysisused in this study texamine the determinants of firm dynamite second
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section provides a discussion on how the outcome and control variables etreextrto
operationalize firm dynamics and their determinaftee third section provides a detailed
description of the statistically controlled methods used in this study to examine micro
level firm dynamics as a function of proximity to passenger ratiicsts, agglomeration,

sociaeconomics, and spatial context.

3.1. Dataand units of analysis

This studyusesNational Establishment Tim8eries (NETSylataseto construct
the dependent variabledSETS datdaseoffersthe advantage of @etailedaccountof
dynamics of the U.S. economlywas made available whéialls & Associateseamed
up with Dun and Bradstreet (D&B) to convert thexhaval establishment dabato a
time-series database of establishment informafWalls, 2008) NETS microdatas a
reliable data sourder studying static business activity in high de{BarnatchezCrane
andDecker 2017).Relevant tahe purpose of this research, NETS database contains
information on thdirst and last yeawheneachfirm existed and the industsectorto

which it belongs(NAICS classification)

NETS databasalso distinguishes between firm relocation and firm birth by
providinginformation on thereviouslocation ofestablishmemst(longitude and latitude)
in addition toinformation on theumrentlocationto capturaelocation NETS database
provides the latitude and longitude of firm locations at multiple geographic levels,
ranging fromCensudblock to Zip Code level However, he longitude and latitude of
most firms are provided at tiidock level 6eeAppendix Bfor more details Another

important advantage @un and Bradstreelatabase is thatassigns a unique identifier
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to each establishme(dalled aDUNS-numbej thatis retained over timeven ifan
establishmentelocate. Additionally, the U.S. census data and GIS shapefiles are

obtained fronthe National Historical Geographic Information System (NHGMNHGIS

provides U.Scensussocicdemographic data along with Gt®mpatible boundary files

from year 1790 to the presgiMansonet al., 2017)The GIS shapefils areoriginally

from the U.S. Census Bureairgpologically Integrated Geographic Encoding and

Referencind TIGER) shapefiles whichdo not include demographic data but do contain
geogephicidentificationc o des ( GEOI Ds ) that can be 1l inke

demographic data

With respect to the geographic unit of analydiss tesearch uses the U@&nsus
blocks from the year 2000 to conduct the milereel analysesThe 2010Censisblock
shapefiles were initially consideréar the analysishut ultimatelyreplaced by the 2000
Censudblock shapefile because of tbensiderable numbe@f unqualifiedCensusblocks
in the2010 shapefileTheU. S . Ce n s 200C8nsusock shapefilencludes
road and railway polygons &ensus blockbut doesnotidentify themas suchsince
they were automatically generated from satellite imadégsingthe 2010Censuslock
shapefilecauss the problemof includinga considerable numbef anqualified polygons
in the analysis. Thereforthis research useéke 2000Census blocksince they do not
have tte problemof unqualified polygonsSociceconomiadataarejoinedto the 2000

census blockasingthe ArcGIS spatial joirfunction

This study uses U.S. Census data at the smallest available geognaiphgince

the purpose of thetudy is to examine micro patterns of firm dynamic. Census block
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group is the smallest geographic watitvhichthe U.S. census bureaallects most socto
ecoromic dataCensus block group data are only availabléatecennial Censuighis
study, thereforepsessociceconomiadatafrom 199Q 2000,and 201MecennialCensus
to conduct a panel analysis of the patterns of firm dynai@essus block(the unit of
analysis)within the study areabtaintheir socicdemographidatafrom the Census

block groupthat containgheir centroid

Table10 provides information on the source and geographic level of the control
variables used in this studifhe nextsectionof this chapteprovides a detailed
discussion on thstructure obutcome and control variabldsllowed by a detailed
discussion on thpanel methods used in this studyexamine the patterns of firm

dynamics
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Table 10. Variable description, source, and geographic level

Determinant Variable Geographic level Source
Firm Firm births Block NETS datg1991- 2009)
dynamics Firm closures Block NETS datg1991- 2009)
(ou_tcome Inward firm relocations Block NETS datg1991- 2009)
variables) Outward firm relocations Block NETS datg1991- 2009)
Population density Block Group U.S. Census (1990, 2000, 2010)
Agglomeration | Employmentdensity Block Group U.S.Census (1990, 2000, 2010)
economies Number of firms Block NETS datg1991- 2009)
Average age of firms Block NETS datg1991- 2009)
gﬂoﬁgf‘;housem'd"come (nU-S- | Biock Group U.S. Census (1990, 2000, 2010)
Unemployment rate Block Group U.S. Census (1990, 2000, 2010)
Socio Percent college educatiersons 25| g o0 U.S. Census (1990, 2000, 2010)
demographics | Yearsand ovey
Percent AfricaPAmerican Block Group U.S. Census (1990, 2000, 2010)
Medianhousing ren{in U.S. dollary | Block Group U.S. Census (1990, 2000, 2010)
Property taxin U.S. dollar$ County/Municipaity | The Maryland Department of Assessmti10)
Transit to auto accessibility ratio Block Group EP A’ s LBcationr Database (SLOR010)
Spatial context | Distanceto highway Block Calculated using TIGER GIS shapefiles
Distance to CBD Block Calculated using TIGER GIS shapefiles

! The transit to auto accessibility ratio is calculated using the SLD accessibility index variables on job accessibiiiit dbtta) and job accessip by auto
(d5ce). The SLD calculates transit and auto accessibility using origin and destif@Bymatricesfor each Census block group within 45 minutes travel time.
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3.2. Variable structure

This research examines the influence of heavy andp@aggengerail stations located
within the State of Maryland on the patterns of firm dynanfit® Maryland Area
Regional Commuter (MARC) stations are not included in the anddgsisusehe
commuterrail predominantlyservedispersed areasith low residential densitgnd rural
development patterr{tiu et al., 2016)The rail stationgonsidered for the analysis
belong to three rail transit systentise WashingtoiMetrorail transit servicethe
Baltimore Metro Subwayand the Baltimore light rail systerlap 1 highlightsthe study
area and thcation of thepassenger rail stationBherail stations wer@penedn

different years ovea 26year span.

The WashingtomMetrorail system was opened in 1968t most of the stations
were opened after 198%he most recent stations wergenedn 2004.Meanwhile, the
Baltimore Metro Subwaias a total ofourteenstationsoperatingalong a 15.5nile long
route that crosses Baltimore County and the city of Baltimore. The system went through
threephases of construction. The firshe stations were opened in 1983 alanghtmile
route within the city of Baltimordn 1987 three morestations were added to the metro
system alongix-mile route within the suburbs of Baltimore County located northwest of
the city of Baltimoreln the last phaséwo more stations were opedto the public
within the city of Baltimore in 1995. The following subsections define proximity to rail
station and present the weiywhichrelated variables are constructed. Control variables

related to agglomeraticsronomiesthe characteristics of local population, atlder

64



relevant determinants of firm dynamiosnsidered in this researahe also describad

this section

3.2.1. Proximity to rail station

Urban planners typically defirlreasdesignateds suitabldor transitoriented
development athosewithin a halfmile radius from rail stationfHesset al, 2007).The
half mile designation is often justified as being the walking distanceéugie on
average arwilling to take to reach a statigne. about a 10ninute walking distance)
Studies that examine property values in relation to rail stations often assign a binary
variable to indicate whether notproperties are located within ca@arter or a halmile
of a station Cervero and Duncan, 200Ran, 2013)However, a fewnorerecent studies
have presented evidence that rail stations have impacts that brignd the
conventional hatmile bufferto reachup to one mile awayFor instancelNelsonet al.
(2015)examined office rewl ratesn relation to proximity to rail stations metropolitan
Dallas Texasand DenverColorado Their findings showthata quarter of the rent
premiumns haveextended tdocationsapproximately a milawayfrom therail stations.
Examining firm birth, Chatman and Noland (2016) also found that areas within afmile
rail stationsn Portland, Oregon, and DallaBexasareassociaté with significant

positive change inccurrences dirm birth.

Therefore, this research examinesgh#erns of firm dynamics within three
consecutive buffer zones (rings) that extend up to one mile from the passenger rail
stations. These three buffers from each rail station(&yerquartermile buffer, (2) a

guarter to halfmile buffer, and (3) dalf to onemile buffer. A Census block is
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considered to be within one of the three buffers if the buffer contains the block centroid.
Map 2 shows an example of the threteaightline buffers used in this study to identify

the blocks within proximity to the passenger rail stations.

Map 3 andMap 4 identify the Census blocks within proximity to the rail stations
belonging to the three examined rail systems within the studylaraddition to the
threedistanceto-stationdummy variablegthis regarch includea continuouscontrol
variable that measures the distafroen Census blockentroidsto a nearestail station to
capture the impact gfroximity to stations beyond the ommsile buffer. Thecontinwous
distancevariable and theummybuffer variables are calculated for each Census block by
measuringhe straighlline from eachblock centroid ta nearest rail station for the three

analysis periods (1990, 2000, and 2010) based on the opening date of stations.

To accuratelyexaminetheimpact d rail stationson the pattern of firm dynamigcs
a distinction must be made between statmpsned more recently and thosigh a
longer time periodsince their openingrhe more mature a rail statighe higher the
likelihood that the area around thatgin hasalreadyreached aevelopmensaturation
pointleavinglimited or no potentialor additionalgrowth Therefore, the patterns of firm
dynamics may demonstrate different trends across rail stationdliffgtent levelof
maturity. The areas around rail transit stationsthezeforecategorizednto threegroups
in theanalyses of this studp account for theariation inthe opening yeaof the

stations.
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opening year

Mashington County

Map 1. The passenger rail stations within the study area categorized by their
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Map 2. An exampleof the three buffers (rings)used to identify the Census blocks
within quarter mile, a quarter to half mile, and a half to onemil e straight-line
distance of passenger rail stations
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Map 3. The identified Census blocks within proximity to WMATA metro stations
for the examination of the patterns of firm dynamics
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Map 4. The identified Census blocks within proximity to Baltimore heavy and light
rail stations for the examination of the patterns of firm dynamics
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Station ID | Station Name Station ID | Station Name Station ID |Station Name

B1 ‘WEST COLDSPRING STATION (METRO) N/B L3 PENN STATION LIGHT RAIL L19 MT ROYAL & LT RAIL STAT nb

B2 OWINGS MILLS STATION (METRO) L4 HUNT VALLEY & LT RAIL STAT nb L20 CULTURAL CTR & LT RAIL nb

B3 STATE CENTER (METRO) N/B L5 'WARREN RD LIT RAIL nb L21 PRATT ST LIGHT RAIL STAT nb

B4 UPTON STATION (METRO) N/B L6 PEPPER RD & LT RAIL STAT nb L22 CENTRE ST & LT RAIL STAT nb

BS SHOT TOWER STATION (METRO) N/B L7 McCORMICK RD LIGHT RAIL nb L23 LEXINGTON ST & LIGHT RAIL STAT nb
B6 PENN NORTH STAT (METRO) N/B L8 MT WASHINGTON & LT RAIL STAT nb L24 HAMBURG & LIGHT RAIL STAT nb

B7 JOHNS HOPKINS STATION (METRO) Lo LUTHERVILLE & LT RAIL STAT nb L25 CHERRY HILL LIGHT RAIL STAT nb

B8 CHARLES CENTER (METRO) N/B L10 GILROY RD LIGHT RAIL nb L26 BWI AIRPORT LT RAIL nb

B9 LEXINGTON MARKET (METRO) nb L11 TIMONIUM BUSINESS PARK L27 PATAPSCO & LIGHT RAIL STAT nb

B10 MONDAWMIN STATION (METRO) nb L12 TIMONIUM LT RAIL STAT nb L28 CROMWELL STATION / GLEN BURNIE nb
B11 ROGERS STATION (METRO) N/B L13 RELIEF PT/DIVISION L29 BATIMORE HIGHLANDS & LT RAIL nb
B12 REIST PLAZA STATION (METRO) N/B L14 COLDSPRING & LIGHT RAIL STAT nb L30o BWI BUSINESS PARK STATION

B13 OLD COURT STATION (METRO) N/B L15 FALLSRD & LT RAIL STAT nb L31 FERNDALE LT RAIL nb

B14 MILFORD MILL STATION (METRO) N/B L16 [NORTH AVE LIGHT RAIL nb L3z LINTHICUM LT RAIL nb

L1 CAMDEN/LT RAIL L17 WESTPORT LIGHT RAIL STAT nb L33 INURSERY RD & LIGHT RAIL nb

L2 WOODBERRY/LT RAIL nb L18 BALTIMORE ST & LIGHT RAIL STAT nb L34 INORTH LINTHICUM LT RAIL nb
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Tablel1 provides an inventory of the number of passenger rail stations in the
study aredy group (A, B, and C), based tre year in whichthe stationsvereopened.
Table12, on the other hand, describes the dummy variables used to operationalize
proximity to rail station. @up Aconsists othe most matureail stationswithin the
study area, defined asationsopened prior to year 1990. Group B consists of stations
opened between 1990 and 1999 (43 stations out of the total 77), the largest group within
the study area. The last group, group C, consists of stations dpeeafter year 2000.

Map 2 highlights the three categories of the passenger rail stations based on their opening
year.There are several gap years in the analyfsiaibstations that were opened before

1990 because the analysis of this study start990. Therefore, in this study, the

distinction must be made across the stations opened prior to the first year of the analysis
(before 199G- group A), around the ait year of the analysis (around 199@roup B),

and those opened years after start year of the analysis (after 36 C).

Table 11. Number of ralil stations by group (based orthe opening yearof stations)

Station category Year opened No. of stations | Total per group

1978 6
1980 2
Group A 1983 9
1984 8
3
2

28

1987
1990
1992 20
1993 10

Group B 1995 43

2

1997 8
1998 1
4

2

2001
2004

Total number of rail stations 77

Group C
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Table 12. Rail transit variables, source, and geographic level

Determinant | Variable Geographic Source
level
Distance to Rail station (in mile) Block
Group A stations: area within <=1/4 mile | Block
Mature L ithin 1/ D ook TIGER.
stations Group A stations: area within 1/4 to 1/2 mil Bloc shapefileat
Group A stations: area within 1/2 to 1 mile| Block Census block
- - — . (2000)level,
Proximity to Group B stations: area within <=1/4 mile | Block
passenger | Less and MTA
rail mature | Group B stations: area within 1/4 to 1/2 mil Block (Mass Transit
stations - — : Administration)
Group B stations: area within 1/2 to 1 mile| Block for information
Group C stations: area within <=1/4 mile | Block on the station
More _ — : opening dates.
recent | Group C stations: area within 1/4 to 1/2 mi| Block
stations . o .
! Group C stations: area within 1/2 to 1 mile| Block

3.2.2. Local agglomerationdemographicsand other determinants

To account for the local agglomeration within each Census block, the existing number of
firms isanimportant variable to considerhe presencef alargernumber of firms ira
certain locatiormay influence the pattern of firm dynamics differerttympared to
locationswith fewer existing firms.NETS firm-level data are summadp within each
Census bloclkteach ofthe three study periods construct the control variable
representing firm agglomeratioAdditionally, thepresencef alargernumberof firms

in the same industrgectorin a certain location may havegeeaterinfluence on the
pattern of firm dynamics in that industsgctor(i.e. localization economies)yhe location
decision processes of large and small fimay alsadiffer. For instancethe economies
of urbanization may play more importantolein the location decisions gmaller firms
whereas larger firms may benefit more from improved access to the labor force.
Thereforethis research calculatésetotal number of frms within each Census blogRk)
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by differentfirm-size categories an@) by variousindustry sectors to construct the
control variableshatoperationalizeirbanization and localization (specialization)

economiegliscussed in Chapter 2

In addition tomeasures on the number of firtmg size and industry sectdhis
studyalso controls fothe sociceconomiceffectsof population and employment
densitieson the pattern of firm dynami¢see Chapter 2 for the discussion on these
variables) As mentionecreviously, tle units of analysis within this study are at the
Census block level, the smallest unit of analysis with@Census data. However, socio
economic data is only available at the block group |evieich is comprised of Census
blocks.Socio-ecanomic data for eacensus blockn the datases drawnfrom and

therefore identical to the block group to which it belongs.

The study controls fohe characteristics of local population by using data at the
Census block group leveh medianhouseholdncome medianhousingrent, shareof the
population thats African American share of the population thatasllege educated, and
share of the population thatisemployedAnalyses alsmncludetime-invariant
measures as control variablegnsitto-auto accessibility ratio (at peak time from year
2010) distance to nearest highway ranamd distance to the nearest central business
district (eitherBaltimoreCity or WashingtorDC CBD). The transito-auto accessibility
ratio variable is daulated using transit and auto accessibility measures from the Smart
Location Database (SLDa databasdeveloped by the Environmental Protection Agency

(EPA) for every Census block group in the United States. The SLD transit and auto
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accessibility measas are generated by EPA using demographic and travel data from

2010U.S.Censusas shown in Chapter 2

3.3. Researcimethodoloy

This researclisesa series ofegressiomodelsto examine firm birthfirm
closure, andirm relocationpatternswith sub®ts offirm size categorieand industry
sectorsThe first set of models amarried out using a random effect negative binomial
regressionNegative binomial regression is a type of generalized linear model in which
theoutcomevariable is a count of the numbaf occurrences of an everithe second set
of models are carried out usiagropensity scorenethodto adjusthe negative binomial
regression. The following two subsections provide more details on the two regression
methodsused in this research to danine the causal effeat$ proximity to rail station

onthe patterns dirm dynamics.

3.3.1. Negativebinominalregressiommodel

As discussed in Chapter 2pst ofthe previous studiesn firm birth operationalizedhe
dependentariableas the rate of newdformed firmsusing the ecologicalpproach
(firms per populationdr thelabor market approacfirfns per employment The
standardization of firnbirth allowedthese studiet use simple OLS or fixedffect
regression methodRatebased dpendent variabg howevercauseconsiderable
illusory correlationghat can beuled out bya count data modekeveralempirical

studies assume that the fibyirth process follows a Poisson or negative binomial
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distribution since firm births ardiscrete eventproperly analyzed using count models

(Holl, 2004a, 2004b, 2004c; Melo et al., 2010; Chatman et al., 2016).

A Poisson distribution assusigs variancas equal toits mean, which is often
not realistic. In many cases, the distributiorcofirt variableshas a variance that is not
equal taits mean(Hilbe, 2011) Overdispersionwhere the variancef a distributionis
larger thants meanis a conmon characteristic of real datts anaf firm birth, closure,
and relocatioreventsas well Underthesecircumstances, Poisson regressioodels are
not a good fit forcount variables. Negative Binomigodel(NB) estimates the over
dispersion parametatpha( qwhich makes the model better fitfor count datahan
Poisson modelThereforethisresearctapplies a random effects negativi@omial panel
model specificationg.g.Hausman et al., 19849 analyze the relationship of tiseunts
of firm dynamicgo rail station proximig at theCensus block leveRandom effects
model is preferred over fixed effect motelcausesomeof the explanatory variables are
time-invariant,impedingthe use of fixeekffects model¢Bell andJones2015 Chatman

et al., 2016).

The regative binomial regressionodelis implemented using maxum
likelihood estimationlt is ageneralized linear model in which the dependent variaf)le
is a count ohow many timesn event occurg he dependent variablesthe analyses of
this studyare therefore the count fifm birth, thecount of firmclosure and the count of
firm relocationfor both outward and inwarirm relocations The parametrizatiorof the
negative binomial regression (also ternNBR due to the quadratic nature of viariance

f unct i o?ntgkes the following fornfHilbe, 2011)
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B F(y+a‘1) a™ y7i
PlyIX)= y!F(a_l) at+u at+u

(3.1)

wh e r i8 theovedispersiorparameterThereforeif a  =in the equationthe model
reducesd asimplePoissorregressionWhile i (> 0) is the mean of the dependent
variable(y). Hilbe (2011) derives this parametrization as a Poisgamma mixture, or
alternatively as thaumber of failures before ti{&/a) successThestandarchegative

binomial regression mod@\NB2) isexpressed as follosv

Il d0g = Bo+ Brixi+ Laxa+ -4 Pnxy (3.2)

where theexplanatoryariablesXq, X2,  Xj are thecovariates considered in the

analysis, ang /52,  f.arecoefficientsto be estimated.

Unlike most of previous studies,istanalyss consideryariousfirm sizesandsix
2-digit NAICS industial sectorsAs presented previously ifable 10, the explanatory
variables include spatial location measures and demographic data for year 1990, 2000,
and 2010 to cover changes in see@mnomics, agglomeration, and spatial context of the
study areaBecause emographic data at the micro level (i.e. census block group) are
only available within the U.S. decennial census, the three periods of time are selected to
carry out a panel negative binomial regression. The spatial location measures that are

time-invariart (i.e. distance to the nearest highway exit and to the nearest CBD) also
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make the use of random effects desirdl@leausevariablesthat do not differ across time
become collinear with dummyariableswhen using fixeeeffect modelgHilbe and

William, 2007; Bell andJones 2015) The socieeconomic variables include measures of
agglomeration such as population and firm densities, and measures of market conditions

such as household income and housing rent.

It is challenging, however, to accurately exaenine impact of rail transit systems
onthespatial development patterns due to their endogenous nature. In regions with rail
transit systems, rail lines and stations were not randomly placed. They are rather placed
in areas with prexisting locatiorspedfic conditionsto meet certaibjectives, such as:

(1) attracting higher ridership, (2) serving existing residential and job locations, and (3)
stimulatingeconomic developmenthese characteristics also change over.tirhes site
selection in actugdlanningcreate greaterchallengs to accurately measimg economic
impactsassociated witlproximity to rail stations. Therefore, this reseaudes a

Propensity Score (PS) techniguecontrol for the endogeneity of rail transit investments.
The following subsection describes ttieory behind theropensity score matching

(PSM) method and explains how tRS weightingnethod is used to adjust teandard
negative binomial regression mode€his study uses both methods (Standard NB model
and PSweightedNB model) to analyze the association between proximity to rail stations
and firm birth, closure, and relocation patterfise use of both methods this research
provides the mean to find out whether controlling for the endogeneity of the placement of

rail stations leads to a change in results magnitude and significance.
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3.3.2. Propensity score matching angighted regression

Propensity score matching techniques are frequently used in impact evaluation studies
focused on causal effectBhere area limited nunber ofstudies however that apply the
method to measure economic impaaftprovision of transportation infrastructure. The
generaidea behind the method is to meadin@mpact ofa treatment othe treated
groupsby building counterfactuals for theeatedgroupsusing information from non
treatmenbbservationsThe methodhereforeallows observationab§ nonrandomized)
studies to mimic the characteristics of a randomized research @&aigim, 2011) No
studyprior to this researchas usedhis methodn any formto study the impact afall

transit stations on the patterns of firm dynamics

In the case of rairansit investmenthe decision as where to loca#d stations is
nonrandonbut ratherbased on preeterminedspatial attributesThe systematic
difference between station and pstations areas swatraditional regression methotts
misestimatethe impact rail stations have tre patternof firm dynamicsby attributing
already existing differences between rail areas and comé&as @o rail stations. In
general, traditional regression methods assume that treated atréated groups come
from the same distribution. That groups that receive the treatment do not differ
systematically from notreated groups. In the case“aitroduction ofrail stations as a

treatmentconsider the following

Rail station areas (treatment group) = T1

Nonstation areas (control group) = TO
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Outcome(rail stationarea) = M1
Outcome(non-station areas) = MO

In therandomized experimerthe average treatment effect (ATE) can be calculated as:

ATE = E (M1 | T1)- E (MO | TO) 33)

The assumption is that the treatment group would have had theostoomeas the

control group if they received no treatmgrd. E (MO | T1) = E (MO | TO).

Thetreatmenis nonrandomizegdhowever, in the case of rail investmerite
treatmengroups(i.e. blocks within a mile of rail statiopand control group&.e. blocks
more than one mile away from stationgy differ yystematically, and the above
assumption may not hold true. Therefore, the term E (MO | TO) does not constitute a valid
counterfactual for the treatment areas, i.e. the average effect-tleated areadoesnot
hold as good proxto measure unobservedesdts of the treated ared% account for the
nontrandomized aspect of rail statiomsrew mechanism is needed to establish specific
control areas that are as similar as possible to the treatment areas prior to the treatment

according to @et of covartes

Propensity score matching techniques, first introduced by Rosenbaliruam
(1983), suggedhatmatchng individuals on balancing scorésuchas propensity scoye
is moreaccuratehanmatchingthembased on a vector of observable characteristics.
Propensity scor€PS)is the probability that individual(or units of analysisyill be

assigned to the treatment group givleeir covariatesThe PSis therefore anethod that

79



uses stratificatioh full matching, or weighting to remove confoundinigis calculated
usingvariables that influence the location decisiomaiff stationsas well as variables
relevant to the outcome (i.e. firm dynamid2anging from 0 to 1, PS providdse
probability of ageographic unit of analyste have a rail statiolocated withinbased on
the characteristics @ensus blocks/ariablesinfluencing the location decision of rail
stationsincludeinformation on populatigremploymentand firm densitiesThese
variables are also the factors that generally influence subsequent development datterns.
addition to variables related to the treatméimé @peningf rail statiors in the case of
this research several scholars recommend thelusion ofvariableshat may ot be
related to the treatment barte relevant to the outconrethe PS calculatiofJacovidiset
al., 2016. Therefore, the variables selected R8 calculationn this research are
population and employment densities, household income, unemploymeperatntage
of college graduatpopulation the percenageof African Americanpopulation housing

rent, and distance to the nearest highway exit.

Traditionally, the PSM method consof four steps(1) propensity score
estimation(2) matching units based on propensity s¢cgmatching quality evaluation,
and(4) outcome analysi@Panand Bai,2015) Several studies, hower, have used
propensity score estimati@sa weightadjustmentin regression modeld.euven and
Sianesi 2003Freedmarand Berk,2008 Posner and Ash, 20LZ'he PS adjusted

regression method wadso proposed in the initial paper Bpsenbaum and Rubin

1 Stratification involves stratifying (subclassifying) units of analysis into miytexiclusive subsets based
on their estimated PSs, using previously defined thresholds of the estimated PSs.

2 Full matching issophisticated form dcgulxlassificationthat creates a series of matched sets of units of
analysis (based on PSs) that are notually exclusive. That igach matched set may hawany treated
and control units of analysis.
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(1983) Rather than matchhe PS weights allow trenalysisto useall the data by up
weighting some observations and deweighting othergunless weights are set ta 0)
For anypropensity scordependenanalysis PSM or PS weighted regressjansufficient
overlap should exist between thpensityscore distributions of both the treatment and
control groupsThe overlap in propensity scofestween treatment and control groigps
calledthe region of common suppofhe shaded area igure?2 illustrates the region of

common support

Figure 2. Propensity scoreregion of common support illustrated

Density |
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1 1

1 1
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Zero probability of Propensity score Highest probability of
being treated given X being treated given X

In PSweighted regressiofalso known as doubly robust estimatiahg firststep
is to estimate propensity scei@ the units of analysisy using a binary Probit or Logit
regressiommodel(see equation 3.4The dependent variab(B) of the binary model ia
dummy variable omvhether or not the observati¢a.g.Census blockis assigned tohe
treatment groupe(g.qualify to have a rail station].heoretically,D equals Tor treated

observationsandD equals zerdor control observationg hereare debates about the
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numker of independent variables (covariates) to includeenP Scalculation
Nonethelessiesearchergenerally agree that covariai@$) shouldinclude allthe
variables influencing the selectiontodéatment grouge.g. the location of rail stations)
variablesassociated witlthe outcome(e.g. the patterns of firm dynamicgy both The
inclusion of both satof variables increas¢he precision othe estimated treatment effect
without increasing bia@Brookhart et al.2006 Jacovidiset al., 201%. In the case of rall
stations, he propensity score(X)is the pobability that docationwill be selected = 1

with characteristicX = X for the placement of a station, or

PX) =P (D =1|X= X)) (34)

The second step in R&eighted regression is to use estimgisubabilities from
the first step (i.e. from the binary regression model) to construct weights. The weights are
then used to fit the regression madehich can take g&arietyof forms: linear, logistic,
Poisson, hierarchical Poisson, or proportional leeeggression (Freedman and Berk,
2008).Therearedifferentapproaches tasng the calculateghropensity score® adjust
regression modeldut onlytwo approachearecommon The first approach is timclude
the calculated propensity score asariate in the standard regression modbis
approach was proposed initially Bypsenbaum and Rubin (1988)d later applied by
several scholars ithe fields of medical research and sociology (Posner and Ash,.2012)
Researchersave more recentlgriticized the use oéstimated propensity scones
observational studiess aregressiorcovariate and recommended usitigemto weigh
the data instea(Bang and Robins, 2008ladeand Lu,2014). The second approadah

PSadjusted regression is talculatethe inverse probability of treatment weight (IPTW)
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and include it as a sampling weigh the regression model. This research uses the
second approadio adjust thdirst set ofnegative binomial regression modétse
standard NB method)ecauseéncluding PS as a covariate can bias the regression results.

The next paragraph explains the problem associated with the first approach.

In the first set oimodelsin this study, the formula forthe standard negative

binomial regression modak derived from equation (3.8)

I g = Bot+ BT+ By X (3.5)

where (T)representghe treatment dummy variables (ideimmy variables for being

within ¥4 mile, ¥ to ¥2 mile, and % toriile buffer from the rail station®r each of the
three station groups). While (X¢presentshe controlvariables considered for the
analysisIf propensity score is included as a covariate in the regression, the model will

take the following form

I dyg = Bot+ BtT+ BxX+ B pB(YV) (3.6)

where P is thealculated propensitycoreusinga vector of covariate/) that may or

may not include alK covariates in thetandarchegative binomial regression modelt i s
the treatment coefficient, aThelproplemswiti s t he
model(3.6) isthat h e e ftivid ketdilutedfby tReexistenceof P(V) in themodel.
Specifically theP(V) valuewill be high whentreatmenfl=1, sothe f f ¢ ¢willbe f

muchless than in the first mod€3.5). Thereforethe treatment coefficiengt) will yield
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anunderestimatetteatment effecty) of being in thereatedgroupif used as an

estimator of thereatmenteffect(Posner and Ash, 2@}

In this researchht weight that isddedto thenegative binomiategression
modelis the inverse probabilitgf treatment weighiPTW), which is the inverse of the
(estimatedPS for treated subjec=1) and the inverse of “1 mi
untreatedsubjects D = 0). The IPTW weighting was first introduced by Rosenbaum

(1987 as a form of modédbased direct standardization

Aside fromthe first set ohegative binomial modgl(standard NB methodhis
study carries o secondet ofmodds usingthe IPTWs to adjustthe standarcdinomial
negative regression model he endogeneitgf the location of rail statiors a factor not
to be ignored inhe analysis of firm dynamics becayse-existing characteristics of
areas within shodistance to rail stationsan be confounders of the patterns of firm
dynamics The PSweighted model ensures thhe distrbution of covariates is similar

for thetreated and untreatgploups so they are no longer confounders.

In thecontext of regressibadjustment, IPTW is part of causal methodgviim as
marginal structural modsl Marginal structural models estimate, from observational
data, the causal effect of a tirdependentreatmenin the presence of tirrdependent
covariates thatnaybe simultmeously confounders and intermediate variaffRebins et
al., 2000) Imbens (2000proposéd the use of IPTWo adjust regression moddbr
estimatingcausal effects of treatmengoffeet al. (2004) also proveletailed discussion
on PSweighted regression using the inverse probability of treatmi@etadjustment of

regression models using IPTW is equivalent topiteeess of weighting survey samples
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to ensure they are representative of specific populatiopgrorganand Todd2008
Austin, 2011). As mentioned earlier, |t be an indicator variable representing whether
or not a Census blodks treated (i.e. within a onmile radius from a rail station). Also,
let P; represent the propensity score tioeith Census blockalculatedas a function o&
vector of covariate®A simple form of the inverse probability of treatmevrdights

(W;) can be calculated using the following equation:

T (1-T;)
Wi = P; 1-P;
l l

(3.7)

The equation indicatesthatkau b j e ct matter s wei ght 1is ¢
probabilityo f i ts treatment status. [ nsweightis cont e x
equal to the inverse probabilitlyat the block willhavea rail station located within a mile
radiusof the block centroidmbens (20003howed that IPTWegression adjustment
produces unbiased estimatéghe true treatment effectheobjective of thenethodis
to estimate the average treatment effettveen treated and control observations

conditional on their observed covariates:
ATE E[Y7|X]—E[Yc|X] (38)

where T is an indicator of treatment (1=treatm@nt,ontrol), X is the vector of
independentariablessuch as population and employment densiaes Y is the
outcome(i.e. firm birth, closure, and relocation eveni®)e following equation shows
thatweighting by the inverse of the propensity s¢c@o€x, T)), producesan unbiasd

estimate of treatment effect (Imbe260Q Posner and Ash, 2012).
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whereT is an indicator of treatment, X is the vectoirafependent variables, Y is
the outcomeandyY; is the outcome foeach value of the treatmene. blocks within a
mile of the stations in group Blnvestigators differ on the procedursed for choosing
covariates irthe PS calculationas mentionedarlier in this sectianfSomeresearchers
use all available covariates while othearry out a screeningrocess, so that only
variables identified as important or enftbalance are includad the weight estimation
(Freedmarand Berk,2008. This researh follows the PS andPTW calculation

documentedby Lunt (2014).There ardwo mainsteps to generate the IPTWs:

1. the PSarecalculated using a logistic regression mottethis studyCensus
blocks that have their centrowdithin a mile from rail statios are considered
as treatedl = 1) while Census blocks outside of the -aniée buffer are
considered untreate® = 0).

2. the calculated propensity scores #rendiagnosd for goodness of fit of the
covariates using Hosméemeshow testn general, atatistically significant
HosmerLemeshow test shows that the logistic regression model does not fit
the dataset welllhis resultsuggests one of two potential problems in the PS

estimation either norlinearity in the relationships between the covasated
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the log odds of being treated, or an interaction between two of the covariates

(Appendix B shows the calculation of PSs and IPTWSs).

The covariates selected in this research to calculate the PSs ih@fitidata on
population and employment densities, income, unemployment rate, rent, education level,
and the distance teeareshighway (Appendix Bshows the list of covariates used in the
PS calculatioph Some of these variables may have influenced the decision to locate a rall
station while others mayaveinfluenceon theexaminedutcome (i.e. firm birth,
closure, or relocation). THéosmerLemeshowHL) test was also carried out Esure
the goodnesof-fit of the calculated PS3hecalculated PSs are then used to estimate the
IPTW which theoreticallcompares what weould expect to see if every unit of analysis
received treatment to vahwe would expect to see if m@ received treatmerih this
researchthe PSweighted regressiomodellimits the analysiso the passenger rail
stations in group Becausehesestationswereopened after 1990 and before year 2000
The 1990covariatesusedto calculate the PSae thereforeat a timeprior tothe

treatment (i.e. the opening of rail stations).

Both regression methodthe standard NB and the R&ighted NB)are relevant
for the analysi®f the patterns of firm dynamicghe PSweighted NB method provide
unbiased estimates for tdammyvariablesof the three rail station buffers (i.e. the

guarter mile thequarter to half mileandthe half to one milduffer of group B stations)

1 The highway GIS shapefile used to calculate the distance to nearest highway exist is from 2010 but the
highway system in the study area has predominanthairged the same between 1990 and 2010 (i.e- time
invariant variable).

2HL is a goodness of fit test for logistic regressiwhich shows howvell thedata fits thdogistic model.
Specifically, the HL test calculates if the observed event rates mateRkpheted event rates in population
subgroupgA more detailed explanatida provided in Appendix B)
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since it controls for the endogeneity of the placemegtaiip Brail stations. The RS
weighted NB method controls for the endogeneity concern by giving more weight to
Censudblocks similar in characteristics to the blocks near the rail stations prior to their
opening(see Appendix Bor more details The blocls located withinonemile of group

A and group C stations are dropped from thenR®hted NB methotlecausehere is
more than 1§/eargap between their opening date and 1986 first year of the

analysi3, asshownearlierin this chapter (see subsection B)2.

The standard NBnethod is a better fior the interpretation ahe control
variables on agglomeration, so@oonomics, and spatial contédcause(1) unlike the
PSweighted NBall the Census blocks within the study area are included istaineard
NB models and (2) the standard NB method does not assigmeights to the Census
blocks The followingtwo chaptes presenthe results ofirm birth, firm closure, and
firm relocation patterngsingbothregressiomethods. The main focus of these chapters
is on thepatterns of firm dynamicwithin areasof closeproximity torail stations.
Chapter 4 and Chapter 5 alsmvide discussions on the predictdtects of othercontrol
variables §gglomeration, socteconanics, and spatial contexariables) on firm birth,

closure, and relocation patterns.

3.4. Chapter summary

This research examines the patterns of firm dynamics in relation to rail transit
investmentausing a series of negative binom(ilB) regression model§ hree
methodological aspects make this study unique. First, in addition to a standard negative

binomial regression method, this research applies a seegressiommethod that
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accounts for the endogeneity of the placement of rail stations (hamely pitgzeore
weightedNB regression) to examine the connection between areas within proximity to
passenger rail stations and the patterns of firm dynaifiesproximity to rail stations

are operationalized by omentinuouddistanceto-station variable, awell as three

dummy variables indicatg whether or nothe units of analysis are withingaiarter mile,

guarter to half mileor half to one mileof a nearest rail station.

Second, unlike previous studies, this research analyzes all the three patterns of
firm dynamics: firm birth, firm closure, and firm relocation patterns (both inward and
outwardfirm relocation), which are all relevant to the overall spatial dynamics of the
economyU.S. Census blockare useds the unit of analysia theregressiormodels to
capture differences itine patterns dirm dynamics at the micrtevel. The dependent
variables in the regression models are, therefore, the number of firm births, the number of
firm closures, the number of inward firm relocations, and the nuoflmrtward firm

relocations within each Census block.

Finally, this researchxamines the patterns of firm dynamics across four firm size
categoies and six industrial sectofBhe $x industrial sectorgre selecteébllowing the
North American Industry [@ssification system (NAICS). U.S. statistical agencies use
NAICS's classification of business establishments since it was first adopted in 1997 to
replace the old Standard Industrial Classification (SIC) system. This research specifically
examines the idience investments in three passenger rail systems in Washington
Baltimore metropolitan area have had on the patterns of firm dynamics across the twenty

2-digit NAICS industrial sectors. The examined passenger rail systems consist of the
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Washington Metroail system, administered by the Washington Metropolitan Area
Transit Authority (WMATA), as well as the Baltimore Metro Subway and Light Ralil

systems, administered by the Maryland Transit Administration (MTA).
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CHAPTER 4: ANALYSISRESULTS FIRM BIRTH AND
CLOSURE

Theobjectiveof thischapteris toexamine whether areasthin shortwalking distanceo
passengerail stationgnfluencechanges iriirm birth and firm closurefteraccounting
for otherdeterminants of firm dynamic¥heresearch hypthesizes that areas near
passenger rail statiopsovide advantages to firntisrough improvedransport
accessibility Areasnearpassengerail statiors are assumed txperiencgon averaggean
increasen the probability offirm birth and areductionin the probability offirm closure

compare to control areas that do not have the benefit of proximity to a rail station

This research further hypothesizes that thagnitude of these effectaries
acrosdifferentindustrial sectorand byfirm size To test theehypothess, this research
uses the national establishment time s¢h#STS) dataset withirthe case study araa
the state of Maryland. Thease study arezonsists of fivgurisdictions(i.e. Anne
Arundel County, Baltimore Counti¥lontgomery County, Prince George's County, and
the City of Baltimore) The units of analysiare the U.SCensus bureauGensusblocks
which arethe smallest U.S. Census units of analyBiee analysis at the Census block
level allows this research togpture changes in the patterns of firm dynanaicthe micro
level. The examination ofariousfirm dynamics for the same study area.(irth,
closure, inward relocation, and outward relocation) is unprecedenteeragievant

literature.

This chapters divided irto two main sectionsThe first section focuses the

impact of rail transit ofirm birth and the second section focuses on firm cloStoe
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validaterobustnessf results each sectiortarries outwo regressiomethodgo examine
the preditability of influence thathe proximity to rail statiorhason eachpattern of firm
dynamic. The two regression methods used for modeling area gigndarchegative
binomial regressiomode| and (2)an adjustedegative binomial regressionodel|

weighted through a propensity score technigee section 3.in Chapter 3)

The analysisises data from 1990, 2000 and 2010 since data at the Census block
group level are only available at the Decenf@iahsusas discussed in Chapter 3. The
analysis uss 1990, 200(and2010NETS datdor the variables of the patterns of firm
dynamics! Table13 providesa summaryf the main variables included the regression
models The summary statistidable provides the meamd standard deviation of data
acquired from th&).S. Census bureau thie Census block group leveds well aghe
mean and standard deviationNETS data calculated at the Census blewel The
summary statisticerovided inTable13 arethe average values of the thieriods(1990,
2000, and 2010As explained in Chapter &ensus blockwithin the study area obtain
their sociedemographic data from the Census block group that contains their centroid
More detailed dscriptive statistics on the patterns of fioirth and firmclosure are

presented consecutively in the opening of each section

! For NETS related variables, the sum of three years is calculated for each the three periods of the analysis
(1990, 2000, and 2010). For example, in 2000, the number of firm births is the sum of firm births in year
1999, 2000, and 2001. The same calcutasipplies to firm closure and firm relocation variables.
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Table 13. Summary statistics forregressionvariables

Variable

Firm dynamic variables

Birth count
Closurecount
Inward Relocatiortounts

OutwardRelocationcounts

Proximity to rail station variables

Distance to Rail station (in mi)

Group A stations: Blocks within <=1/4 mile
Group A stations: Blocks within 1/4 to 1/2 m
Group Astations: Blocks within 1/2 to 1 mi
Group B stations: Blocks within <=1/4 mile
Group B stations: Blocks within 1/4 to 1/2 m
Group B stations: Blocks within 1/2 to 1 mi
Group C stations: Blockwithin <=1/4 mile

Mean

1.96
1.23
0.22

0.23

4.85
0.01
0.03
0.07
0.01
0.02
0.05

0.0001

Group C stations: Blocks within 1/4 to 1/2 m 0.0004

Group C stations: Blocks within 1/2 to 1 mi
Agglomeration variables

Population per sg. mi. (in 1000s)
Employee per sgni. (in 1000s)
Number of firms

Average age of firms

Socioeconomic variables

Median HH Income (in $1000s)
Unemployment rate

Percent college educated
Percent AfricarAmerican

Median housing rent (in $1000s)
Property tax (in $1000)

Spatial contextvariables

Transit to auto accessibility ratio
Distance to highway (in mi)
Distance to CBD (in mi)

0.0026

6.18
2.89
4.10
11.33

61.57
5.85
32.78
23.34
0.84
1.26

0.11
1.67
10.28

Std.
Dev.

8.31
8.15
1.60

2.15

4.85
0.11
0.17
0.25
0.11
0.15
0.22
0.01
0.02
0.05

7.21
3.15
17.53
15.69

35.7
5.95
22.92
34.21
0.49
0.60

0.11
1.64
6.67

Min

o
OOOOOOOOOS o OO Oo

(oNolele]

RNooooo

0.003
0.02

Max

552
497
130

165

26.39

RPRRPRRRRRRE

165.78
92.29
894
400

250
100
100
100
2.00
2.76

16.89
324
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4.1. Rail ransitimpact onfirm birth

The descriptive and analyticasults by firm size anby industry sectodemonstrate that
areas irclose proximityto passengerrail stationsexhibit anoverall positive sum of the
probability offirm birth andfirm closure compared to areas further from the stations
From year 1991 through 2009, the five jurisdictianthin the study areaxperienced the
birth of 393,609 firmsUndoubtedly these firmsare not distributed evenly throughout
the study area. The densityfom birthsvaried substantially across tBensus blocks.
As shown inTable14, anong the studgreas 39288 CGensus blocks, 10,083 blocks
(around 26%jad ndfirm birthsduring the 20 years periad the analysisTo spatially
highlights firm birth in the study arelap 5 shows the spatial variation in the standard
deviation ofthe number ofirm births per square milacross Census blockgtween
1991and2009Q

Table 14. Number of units of analysis (Censuslocks) within the study area per
jurisdiction

Jurisdiction Number of Ngmber of blocl_<s Nl_meer of bIo_cks
blocks with at least 1 birth  without any births
Anne Arundel County 6,446 4,456 1,990
Baltimore City 8,967 6,775 2,192
Baltimore County 7,992 5,692 2,300
Montgomery County 8,212 6,499 1,713
Prince George's County 7,671 5,783 1,888
Total 39,288 29,205 10,083

Source: NETS datdjrth densitiescomputed using Atdap.
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Map 5. Firm births per square mile (firm density) within each Census block of the
study area (for the period between 199and 2009)
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Figure3 showsthe changs in the densityof firm birth over timefor areas within
the threestationbuffers (i.e.within the quarter milebuffer,the quarter to half mile
buffer, andthe half to onemile buffer), as well as areas within the study area that are
more than onenile away from the statior(sontrol area3. Throughout the period of the
study, the number of firm births per square mile in each Census block remained the
highest in areas Wiin aquarter miledistance from the rail stations followed by areas
within aquarter to half milebuffer, in comparison to the rest of the study area. However,
the high association between proximity to rail station and firm birth can potentially be
due b other ¢onfounding factors and therefora controlled statistical analyss
needed to examine whether or not there is indeed a positive and statistically significant
association.

Figure 3. Change in the density of firm birth (births per square mile) within the
study area overtime by distance from rail stations (all firms)

o |
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1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Year

Within 1/4 mile Between 1/4 and 1/2 mile

----------- Between 1/2 and 1 mile —— == More than 1 mile

! Density of firm birth is only used for descriptive representation of the data. The number of firm births is
the outcome measure in the regression models.
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The relationship between areas near transit rail stations and firm birth varies by
the size of firmsTable15 summarizes the density of firm births (count of firm births per
square kilometer) by size and distance from the passenger rail stations within the study
area. FurtherTable15 shows thathe numberof firm births per square mile (of all size
categories)n areas near rail stations is higher comgaoecontrol areas located more
than a mieé from rail stationsFirms with more than five employees had a higinanber
of firm births within aquarter miledistancefrom the rail stations, relative to firm birth of
the same size category in the control af@48.5 to 13.2 births per square mil€his
finding is consistent witlthe study byChatman et al. (2016) in Portland, Oregon, and
Dallas, Texas.

Table 15. Firm births per square mile by distance from Station and firm sizein the
study area (for the period between 191 and 2009)

. . All Firm Sole Five or Less More than 5
Distance to Station . .
Births Proprietor Employees Employees
Within 1/4 mile 1694.9 394.4 1446.5 248.5
1/4 to 1/2 mile 967.0 268.3 838.4 128.6
1/2 to 1 mile 525.3 173.0 472.6 52.7
More than 1 mile 149.6 53.5 136.4 13.2
Average for all blocks 186.7 63.8 168.8 17.9

Source: NETS data.iBh densities computed using ArcGIS.

Thenumberof firm births per square milis disproportional acrosSensus blocks
andvariesacross differenindustry sectorCertain areasanbe more attractivéor less
attractive)to certain industry sectotbanothers. For exampl@reas within short distance
to passengerail statiors canbe moreattractiveto retail or service firmghanthey areto
manufacturing firms beauserail stations generafeot traffic that isnormally more

beneficialto retail and servicBrms than it is to manufacturer3 herefore, part of the
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analysis examines whethiéye patterns of firm dynamiagry across different industrial
sectordn relationto proximity to rail transit stationgnd if it does, inwhat magnitude

these patterngdliffer acrossndustrysectors

This research examinéise industry sectorthataremostdominanly present
within the study are@n term ofnumber of fims per square mileas well aghe
manufacturing sector for iteportancdn literature.Reasons for the selection of these
six sectors are discussedfurther detaiin Chapter 3Based orthetwo-digit NAICS

code thesix industry sectorare

1. Professional, Scientific, and Technical Services (NAICS code=54);

2. Retail Trade NAICS code=44 and 45

3. Finance and Insurance and Real Estate and Rental and LE&SEd
(NAICS code=52 and 53)

4. Administrative and Support and Waste Management and Retmnedia
Services (NAICS code=56)

5. Health Care and Social Assistance (NAICS code=62)

6. Manufacturing (NAICS code=31, 32, and 33).

Figure4 highlightsthe number of firm births per square n{fiem density)relative to the
distanceproximity to the passenger rail stations for the period betd88& and 2009

andfor all thetwo-digit NACIS industry sectors.
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Figure 4. Number of firm births per square mile by twadigit NAICS code and
distance from rail stations(19912009)
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Note: Theasteriskg*) indicatesthe six industry sectorselectedor theanalysis

The following twosectiors presentheresultsof thetwo regression methods€.
thestandard NBandthe PSweighted NB methodgo examine the impadf rail transit
on firm birth. The first section focuses on regression results by firm size, and the second
section analyzes results by industry sectbbe PSweighted NBis carried out by adding
the IPTW to the negative binomial model (s&ection 3.2.2. in Bapter 3). This IPW
giveshigherweights to control Census blocks that are similar in characteristidscsiated
Census blocks. For the R8lculation the treated Census blocks are those weline
mile buffer from the rail stationgaking into accounthe opening datesf staions For

each regression method, two tables of regression results are pr@dgeble isfor the
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analysis by firm size (all firms as well as fdium-sizecategoriel andthe second table

is for theanalysis bysix industry sectors

4.1.1. Firm birth by size categoryegression results

Firms of differentsizesarelikely to respond differentlyo proximity to passenger ralil

stations as well as other determinants of firm dighause larger firms are inherently
different in stucture from smaller firms (e.g. larger firms are normally more well
established than smaller oneShmpared to smaller firmgyins with higher number of
employees might also benefit more from improved accessibility to the labothatasil
systemgrovide This section, therefore, analyzes the impact of passenger rail stations on
firm birth, considering four firm size categories (i.e. firms with sole propriétors with

more than one employgiirms with five or less employegand firms with morg¢han

five employees)As discussed in Chapter 3, rail station maturity or age is essential to the

discussion of how firms of varied sizes are impacted by proximity to stations.

The number of firm births per Census blaglestimated as a function distance
from Census blocto the nearest statiom miles, three distane®-stationbuffers and
othercontrolvariables.As discussed earlier, data are obtained either at the Census block
or Census block groupt the Census block level, variables inbhdistance to the
nearest highwagxit, distance to theearestentral business distri¢either in
WashingtonDC or Baltimore City), thetotal number of firmgn all categoriesandthe

number of firmclosure$ measured for the three study periods,d, 2900, and 2010. At

1 As discussed in Chapter 3, firm closigéncluded as a control variable in the firm birth analysis because
the number of firm closures may influence the probability of firm birth within a Census block.
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the Census block group level, the control variablesthose capturing tisecio
economic characteristics of the local populatisunch as population and employment

densities, income, and educati@eeTable13 presenteearlier in this chapter)

This section starts with an extended discuseidhe regressioastimateof
proximity to rail stationwariableg(i.e. stationbuffer variables)The results of other
control variable arediscussedt the end of the sectiofihe estimated coefficients
distance to station buffemsdicatethatthe proximity to passenger rail station has a
positive influence on the probabilibf firm birth. The Census blocks in the closer
proximity to passengerail statiors have experienceldighernumber of firm birthghan in
thecontrolCensus blockéblocks located more than a mile from the statiodswever,
as this research hypothesiz#tt influenceof proximity to rail station®n firm birth is
heterogeneouacross different firm size categories and across the six industry sectors.
There aralsosubstantial differences in the magnitudendifuenceacross different
station categorielsased on their level of maturifiye. group A, B, and CAs shown in
Chapter3, rail stations in group A are the most mature statiopenedefore1990. Rail
stations in group B are those opened between 1990 and 1998. Rail stations in group C are

themost recent stations within the study area, opened between 2000 and 2004.

Table16 shows the regression results of the standard negative binomiadneth
For rail stations that were opened after year 1990 (group B and C), there are paditive
significanteffects on firm birtls associateavith whether a €nsus block is within a
guarter milebuffer, aquarter to half milebuffer, and aalf to onemile buffer.

Remarkablyfor all firm births(model 1) the magnitude of the coefficient is much larger
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for rail stations ingroup C within thequartermile buffer (0.792)than the other two
group of stationsas well ather bufferqrangingbetween0.291and0.357. That is,
more recently openestations experience higheamberof firm births within aquarter
mile buffer than more mature statiomowever, there is a mixed relationship between
proximity to rail stations of different maturity groups ®,and C) and the magnitude of

the probability of firm birth across the four firm size categories.
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Table 16. The count of firm birth as a function of proximity to rail stations, agglomeration, and soci@conomic characteristics

Dependent variable: firm births (&) (2) 3) @) ©)

' All Firms Sole Proprietor Firms > 1 employee Firms <=5 employees Firms >5 employees
Distance to Raistation (in mi) -0.054*** -0.055%** -0.049*** -0.057*** -0.025***
Group A stations: within <=1/4 mile 0.087 0.011 0.241*** 0.047 0.811***
Group A stations: within 1/4 to 1/2 mi -0.007 -0.008 0.075 -0.019 0.420***
Group A stations: within 1/2 to 1 mi -0.291 *** -0.350*** -0.250*** -0.324*** -0.049
Group B stations: within <=1/4 mile 0.229%** 0.339%** 0.220%*** 0.323*** 0.089
Group B stations: within 1/4 to 1/2 mi 0.217%** 0.266*** 0.157*** 0.266*** -0.035
Group B stations: within 1/2 to 1 mi 0.279*** 0.239*** 0.218*** 0.312*** -0.086
Group C stations: within <=1/4 mile 0.792*** 1.069** 0.849*** 1.081*** 0.284
Group C stations: within 1/4 to 1/2 mi 0.357** 0.836*** 0.142 0.393** 0.190
Group C stations: within 1/2 to 1 mi 0.235*** 0.544*** 0.038 0.264*** 0.062
Accessibility ratio 0.847*** 0.609*** 0.821*** 0.775** 1.136***
Population per sg. mi. (in 1000s) -0.015%+* -0.046*** -0.003 -0.014*+* -0.043*+*
Employee per sg. mi. (in 1000s) 0.037**+ 0.119%** 0.001 0.042%** 0.014
Number of firms 0.007*** 0.009*** 0.007*** 0.007*** 0.0171***
Firm closures 0.000 0.001*** 0.001* 0.001*** -0.002***
Median HH Income (in $1000s) 0.013*** 0.018*** 0.007*** 0.014*** -0.01 1%+
Unemployment rate 2.423*** 4,455+ 0.741*** 2.656*** -1.126***
Percentollege educated 0.004 -0.177%** 0.214*** 0.008 0.509***
Percent AfricarAmerican 0.625*** 0.744*** 0.581*** 0.663*** 0.194***
Median housing rent (in $1000s) 0.230*** 0.420%*** 0.096*** 0.268*** -0.274**=
Distance to highway (in mi) -0.043*** -0.028*** -0.056*** -0.036*** -0.153***
Distance to CBD (in mi) 0.034*** 0.042%* 0.034#** 0.036*** 0.036***
Property tax (in $1000) -0.032* 0.004 -0.090*** -0.00 -0.294***
Constant -0.685*** -2.284*** -0.051 -0.934*** 1.301***
In_r Constant 0.761*** 0.928*** 0.913** 0.777** 1.223%*=
In_sConstant -0.253*** -0.110%*= -0.504*** -0.230%** -1.558%**
N. of cases 116820 116820 116820 116820 116820
Log Likelihood -160389.805 -102335.347 -126097.983 -155377.573 -35504.633
chi2 27245.735 19500.111 13257.299 28630.265 3584.268

* p<0.05, ** p<0.01, *** p<0.001
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To understand the magnitude of grebability of firm birthclearly, the
coefficients(ps) from the standard NB regression modeTable16 can be converted to
the percenageof the probability of effecby the equatioie ( $1). For instance, the
coef fi ci fonthe vgriable ontHgartermile buffer of group C stations means
that the Census blocks located withie Buffer haveexperienced 121% more firm births
(%7 9 2 1=2.21-1= 1.29 compared to the control Census blocks, all else held equal.
The control Census blocks are those locatedinvitie study area but are more than-one
mile away from the rail stationés stated earliethe predicteghrobability of firm birth

differs substantiallyacrosgail stationsareas wittdifferert level of statiormaturity.

On one hand, the predicted effe of areas near the less mature rail stations
(group B and C) on firm birtbf all firms (model 1 inTable16) are positive and
statistically significantaicross all the three station buffers (coefficients range between
0.217and0.792. On the other handef the mature rail stations that were opebefbre
1990 (group A stations), the small influerarefirm birth of all-firms is statistically
insignificant for Census btks located within thquartermileb u f f ©.087 anftke
guarterto half mile buffer ( p-6:007, as shown imTable16. However Census blocks
located within @alf to one mileof group A stations have a negativelatatistically
significant influenceon the number ofirm births of all firms ( -G:291). Two potential
reasons can explain tihegative associations between the blocks wltialf to one mile
buffer of the mature rail stations and firm birfthe firstexplanations thatthearea
within a half to one milalistance othe mature stations have reached tieasaturation

point in business establishments, consequently leading to a reduction in the probability of
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firm birth. The secondhore plausiblexplanations thatareaswithin a half to one mile
distanceof the mature stations have attracted very limited or no commercial urban
development and remained dominantly residential treg, even thougmearly three
decades have passed sittoair opening The firstexplanationis not applicable tgeveral

rail gations in group Aecausareas near tlsestations rerainedpredominantly

residential ovetime. Examples include Cheverly and Capital Heights statioretéaicin
Prince George’s County. The results are

level of maturity but also across the firm size categories.

The firm birth regression results from the standard negative binomial model
(Table16) show that the magnitude of effect varies considerably across theifiem
categories within areas near the passenger rail stafiongistance, in thquarter mile
buffer of groupB rail stations, the coefficients range in magnitude betvoe@8Ofor
firms larger than five employees ®@339for firms with sole proprietofThis is a clear
indication thathe size of firm is an important factor in the association betweetnpitg
to rail station and firm birthThe results presented Table 16 show thasmaller firms
(i.e. firms with sole proprietaor less than five employeea)ethe ones benefiting the
most from better accessibility to the passenger rail stations, especially for the less mature
rail stations in grou® and C(i.e. stations opened after 19%Mcethe coefficients are
larger in magnitude for smaller firms. Forample, the coefficiestfor thequarter mile
buffer of groupB stationarefy = 0 . f8r fir;s with sole proprietor an@l ©.323for firms
with five or feweremployeeswhich are much larger in magnitude than the coefficient
(B ©.089 for firms larger than fie employeed-or larger firmsthe results are mixed

across the station buffers and levels of maturity.
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If access to the labor force is the main benefit provided by rail systems, one would
expect births ofarger firmsto be strongly correlated with station proximifje
regression results suggest that this is true only in the case of mature rail SEtOKS.
within proximity tothe mature rail stationgoupA stations) have experienced
significantly higher inciénts of firm birth ofirms with more than five employees
compared to areas ndass maturstationggroup B and Gtations) In Table 16, for
firms with more thanife employeeshe coeficients are positive and statistically
significantfor thequartermile buffer (3 =0.811) and thequarter to halfmile buffer
(B=0.420) for the mature rail stationg/hereas the coefficients are statistically
insignificant for thehree buffers of group B and group C statidnother words,drge
firmsare more likely to locate in areas within short walking distance of mature rail
stations than less mature statiohisis result suggeghat larger firmsenefitmore from
better Bbor accessia rail. Figure5 highlights the differencesetweerthe influenceof
themature rail stationggroup A) and the more recently operstdtions(group C)on

firm birth, across the four firasize categories.

Theanalysis by firm size, therefore, suggdhit areas near more mature rail
stations are more attractivelerger firms(firms with more than five employegthan
smaller onegfirms with less than five employee$-igure5 showsthe predicted effest
of firm birth within each of the tlee distanceo-station buffergelative to control Cesus
blocks, all else held equalhe percentages Figure5 are calculated from the regression
coefficientsin Tablel6usingthe equatiorf ¢ (-flji,) where pfi 1ia& the <co
respective distanem®-station buffer Figure5 shows that bldcs within aquarter mile

andquarter tohalf mile of the mature rail statior(group A stationshave experienced
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significantly higher incidents of firm birth compared to areas within a half mile buffer of
the more recently opened statiggsoup C stations)On the other hand, areas near more
recently @ened stations appear to be more attractive for smaller firms to locate thei
business startup.

Figure 5. Predicted probability of firm birth by firm size for the three distanceto-

station buffers, comparing the difference in outcane between areas near mature
stations @roup A) to areas near more recent stationsgfoup C)
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M Sole Proprietor 11% -0.8% -29.5% M Sole Proprietor 191.2% 130.7% 72.3%
H > 1 employee 27.3% 7.8% -22.1% | > 1employee 133.7% 15.3% 3.9%
<=5 employees 4.8% -1.9% -27.7% <=5 employees 194.8% 48.1% 30.2%
| >5 employees 125.0% 52.2% -4.8% | >5 employees 32.8% 20.9% 6.4%

Note: They-axis shows the predicted effect of firm birtHative to control Census blocks,
all else held equal. The percentaf@®dictedeffects)are calculated from thestimated
coefficientsusing ¢ (i)p-1), w hidsithe cogfficient for the dummy vable of the
respective distanem-station bufferGroup Apassengerail stations are those opened
between 1978 and 1989, and grdliptationsare those opened betwe2®00and2004

The symbol#) refers tothe statistically insignificanvalues

Next, the focus is on the stations in group B that were opssteceeri990 and
1998. Tis studyis able to control for their endogeneiijhere are no previous studies

that explicitly control for endogeneity tie placement of rail statiomghenanalyzing
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the micro patterns of firm dynamias relation to proximity tdherail stationsAs
discussed in Chapter et decision to place ratations ioftennot arbitrary but rather
calculated according to a set of ym@nditions such athe preexistingpopuation and
employment densitieF.herefore, this studginalyzeghe patterns of firm dynamiassing
a second regression method thdjust the standamdB regressiomnusing IPTW (this
research calls this method the-R8ighted NB regressionn thePSweightedNB
regressiommethod the analysis is restricted to the stations in group B (opkee®den
1990and 1998 for reasons discusdeén Chapter 3Also discussed in Chapter this
method gives mre weight to Census blogkhat aresimilar, in terms of a number of
covariateg to treatment areas prior to the opening of stationstfiee1 990covariateof

the Censublockslocatedwithin a mileof group B rail stations

The results from the P&eightedNB methodsuggesthat proximity to rail
stations has a positive impact on the probability of firm kaktbn after controlling for
the endogeneity of the placement of rail statidrable17 showsthe results of the RS
weighted negative binomial regressimodels across the finsize categories. One
difference between the two regression methsdsatthe PSweightedNB modek
producdower magnitudes of influence on firm birtlhable17) compared tahe
magnitudes of influence generated by $hendardNB modek (Table16). For example,
in all-firms model inTable17 (model 1) the coefficient ofhehalf to one milduffer of
group B stations i9)(197) in the PSweighted NB method, which is lower than the

coefficientof the same station buffer the standard NB mod€0.279; both coefficients

1 As shown in appendix B, the covariates considered in the PS calculation include pojauidtion
employment densities, household income, level of education, unemploymeutistmce to highway, and
housing rent.
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are positive and statistically sigiwént Regression coefficients are translaiteto
predicted probabiligs to clearlyexplainthe differences in the magnitude of influence

across the two methods.

Figure6 illustratesthe differencedn the predictedprobabilitiesof firm birth in
areas near group B statioasrosghe two regressiomethods For examplethe PS
weighted NB regression predicts tddckswithin aquarter to half mileof group B
stations are, on averades% more likely to experiencelarth of afirm with sole
proprietorcomparedo control aregsall else hal equal On the other handhe standard
NB model predicts thahe same block&vithin aquarter to half mildouffer of group B
stations)are, on averag&0% more likely to experience a birth of firm with sole
proprietor all else held equaNote that the comparison between the m&thodss only
possible fogroup B rail stationbecaus¢he PSweightedNB modek are restricted to

these stations, for reasodiscussed earliémn Chapter 3

109



Table 17. The count of firm birth by firm -size as a function of proximity to rail stations,

characteristics, using PSweighted negativebinomial regression

agglomeration, and socieconomic

1) ) ®) 4) ®)
Dependent variable:firm births , ) Firms > 1 Firms <=5 Firms >5
All Firms Sole Proprietor
employee employees employees

Distance to Rail station (in mi) -0.034*** -0.042*** -0.029*** -0.036*** -0.014*
Within <=1/4 mile (GrouB) 0.100 0.015 0.206* 0.119 0.140
Within 1/4 to 1/2 mi (Group B) 0.155*** 0.144** 0.125** 0.181%** -0.070
Within 1/2 to 1 mi (Group B) 0.197*** 0.223*** 0.148*** 0.228*** -0.194*
Accessibility ratio 0.230* -0.111 0.242* 0.135 0.587**
Population per sqni. (in 1000s) -0.022%** -0.044%x* -0.011%** -0.021%* -0.045%*
Employee per sg. mi. (in 1000s) 0.057*** 0.121*** 0.019** 0.061*** 0.011
Number of firms 0.073*** 0.051*** 0.066*** 0.074*** 0.057***
Firm closures -0.023*** 0.033*** -0.044** -0.014*** -0.053***
Median HH Income (in $1000s) 0.010*** 0.014*** 0.005*** 0.011*** -0.013***
Unemployment rate 2.150%+* 4.534*** 0.247 2.369*** -1.917%*
Percent college educated -0.059 -0.258*** 0.124* -0.083 0.377**
Percent AfricamPAmerican 0.637*** 0.670*** 0.625*** 0.654*** 0.338***
Median housing rent (in $1000s) 0.162*** 0.241%* 0.077** 0.184** -0.158***
Distance to highway (in mi) -0.037*** -0.015** -0.052%+* -0.025*** -0.169***
Distance to CBD (in mi) 0.025*** 0.034*** 0.024*** 0.026*** 0.029***
Property tax (in $1000) -0.029 -0.015 -0.072%+* -0.021 -0.228***
Constant -1.363%+* -2.816%** -1.214%%* -1.580*** -1.374%%*
chi2 40743.336 70059.049 11621.58 62245.608 8516.205
N. of cases 101859 101859 101859 101859 101859

* p<0.05, ** p<0.01, *** p<0.001

110



Figure 6. Predicted probability of firm birth by distance from rail stationsin group
B, comparing resultsfrom two regression methodsthe standard NB (left side) and
the PSweightedNB (right side)

Group (B) Rail Stations - Standard NB Group (B) Rail Stations - PS-weighted NB
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m > 1employee 25% 17% 24% m > 1employee 23% 13% 16%
<=5 employees 38% 30% 37% <=5 employees 13% 20% 26%
H>5 employees 9% -3% -8% | >5 employees 15% 7% -18%

Note: The yaxis shows the predicted effect of firm birtHative to control Census blocks, all
elseheld equalThe xaxis shows the three distanrtmestation buffersThe percentages are
calculated from thestimatectoefficiensusing(e (i))B-1), w hidsithe cogfficient for the
dummy varable of the respective distantestation buffer. Group Btations are those
opened between 1990 and 29%he symbol#) refers tothe statistically insignificant values.

Figure6 also shows that areas withimaarter mileof group B stations have
higherprobability of firm birth for firms with more than five employessmpared to
control areagthe coeffcient0.089translats to 9% probability in the standard NB model
in Table16, whereaghe coefficien.140translate td.3% probability in the PS
weighted modein Table17). The predicted probabilityn the PSweighted regressiois
statistically insignificant, howeveAs clearly shown irFigure9, the predicted
probabilities of firm birth acrosthe two methodsliffer in magnitude of effect

(coefficien) but not directior(signof the coefficient Theendogeneity of th location of
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rail station therefore, is a factavhich should nobe ignored in the analysis of firm
dynamics.The tendency of the standard NB method to overgtatpredicted effects
compared to the P@eightedindicateshat some of the predicted effect in the standard
NB method is due tpre-existingcharacteristics of the areagthin short distance tthe

rail stations.

Focusing on thether transportelatedvariablesn Table16, the standard NB
method, the coefficients of transib-autoaccessibility ratisuggest thagreatertransit
accessnattersmorefor larger firmsthan smaller one@.e. 3 %.136for firms with more
thanfive employees o mp a r O.609fordirm$ with sole proprietgr which is similar
to the findingby Chatman and Noland (2018)heregressiomesults suggest that
distance tdiighwayexit alsohas anegativeand statistically significardssociation with
firm birth acrossall firm size categoriesConsidering the magnitude of effettieaccess
to highwaysimilarly appears to bamore importantactorfor larger firms( p-G:153for
firms with more than five employeett)an smaller ones $-0.028for firms with sole
propr i e t0O®36fordimnd with five or lesemployeel For every mile away from
aneareshighway exit,Censudlocks are3% less likely to experience a firm birth of
firms with sole proprietofe %% 2 & 1=-0.03), all else held equaEvidently,for small
firms, shorter distance tthe nearestail station matters more than shorter distandaeo
neareshighway For every mile away from a nearest rail station, Census block&tare
less likely to experience a firm Hirof firms with sole proprietofe=%° 5 + 1=-0.05), alll

else held equaForthelocationdecisiors of largerfirms, however proximity to highway

1 For reasons discussed in Chapter 3, the standard NB method is used to interpret and discuss the results of
the other explanatory viables (i.e. variables other than the three distaodation buffers).
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appears to be a more important factor (Igterlikelihood of birth for every mile
closerto a nearest higvay exi) compared to proximity tdistance ta rail station(2%

higher likelihood of birth for every mile closer to a nearest station)

For theagglomeration related variablesTable16, thetotal number of existing
firms is asignificant determinant of firm birth across all firm size gatges The
regression resulshowa positiveand statistically significardssociatia betweerthe
number ofexistingfirms and firm birthin all size categoriesalthough theositiveeffects
are smalin magnituderanging betweefi=0 . 0 0 7 and pf=0. 0D3% whi ch t
and 1.1%probability of effect, consecutive)y Oneunexpectedinding is the resulon
theassociation betwegmopulation densitgand the rate dirm birth. The association is
negativeand statistically significanbhowever small in magnitudacross all firm size
categorie r angi n g -M003a w d ©.N46)PThis finding suggests that
population density is not an important factor influencing firm birth within the study*area
Theinsignificant effect of population density on firm birth signhlsvast
suburbanizationf the study areavhereextensive residdial areas exist in isolation of
commercial and employment zon&&any Census blocks with relatively high population
density experienced zero firm birth within the study aEgaployment density, on the
other hand, is an important factor influencing fioirth for smaller firmsthat is firms

with sole proprietof p0:119 followed by firms with five or less employeesp0:042.

Turning to the sockeconomic variablem Table16, the association is positive

and statistically significartietweermedian household inconaad firm birth for smaér

! The negative association between population density and firm birth remained even when the models use
data on population density at the Census tract level instead of Censugtolopgkevel.
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firms (i.e. firms with sole proprietof =0.018, as well as firns with five or fewer
employeesp =0.014. The same association is true for the median housing rent. The
positive associatiabetween these incomrelated variableand firm birth of smaller
firms suggesthatsmaller firmsare more likely to locate iareas with higlincome

levels. On the othehand, he associatiorbetween incomeelatedvariables(bothmedian
household incomandmedianhousing rentand firm birthis negativeand statistically
significantfor larger firms with more than five employee$-G:011 a n-@.274 =
consecutively)which suggestthatlarger firms aremore likely to beattracted to areas

with lower propertyand laborcosts

The regression resuliis Table16 show thateducatiorievel (represented by
percentage of population with a collegehigherdegree) is @ositive and statistically
significant determinant of firm birtfor firms with more than five employeés 0509,
suggesting humageapital isalso an importarfiactor for larger firmsRegarding race, the
association is positivend statistically significartietween the percentage of population
that is AfricanAmerican and firm birtlf t he coe f fi ci e@194andr ange be
B ©.744). Theunemploymentateis apositive factor influencing firm birth fosmaller
firms (firms with less than five employeg$ = 2 .), bt riegative for largefirms (firms
with more than five employeegf =1.126. The property tax coefficients are negative and
statistically significabfor firm birth in the largesize categoryfirms with more tharone
employee -B.09Qandf i r ms wi th mor e t-Ch294)sugheastingthat mp 1 oy
large firms are more likely to locat@ areas with low property taxes. Tassociation
betweerproperty taxandfirm birth is positivefor firms with sole proprieto(p =0.004)

but the influence is statistically insignificant.
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Another unexpected finding related to the variable representing the spatial
context, that is the distance to nearesDGBe. the CBD of eithewWashirgton D.C. or
Baltimore City). Thedistance to CBzoefficientsin Table16 (ranging betweefi €.034
andp 6.042) suggesa positiveassociation between the distance to CBD thechumber
of firm births. That is, the farther a Census block is from the CBD, the higher it is
likelihood to experience a firm birth, all else held equak highly suburban and
polycentric urban form of thetudy area may well explain tiesignificance of proximity
to CBD as a factom the location decision of firm3.he section on firm closure provides
amore detailediccount othe net influencef control variables on firm birth compared

to their influence on firm closure.

4.1.2. Firm birth by industry sectoregression results

Firms acrosslifferentindustry sectors may value proximity to rsihtionsdifferently.
Labordependentirms (e.g.manufacturing and retail firms) mégnefit more fronareas

with improved accessibility to the labor forsaech as that provided by rail systems;
whereas knowledgdependentirms (e.g.professional services and FIRE firnmay

value dense urban areas, due to knowledge spillover benefits, more than proximity to rail
staions. Therefore, this researa@xamines the probability of firm birth in relation to ralil
proximity across the six industry sectors described earlier in this ch@peedependent
variable for this set of modeisthe number of firm births in each ofetlsixindustry

sectors at the Censhkck level

1 The association between firm birth and distance to CBD remains negative even when the regression
models include a dummy control variable that determines whether or not a Census block is within two
miles from the nearest CBD.
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Table18 summarizes theesultsof the standard negative binomial regression
model for each of the six industry cgteies.The analysisby industry sectoshows
overall thatareas withirashort distancef rail stationgpositively influencdirm birth
across all the six specific sectors examined in this reselnehis suggested kihe
negative coefficientsn Tablel8, of the continuous distae-to-nearesttation variable
acrossall industry sectordtife coefficients rangeetween0.037 and0.060) The
negativecoefficientsmean thathe farther a Census block is frahe rail stations, the
loweris the number of firm birthsTheregressiomesults of firm birth by sectare
mixed, however, for the three distartoestation bufferandthe three station groups

(group A, B, and C based on tleeel of maturityof the stationks
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Table 18. Standard negative binomialestimatedcoefficients: firm birth by selected industry sectors

| o @) (2) 3) (4) () (6)
Dependent variable: count of firm births Retail Prg;eriisgggal FIRE Administrative Health Manufacturing
Distance to Rail Station -0.037*** -0.060*** -0.044**+* -0.051*** -0.056*** -0.038***
Group A stations: within <=1/4 mile 0.463*** 0.328**+* 0.578*+* -0.191* 0.171 0.083
Group A stations: within 1/4 to 1/2 mi 0.159* 0.236*** 0.229** -0.043 -0.05 0.240*
Group A stations: within 1/2 to 1 mi -0.236*** -0.284*** -0.434*** -0.335*** -0.179** -0.091
Group B stations: within <=1/4 mile 0.323**+* 0.299*** 0.477*+* 0.061 0.495**+* 0.349*
Group B stations: within 1/4 to 1/2 mi 0.092 0.181** 0.275*+* 0.178*** 0.007 0.098
Group B stations: within 1/2 to 1 mi 0.181*+* 0.132** 0.131* 0.178*** 0.034 0.116
Group C stations: within <=1/4 mile 0.012 1.390*** 0.967* 1.464*** 0.531 0.759
Group C stations: within 1/4 to 1/2 mi -0.020 0.445 0.353 -0.110 0.263 -0.795
Group C stations: within 1/2 to 1 mi -0.303 0.459*+* 0.246 0.369*** -0.09 0.334
Ratio of Transit to Auto Accessibility 1.084*** 0.414* 0.531**+* 0.421*** 0.627*+* 0.478*
Population density in 1000 -0.006 -0.035*** -0.038*** -0.043*** -0.011* -0.052***
Employment density in 1000s per sq. mi. 0.006 0.075*** 0.069*** 0.107*** 0.022* 0.055**
Number of firms 0.009*** 0.0171 %+ 0.010*** 0.002*** 0.010**+* 0.014***
Number of firms in the same sector 0.000 -0.009*** 0.001 0.196*** 0.004*** 0.039***
Number of firm closures 0.004*** 0.002*** 0.003*** -0.009*** 0.002*** 0.005**+*
Median HH Income in $1000s 0.000 0.007*** 0.008*** 0.015*** 0.004*** -0.001
Unemploymentate -0.004 0.016*** 0.020*** 0.036*** 0.011%** -0.003
Percent college educated 0.001 0.012*** 0.008*** -0.003*** 0.012*** 0.002
Percent African American 0.004*** 0.007*** 0.007*** 0.008*** 0.008*** 0.002**
Median housing rent in $1000 0.035 0.153*** 0.163*** 0.323*** 0.067** 0.036
Distance to nearest highway exit in miles -0.084*** -0.059*** -0.114*** -0.025*** -0.090*** -0.072***
Distance to CBD in miles 0.035*** 0.060*** 0.041*** 0.041*** 0.035*** 0.041***
Property tax in 2010 -0.127*** -0.183*** -0.109*** 0.025 -0.142*** -0.019
Constant 0.494*** -1.189*** -0.922*** -2.604*** -1.175%** -0.336
In_r_cons 1.566*** 1.403*** 1.552%** 1.460*** 1.144*** 2.570***
In_s cons -1.230%** -0.725%*= I B 0.646*** -1.186%** -0.812%**
N. of cases 116820 116820 116820 116820 116820 116820
Log Likelihood -46863.579 -57005.155 -41102.511 -75826.398 -37037.397 -16573.333
chi2 3503.402 9999.008 6223.196 24212.128 4650.614 2078.322

* p<0.05, ** p<0.01, *** p<0.000
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Focusing on the mature rail stations (group A), the probability of firm birth is
positive and statistically significant within tig@arter milebuffer of the stations for three
out of the six industry sectors (the three sectors are: Retail f=@828 Professional
servicesp=0.463 and FIREB=0.578§ compared to control areas, all else held e(pes
Table18). Unlike other sectors, however, the likelihood offibirth in the
administrative -6.X07fordlocksilocated withia thguavter mile p =
buffer ofgroup Astationsln the case of more recently opened stations (groufh€)
probability of firm birth is positive and statistically signdiat within thequarter mile
buffer of the stations faaill industry sectors; the results, however, are statistically
significantonly for firms belonging to the professional secter (.390, FIRE sector
(p=0.967, and the administrative sect@=(1.464. As shown inTable18, most of the
estimated coefficiestfor group C station buffers are statistically insignific@ikiely

because there are ordix stationsn group Q.

To clearly illustrate these effectsigure7 shows the predicted probability of firm
birth within the three station buffers of grouppAd group Gtatiors, and across the six
industry sectorsThe predicted probabilities are calculatsthgcoefficients ofthethree
station buffesin Table18. For example, holding all else equal, blocks located within a
guarter mileradius from a rail station in group A are 78% more likely to experience a
firm birth belonging to FIRE sect@ompared to control areas located entiran a mile
from the stationsPositive relationships are found between blocksatedwithin a
guarter to half mileof group A stations anfirm birth belonging taetail sector (17%),

professional service sector (27%), FIRE sector (26%), and manufacturing sector (27%).
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Similar to theresults of theanalysis by firm size, blocks withimalf to one mileof the

mature stations (group A) have experienced meg@rrobabilities of firm birtrcompared

to control areas (sddgure?). These negative predicted probabilities can be attributed to
the two explanations discussed earlier in the firm birth analysis by firm size.

Figure 7. Predicted probability of firm birth by industry sector for the three

distanceto-station buffers, comparing the difference in outcome between areas near
mature stations (Group A) to areas near more recent stations (Group C)

Group (A) Rail Stations Group (C) Rail Stations
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H Proffesional 39% 27% -25% m Proffesional 301% 56% 58%
FIRE 78% 26% -35% FIRE 163% 42% 28%
W Admininstrative -17% -4% -28% B Admininstrative 332% -10% 45%
W Health 19% -5% -16% H Health 70% 30% -9%
B Manufacturing 9% 27% -9% B Manufacturing 114% -55% 40%

Note: The yaxis shows the predicted effect of firm birgiative to control Census blocks,
all else held equal. Theaxis shows the three distartmestation buffers. The percentages
are calculated from thestimatectoefficientsusing € (i)p-1),  w hidsithe cogfficient
for the dummy vaeble of the rgsective distanc¢o-station buffer. Group Aassengerail
stations are those opened between 1978 and 1989, and@stafons are those opened
after 2000 The symbol#) refers to thestatistically insignificant values.

For group B stationsopenedbaeween1990and 1998, the influence of areas near
stations on firm birth is positive for all the six industry sectors and within alhtee

station buffersquarter mile, quarterto haltmile, andhalf to onemile buffers) as
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estimated by the standakB methodin Table18. It is important to note that the

regression results of the R&ighted NB method also indicate a positive association
between areas located witlproximity togroup Bstations and the number of firm births
across the industrgpecific models (se€able19). The negative and statistically
significantcoefficients of the continuous distante-stationvariable inTable19 suggest

that there is a negative association between the distance to rail stations and the number of
firm births. In other words, the shorter is the distance from a Census block to the nearest
group B rail station, the higher is the number of firm births, all else held equal. However,
theresults are mixed on thgrobability of firm birth by industry sectdor the three

buffers ofgroup B statioa

Several coefficients in the R&eighted NB method are statistically insignificant
for thethree station buffer variablek Table19, positive and statistically significant
codficients of the station bufferare found in four sectors: Retail, professional services,
FIRE, and administrative sectors (model 1 through model 4) nBtarice, Census blocks
located within thequarter mileand thehalf to one milduffers of group B stations have
positive and statisticaltgignificant influence on probability dirm birth belonging to
retail 0249 t &Q2AD3cPnsecutively)Census blocks located within the
guarter milebuffer of group B stationslso experienced a positive and statistically
significantassociation wittirm birth belongingtd® I R E s ¢05390 Tthesé rpsslts
suggest that even after controlling for the endogeneity of station locations, areas within
short walking distance of group B rail stations experienced higher number of firm births
of firm belonging to retail, professional services, FIRE] administrative sectors

compared to areas located more than a mile from the stations, all else held equal.
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Table 19. PSweighted negative binomialestimatedcoefficients: firm birth by selected industry sectors

. o 1) 2 3) 4) ®) 1)
Dependent variable: number of firm births Retail Prgfeeriis(;gzal FIRE Administrative Health Manufacturing
Distance to Rail station (in mi) -0.019*** -0.035*** -0.026*** -0.039*** -0.029*** -0.031***
Within <=1/4 mile (GrouB) 0.249* 0.223 0.539*** -0.058 0.239 0.371
Within 1/4 to 1/2 mi (Group B) 0.075 0.155 0.049 0.132* 0.038 0.046
Within 1/2 to 1 mi (Group B) 0.203* 0.184** 0.117 0.2171%** -0.05 -0.011
Accessibility ratio 0.636*** -0.166 -0.377 -0.04 0.186 0.121
Population per sg. mi. (in 1000s) -0.011 -0.043*** -0.031x** -0.046*** -0.007 -0.042%**
Employee per sg. mi. (in 1000s) 0.017 0.099*** 0.066*** 0.121*** 0.018 0.046*
Number of firms 0.037*** 0.043*** 0.042*** 0.020*** 0.037*** 0.028***
Firms in the samindustry sector 0.085*** 0.071*** 0.110*** 0.309*** 0.129*** 0.183***
Firm closures -0.032*** -0.031*** -0.028*** -0.005*** -0.030*** -0.020***
Median HH Income (in $1000s) 0.000 0.006*** 0.008*** 0.015*** 0.003*** 0.000
Unemployment rate -0.749** 1.502*** 1.652*** 4.123%** 0.683* -0.45
Percent college educated -0.099 1.001*** 0.450*** -0.410%** 1.131%** 0.057
Percent AfricarAmerican 0.459%** 0.843*** 0.710*** 0.698*** 0.702*** 0.265***
Median housing rent (in $1000s) 0.044 0.146*** 0.103*** 0.250*** 0.052 0.086*
Distance to highway (in mi) -0.076*** -0.043*** -0.081*** -0.018** -0.083*** -0.066***
Distance to CBD (in mi) 0.022%** 0.040*** 0.026*** 0.033*** 0.017*** 0.033***
Property tax (in $1000) -0.100** -0.177*%** -0.007 0.046* -0.123* 0.006
Constant -2.259*** -3.167*** -3.500%** -3.334x** -3.272%** -3.777%**
chi2 10296.883 19451.951 17363.326 46286.309 14753.12 8880.405
N. of cases 101859 101859 101859 101859 101859 101859

* p<0.05, ** p<0.01, *** p<0.001
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To compare the results across the two regression meffigdse8 showsthe
predicted probabilities of effect on firm birth by industry seatgthin each of the ttree
station bufferof group B stationgstations openebetweenl990and 1998 The
probability effects are calculated from thgtimatedcoefficients inTable18 andTable
19. For example, holding all else equiallocks located within guarter mileradius from
a rail station in grou are61% more likely to experienca firm birth belonging to FIRE
sectorcompared to control areas located more than a mile from the st@#aksgure
8). Evidently, n the half to onemile buffers, he prdoability of firm birth is positiven all
industryspecific modelsn the case ofroup Bstations Positive effects on firm birth
have extended up to a mile ftations ingroup B yetthe effectbeyond the halfmile
thresholds not as highs&the onexperiencedn blocks locatedvithin the quartermile

buffer of the railstations(seeFigure8).
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Figure 8. Predicted probability of firm birth by proximity to group B rail stations
across selecte®AICS industry sectors comparing results from tworegression
methods the standard NB (left side) and the PSveightedNB (right side)

Group (B) Rail Stations - Standard model Group (B) Stations - PS-weighted model
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<=1/4 mile 1/4to 1/2 mi 1/2to1 mi <=1/4 mile 1/4to 1/2 mi 1/2 to 1 mi
o Retail 38% 10% 20% o Retail 28% 8% 23%
M Proffesional 35% 20% 14% W Proffesional 25% 17% 20%
FIRE 61% 32% 14% FIRE 71% 5% 12%
W Admininstrative 6% 19% 19% W Admininstrative -6% 14% 23%
M Health 64% 1% 3% M Health 27% 4% -5%
B Manufacturing 42% 10% 12% W Manufacturing 45% 5% -1%

Note: The yaxis shows the predicted effect of firm birtdative to control Census blocks, all else
held equalThe xaxis shows the three distartestation buffersThe percentages are calculated
from theestimatedcoefficientsusing € (i()B-1),  w hidsithe copfficient for the dummy

variable of the respective distantmestation buffer. Group Aassengerail stations are those

opened between 1978 and 1989, and group B stations are those opened between 1990 and 199
The symbol#) refers tothe statstically insignificant values.

Transitto-auto accessibilitys another control variable tested in the industry
specific regression imable18. Across all industrgectors, there is a positiaad
statisticallysignificantrelationship between the ratio of transitauto accessibility and
firm birth. The estimated coefficients fortrangta ut o acces si b0.414 t y
in the case of professional serviteshe particularly highvalue offf %.084for retall

trade sectofseeTablel18). These positive effects suggest that areas more accessible by
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transit service (whether rail or bus service) experience higher number of firm births

across all industry sectors, especialtaieirms.

Finally, the industryspecificregression irmable18includea measuwr of the total
numberof firms, andanother measure ttie number ofirms in the sanme industry sectar
The number of existing firms within a block (urbanization economies) positively
influence firm birth across all industry sectors; the estimated coefficients are small in
magnitude, howe ve®0D2inthe cageioimgminisitive seetarto p =
B ©.014in the case of manufacturing sectdbhe number of existing firmis the same
industry within a block (localization economies) has a positive and statistically
significant influence on firm birth in the case of three out of thénsixstry sectoréi.e.
administratll9%e nsaencutfoarc,t uE3Q gamndchen] t f=sect
0.004). The only negative and statisticakygnificant relationship betwedhe number of
existing firmsin the same industry within a block afien birth is found in the case of
professional service industry sector. In the case of professienadtesector the fact
that the number dfrms in the sameectomegatively predict the number fifim births
suggests that the competition effactongprofessionakervice firmsoverrides any

localized agglomeratioaconomies.

4.2. Rail transit impact on firm closure

This sectiorexamines the pattern of firm closures in relation to proximity to rail stations
The firm birth analysign the previous section includése number ofirm closuresas a
control variablesince they may influence the number of firm birth, as discussed earlier

Onemayarguethat the analysis of firm closues an outcome cdre redundangince
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higher incidets of firm birth lead to higher incidents of firm closumea process called
the creative destructigiliscussed in Chapter.blowever, the relationship between firm
birth and firm closure is not straightforward. Foverity of reasons, some areas
experience highairban densities (firm agglomeration) oviene than othes; which
means there adifferentrelationshipgetweerfirm birth andfirm closureacross urban
areasThat is, areas that experience higher number of firm births compared to firm

closures ovetime get denser.

The variation between firm birth and firm clos@aeoss urban areas can be more
apparenat themicro-level (e.g. Census blocK)heoretically neighborhoodshat offer a
more sustainable economic environment to fistngut experience a lowaateof firm
closure to firm birthcompare to neighborhoodshat ardess economically attractive
The purpose of closure analydisereforejs to see whetheasr notareas withirthe close
proximity to passenger rail statioexhibitslower probability offirm closurerelative to
the probability of firm birth(predicted in the previous sectipupmpared to areas farther

away from rail stations

In general, eeasexperiencindhigh rates of firm birtralsoexperience high rates
of firm closure as previously discussetiable20 shows that areas withinguarter mile
from passenger rail stations experience the highesberof firm closures across all
firm-size categoriewithin the study area from 1991 to 2009. The same area, however,
experiencd the higheshumber offirm births during the same periqdeeTablel5in the

firm birth section) Theeconomic trends not positiveovertime, however, in areas near
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the stations and in the study amaaen looking at both the number of firm closures and

the number of firm birts.

Table 20. Number of firm closures persquare mile by distance from Station: all
study area Jurisdictions (19912009)

. . All Firm Sole Five or Less More than 5
Distance to Station .
Closures Proprietor Employees Employees
Within 1/4 mile 148.0 315 109.2 38.7
1/4 to 1/2 mile 92.4 21.6 68.8 23.6
1/2 to 1 mile 53.2 13.5 39.7 13.5
More than 1 mile 17.0 4.9 13.2 3.8
Average for all blocks 211 5.9 16.2 4.9

Source: NETS datdirth densitiescomputed using ArcGIS.

Overall, the study area experien@deconomialeclinein theperiod between
1991 and 208 Within the study area, theumberof firm births per square mile was
lower thanthe numberof firm closures per square mile nearlyeach yeabetweenl991
and 200 (seeFigure9). On the other handyeasnear thepassenger rail stations
experienced higher number of firm births compared to firm clogardsnger periods
than the study are&igure10 compares thaumberof firm closures and firm birtts per
square mildor Census blocks located withamile of the passengerail stations; these
blockshave experienced lowaumberof firm closures compared to firm birtkfor
several years during thperiod between 1991 and 20@ntrolled statistical analysis
needed to test whether or raseas within proximityo rail stationsndeedexperience
lower probabilityof firm closurerelative to the probability dirm birth (predicted in the
previous section;ompare to control areakocated more than a mile from the ralil

stations
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Figure 9. Number of firm closures andfirm birth sper square milewithin the study

area(1991-2008)
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Figure 10. Number of firm closures and firm births per square milefor Census
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This section compares tipeedicted probability ofirm birth tothe predicted

probability of firmclosure in three ways:

1) between treatmerfthe three station bufferand control areas;
2) acrosdifferentfirm-size categories within the treatment areas; and

3) acrossselectedndustry sectors within the treatment areas.

The estimatectoefficients fromfirm closure andirm birth models are compared
to determine the net gains for the three comparisidmstollowing two sulbsections
examine the impact gfroximity to passenger rail statios the probability offirm
closure using both regression meth@ds the standard NB model and thew&ghted
NB model) Similar to firm birth analysis hie regression modedse carried out to
examine firmclosureacrosdour firm-sizecategorieand acrossix selectedndustry

sectors.

4.2.1. Firm closure by size categomgegression results

This section starts with a discussion on the firm closure regression results of the variables
of proximity to rail stations. The section ends with a discussion on the regression results
of the control variables on agglomeratisocioeconomic characteriss, policy
environmentand spatial contexAs discussed earlieh¢ advantage of the firm closure
analysis is to determine whether or not areas near the rail stations havephogléility

of firm birth relative to the probabilitfirm closure compaed to the control areas

(located more than a mile from the station®). & given area, a posithgaimof the

probability of firm birth andthe probability offirm closure indicates, on average, a higher
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probability of firm retaiment (i.e. increase inrfn agglomeration, which consequently
leads tahighereconomies of scalas discussed in Chapter Zhis section calculatebe

sum of the probability of firm birtandthe probability of firm closuréor areas near the
passenger rail stations by comparihgestimatedcoefficients generated from the firm

birth and firm closure regressions.

Table21 andTable22 show the regression results of firm closure using the
standard and the R&eighted negative binomial regressions, consecutig@herall,
areas within proximity to rail stations experience @ghumberof firm closures because
of highnumberof firm births as shown in the previous sectidinis trend is confirmed
by the negatie estimated coefficients of the continuous distanestation variable in
Table21 across all firmsize categorie6 r a n g i n g -M061la w d «.H68).fThe
negative distancto-station coefficients mean that there highernumbes of firm
closures in areasithin close proximityto the rail stationsThe positive estimated
coefficients of the three statidyuffer variables imable21 andTable22 also confirm
the existing positive association between areas in close proxintitg tail stations and

the number of firm closures.

However, he estimated coefficients of thfereestationbuffer variables suggest
that there is an exception to the positive association betstagon proximity and firm
closure As shown inTable21, Census blocks within laalf to one milduffer of the
mature rail stations (group A statiorisgvenegativeand statisticallysignificant
probability of firm closurdthe estimated coefficiet s r a n g i n@38Hoefirmge e n =

with sole p10.27i foifiems with marentkian flrecemployeegdjithout
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comparing theestimatedprobabilities of firm closure and firm birth, it is impossible to
know whether or not area®ar the rail steons experienced a positive economic gain.
For instance, areas near rail stations that have positive predicted probability of firm
closure compared to control areas may have even higher predicted probability of firm
birth, which consequentiyndicatethatthese areshave experiencedpositive

probability of firm retainmentThereforethis section calculatake total sum of the
predicted probabilitiesf firm closure and firm birth for the three station buffacsoss

thefour firm-size categories.
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Table 21. Regression coefficients of thetandard negativebinomial method: firm closure byfirm size

Dependent variable:number of firm (1) (2) (3) (4) (5)
closures All Firms Sole Proprietor  Firms > 1 employee Firms <=5 employees Firms >5 employees
Distance to Rail station (in mi) -0.062*** -0.068*** -0.066*** -0.063*** -0.061***
Group A stations: within <=1/4 mile 0.348** 0.233** 0.44 1%+ 0.284*** 0.672%**
Group A stations: within 1/4 to 1/2 mi 0.152** 0.062 0.175** 0.106* 0.280***
Group A stations: within 1/2 to 1 mi -0.323*** -0.387*** -0.353*** -0.378*** -0.271%**
Group B stations: within <=1/4 mile 0.658*** 0.588*** 0.697*** 0.662*** 0.728***
Group B stations: within 1/4 to 1/2 mi 0.485*** 0.369*** 0.461*** 0.495*** 0.295***
Group B stations: within 1/2 to 1 mi 0.270%*** 0.244 0.239%** 0.284*** 0.118
Group C stations: within <=1/4 mile 1.384*** 1.731%* 1.071* 1.730*** 0.490
Group C stations: within 1/4 to 1/2 mi 1.176%* 1.287** 1.035%** 1.249%+* 0.959**
Group C stations: within 1/2 to 1 mi 0.868*** 0.769*** 0.732*** 0.860*** 0.655***
Accessibility ratio 1.369*+* 0.854** 1.283** 1.274%* 1.210%**
Population per sg. mi. (in 1000s) -0.045*** -0.056*** -0.037*** -0.045*** -0.043***
Employee per sg. mi. (in 1000s) 0.101*** 0.138*** 0.074*** 0.108*** 0.048***
Number of firms 0.005*** 0.005*** 0.005*** 0.005*** 0.007***
Firm births 0.005*** 0.009*** 0.004*** 0.006*** 0.001
Average age of firms 0.002** 0.004*** 0.002** 0.001 0.020***
Median HH Income (in $1000s) 0.019*** 0.018*** 0.015*** 0.020*** 0.003***
Unemployment rate 4.626*** 5.192*** 3.759%** 5.049*** 1.865%**
Percent college educated -0.483*** -0.608*** -0.140* -0.486*** 0.121
Percent AfricarAmerican 0.503*** 0.805*** 0.472%** 0.598*** 0.136**
Median housing rent (in $1000s) 0.534** 0.581 %+ 0.466*** 0.564*** 0.379***
Distance to highway (in mi) -0.066*** -0.027*** -0.092*** -0.052*** -0.164***
Distance to CBD (in mi) 0.031 %+ 0.048*** 0.034#** 0.033*** 0.040***
Property tax (in $1000) 0.113*** 0.072*** 0.058* 0.096*** -0.065
Constant -2.388*** -3.755*** -1.545%** -2.741%* -0.494***
In_r Constant 0.424* 0.719%** 0.627*** 0.430%** 1.187**
In_sConstant -0.528*** 0.119* -1.002*** -0.455%*** -1.758**
N. of cases 116820 116820 116820 116820 116820
Log Likelihood -110399.3 -66258.33 -86168.574 -103193.656 -34541.043
chi2 24121.688 13418.113 17184.323 22147.153 4789.795

* p<0.05, ** p<0.01, *** p<0.001
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Table 22. Regression coefficients of th@S-weighted negativebinomial method: firm closure by firm size.

Dependent variable number of firm (1) 2) i 3) i () : )
closures All Firms Sole Proprietor Firms > 1 Firms <=5 Firms >5
employee employees employees
Distanceto Rail station (in mi) -0.035*** -0.047*** -0.032*** -0.036*** -0.040***
Within <=1/4 mile (Group B) 0.209** 0.108 0.320*** 0.171* 0.557***
Within 1/4 to 1/2 mi (Group B) 0.310*** 0.271*** 0.294*** 0.299*** 0.242**
Within 1/2 to 1 mi (Group B) 0.261*** 0.286*** 0.236*** 0.269*** 0.151
Accessibility ratio 0.782*** 0.745%** 0.733*** 0.770%** 0.570*
Population per sg. mi. (in 1000s) -0.044*** -0.060*** -0.040*** -0.046*** -0.057***
Employee per sqg. mi. (in 1000s) 0.100*** 0.145%** 0.079*** 0.109*** 0.062**
Number of firms 0.065*** 0.028*** 0.064*** 0.057*** 0.041***
Firm births 0.061*** 0.080*** 0.032*** 0.069*** -0.011%**
Average age of firms 0.007*** 0.005*** 0.009*** 0.006*** 0.016***
Median HH Income (in $1000s) 0.012*** 0.015*** 0.009*** 0.013*** 0.001
Unemployment rate 4.909*** 5.841*** 3.680*** 5.384*** 1.614***
Percent college educated -0.660*** -0.895*** -0.437*** -0.666*** -0.375**
Percent AfricarAmerican 0.309*** 0.519*** 0.264*** 0.365*** 0.088
Median housing rent (in $1000s) 0.284*** 0.302*** 0.257*** 0.295*** 0.258***
Distance to highway (in mi) -0.036*** -0.012 -0.059*** -0.026*** -0.164***
Distance to CBD (in mi) 0.021*** 0.038*** 0.018*** 0.023*** 0.029***
Property tax (in $1000) 0.108*** 0.055* 0.091*** 0.095*** -0.019
Constant -2.758*** -3.872*** -2.726*** -3.007*** -2.880***
chi2 121434.305 67509.632 66937.121 114516.032 6132.932
N. of cases 101859 101859 101859 101859 101859

* p<0.05, ** p<0.01, *** p<0.001
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Figurell shows thesum of the predicted probabiétof firm birth and firm
closureacrosghe four firm size categorider each of the threstatin buffers of the
mature rail stations (group A stationahd the more recently opened stations (group C
stations) The sums of the predicted probabilitiedmigure11 are relative to the control
areas that are located more than a mile from the rail stafibesumof the predicted
probabilitiesis calculated bydeducting firmclosurepredictedprobabilities from firm
birth predictedprobabilities using the estimated coefficients of distat@station
dummy variablegthe quarter mile quarter to half mileandhalf to one milduffers)

The firm birth and firm closure analyses show thatptwability of areas near the

mature rail stationgroup A) to retainlargerfirms is much highethansmaller ones.

Larger firmswith more than five employedmve on averaggethe highest
positivesum of the predictedrobabilities offirm birth andfirm closure in areas within
short walkingdistance to @assenger rail stations in groupFAgurell shows that
blockslocatedwithin up to one mile of the mature rail stations (group A) have
experienceé considerably highgoredicted probability of firm retainme(firm birth -
firm closure)of firms with more than five employees compared to the control areas
located more than a mile of thail stationsFor instance, the probability of tlygiarter
mile buffer of the group A station® retain firmss 29% all else held equdseeFigure
11), which is calculated by subtracting thstimatedorobability of firm closue (96%)

from the estimated probabilitf firm birth (125%).
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Figure 11. The difference betweenthe predicted probability of firm birth and firm
closureby firm size and distance frommature rail stations (group A stations)

Group (A) Rail Stations Group (C) Rail Stations
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| >5 employees 29% 20% 19% | >5 employees -30% -140% -86%

Note: The yaxis showdirm birth-to-closurenet effects (ratiojelative to control Census blocks

all else held equal. Theaxis shows the three distartmestation buffers. The percentages are

calculated from thestimatedcoefficientsof firm birth ard firm closure modelssing[birth( ¢ ( B i )
—1)-closurg ¢ (fL)},) where pi is the coefficient for the
distanceto-station buffer. Group A passenger rail stations are those opened between 1978 and

1989 GroupC passengerail stations are those openaftier 2000The symbol#) indicates the

statistical insignificancef the estimated coefficients both firm birth and firm closure.

For the less mature stations, however, the areas near rail stations have experienced
negaive sums of the probabilities of firm birth and closure across nearly all firm sizes.
The dominantly negativeums of the probabilitieshown inFigure12 suggest that areas
near group B statiorexhibit, on average, lowgarobabilitiesto retainfirms comparedo
areas located more than a mile of the statidhat is, the probability of firm birth minus

the probability of firm closure yield negative finmatainment probabilities in the three
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group B station buffersThe negativeign of the predicted probability to retain firmss
consistent across tlimding of the tworegressiommethods but the magnitude is lower in
the PSweighted method (sdeigurel?2). Areas near the recently opened stations (group

C stations) also experienced negative sums of probabilities of firm birth and firm closure
(birth — closure) acrosall firm sizes. The negative sum of the probability of firm birth
closure is not surprising for the six rail stations in group C. All group C stations are
located wit hi munB,rwhichatorécent yednsd zaning@nd land use
policiesunwdcoming totransit oriented development.

Figure 12. The difference betweenthe predicted probability of firm birth and firm

closure by firm size and distance frongroup B stations (comparing the results of
the Standard and the PSweighted NB methods)
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Note: The yaxis shows firmbirth-to-closurenet effects (ratiojelative to control Census blogks

all else held equal. Theaxis shows the three distartestation buffers. The percentages are

calculated from thestimatedcoefficientsof firm birth and firm closure modelssing[birth( ¢ ( B i )
for

—1)-closur¢ ¢ (-f)],) where pfi is the coefficient t he
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distanceto-station buffer. GroujB passenger rail stations are those opened betw&frahg
1999. The symbol#) indicates the statistical insignificance of the estimated coefficients of both
firm birth and firm closure.

Turningto the othercontrol variables, the association between firm closure and
population density is negatiaeross alfirm size categoriefs ranging betweesd.037
and-0.045) which meanshe higher the population density in a Census block, the lower
the likelihood of that block texperience firm closurell else held equal'he population
density coefficientor all firms (-0.045) inTable21 suggests thafensus blockare 4%
less likely to experiencirm closure for every additional unit pbpulationdensity of a
thousandpersonger square miléhe unit of populatiordensity variable is in thousands
of population) On the other hand, the higher the employment denséydansus block,

the higher the likelihood of firm closufeoefficientsranging betweef.048and0.101).

In a Census blogkhe association is positilmit small(coefficientranging
betweerD.005and 0.007 betweerthe number ofexistingfirms and the number dirm
closures (seeTable21). Similar positiveassociations found between the number of firm
births andhe number ofirm closures (ranging betweef.005and 0.009. Theaverage
age of firms in &ensudblock alschas asmall butpositive association witthe
probability of firm closure, as suggested by the positive sign of the coeffiaiefable
21 (ranging between 0.002 afD2). Thesepositive estimatedoefficiens of existing
firms and averagéirm-age variablesuggesthatblocks with wellestablisheaxisting
firms haveslightly higherlikelihood offirm closurecompared to blocks with less

established firms
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Most of the coefficients of the soeezonomic variable§.e. unemployment rate,
theshare ofAfrican-Americanpopulation household income, and housing restitpw a
positive association with incidents of firm closure except for the varadlhe levelof
education(seeTable21). The percentage of population that@lege educated in an area
is negatively associated withe numbenpf firm closurefor smaller fims withfive or
fewer employeeé-0.486. However, thisassociations positive butstatistically
insignificantfor largerfirms with more than five employed8.121), as shown imable
21. The sums othe predictegrobabilitiesof firm closureandthe predictegrobabilities
of firm birth for the control variableprovide more relevant predictions of net gain or loss

in firm density as discussed earlier

Figurel3 summarizes the predicted effect of firm bifihp closure, and theum
of the probabilities ofirm birth and firmclosurefor the control variableselated to
agglomeration, socteconomic characteristicand spatial contexthesum ofbirth and
closurepredicted probabilitys a relevanpredicted effect to pay attention tor any
given control variable, positivesum d birth-closure probabilitiesuggest an overall
positive influence on firm retainment. For exampljle the predicted effect of
population densitys negative in the firm birth analysid all firms (-0.015, the effect is
also negativén the firm closure analysis0.045. Therefore, as shown Figurel3, the
sum of firm birth and firntlosurepredicted probabilities (birthlosure)for populatian
density isoverallpositive suggesting that blocks with higher population densities are
more likely to retain firms compared to blocks with lower population densities, all else

held equal.
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Figure 13. Predicted probabilities of firm birth, firm closure, and the difference
between the two(probability of retainment) for selected control variables (all firms)
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Note: Thex-axis shows the predictesffect on firm birth, firm closure, and timetbirth-to-closure relative

to control Census blockall else held equal. Theaxis shows theredicted effects of each control variable

except transitelated variablesThe percentages are calculated from the regression coeffiofdirta
birth and frm closure modelsThe birthto-closurenet effectsarecalculatedusing[birth( e (—fL)i-)
closur¢ e (-fl)],) where PBi is the coef fici e naontrblvariable.h e

A similar interpretation of predicted probabilitiesregain firms (birth probability
— closure probability) is true for other control variables present&tjure13. For
example, the overall predicted effect of propesix is negative-15%) because the
predicted effect on firm closure is much high&in@3 than the predicted effect on firm

birth (-0.032 for every additional thousand U.S. dollars of property tax.

The firm retainment probability of distance to CDBear zero because this

distance variable has a positive association with the probability of firm DiiB4 and
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the probability of firm closured(03L) that are almost equal in magnitude. The distance to
CBBD results suggest that areas within the staréa that are near CBD have no impact on
firm retainment compared to areas farther away from the CBD, holding all else equal. On
the contrary, blocks within close proximity to a highway exit have experienced a positive
firm retainment, which is suggestey the negative association between the distance to
highway and the probability of firm birthQ.043 that is smaller in magnitude than the

negative association with the probability of firm clos(®066, as shown irfrigurel3.

4.2.2. Firm closure by industry sector: regression results

This sectionexaminedirm closure across the six selectadustry sect@within the
study arean relation to proximity to passenger rail statioAs.previouslyindicated
areas within proximity to rail statiomsayexperience higimumberof firm closures
because of the highumberof firm births within the same area§he objective of the
closureanalysis byndustry sectorss to determine whethandustry sectorbave
differentprobability of firm retainment (probability of firm birthprobability of firm
closure)in areas withirshort walkingdistance to the passenger rail stations. In other
words,the analysis obsergevhat industry sectors are more likelyltenefitmorefrom

the improved accessibility provided by the rail stations.

Table23 andTable24 show the regression results of the firm closure analysis
across the six industry sectors using the standard and thveiBisted negative binomial
models. The dependeveriable is thenumberof firm closuresin each industry sector
regressed on the contndriablesincludingdistance to raistation, agglomeration, soeio

economi¢ and spatial contextariables Across the six industry sectorsethumberof
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firm closuresin areas near the rail stations are, on average, highethiaanmberof
firm closuresin areas located more than a mile of the statfoostrol areas)Thisis
indicatedby thenegativesign of theestimatedoefficientsof the continuouslistanceto-
stationvariable(coefficients ranging betweef.06lL for the administrative sector and
0.080 for professional services, as showiable23). There are migdassociations
however between areas within the thned-station buffers anthe number ofirm

closures across the six industry sectors
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Table 23. Regression coefficients of thetandard negativebinomial method: Firm Closure by selected industry sectors

. - 1) 2 (3) 4) (©) (6)
Dependent variable: count of firm closures Retail Professional Services FIRE Administrative Health Manufacturing
Distance to Rail Station -0.068*** -0.080*** -0.065*** -0.061*** -0.068*** -0.072%**
Group A stations: within <=1/4 mile 0.421*** 0.660*** 0.755%** 0.16 0.345* 0.365*
Group A stations: within 1/4 to 1/2 mi 0.136 0.401*** 0.188* 0.138* 0.143 0.146
Group A stations: within 1/2 to 1 mi -0.532%** -0.427*** -0.562*** -0.289*** -0.369*** -0.404***
Group B stations: within <=1/4 mile 0.710*** 0.941*+* 0.873*** 0.421*** 0.852*** 0.477*
Group B stations: within 1/4 to 1/2 mi 0.407*** 0.622*** 0.442*** 0.362*** 0.419%** 0.298*
Group B stations: within 1/2 to 1 mi 0.289*** 0.306*** 0.117 0.169*** 0.160* 0.238*
Group C stations: within <=1/4 mile 0.816 0.862 1.376* 1.672*** 0.216 1.238
Group C stations: within 1/4 to 1/2 mi 0.867** 1.064*** 1.181%** 0.708** 1.280*** 0.735
Group C stations: within 1/2 to 1 mi 0.488** 0.698*** 0.544** 0.653*** 0.512** 0.445
Ratio of Transit to Auto Accessibility 1.436*** 0.719*+* 0.869*** 0.913*** 0.708*** 0.860**
Population per sg. mi. (in 1000s) -0.036*** -0.048*** -0.049*** -0.058*** -0.019*** -0.079***
Employee per sqgni. (in 1000s) 0.077*** 0.110*** 0.106*** 0.131*** 0.064*** 0.100***
Number of firms 0.008*** 0.000 0.001* -0.009*** -0.001* 0.007***
Number of firms in the same sector 0.005** 0.024*** 0.032*** 0.292*** 0.079*** 0.051***
Firm births 0.001 0.008*** 0.009*** 0.005*** 0.014*** 0.004**
Average age of firms 0.008*** 0.007*** 0.009*** 0.006*** 0.012*** 0.017***
Median HH Income in $1000s 0.010%** 0.012%** 0.01 1%+ 0.012%** 0.009*** 0.006***
Unemployment rate 3.232%** 3.989%** 4.186*** 4.403*** 3.043*** 3.217%*
Percent college educated -0.327*** 0.737*** 0.355*** -0.261*** 0.461*** -0.322*
Percent African American 0.482*** 0.716*** 0.635*** 0.711%** 0.817%* 0.260***
Median housing rent in $1000 0.461*** 0.420%** 0.570*** 0.417%** 0.397*** 0.440%**
Distance to nearest highway exit in miles -0.087*** -0.108*** -0.137*** -0.036*** -0.102*** -0.100***
Distance to CBD in miles 0.043*** 0.070*** 0.048*** 0.052*** 0.046*** 0.055**+*
Property tax in 2010 0.031 -0.156*** -0.055 0.038 -0.051 0.073
Constant -1.490%** -2.736%** -2.226%** -3.515%** -2.631%** -1.976%**
In_r _Cons. 1.129%** 1.010%** 1.123*** 1.631*** 1.307*** 1.761***
In_s Cons. -1.463*** -1.177%* -1.550%** 0.652*** -1.115%** -1.436***
N. of cases 116820 116820 116820 116820 116820 116820
Log Likelihood -37944.921 -33369.603 -28548.174 -41226.376 -23365.097 -13332.614
chi2 5825.457 7660.483 5783.905 15457.923 5241.246 2140.828

* p<0.05, ** p<0.01, *** p<0.001
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Table 24. Regression coefficient of th&Sweightednegativebinomial method: firm closure by selected industry sectors

Dependent variable:number of firm @) (2)_ 3) () ) ©6)
closures Retail Professional FIRE Administrative Health ~ Manufacturing
Services
Distance to Rail station (in mi) -0.036*** -0.055%** -0.033*** -0.047*** -0.047*** -0.043***
Within <=1/4 mile (Group B) 0.242 0.661%* 0.492* 0.237 0.758%* 0.370*
Within 1/4 to 1/2 mi (Group B) 0.213* 0.481*** 0.232* 0.290*** 0.499*** 0.001
Within 1/2 to 1 mi (Group B) 0.332%** 0.374x** 0.149* 0.238*** 0.118 0.154
Accessibility ratio 0.706*** 0.524** 0.181 0.862*** 0.657** 0.626
Population per sg. mi. (in 1000s) -0.040*** -0.058*** -0.048*** -0.049*** -0.021** -0.070***
Employee per sq. mi. (in 1000s) 0.087** 0.126%* 0.107* 0.123%* 0.066*** 0.092%**
Number of firms 0.008*** 0.007*** 0.003* -0.006*** 0.006*** 0.008***
Firms in the same industry sector 0.187*** 0.166*** 0.291*** 0.395*** 0.196*** 0.379***
Firm births 0.022*** 0.027*** 0.026*** 0.035*** 0.025*** 0.008**
Average age of firms 0.010*** 0.009*** 0.010*** 0.006*** 0.010*** 0.014***
Median HH Income (in $1000s) 0.008*** 0.009*** 0.009*** 0.012*** 0.008*** 0.006***
Unemployment rate 3.081*** 3.948*** 3.750%** 4.916%* 3.296*** 2.951%**
Percentollege educated -0.794*** 0.086 -0.307* -0.535*** 0.229 -0.471**
Percent AfricapAmerican 0.299*** 0.617** 0.455*** 0.533*** 0.753*** 0.213**
Median housing rent (in $1000s) 0.263*** 0.241%** 0.318*** 0.323%** 0.355*** 0.353***
Distance to highway (imi) -0.056*** -0.070%** -0.083** -0.029* -0.071%* -0.077%*
Distance to CBD (in mi) 0.025*** 0.051*** 0.031*** 0.041*** 0.027*** 0.035***
Property tax (in $1000) 0.098** -0.135%** 0.03 0.02 -0.08 0.140**
Constant -3.815%** -4.408*** -4.514*** -4.410%** -4.740*** -5.093***
chi2 26573.365 30450.604 25918.228 46315.151 19525.178 7294.18
N. of cases 101859 101859 101859 101859 101859 101859

* p<0.05, ** p<0.01, *** p<0.001
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Census blocks withithe half to onemile buffer of the mature rail stations (group
A stations) have negative estimated coefficients of firm closcmass all the six industry
sectorqranging betweer0.289for administrative sector an@.562 for FIRE sector, as
shown inTable23); the negative estimated coefficients of firm closure is somewhat
expected since blocks within the same buffer had negative estimated coefficients of firm
birth, as shown previolysin the firm birth analysisHowever, he estimated coefficients
of firm closure of all remaining station buffers are positive (ranging betagéow as
0.138to as high ag.672 as shown iTable23 andTable24). Therefore, the sum of the
probability of firm birth and the probability of firm closure (probability of birth
probability of closure) within the three station buffers needs to be caduadetermine
differences in the probability of firm retainment across the six industry sectors. The
probability of firm retainmenis a better measure of whether or not areas within close
proximity to rail stations provide an overall economic benefiirtos, as explained

earlier in this chapter.

Figurel4 shows the probability of firm retainment (birtlclosure) withn the
three station buffersf the mature raistation (group Aps well agthe most recently
opened stations (group @grosghe six industry sector€learly,firms in the retail trade
sector are the most likely to benefit from arlegsitedwithin close proximity to the
mature rail stations (gr@uA). Unlike other sectors, the probability of firm retainmeht
retail firmsis positive in all the three station buffers of group A stations (rargghgeen
3% to 20% compared tdlocks located more than a mile away from the rail stations, all
else h&d equal(seeFigurel4). For examplethe probability of firm retainment in the

quarter milebuffer of group A stations 8%, which is calculated by deducting the

143



probability of firm closure (€].421)-1=0.52=52%) from the probability of firm birth
(e(0.463-1=0.59=59%)BIlocks within thequarter to half mileoufferandwithin the half

to one milebuffer of group A stations also exhibit positive probability of firetainment

of manufacturing firms (11% and 25%, consecutively). There results suggest that retail
and manufacturing firms benefit the most from better access to the labor force provided
by passenger rail stations.

Figure 14. The difference between th@redicted probability of firm birth and firm
closure byindustry sector and distance from rail stations in group A and C
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else held equal. Theaxis shows the three distantmestation buffers. The percentages are

calculated from the regression coefficieotsirm birth and firm closure modelssing

[birth( e (—AL)i-¢glosurg e (-AL)}],) where Bi is the coefficient for
respective distanem-station bufferGroup (A) passenger rail stations are those opened

between 1978 and 1988roupC passenger rail stations are those opened bet2@@and

2004.The symbol#) indicates the statistical insignificance of the estimated coefficients of

both firm birth and firm closure.
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Census blockwithin ahalf to one milalistanceof group A stations have, on
average, experiencgubsitive probability of firm retainmemf all industry sectors
(ranging between 8% and 25%»cept theadministrative sectqr3%), compare to
control areagseeFigure14). For the more recently opened stations (group C stations),
the probability of firm retainment within the three station buffers are mostly negative,
ranging betweenl6% and-230%, except in two caseshd@probability of firm
retainmenis positivewithin the quartermile buffer of group C stationfr firms in the
professional service sect65%) as well as the health sector (46%), but the probability
of firm closure andirm birth are both statistically insignificant for the health sector (see

Figurel4).

The threggroup B station bufferalso exhibitadominantly negative probability
of firm retainmentFigure15 shows the calculated probabilities of firm retainment
(probability of birth— probability of closure) within théhree group Bstationbuffers
using both regression method#e probabilitieof firm retainmentarepredominantly
negative within group B station buffers (ranging betwd&1 % to 2% using the standard
NB method, and betweeB6% and 8% using the R&eighted NB method)}-or
example, one exception is the 8% positive probability of blocks located within the
guarter milebuffer to retain firms belonging to FIRE sector compared to control areas,
all else held equal (séagurel5). Theprobability of firmretainment analysigy station
maturitysuggesthatareas within close proximity to mature rail stations are more likely

to experience gains in firm density essential to transit oriented development.
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Figure 15. The difference bdween the predicted probability of firm birth and firm
closure byindustry sector and distance from group B stations (comparing the
results of the Standard and the PSveighted NB methods)
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Turning tothe othercontrol variables omagglomeration, socieconomic, and
spatial contextthe predictegbrobabilitiesof firm closure across th&x industry sectors
aremostlysimilarin directionto theclosureprobabilitiesdiscussed in the previous
section on firm closure by firm sizEBor example, the firm closure estimaisakfficients
of population density range betwe€019and-0.079(seeTable23). One exception that
stands out is thestimated coefficientsf the percentage of population thatalege

educated on firm closure for the retsaictor(-0.327), administrativesector(-0.261), and
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manufacturingsector(-0.322. For firms inthese thresectorsthe predicted probability

of firm closure in a Census block is low#re higher is the education le\skeTable

23). The negative association between the level of education and firm closure suggest
that human capital i@ keyfactor for the longevity (survival) of firmis the retalil,
administrative, anthanufacturing sector®n the other hand, fahe level of education
variable,the estimated coefficients of firm closure are positive for the FIRE sector
(0.355, health sector (0.46), and professional services s€c#87, suggesting thahe
higherthe percentage of collegalucated population in a Census block, the higher the
number of firm closures of firms belonging to these three sectors. This high number of
firm closures could merely be the result of high number of firm births, as discussed
earier. For each control variable, both probabilities need to be compared (firm birth and

closure probabilities) to understand the overall influence on firm retainment.

Figurel6 andFigurel7 show the probability of firm retainment (probability of
firm birth — probability of firm closure) for agglomeratipsociececonomic, and spat-
context related variables by industry sector. For instdocéhe administrative and
healthsectorsthe associatiowassmall butnegative betweefirm closureandthe
number ofexistingfirms within a block(-0.009and-0.00L, consecutively\whereaghe
association with firm birth was piive (0.0@® and0.010, consecutively)therefore, the
probability of firm retainment is 1% for firms belonging to the administrative and health

sectors.

1 For example, ta 1% probability of the administrative sector is calculated by deducting the probability of
firm closure from the probability of firm birth: [¢1.009}1] — [e(0.002}1]=0.01=1%.
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Figure 16. The difference béween the predicted probability of firm birth and firm
closurefor agglomeration and spatial context variables by industry sector
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Figure 17. The difference between the predicted probabilityof firm birth and firm
closurefor socb-economicvariables by industry sector
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In addition toproximity to rail stationthe firm closure and firm birth regression
results suggest that population density, number of existing firms, distance to highway,
and the level of education amportantfactorsinfluencing the probability of firm
retainmen{seeFigurel6 andFigurel?). On the other hand, variables such as the
number of firms in the same industry category tends to negatively predict the probability
of firm retainment anging betweenl % to-12%, as shown iRkigure16), which
suggests that the competition effect of firms in the same sector overrides localized

agglomeration economies.

4.3. Chapter summary

The results in thishaptershowed mixed relationshipbetween areas netlire passenger
rail stations and the probability of firm birth and closiest importantly, he results
showedthatlengthy periods ofime elapsebefore areas neénerail stations exhibit
higher probabilities ofirm birth thanprobabilities offirm closure(i.e. positive
probability offirm retainment) That is, areawithin amile of themature rail stations
(group A) were more likely to retain firms than areas within a milecéntly opened
stations (group B and CRositive firm retainment in aarea indicate an increase in firm
density.Figure18 summarizes the predict@dobabilitiesof firm retainment by distance
from group A and group B statiod€videnty, areas withira short walking distance

from the mature rail stations exhibits positive probabilities of firm retainment,

1 See Appendix C for a summary figure of fhedicted effects of firm retament by distance fromroup
C rall stations (stations opened after 2000).
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specificallyfor larger firmswith more than five employegsompared to areas further

away from the stations.

On the other handy@as nearail stations openedfter 1990 (group B and C
station$ exhibit negative probability of firm retainment compared to areas further away
from the stations (seeigure18). In Figure18, theupwardslope of the plotted line for
firms with more than five employe@wdicates that the likelihood of firm retainment
increased heveen 1990 and 2010 in areas that are further in distance from the rail

stations

Figure 18. Probability of firm retainment of station distance variables by firm size
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Similar to the analysis by firm size, there are mixed relatiossigjween areas
near the rail stations and the probability of firm retainnaenbssndustry secta. Figure
19 summarizesheresults of four dominant industry secavithin the study areayb
distance from the mature rail statidigsoup A) It shows thatifms in the retail trade
sector are thenost likely to benefit from areas within up to a mdistanceof the mature
rail stations Areas within a mile of Group Bnal C show no signs of positive firm
retainment compared to control aréas.

Figure 19. Probability of firm retainment of station distance variables by selected
industry sectors
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1 See Appendix C for a summary figure of the predicted effects of firm retainméndustry sector and
distance from group and C rail stations.

151



Theseresultsoverallshow that rail stationsave not consistently boostédn
retainmennearby except in the case afeas near thmature rail stations that were
opened before 199The inconsistency ifirm retainmentnearrail stationsraiseshe
guestionof whatpolicymakers shouldo differently to encourage transitiented
development. Evidently, areas near the stations do not experience an increase in firm
density, at least in the short run, without propdrangrowthpolicies.For more
immediate results, policymakeaslvocating fotransitorienteddevelopmenshould be
more proactive in focusing development arotnagisitstations py adopting policies such
as uban growth boundargndmaximum parking caps impedeurban sprawand

promote mixeelse and transiriented form of than development.
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CHAPTER 5:ANALY SISRESULTS FIRM RELOCATION

Firm relocation is one of the least examined pas#tefriirm dynamics in literatureas
discussed in Chapter 3tudies examining the association between rail transit and firm
relocation are particularly rar€he scarcity of data that tracks the exact osgimd
destination®f relocating firms is the main reason for the lack of empirical research on
firm relocation Usingthe NETS datathis chapterexamines the relocation @rns in
relation to proximity tahe passenger rail stationgthin the state of Marylandrhis
relocationanalysis is possibleecausehe NETS dataset provides treoordinate®f the

origins and destinatiasof the relocating firmgsee Appendix A)

In the period betweel®90 and 200%ne intenfirms within the State of
Marylandrelocatedat least oncéuringits lifespan Table25 provides summarystatistics
onthetotal number of firm relocationsetween 1990 and 200dthin the State of
Maryland andhe studyarea(i.e. the five jurisdictionsvithin Maryland. Firm
relocations inTable25 arecategorized byhe origin and destination regi®nThe origin
and destination regions Table25 are (a)the study aredp) therest of theState of
Maryland,and(c) areas outside th&tate of MarylandNearly half of firm relocations
have occurreavithin the study arebetween 1990 and 200Bhat is nearlyhalf of these
relocations have botbrigins and destinatiosmwithin the study areduring this same
period, 12.%6 of all firm relocations in Marylan@vere relocationso the study areaither
from the rest oMaryland (3.9%)or from outside oMaryland(8.4%).However, a higher

percentag€l5.8%)of firms have relocateffom the study area to locationstside the
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study area’ s,eifhérinthe r¢suof th&tate ofdMaryland (£.2%) or areas

outside of Maryland (8.6%).

Table 25. Number of firm relocations between1990and 2009by regions of origin
and destination

Origin (O) and de§tination Numbe'r of Percentage
(D) of firm relocation relocations

O and D within Study Area* 45,919 49.3%
O and D within rest of MD 15,275 16.4%
Study Area to out of MD* 8,031 8.6%
Out of MD to Study Area* 7,796 8.4%
Study Area to rest of MD* 6,666 7.2%
Rest of MD to Study Area* 3,605 3.9%
Rest of MD to out of MD 3,135 3.4%
Out of MD to rest of MD 2,691 2.9%
Total 93,118 100%

Note: Theasteriskq*) indicate firm relocations that havieetir origion and/or
destinatiorwithin the study areawhich are considered for the ananlysis (adding
up to 72,017 relocations)

Figure20 shows the percentage of total firm relocations within the study area
across three firasize categories (sole pnogtor, two to five employees, and more than
five employees) and six selected industry sectors (Professional service, Retail, FIRE,
administrative, health, and manufacturinff)e majority of relocamg firmswithin the
study arearesmallin terns of the number of employedsirms with fiveor fewer
employeesaccounted for more th&6% of the72,000relocatingfirms thathavetheir
origin and/or destinatiowithin the studyareain the periodbetweerl990and 2009In

addition three out of temelocations werdyy sole proprietas.

Regarding firnrelocation acrosmdustry secta, firms in the professional
service sectoareabouttwice as likely to relocaté83.6%relocated, compare to firms

in the other five industry sectofsecond tgrofessionatervices is retafirms with
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17.7%relocatel. Firmsbelonging tahe manufacturing sector on the other hand are the

least likely to relocatéonly 7.4% relocated)

Figure 20. Percentage of total firm relocations wikin the study area by size and
industry sector (19922009)
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Note FIRE industry sectorefers to firms in the finance, insurance, and real estetestry.

In the study area, the Census blocks that are watlsinortwalking distancef the
passenger rail stations hawa averageattracted moreelocating firmg(i.e. inward firm
relocations)compare to control Census blocks located more thanraile away from
the stations.In every yeabetween 1990 and 200 enumber ofinwardfirm
relocationgper square mile (i.e. density of inward relocatiaas much higher withithe
quarter milebuffer of rail stations than ithe quarter to half mileouffer or thehalf to one

mile buffer, and higher still thathe density ofnward firm rdocationsoutside tle one

! The firm relocations that havhsir origin and destination within the same Census block are excluded
from the analysis.
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mile threshold from theail stations (se€igure21). In any given area, there are two sides
to firm relocation, existing firms can be peshto relocate elsewhere (outward
relocation) and others can be attracted from elsewhere to relocated within (inward
relocation). Reasons for inward and outward relocation decisions are discussed in
Chapter 2.

Figure 21. Number of inward firm relocation s per square milewithin the study area
by distance from rail stations (990 to 200%.
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----------- Between 1/2 and 1 mile — == More than 1 mile

High numberof inwardfirm relocatiorsin an area can be a push factor for less
competitive firmswhich maysubsequentlfeadto highnumber ofoutward firm
relocationsin every year between 1990 and 20B@ure22 compares inward and
outward relocatiomlensitiesof areas located within a mile of the passenger rail stations
and area®cated more than a mile from the statiog@ensidering both inward to outward
firm relocatiors, the study arehasexperience@ negative net relocation the period
betweenl990 and 200 (.e. the number of outward relocations excgbd number of
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inward relocationsas shown ifrigure9), so didareas within a mile of theail stations

Due tovaiationsin push and pull factors (discussed in Chaptem®jard and outward

relocation densitieare nothomogeneouacrossCensus blockwithin the study area.

Without a statistically controlled analysis, one cannot determirether or not areas

near rail stations have positive influence on net firm relocation.

Figure 22. Number of inward and outward firm relocations per square mile within
the study area by distance from rail stationg1990 to 2009)

Number of firms per square mile

10 12 14 16 18 20 22 24 26

-------
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Year
== == = Inward relocation (control area) — Inward relocation {within 1 mile from stations)
"""""" Outward relocation (control area) —— —— — Qutward relocation (within 1 mile from stations)

This chaptercarries out series ofegressioranalysisto examine inwareénd

outwardfirm relocatiors in areas withirashort distancéo the passengeail statiors,

compared to control areas located more than a mile from the st#tddensus block

level, the negative binomial method is appropriate for the analysis of firm relocation

since a considerable number of blocks have zero number of firm relocations (see Chapter
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3 fora detailed discussion &¥B regression This chapter is dided into four main
sections. Each section caries out two regression methodsatitardB and the PS
weighted NB regression. Section one and éwamine inwardirm relocation by firm

size and industry sectaespectivelySection three and four exame outward firm
relocation by size and sectoespectivelyandcompare results to inward firm relocation
to determinghe netpredicted effects by calculating the difference betweemardand
outward relocatioeffects The summary statistics of the outcome and control variables
were presented earlier in ChapigiseeTable13). This chapter ends with a section
summarizing the reswltof inward and outward firm relocation relative to the distance

from the passenger rail stations.

5.1.Inward firm relocation by size: regression results

The inward relocation analysisdicates thatoverall,access to passenger rail
stations is a pulldctor forrelocatingfirms. The analysi®y firm size suggesthat larger
relocatingfirms are more likely to relocate within short proximity of mature rail stations
(group A), whereas smalleglocatingfirms are more likely to locatgithin a close
proximity to morerecent stations (group B and.@pable26 andTable27 showthe
regression resulisf the inward relocation analysis using the standard NB and the PS
weighted NB mode] respectivelyThe inward relocation models use control variables
similar to theones used in thdirm birth and closurenodels(seeTable13). As discussed
in Chapter3, datafor the controlvariables are obtained either at the Census bl br
at the Census block group level for three periods, 1990, 2000, and 2010. At the Census

block level, variables includdistance to the nearasil station,distance to the nearest
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highway exit, distance to the nearest central business disitloer(in Washington, DC

or Baltimore City, transitto-auto accessibility ratiadhe number of firms, the number of
firm births andclosuresand the number of outward firm relocatioAs the Census block
group level, the control variablé@sclude thesacio-economic characteristics of the local
population, such as population and employment densities, income, and edUdation.
negative coefficients afistance to rail statiowariable inTable26 suggest that the
likelihood of inward firm relocation decreasbe greater the distance from stations (the

coefficients range betweef@.050and-0.052across the four size categories).

Theinward relocatiorresults substaially vary across the three station buffers
(i.e.within aquarter milebuffer, withina quarter to half milebuffer, andwithin a half to
onemile buffer). Starting withthe mature rail stationepened before 199@roup A) the
regression coefficientsuggest positiveassociation betweeareas withira quartermile
of therail statiors andthe probability ofinward relocatior{e.g.the estimatedcoefficient
is 0.217for firms with five or less employeesd0.617for firms larger than five
employeek In other wordsrelocating firms are more likely to choose aredtiin a
guarter miledistanceof group Arail statiors as their new firm locatiothan areas located
more than a mile of the statiqradl else held equaDn the contraryareadocatedwithin
ahalf to onemile distance ofjroup A @il statiors experiencd negativeprobabiliies of
inward firm relocations compared to control aréag. the estimated coefficient-3.310
for firms with five or less employees ar@l147but just below te 95% statistical
significance for firms larger than five employees, as showlrabiie26). The areas within
the half to one milduffer of group A stations have pasgé firm retainmen{as shown in

Chapter 4), which may explain the negative probabilities of inward relocation.
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Table 26. The number of inward firm relocation by firm -size as a function of proximity to rail stations, agglomeration, and
sociceconomic characteristicsUsing the standard negative binomiamethod.

| | (1) 2) (3) (4) (5)
Dependent Variable: Inward Relocations All Firms Sole Proprietor  Firms > 1 employee Firms <=5 employees Firms >5 employees
Distance to Rail station (in mi) -0.055*** -0.050*** -0.052*** -0.051*** -0.052***
Group A stations: within 1/4 mile 0.282** 0.182 0.346** 0.217* 0.617***
Group A stations: within 1/4 to 1/2 mi 0.021 0.079 0.026 0.002 0.229*
Group Astations: within 1/2 to 1 mi -0.250*** -0.148* -0.274** -0.310*** -0.147
Group B stations: within 1/4 mile 0.439*** 0.597** 0.453** 0.499*** 0.531***
Group B stations: within 1/4 to 1/2 mi 0.239** 0.370*** 0.186* 0.201* 0.309**
Group B stationswithin 1/2 to 1 mi 0.065 -0.066 0.086 -0.010 0.162*
Group C stations: withiri/4 mile 1.241* 1.808*** 0.994* 1.503** 0.715
Group C stations: within 1/4 to 1/2 mi 0.095 0.759 -0.231 0.088 -0.09
Group C stations: within 1/2 to 1 mi 0.096 0.043 0.044 0.070 0.156
Accessibility ratio 0.738*** 0.376 0.827** 0.486** 1.029%**
Population per sg. mi. (in 1000s) -0.047** -0.039*** -0.048*** -0.041*%** -0.076***
Employee per sg. mi. (in 1000s) 0.059*** 0.095%** 0.043**= 0.072%*= 0.040*
Number of firms 0.014*** 0.016*** 0.015*** 0.016*** 0.018***
Firm births 0.003*** 0.014*** 0.002* 0.005** 0.001
Firm closures -0.001* 0.008*** -0.001** 0.001** -0.001
Firm outward relocations -0.035*** -0.090*** -0.032*** -0.054*** -0.037***
Median HH Income (ir$1000s) 0.004*** 0.007*** 0.002%** 0.005*** -0.003***
Unemployment rate 1.244%* 2.782%* 0.599* 1.570%** -0.011
Percent college educated 0.533*** 0.824*** 0.527*** 0.717%** 0.343*
Percent AfricarAmerican 0.204*** 0.637*** 0.064 0.342*** -0.141*
Median housing rent (in $1000s) 0.145%** 0.286*** 0.075** 0.186*** -0.033
Distance to highway (in mi) -0.072*** -0.021 -0.089*** -0.048*** -0.142%**
Distance to CBD (in mi) 0.047** 0.062%** 0.042%** 0.048*** 0.042***
Property tax (in $1000) -0.030 -0.043 -0.045 -0.018 -0.106**
Constant -0.865*** -3.024%+* -0.445%* -1.499%* -0.298*
In_r
Constant 1.318** 2.373%* 1.367** 1.664*** 1.377%*
In_s
Constant -0.957*** 0.041 -1.182*%** -0.609*** -1.405***
N. of cases 116820 116820 116820 116820 116820
Log Likelihood -44143.887 -17552.599 -36228.111 -35721.896 -19449.478
chi2 6410.161 4732.732 4939.558 6224.829 2831.312

* p<0.05, ** p<0.01, *** p<0.001
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Table 27. The number of inward firm relocation by firm -size as a function of proximity to rail stations, agglomeration, and
sociceconomic characteristics. Using the R®eighted negative binomial method.

) ) 3 4 5)
Dependent variable: Inward Relocations Al Firms Sole Firms > 1 Firms <=5 Firms >5
Proprietor employee employees employees
Distance to Rail station (in mi) -0.043*** -0.042%** -0.044%*** -0.037%*** -0.057***
Group B stations: within 1/4 mile 0.269* 0.506** 0.242 0.287* 0.287
Group B stations: within 1/4 to 1/2 mi 0.238* 0.319* 0.215 0.193 0.289
Group B stations: within 1/2 to 1 mi 0.062 0.101 0.048 0.036 0.106
Accessibility ratio 0.267 0.205 0.257 0.281 0.257
Population per sg. mi. (in 1000s) -0.044 %+ -0.030** -0.047*** -0.038*** -0.054*
Employee per sg. mi. (in 1000s) 0.046*** 0.076*** 0.029 0.063*** -0.028
Number of firms 0.047*** 0.020*** 0.049%** 0.040%** 0.046%**
Firm births 0.032%** 0.037*** 0.022%* 0.039*** 0.011*
Firm closures -0.030*** 0.002 -0.032%** -0.020*** -0.030***
Firm outward relocations -0.115%** -0.103*** -0.101*** -0.121%** -0.080***
Median HH Income (in $1000s) 0.004*** 0.008*** 0.002*** 0.006*** -0.002*
Unemployment rate 0.832** 2.873*** -0.035 1.367*** -1.04
Percent college educated 0.069 0.378** 0.042 0.275** -0.219
PercentAfrican-American 0.078 0.579%** -0.033 0.205%** -0.137
Median housing rent (in $1000s) 0.117** 0.224*** 0.076** 0.139*** 0.043
Distance to highway (in mi) -0.066*** -0.01 -0.093*** -0.031** -0.183***
Distance to CBD (in mi) 0.036*** 0.051*** 0.034#** 0.036*** 0.043***
Property tax (in $1000) 0.086** -0.118* 0.122%* 0.055 0.097
Constant -2.9471%** -5.080*** -2.860*** -3.666*** -2.917%**
chi2 9400.37 11010.097 7059.409 16432.487 5180.34
N. of cases 101859 101859 101859 101859 101859

* p<0.05, ** p<0.01, *** p<0.001
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The results othe station buffersn Table26 suggest that areas within tlggiarter
mile buffer of the stations exhibit positive likelihood of inward firm relocaaeross all
rail stationsregardless ofheir level of maturity Similar to group A stations, areas within
aquarter mileof rail stations in group B (opened between 1990 and 1999) and group C
(opened after 2000) show positive influence on inward firm relocation compared to
control areasall else held equaFor insance, the estimated coefficiefts the quarter
mile buffer ofgroup B stations i8.499for firms with five or less employees afb31
for firms larger than five employe€Bhe estimated coefficients of the station bufees

better understood when ocmrted to predicted probabilitf effect using the equation

[ e Bl

Figure23 presents the predictguiobabilitiesof inward firm relocatiorwithin the
three station buffers of thmature rail stationfgroup A) using the estimated coefficients
in Table26. In areas withira half mile distanceof group Astations, &rgerfirms with
more tharfive employeeshavehigherprobability of inward relocatiothan smaller firms
with less than five employeesompared to control areas d.the probability is85%for
firms larger than five employedsit only24% for firms with five or less employees
within thequarter milebuffer). These results suggest that labor inten&ives (larger
firms) that decided to relocate ramkprovedaccesgo the labor force provided bl
transitmuch highein their relocatiordecisiors thanless labor intensive firms (smaller

firms).
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Figure 23. The predicted effectsof inward firm relocation by firm size by distance
from the mature rail stations (group A stations).

Group A Rail Stations
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<=5 employees 24% 0% -27%
u >5 employees 85% 26% -14%

Note: They-axis shows the predit effect oinwardfirm relocation relative to control Census
blocks, all else held equal. Theaxis shows the three distantestation buffers. The percentages
are calculated from the regression coefficiersi®ig ¢ ( B-1),) w hidsithe copfficient for the
dummy varable of the respective distantestation buffer. Group Aassengerail stations are
those openetefore 1990The symbol#) refers to statistically insignificant values

On the other handh areas withirthe quarter milebuffer of the more recently
opened stations (group Gmaller firms with five or less employees have higher
probability of inward relocatio(850%)than larger firms with more than five employees
(104%but statistically insignificant asshown in Figure24. Onemust not jumpo
conclusiors, however, regarding these restlecausgroup C stationsonsistof six rail
stationsonly, andanyresults associated with these statiarefrom oneperiodonly
(2010) asthey were opened after 200 addition, most of the estimated coefficieat

group C station buffers are statistically insignificahe only exception beingmaller

1 Census blocks within up to a mile of group B stations are considered treated in 2010 only because in 1990
and 2000 those blocks were not served by any rail stations.
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firms with five or less employees within tiqearter milebuffer, as explained earli€see
Figure24).

Figure 24. The predicted effectsof inward firm relocation by distance from the
more recently openedstations @roup C stations).

Group C Rail Stations
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Note: The yaxis shows the predicted effectinfvardfirm relocation relative to control Census
blocks, all else held equal. Theaxis shows the three tisceto-station buffers. The percentages
are calculated from the regression coefficiargi®ig € (i)p-1),  w hidsithe cogfficient for the
dummy varable of the respective distanttestation buffer Group C stations are those opened
betweer2000and2004 The symbol#) refers to the statistically insignificant values.

Turning to group B rail stationghe probability of inward firm relocatioof the
three station buffers are estimatesing thestandard NB binomial and the B&ighted
NB methods [Table26 andTable27). The PSweightedNB methodrestricts the analysis
of firm dynamicgo group B rail stationdecause these stations were opened after. 1990
It controls for possible endogenedy rail stationplacement anéirm location decisions,
as discussed in ChapterThe estimated coefficientgerosothNB methodsare mostly

consistentn sign (direction of influence)utinconsistenin statistical power (i.e. level of
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significance) For instance, in the standard NB method, the estimated coefficient of firms
large than five employees@®531in thequarter milebuffer of group B stationsI{able
26), whereas in the P&eighted NB method, the same estimated coefficiedi287but

below the 95% statistical significancEaple27).

Figure25 converts the estimated coefficients obtained from bi@hmethods to
theprobability of inward relocatiofor each othe three station buffers of group B
stations, compared to control areBeth methods indicate a positive and statistically
significant probabilityof smallerrelocatingfirms tolocatein areas within auarter mile
and aquarter to half mileof group B stationsall else held equaFor instancebased on
the standard NB methpsdole proprietors ar@2% more likely torelocate within the
guarter milebuffer, whereas the probability is 66% based on thevBi§hted method.
For firms smaller than five employees, the probability of inward relocation is 65% and
35% across the two methods, both statistically significantfggee25). For larger
relocatingfirms with more than five employees, the probability of inwarda&tion is
only significant for thequarter milebuffer (70%) and thgquarter to half mileouffer
(36%) of group B stations, using the standard NB method. The fact that smaller
relocating firms are more likely focate near group B stations than langdocating
firms suggests that access to rail statigrvaluable to firmsot onlyin terms of better

access to labor force bunterms of access towider customer base as well.
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Figure 25. The predicted effectof inward firm relocation by distance from rail
station in group B, comparing resultsof two regression methodsthe standard NB
(left side) and the PSweightedNB (right side)
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Note: The yaxis shows the predicted effectiniardfirm relocation relative to corat Census
blocks, all else held equal. Theaxis shows the three distariestation buffers. The percentages

are calculated from the regression coefficiersisig € (i)p- 1),

w hidsithe cogfficient for the

dummy varable of the respectiw@istanceto-station buffer Group Bstations are those opened
between 1990 and 199The symbol#) refers to the statistically insignificant values.

Focusing on other transportatioglated variables, thepefficients oftransitto-

auto accessibily-ratio in Table26 suggest that better transit acciesss key factor

influencing the locatiomiselected byelocating firms especially for larger firms that

benefit from better accessadabor forcewhich would beprovided by transit service

For instance, the estimated coefficient of dlceessibilityratiois 1.029for firms larger

than five employees, whereas the coéfit is0.486for firms with five or less

employeesThe inward relocation analysis also suggests that lagtfratingfirms

considemproximity to a highway exita more valuabléctor inlocation decisioathan
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smaller firms. For instance, tlestimatectcoefficientof distance to highway exist
Table26is -0.141for firms larger than five employees, whereas the coefficieft(48
for firms with five or lessemployeesEvidently,the negative coefficients of the
continuousvariableof thedistance to rail statiosuggests that the closer a block is to a
rail station the higher its likelihood of inward relocat{@ng. the coefficient ig0.052for

firms larger than five employees aflO5L for firms with five or less employees).

There isonly oneagglomeratiorrelatedvariable that has an unexpected direttio
of influence on firm relocatio(Chapter2 provides a discussion on the direction of
impact expected for each control variable on firm relocatibime resultsin Table26
indicate thapopulationdensity has negative andtatistically significant effect on
inward firm relocatior(e.g. the coefficient ig0.076for relocatingfirms larger than five
employees aneD.041 forrelocatingfirms with five or less employeeshe regative
effect ofpopulation densitpninwardfirm location decisionsvasalsofoundin the firm
birth analysigpresenteaarlierin Chapter 4this effe¢ can be explained bya¢ highly
suburban urban form of the study area. There are numsubusbarCensus block
groupswithin the study area that apeedominantlyresidential and denepopulated
Moreover, the outward firm relocation analysis, presktater in this chapter, provides
more insight ortheimpactof population density, along with other control variables, on
net firm relocation by comparing tlmegressiomesults of outward relocation to inward

relocation.

Employment density, on the other hahds positive influence on inward firm

relocation The analysis by firm size shows that doefficientsof employment density
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variables arehigher for smaller firmssuggestinghatemployment density is a more
important factor for the location choisef small firms thaimade the decisioto relocate
all else held equaFor instance, the estimated coefficient of employment density for
relocatingfirms with more than five employees@072, while the coefficient 8.040 for
relocatingfirms with five or less employedseeTable26). Theemployment density
results indicate that smalleglocatingfirms benefit more from local agglomeration

(through externalities such agormationspillovers) than largaelocatingfirms.

Similar tothe findings ofemployment densityhe regression results frable26
suggest thathetotal number of firms withira Census blocks alsoa significantfactor
influencinginwardfirm relocation For instance, thestimatedoefficientfor firms larger
than five employees 13.018, suggestinghat the pobability of a largerelocating firm to
locatewithin a Census blocis 1.8% higher foreachadditional existing firmeverything
else held equdthe probability is 1.6% for smalleelocating. These results suggest that
smaller and largerelocatingfirms valuelocal agglomeration of firms whenovingto a
new location for the economienefitsthat agglomeration provides, such as local
informationsharing (See Chapter 2 for detailed discussion of agglomeration

externalities)

The number ofifm births within a Censuslock hasa positive but small
association with thprobability of inwardfirm relocation.For instance, the estimated
coefficient is0.005for firms with five or lessemployeeswhereas the coefficiembr
firms with morethan five employeeis 0.00L but alsostatistically insignificant (se€able

26). The positive association between firm birth and the likelihood of inward relocation is
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not surprising because higher number of firm binthan areamplies that itfosters
businesslevdopment The negative coefficients éifm closure(-0.001)andoutward
relocation(-0.032 for largerfirms indicatethat the higher theumberof firm closures
and/oroutward relocatioswithin a block the lower the rate of inwanelocation. The
resuls suggesthat areas experiencitggh numberof firm closures and/or outward
relocatiors are notanattractivedestination for firmghatdecide to move to a new
location An exception to this trend is the positive associahetweerfirm closureand
inward relocatiorof smaller firms with sole proprietor (0.008) and wfitre or less
employeeg0.001) as shown iMable26. This paitive association suggeshat higher
numbes of closuresn an areanayimply high competitivenessvhich can be an
attractive factor focertainrelocatingfirms. These associations can be better understood
in the inward relocation analysis by industry sector, which is the dutfj¢he following

section.

Focusing orthe socieeconomic variables, the association is postivesmall
(0.005 between median household income awdard firm relocatiorfor smallerfirms
with five or lessemployeesThis association is negative bsinall ¢0.003) for larger
firms with morethan five employeediowever(seeTable26). These opposite directions
of associationmply that largerrelocatingfirms aremore likely to bedrawnto areas with
lower costs of labofinferred by low household incomayhereas smalleelocating
firms are nore likely to be drawn to more affluent neighborhoods Wwitfher demand for
goods and serviceMedian housingenthas similadirection of associatiowith the
probability of inward relocatioto that found for household incomieor instance, the

estimated coefficient for edian housing rensg 0.186for smallerrelocatingfirms with
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five or less employees, whaethe coefficient i90.033(but below the 95% statistical
significance) for largerelocatingfirms with more than five employees (SEable26).
The positive association between smaiocatingfirms and housing remonfirms the
earlierconclusion that smalleelocating firms are more likely focate in more affluent

neighbortwods.

Human capital isisoakey contributing factor to the location decisgof
relocatingfirms. This is suggested by the positive association betwegrethentage of
populationthatis college educated andward firm relocationThe estimated coefient
for relocatingfirms with five or less employees@717 whereas the coefficient for
largerrelocatingfirms with more than five employees is 0.343 ($able26). Regarding
race, the association is positi{@342 between the percentageAfiican American
population andnward firm relocatiorof smaller firms with five or less employedsis
asso@tion is negative-0.141), however, for largeelocatingfirms with more than five
employeeslLargerelocatingfirms with more than five employe#snd to avoid areas
with high percentagesf African Americanswhich suggest a possibility that labor

intensiverelocatingfirms have racial preferences

Unemployment rate is a positive factor influencimgard firm relocation for
smaller firms with less than five employde$1:570, but statistically insignificant
factorfor larger frmswi t h mor e t h a n -00i)vHigh enemployment e s ( B =
ratein an areaan be an indicator of dampeninggea whichmay attract some
relocatingfirms. For largermrelocatingfirms, however, unemployment rate is not a

contributing factor to their rel@tion decisionsA high unemployment rateay also
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suggesthat an area is suffering from povednyd low quality of life which can be
repulsive to certain relocating firnisat seeknore affluent neighborhoods with skilled

labor.

Theassociation betwedncal property taxandinward relocatiorfor largerfirms
with more than five employeesnggative(-0.106),suggesting that largeovingfirms
are more likely taelocateto areaghat imposdower property taxesThis negative
association is expectedhse larger moving firms are normally deterred from areas with
higher tax burderf-or smaller moving firms with five or less employdesal property
taxis not a significant factor in their decision to relocate (suggestéukisyatistically

insignificart coefficient inTable26, -0.018.

Similar totheearlierfindings from the firm birth analysisthe contineus variable
of thedistance to the nearest centvakiness district.¢. the CBD of either Washingtpn
D.C. or Baltimore Cityis positivelyassociated with therobabilityof inward firm
relocation.For relocatingfirms with morethan five employees, the estimated coefficient
of the distance to CBD vaidle is0.048 whereas the coefficient &8042for moving
firms with five or less employees (s€able26). A positive associatiomears that the
fartherthe distance from the CBD, the higher the likelihood of inward firm relocation
Thesepositive associatiscan be dugo the highly suburban form of the study area
and/orthe normallyhigh business competitiveness in CBD ar&d® study area
jurisdictions had nbenforced any urban growth policies to concentrate urban
development in urban clusters, which consequently drove employment and population to

more affordable suburban areas
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5.2.Inward firmrelocation by industry sector: regression results

This sectionexaminesnward firm relocation bygelectedndustry sector to
provide insights on howovingfirms fromvarioussectors react to proximity to rail
stations and other factossich asagglomeration and soceconomic characteristicEhe
results oerall suggest that moving firms in the professional services, FIRE, and
administrativesectors are the most likely telocateto areasvithin ashort proximity to
rail stations.Table28 andTable29 reportthe estimatectoefficients othe standariB
andthe PSweightedNB methodsyesgectively. First, the negative estimated coefficients
of the continues distance to station variable sugbasthe number of inwaréirm
relocatiors decrease the farther away the distance from stations, all else held equal (the
coefficients range betwee@.039for moving firms in manufacturing sector 49.076for

moving firms in health sector, as showrTiable28).

For mature rail stations (group Ahe results she evidence thatnoving firms in
the FIRE, professional services, and administrative sectors value areassittin
walking distancéo therail stations for the accessibility benefit these areas provide, such
asaccess to wider custometbase and labdorce.This is specifically true foareas
within aquarter mileof group A stationswherethe estimated coefficients ofward firm
relocationare positive fomovingfirms in the FIRE industry sect@0.654, the
professional servicesector 0.550 andtheadministrative secto(381). For other
sectors, the coefficients are also positive ingharter milebuffer of group A stations
but lack statistical significare (e.g. the coefficient i8.008for retail sector an@.102for

health sector).
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Table 28. The number of inward firm relocation s by industry sector as a function of proximity to rail stations, agglomeration,
and sociceconomic characteristics. Using thetandard negative binomialmethod.

DependentVariable: Inward (1) (2) (3) (4) (5) (6)
Relocations Retalil Professional Services FIRE Administrative Health Manufacturing
Distance to Rail station (in mi) -0.048*** -0.058*** -0.048*** -0.052*** -0.076*** -0.039***
Group A stations: within 1/4 mile 0.008 0.550*** 0.654*** 0.381* 0.102 0.279
Group A stations: within 1/4 to 1/2 mi 0.097 0.191 -0.021 0.233 -0.019 0.173
Group A stations: within 1/2 to 1 mi -0.197 -0.331*** -0.338** -0.334** -0.187 -0.287**
Group B stations: within 1/4 mile 0.437* 0.851**+* 0.682*** 0.580** 0.495* 0.446**
Group B stations: within 1/4 to 1/2 mi -0.193 0.311* 0.175 0.101 0.334* 0.311*
Group B stations: within 1/2 to 1 mi -0.019 0.139 0.074 -0.180 -0.120 0.045
Group C stations: within 1/4 mile 0.843 1.335* 1.2490 1.356 -0.304 1.39
Group C stations: within 1/4 to 1/2 mi -0.874 -0.183 -21.089 0.059 -1.498 0.528
Group C stations: within 1/2 to 1 mi -0.441 -0.185 -0.202 0.157 0.294 0.461
Accessibility ratio 0.627* 0.737* 0.602* 0.628* 0.511 1.031***
Populationper sg. mi. (in 1000s) -0.031** -0.059*** -0.066*** -0.058*** -0.014 -0.074***
Employee per sg. mi. (in 1000s) 0.026 0.084*** 0.091*** 0.101*** 0.012 0.091***
Number of firms 0.020*** 0.013** 0.01.3*** 0.01.3*** 0.005** 0.012%**
Firms in the samindustry sector 0.012** 0.030*** 0.043*** 0.169*** 0.068*** 0.154%**
Firm births 0.003 0.011** 0.013*** 0.005* 0.025*** -0.007***
Firm closures 0.002 -0.002* 0.002 -0.008*** -0.001 0.022***
Firm outward relocations -0.052*** -0.052*** -0.063*** -0.051*** -0.036*** -0.085***
Median HH Income (in $1000s) 0.001 0.002* -0.002 0.005*** 0.003** 0.004***
Unemployment rate -0.275 1.410* -0.145 2.048*** 1.00 2.832***
Percent college educated 0.121 1.725%** 1.057*** 0.255 1.290*** -0.0M0
PercentAfrican-American 0.015 0.308*** 0.216* 0.414*** 0.245* 0.139*
Median housing rent (in $1000s) -0.001 0.206*** 0.091 0.126** 0.041 0.285***
Distance to highway (in mi) -0.049* -0.094*** -0.111%* -0.077*** -0.064* -0.094***
Distance to CBD (in mi) 0.031*** 0.068*** 0.04 2%+ 0.055*** 0.036*** 0.038***
Property tax (in $1000) -0.041 -0.069 -0.121* -0.094 0.016 0.084
Constant -1.157%** -2.697*** -2.460%** -2.283%** -2.543%** -1.912%*=
In_r

Constant 2.582%+* 1.913** 2.089*** 2.903*** 2.447** 2.081***
In_s

Constant -0.645%** -0.564*** -0.246* -0.18 -0.554*** -0.786***
N. of cases 116820 116820 116820 116820 116820 116820
Log Likelihood -9649.764 -14904.579 -8306.392 -8828.466 -7099.46 -12911.172
chi2 2007.84 3854.607 2791.085 3260.668 2043.189 2873.293

* p<0.05, ** p<0.01, *** p<0.001
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Table 29. The number of inward firm relocation s by industry sector as a function of proximity to rail stations,

and socieeconomic characteristics. Using the P®eighted negative binomialmethod.

agglomeration,

. . (1) (2) 3 4) ) (6)
Dependent variable: Inward Relacations Retail Prgfeer\s/}s;ggal FIRE Administrative Health Manufacturing
Distance to Rail station (in mi) -0.040*** -0.053*** -0.038*** -0.059*** -0.078*** -0.047***
Group B stations: within 1/4 mile 0.149 0.523** 0.360 0.317 0.537 0.439
Group B stations: within 1/4 to 1/2 mi -0.193 0.266 0.35 0.176 0.315 0.092
Group B stations: within 1/2 to 1 mi -0.041 0.109 0.177 0.046 -0.058 -0.133
Accessibility ratio 0.203 0.485 0.288 -0.08 0.331 -0.154
Population per sg. mi. (in 1000s) -0.037* -0.032* -0.01 -0.048** -0.022 -0.108***
Employee pesq. mi. (in 1000s) 0.037 0.038 0.013 0.095*** 0.035 0.073
Number of firms 0.022%** 0.016*** 0.017*** 0.016*** 0.010%*** 0.003
Firms in the same industry sector 0.035*** 0.105*** 0.119%+* 0.202*** 0.088*** 0.356***
Firm births 0.023*** 0.026*** 0.024*** 0.009*** 0.027*** 0.017%**
Firm closures -0.015*** -0.023*** -0.016*** -0.019*** -0.007*** -0.002
Firm outward relocations -0.063*** -0.065*** -0.076*** -0.048*** -0.047*** -0.053***
Median HH Income (in $1000s) 0.003** 0.003*** 0.001 0.006*** 0.004** 0.000
Unemployment rate -0.083 0.703 -2.434** 2.124%** 0.977 2.156***
Percent college educated -0.281 1.124%** 0.557* -0.218 1.004*** -0.476
Percent AfricarAmerican -0.08 0.254** 0.308** 0.354*** 0.297* -0.259
Median housing rent (in $1000s) 0.007 0.211%** 0.160* 0.118* 0.093 0.08
Distance to highway (in mi) -0.047* -0.092*** -0.123*** -0.069*** -0.060* -0.157***
Distance to CBD (in mi) 0.021* 0.058*** 0.045%** 0.054*** 0.031%** 0.038***
Property tax (in $1000) -0.024 -0.005 0.066 -0.033 0.033 0.223*
Constant -4.288*** -5.000*** -5.169*** -5.301*** -5.504*** -5.032***
chi2 6549.037 10449.478 8088.87 8301.753 6053.484 5375.969
N. of cases 101859 101859 101859 101859 101859 101859

* p<0.05, ** p<0.01, *** p<0.001
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In areas within dalf to one milef group A stations, the associatismegative
with inward firm relocation, which is similan directionto the association found
previously in the firm birth analysis (the coefficients range betw@&87 and0.338, as
shown inTable28). This negative association suggests that blocks witlnaléto a mile
of the mature rail stations are either (1) less attractive to mdéiving in their selectios
of new firm locatios, (2) at a saturation point of urban densityl thereforallowing for
limited possibility for moving firms to relocate within, or (3) have land use and zoning
regulatiors hindering moving firns from relocaing within the block aredthe analys of
outward firm relocatiomn the following sectiongrovides more insight on the interaction

between inward and outward relocation patterns within areas near rail $tations

The station buffer coefficients are camed to predicted probabilities to better
understand their magnitude and direction of influeRtgure26 shows the predicted
probability of inward firm relocation within the three station buffers of group A stations
by industry sectorf-or instanceareaswithin aquarter mileof the mature raistations
have experience®2% higher probability of inward relocation of moving firms belonging
to FIRE sector, compared to control area®as within equarter to half miladistanceof
group A stationsnostlyindicate positive probabilities of inwardlocationacross the
industry sectorbut lackthe statistical significance (the probabilities a286 for FIRE
and health sectors but statistically insignifica@e cannot infer any conclusions from
the estimated coefficients of tiyearter to half mi buffer of group A statiosidue to
lack of statistical significance

Figure 26. The predicted effects of inward firm relocation for selected industry
sectorsby distance from themature rail stations (group A stations).
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Note: The yaxis shows the predicted effectinivardfirm relocation relative to control Census
blocks, all else held equal. Theaxis shows the three distarimestation buffers. The percentages
are calculated from the regression coefficiarsi®ig € (i)p-1),  w hidsithe cogfficient for the
dummy varable of the respective distanttiestation bufferGroupA stations are those opened
between 198 and 189. The symbol#) refers to the statistically insignificant values.

The resultgor Group B stations also provide evidenbatclose proximity to
stations is a key factor in the location decisiohmoving firms.Areas within equarter
mile of group B stations (stations opened between 1990 and 1999 ngiusitive
association with inwal firm relocation across alhdustrysectors. For instancthe
highest estimated coefficiefdr the quarter milebuffer of group B stationis 0.851 for
professional services, whereas the lowesitficientis 0.437 for moving firms in retail
sector.In the PSweighted regression, the direction of influence remains positive in the
quarter milebuffer of group B stationsutthe coefficients of five out of the six sectors
lack the statisticatignificance (se&able29). The only exception is moving firms
belonging to professional services sector, where the coefficient is p¢8iha3)and

statistically significant.
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The PSweightedregression resuligrovidea canpelling evidencethat moving
firms belonging to professional services sector strongly value areas locatedasttloirt
walking distancdo rail stations PSweighted regressiocontrols for theendogeneity of
the placement of gup B stations Figure27 shows side by sidiae probabilitiesof
inward relocatiorgenerated bthe two regression methstbr the threestationbuffers of
group B stations bthe sk industry sectorg-or instancethe predictegbrobability of
inward relocation in the standard NB methedhe highest for professional services
sector (134%jvithin the quarter milebuffers of group B stationsvhereas the same
predicted probability i$69%) in thePSweightedmodel The standard NB estimates
suggest that,sashown inFigure27, blocks withina quarter mileof group B stations are
more likely to eperience inward firm relocations compared todis located more than
a mile of the stations, all else held equal.

Figure 27. The predicted effect of inward firm relocation by distance fromgroup B

rail stations and selectedndustry sectors comparing results of two regression
methods: the standard NB (left side) and the P®eighted NB (right side)
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Note: The yaxis shows the predicted effectinfvard firm relocation relative to control Census
blocks, all else held equalh& xaxis shows the three distariestation buffers. The percentages
are calculated from the regression coefficiargi®ig € (i)p-1), w hidsithe cogfficient for the
dummy varable of the respective distantestation bufferGroupB stations ar¢hose opened
betweenl990and1999.The symbol#) refers to the statistically insignificant values.

For group C stations, professional services segstragainjs the only one with
positive andstatistically significant estimated coefficiesftthe quarter milebuffer
(1.335). For the other five industry sectors, the estimated coefficients are statistically
insignificant within all the three station buffers of group C stationsTab&28 and
Figure28). Group C stationtiave several limitations, however, such as small sample size
(only six stations) that are analyzed aé @eriod (2010 only), as discussed in the
preceding section. Therefore, it should not be surprising to see most estimates being
statistically insignificant within the three station buffers of group C.

Figure 28. The predicted effeds of inward firm relocation for selected industry
sectors by distance from thanore recently openedstations @roup C stations).

Group C Rail Stations
320%

oy
280% .
240%
200%
160%
120%
80% # #

#

40% p I " I
. z ] |

[ m -

R #

Probability of inward firm relocation

-40% #o#
#
-80% #
#
-120% , # . .
<=1/4 mile 1/4to 1/2 mi 1/2 to 1 mi
M Retail 132% -58% -36%
B Proffesional Services 280% -17% -17%
FIRE 246% -100% -18%
m Admininstrative 288% 6% 17%
W Health -26% -78% 34%
® Manufacturing 278% 70% 59%

Note: The yaxis shows the predicted effectinfvardfirm relocation relative to control

Census blocks, all else held equal. Tkexis shows the three distantestation buffers.

The percentages are calculated from the regression coeffia@ntse¢ (i)B-1), whier e p
is the coefficient for the dummy vableof the respective distande-station buffer.
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GroupC stations are those openafier2000. The symbol#) refers to the statistically
insignificant values.

Overall, theinward relocation analysis by industry seqtoovidecompelling
evidence thathe areas within guarter mileof the passenger rail stations experienced
higherlevelsof inward relocatios of relocatingfirms in the professional services, FIRE,
and administrative industriesompared to control areds other wordsgloseproximity
to rail stations is a monenportantfactor for the location decisismof relocatingfirms in
theprofessional service§IRE, and administrativendustries compared to other
industries Some evidence of positive inward relocation was also féomehoving firms
belonging taretail, health, and manufacturisgctorwithin thequarter mileof group B

stations.

Turning to the control variables on agglomeration siye of the coefficients for
population densitys negative irall theinward relocéion models by industry sector (see
Table28). The negativeassociation betwegropulation densitand inward relocatiors
similar to theassociatiorfound anddiscussedn previous section (inward relocation
analysis by firm size)Employment densityon the other hands positively associated
with inward firm relocatioracross althe sixindustrysectors, but the magnitude and the
significance of the influence Jvas. For instance&employment densitis not a statistically
significant factor for moving firms in the retail and health sexooefficientis 0.026
and0.012, respectivey), whereas employment densthearlymattersto the location
decisiors of relocatingfirms in the other four sectors (coefficients range betvie@d4
and 0.101 and are statistically significant).dedterunderstandhe influence of

agglomeration on inward relocation, one should exaimave the presence of firms in an
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area infuences the location deciswaf relocatingfirms. Two variables are of particular
importance: (1) the totadumber of firmswhich representarbanization economies, and
(2) total number of firms in the same industry categahich representcalization

(specialization) economies.

The estimated coefficients of these two variables suggest that localization
economies matter more than urbanization economitt® location decisi®of moving
firms belonging to five out of the six industry sectors. &keeption is moving firms
belonging taheretail sectorwhere urbanization economies is valaddvelocalization
economiesThe importance of urbanization economies (total number of firms) for firms
in the retail sector is also above that of any otketas(i.e. for retail moving firms the
estimated coefficient for the total number of firms variable is 0.020, which is higher than
any other sector, as shownTiable28). The number of firms in the same industry
category also positively predsthe number of inward firm relocatislacross all of the
six sectorgcoefficientsranging betweef.012for retail moving firms an@.169for
administrative moving firmsas shown imable28), suggesting thaklocatingfirms are
more attracted to areas wilhigh presence of firms itheirown-industry secta (i.e.

evidence of loalization economies)

Focusing on sockeconomic variableshe mediarhouseholdncome within a
Census block is not a strong predictor of inward firm relocakoninstance, the
association ipositive but smalfor moving firms in the administrativeector 0.00b) and
in the professional services sector (0.0@8)shown ifmmable28. This positive

association with inward relocation suggdbsatmoving firmsin these sectorareslightly
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morelikely to be drawn to higliincome neighborhoods that normally exemplifgher
demand for goods and servighan lowincome neighborhood#ledian housing rent
alsohaspositiveassociatioawith inward relocation. For Btance, the estimated
coefficient for median housing rent@s206 for moving firms in the professional services

sector and.126for moving firms in the administrative seci@eeTable28).

In a Census blockhe percentage of population tlistollege educates a
strong predictor of the locatiaelectionf relocatingfirms belonging tahe
professional servicgd.725), administrative (1.290), and FIRE se¢io057), as shown
in Table28. It is not surprising that hman capitagreatly matters to moving firms
belonging to these sectors because they are knowtatigeed Regarding race, the
association is positive (0.342) between the percentage of African American population
and inward firm relocation of smaller firms with five or less employees. This association
is negative {0.141), however, for largeelocatingfirms with more than five employees.
Largerelocatingfirms with more than five employees tend to avoid areas with high
percentages of African Americans, which suggest a possibility thatitsteosive

moving firms have racial preferences.

Unemploymentateis also positively associated with inward firm relocation of
firms in the professional servic€s.410, administrative 2.0489, and manufacturing
(2.832 sectorsThis positive association suggestat the availability of labor due to
high rates of uneployment attracts firms belonging to these three sedtg. rates of
unemploymenin an areanay also have diminishing influences on wagdsch can be a

desirabldocationfor certain firmsto moveto. Firms inthe manufacturingsector for
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instancepften relayoninexpensive laboiThe unemployment rate coefficients are
negativeandstatistically insignificant for the retait0.279 and FIRE(-0.149 sectors

High unemployment rate can also be a sign of low business competitiveness and lower
quality of life in an area, which can be unattractiveal attributes for certainrelocating

firms, such as retats.

Related tahe spatal context, the distance @BD is positively associad with
inward firm relocatioracross all industry sectofsoefficients ranging betwednh031for
retail sector an@.068for professional servicesyhe positive association suggest that
proximity to CBD is not key factoiin the location decisi@of relocatingfirms.
Distance tdhe nearest highway exit, dhe other hand, ia key factotin the location
decisiors of movingfirms. The coefficients of the distance to highway variable are
negative across all industry sectanging betweerD.049for theretail sector and
0.111for the FIRE sectorThese negtive coefficients suggetiatthe greater the
distance from the nearest highway exit, the lower the nuofhieward firm relocation
will be within any given areéseeTable28). The property tax variablkeas astatistically
significantandnegative coefficienbnly in the model 6FIRE industry sectof-0.121),
suggesting that higher tax rates decrease the likelihood of inward firm reloafdfiions

in the FIRE imustry.

5.3.0utward firmrelocation by size: regression results

Theanalysis in this sectioconfirms the trend foundarlierin the firm retainment
analysisby firm size in Chapter.AVhen controlling for other factorstesas within a short

walking distance to the mature rail statiggeoup A)experiencd higherratesof inward

182



firm relocationthan outwardirm relocation(i.e. positive net firm relocatiorf larger
firms with more than five employessompared to contt@reas located more than one
mile from statios. In comparisonareamearstations opened after 199§roup B and C)
experienced lowenates of inward relocatiotihanoutward relocation (i.e. negative net
firm relocation) compared to control areakhis sectiondiscussesheresults of the
analysis oroutward firm relocatiorronsideringvariablesrelated tgproximity to rail
stationsandothercontrol variables on agglomeration, seeimonomics, and spatial

context.

Table30andTable31 show the regression resultsaftward firm relocation
using the standafdB and the PSveightedNB regression method®utward firm
relocation patterns are analyzedl&giermine whether or not areas near the rail stations
have experiencegositivenetprobability of firm relocation (i.e. the difference between
the probability of inwardelocationandthe probability ofoutward relocations
compared taontrolareadocated more than a mifeom the stationsA positivenet
relocationin a givenareasignalsits appealo relocatingfirms. This section calculatdbe
netprobability of irm relocationwithin thethree distancéo-stationbuffersby
comparing theegressiorcoefficientsobtained from each set wiwardrelocationand

outward relocatiomodels

Note that theoutwardrelocationregressiosinclude acontrol variablecapturing
the average age of firs within Census blockgnce the age of firrmayhave an
influence orthe decision of firm®n whether or ndb relocateelsewhergas discussed in

Chapter 2The estimateccoefficients ofaverage age dirms arepositive andstatistically
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significantacross albf the models by firm sizéanging betweef.011 and 0.029)
suggeshg thathigher average age of firms within a census bluak a positive
association with the number ofitwardfirm relocatiors (seeTable30). In other words,
the results suggest thahigh averageageof firm survivalin a Census block is a push
factor. This finding is surgsing becauselder firms are normally more embedded in
their spatial environmen©One plausible explanatiphoweverjs that thepresencef a
high number of morembeddedirms in a block raises competitiveness which

consequently force less competitive firms to relocate
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Table 30. Regression coefficients of the statard NB method: outward firm relocation by firm size.

o hle: : 1) 2) 3) (4) (©)
Dependent Variable: Outward Relocations All Firms Sole Proprietor Firms > 1 employee Firms <=5 employees Firms >5 employees
Distance to Rail station (in mi) -0.063*** -0.075%** -0.058*** -0.064*** -0.056***
Group A stations: within 1/4 mile 0.442*** 0.256 0.502*** 0.377** 0.556***
Group A stations: within 1/4 to 1/2 mi 0.079 0.037 0.089 0.027 0.263**
Group A stations: within 1/2 to 1 mi -0.283*** -0.316*** -0.309*** -0.364*** -0.223**
Group B stations: within 1/4 mile 0.795**+* 0.869*** 0.785*** 0.788*** 0.822**+*
Group B stations: within 1/4 to 1/2 mi 0.337*** 0.283* 0.355**+* 0.247** 0.514***
Group B stations: within 1/2 to 1 mi 0.117* 0.274*+* 0.063 0.104 0.273*+*
Group C stations: within <=1/4 mile 1.349* 1.557* 1.212 1.721** 0.548
Group C stationswithin 1/4 to 1/2 mi 0.716* 0.869* 0.494 0.822** -0.022
Group C stations: within 1/2 to 1 mi 0.274 0.475* 0.113 0.317 -0.004
Accessibility ratio 1.256*** 0.916*** 1.261*** 1.161*** 1.199%**
Population per sg. mi. (in 1000s) -0.062*** -0.066*** -0.064*** -0.066*** -0.068***
Employee per sg. mi. (in 1000s) 0.109*** 0.158*** 0.093*** 0.132**+* 0.061*+*
Number of firms 0.010*** 0.008*** 0.012**+* 0.010*** 0.017*+*
Firm births 0.003*** 0.011*+* 0.001* 0.004*** -0.002
Firm closures 0.002*** 0.007*** 0.001*** 0.002*** 0.003***
Firm inward relocations -0.020%*** -0.038*** -0.021*** -0.026*** -0.026***
Average age of firms 0.020*** 0.011 %+ 0.023*** 0.016*** 0.029***
Median HH Income (in $1000s) 0.009*** 0.011 %+ 0.005*** 0.010*** -0.002*
Unemployment rate 2.942%+* 3.925**+* 2.421 %+ 3.474** 1.251%**
Percent college educated 0.125 0.151 0.270** 0.129 0.391***
Percent AfricarAmerican 0.396*** 0.795%** 0.270*** 0.543*** 0.044
Median housing rent (in $1000s) 0.276*** 0.370*** 0.239*** 0.316*** 0.152*+*
Distance to highway (in mi) -0.104*** -0.038** -0.118*** -0.083*** -0.166***
Distance to CBD (in mi) 0.052*** 0.076*** 0.048*** 0.057*** 0.049**+*
Property tax (in $1000) -0.094*** -0.092* -0.108*** -0.110%*** -0.101**
Constant -1.820%*** -3.780*** -1.439%** -2.277%** -1.224%*
In_r
Constant 1.144** 1.806*** 1.217*%* 1.335%** 1.510%**
In_s
Constant -1.008*** -0.266** -1.237%** -0.865*** -1.393***
N. of cases 116820 116820 116820 116820 116820
Log Likelihood -40556.32 -16739.196 -33036.482 -33011.808 -17805.714
chi2 8171.234 4809.592 6271.058 7365.198 3656.917

* p<0.05, ** p<0.01, *** p<0.001
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Table 31. Regression coefficients of th@Sweighted NB method: outward firm relocation by firm size.

| | () ) 3) (@) (5)
Dependent Variable: Inward Relocations Al Eirms Sole Proprietor Firms > 1 Firms <=5 Firms >5
employee employees employees
Distance to Rail station (in mi) -0.043** -0.059*+* -0.042%+* -0.043*+* -0.048***
Within <=1/4 mile (Group B) 0.427*** 0.696*** 0.337** 0.493%** 0.347*
Within 1/4 to 1/2 mi (Group B) 0.197* 0.161 0.192 0.137 0.288*
Within 1/2 to 1 mi (Group B) 0.096 0.320** 0.000 0.125 0.042
Accessibility ratio 0.894*** 0.974*** 0.789*** 0.834*** 0.9171 %+
Population per sg. mi. (in 1000s) -0.056*** -0.057*** -0.049%** -0.054%*** -0.046*
Employee per sg. mi. (in 1000s) 0.092*** 0.137*** 0.061*** 0.109*** 0.007
Number of firms 0.040%*** 0.010%** 0.045*** 0.031*** 0.04 7+
Firm births 0.027%*** 0.04 1%+ 0.014%**=* 0.034#** -0.004
Firm closures -0.014%** 0.015%* -0.020*** -0.001 -0.022%*
Firm outward relocations -0.022** -0.091** -0.021** -0.077** -0.001
Average firm age 0.016**= 0.010%** 0.018**=* 0.014%** 0.020%**
Median HH Income (i1$1000s) 0.008*** 0.012%* 0.006*** 0.010%** 0.000
Unemployment rate 2.342%* 3.943%** 1.456%** 2.977%* -0.293
Percent college educated -0.273* -0.093 -0.235* -0.224* -0.213
Percent AfricarAmerican 0.268*** 0.716*** 0.187*** 0.388*** 0.056
Medianhousing rent (in $1000s) 0.173*** 0.249%* 0.156*** 0.191 %+ 0.147**
Distance to highway (in mi) -0.087*** -0.028 -0.113%+* -0.061*** -0.181%**
Distance to CBD (in mi) 0.037*** 0.063*** 0.033*** 0.042%* 0.036***
Property tax (in $1000) 0.011 -0.107* 0.033 -0.019 0.018
Constant -3.647*** -5.656*** -3.587*** -4.227%** -3.763**=
chi2 20504.199 13508.474 13612.192 20703.096 12705.284
N. of cases 101859 101859 101859 101859 101859

* p<0.05, ** p<0.01, *** p<0.001
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Starting with the mature rail stations (group Rigure29 shows the difference
between the predictgatobabilityof inward firm relocation and the predictprbbabilty
of outward firm relocatiorinet firm relocationby firm size within three station buffers
Areas within a quarter mile of the mature rail stations have, on average, experienced
highernetprobabilityof firm relocation(11%) of largerfirms with morethan five
employeescompared to areas more than a mile from the stationsdth@obability of
firm relocation is also positive within th®lf to one milduffer of group A stationg-or
instance, the net probability of firm relocation is 6% for finvith morethan five
employees and 4% for firms with five or less employees, compared to control areas (see
Figure29). The probability of firm retainment was also positaral higher for larger
firms within the half to one milebuffer of group A stations, as shown in ChaptefHese
results suggest thirgerfirms benefitfrom access to the wdidrce provided byail
transitmore than smaller firms
Figure 29. The difference between the i@dicted probability of inward relocation

and the predicted probability of outward relocation by firm size and distance from
the mature rail stations (group A stations).

Group A Rail Stations
20%

10%
ﬁ i
» | =

-10%

Net probability of firm relocation

-20%

-30%

<=1/4 mile 1/4 to 1/2 mi 1/2 to 1 mi
M Sole Proprietor 9% 1% 13%
H > 1 employee -24% -7% 3%
<=5 employees -22% -3% 4%
M >5 employees 11% -4% 6%
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Note: The yaxis shows thdifference betweeimward andoutwardfirm relocationrelative to

control Census blockall else held equal. Theakis shows the three distanestation

buffers. The percentages are calculated from the regnesséaficientsof inwardfirm
relocationandoutwardfirm relocationusing[inward| e (—f)i- putward e (-fl)},) wher e Bi
is the coefficient for the dummy variable of the respective disttmstation buffer. Group A
passenger rail stations are thopened between 1978 and 1988e symbol#) shows the

statistical insignificance of the estimated coefficients of litfard andoutward relocation

The net predicted probability of firm relocatimmostly negative in areas within
close proximity to group B and C stations (stations opened after F390jroup B
stations (opened between 1990 and 199@)difference between inward and outward
relocation isnegativeacrosghethree statiouffers (ranging betweenl4 and-57% for
relocatingfirms with morethan five employees arzbtween6% and-55% forrelocating
firms with five or less employees), compared to control areas-(gas230). These
negativenet probabililes of firm relocationsuggest that blocksear group B stations
experienced a néssin the number of relocating firm$he only exception is the
positive net probability of relocation for sole proprietors ingbarter to half milebuffer

(12%).

Theestimated coefficienteemain mostly negativier group B statiorbuffers
even aftecontrolling for the endogeneity die stations In the PSweightedmethod,for
instancethenet probability of firm relocatiomwithin thequarter milebuffer of group B
stationss -8% for relocating firmsvith morethan five employees an80% for
relocating firms with five or less employees, compared to control éseaBigure30).
Clearly, the accessibility benefits provetlby passenger rail in Maryland are still to be
realized in areas near the stations opened after A988snear many othe stations
opened after 199@&mainedoredominantly residential because the State of Maryland

lacked any deliberate plans to promet®nomic development aroutitesestations.
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Figure 30. The differencebetweenthe predicted effects oinward relocation and the
predicted effect ofoutward relocation within group B station buffers by firm size
(comparing the Standard and PSweighted NB methods).
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<=5 employees -55% -6% -12% <=5 employees -30% 7% -10%
H >5 employees -57% -31% -14% B >5 employees -8% 0% 7%

Note: The yaxis shows inwardo-outwardrelocation net effects (ratioglative to control Census

blocks all else held equal. Theakis shows the three distartestation buffers. The percentagee

calculated from the regression coefficieotsnward andoutward firm relocation modelssing

[inward( e (—fL)i- putward e (-f),) where Ppi is the coefficient for
respective distanem-station buffer. GroufB passengerail stations are those opened betweed019

and 199. The symbol#) shows the statisticaisignificance of the estimated coefficients of both

inward and outward relocation.

Areas neamore recently opened statioftggoup C opened after 200@lIso
experienced negative net probability of firm relocation in most qasefigure31). For
instance, the net probability of firm relocation19€9% within thequarter milebuffer
and-118% within thequarter to half mildouffer of group C stations, compared to control
areasThe only exception iareas within @uarter mileof the stationsvhich experienced
a positivenet relocation fosoleproprietor (13%6). Thenet relocatiorof largerfirms
with more tharfive employees is also positivathin thequarter milebuffer but
statistically insignificant (31%).
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Figure 31 The differencebetweenthe predicted effects of inward relocatiorand the
predicted effect of outward relocation within group C station buffers by firm size.

Group C Rail Stations
140%

120%
100%
80%
60%

c
.2
=]
m
o
o
2
E 40% #
= #
s ] 0
£ 0% L -
i -20% I # #
o
5 -40% #
-
2 -60%
-80%
-100% #
-120% : : :
<=1/4 mile 1/4 to 1/2 mi 1/2to1mi

M Sole Proprietor 135% -25% -56%
| > 1employee -66% -85% -7%

<=5 employees -109% -118% -30%
M >5 employees 31% -6% 17%

Note: The yaxis shows theetpredictedeffectof inwardto-outward relocationgelative to

control Census blockall else held equal. Theakis shows the theedistanceo-station

buffers. The percentages are calculated from the regression coeffafiensrd firm

relocationandoutwardfirm relocationmodelsusing[inward| e (—fl)i- putward e (—fL),)

where pfi is the coefficient for-tostdtien dummy varia
buffer. GroupC passenger rail stations are opeaéidr200Q The symbol#) shows the

statistical insignificance of the estimated coefficients of both inward atwbaed relocation.

Turning toother control variables;igure32 summarizes thpredictedprobability
of inwardfirm relocation, outwardirm relocation, and most importantly, the net
probability of firm relocation for each of theontrol variableshat represent
agglomeration, socteconomic characteristics, and spatial confélké inward and
outward relocation probabilities are obtained fribva estimated coefficients rable26
andTable30, respectively. The net @bability of firm relocation is the difference
between the probability of inward relocation and the probability of outward relocation, as

explained earlier.
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As this study hypothesizepopulation density haspositiveeffect on thenet
probability of firm relocation The netpredicted effect of population density on firm
relocation is positiv€l.4%)since the magnitude of the negative effect of population
density on outward firm relocatiqa~%° ¢ 2 1=-0.060) is larger than the magnitude of
the negative effect of population density on inward firm relocg#oft® *+ - 1=-0.046)
(seeFigure32). In other wordsthe higherthe population densjtat the micrelevel, the
lower the likelihood oExisting firmsto relocateout, holdingall elseequal. This measure
may capture urbanization economies which appear to matter to firms even at the very

local levelt

The predicted effect of employment density on net firm relocation is opposite to
the one found for population density. As discussed earlier, employment density has, on
averagea positive influence on inward firm relocation (6.1%). On the other hand,
employment density has a positive association with outward firm relocation (11.5%) that
is stronger in magnitude compared to its positive association with inward relocation
leading to a negative effecb(4%) of employment density on net firm relocation (see
Figure32). In other words, employment density is both a push and a pull factor for
relocating firms, but the push factor is strongtigher employment densities &t
micro-level may suggest higher employment competitiveness which can consequently
push less competitive firms to relocate elsewhkmterestingly, the coefficient of
outward relocation is larger for smaller firms with five or less employ8ek32 than

larger firms with more than five employees (0.06), suggestindhtpaer employment

1 Not that each Census block has its population density data from the Census block group level, as
discussed in Chapter 3.
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competitiveness more likely to push smaller firms than larger firms to relocate out (see
Table30).
Figure 32. Predicted probabilities of inward firm relocation, outward firm

relocation, and net relocation (inward - outward) for seleded control variables (all
firm sizes).
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Predicted Probability
Note: Thex-axis shows the predictesffects ofinward relocationoutward relocation, and thmetinward
to-outward relocatiomelative to control Census blogka! else held equal. Theaxis shows theredicted
effects of each control variable except transiéted variablesThe percentages are calculated from the
regression coefficientsf inward relocation and outward relocation models of all firms. fAdteeffect of

inwardto-outward relocation is calculateging[inward| e (—fl)i- putward e (—fL)], whe ¢ pi i s
coefficient for the dummy variable of the respectiemtrol variable.

Similar to employment densityhe total number of firmi a block is positively
associated with inward firm relocati¢h.4%)and also with outward firm relocation
(1.0%), as shown iRigure32. Unlike employment density, howevéhge net probability
of relocationfor the total number of firms positive(0.4%) which providesadditional
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evidence that urbanization economies can still occur at the4eioeh in smaller

magnitudes, however.

In relation to the soci@conomic factors, the percentage of college educated
populationhas the highest positive influence thie netprobability offirm relocation
across the control variablés7.1%) as shown irFigure32. The associatiors positive
betweerthe percentagef college educatepopulationandthe probability of bothinward
relocation (70.4%) and outward relocation (13.3%)ich means that higiheducation
levels in a block can beoth a push and a pull facttmr firms. Clearly, he inward firm
relocation effects of thpercentge of college educated populatisrconsiderably
stronger than the outward firm relocation effeotsulting in thenetpositiveeffecton
firm relocation Higher percentageof college educated populatioma blocksuggest
high quality of its workforcen terms of ability to learn new skills and quality of life,

which can be a key factor in the relocation decisions of firms that seek high quality labor

Regarding race, the nptobability offirm relocation is negative fahe
percentage of African Werican population-26%), suggesting that the higher the
percentage oAfrican Americanpopulation within a block, the lower timetprobability
of firm relocation The regression results of the two variables on income suggest that, on
averagethehighertheincomelevel within a block, the lower the net probability of
relocation Median household incontes a positive effect on outward relocation (0.9%)
that is stronger than its effect on inward relocation (0.4%), resulting on a net negative
effect on frm relocation {0.5%), as shown iRigure32. The median housing rent also

hasanet negative effect on firm relocatios16.2%)
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The regression results of thentrolvariable on unemployment rate may appear
surprising at first glance because of its largmagnitudeand statistically significant
association witloutwardfirm relocationsuggestetby the largeegressiorcoefficientsin
Table30. The regression results on unemployment suggest, however, thadnvieat
firms to relocate out of a certain location is a losthexnumbeemployees
Alternatively, firms that has already made the decision to relocate out from a certain
location mayhave choseto layoff employees hence explainitiye positive association

between unemployment rate and outward firm relocation

Focusing on the last group odntrol variableson $atial context, distance to
highway is negatively associated with incidents of outward firm relocation suggested by
the negative coefficients across all the models by firm sizeT@ale 30). The negative
coefficients suggest that areas within proximity to a highway exit have lower likelihood
of outward firm relocation compared to areas farther away from a highway exit. As
shown inFigure32, thepredicted effecon net firm relocatiotis overall positive for
proximity to highwaysince its impact oavertingoutwardfirm relocation isstronger

than itsnegativeimpacton attracting inward relocation

5.4.0utward firmrelocation byindustry sectarregression results

This section examinasutward firm relocatioracross selected industry sectors within the
study area in relation to proximitg the passenger rail stat Themain objective of

this section is to determine the net probability of firm location of the three station buffers
across the six selected industry sec{oes the difference between the probability of

inward relocation and the probability of outdaelocation) The results overall show
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that areas within close proximity to the mature rail statexperiencegbositive
probabilities ofnetfirm relocationof firms belonging to FIRE and administrative sectors,
while areas within close proximity toaup B and C stationgenerally experienced

negative net probabilities of firm relocation

Table32 andTable33 providethe regression results theoutward firm
relocationacrossselectedndustry setors using the standaNB and the PSveighted
NB methods The dependent variable is the coundwofward firm relocations) each
industry sectofsix modelsyegressed on control variabledated tgoroximity to rail
stations agglomeration, sociecoromic, and spatial contexthe results suggest that
there are considerable differences in the predicted effect of areas near the rail stations on
outward firm relocation across different industry sectors. The predicted effehts
control variable®n ayglomeration, soci@conomics, and spatial contetso differ

across thenodels byindustry sectorgn Table32.

Thecontinuoudistance to rail statiowariable has negative coefficients across
all industry sectors analységanging betweer0.040and-0.074), suggesting that, on
average, areas closertherail stations experience higher rates of outward firm
relocation, all else held equal. Howeue inward relocation analysis showed that the
association between the distance to rail station and inward firm relocation is also
negative, which mean thateas closer to the rail stations also experience higher rates of
inward relocation. Therefore, hsection examines in detail the predicted effects okarea
near the rail stations (the three distat@station buffers) on net firm relocation by

comparing the predicted effects of inward and outward firm relocation. Starting with the
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mature stationggroup A stations)Figure33 shows that, all else held equal, blocks
within a quarter mile of the mature rail stations had on average positive impact on net
firm relocaion for four out of the six analyzed sectors (i.e. professional services, FIRE,

administrative, and manufacturing sectors).

196



Table 32. Estimated coefficients of the stadard NB method: outward firm relocation by selected industry sectors

o hle: - 1) 2) 3) 4) (©) (6)
Dependent Variable: Outward Relocations Retall Professional Services FIRE Administrative Health Manufacturing
Distance to Rail station (in mi) -0.040*** -0.076*** -0.074*** -0.060*** -0.053*** -0.044**
Group A stations: within 1/4 mile 0.487** 0.886*** 0.190 0.147 -0.041 0.261
Group A stations: within 1/4 to 1/2 mi 0.233 0.235* 0.170 -0.153 0.046 -0.232
Group A stations: within 1/2 to 1 mi -0.177 -0.303*** -0.612*** -0.469*** -0.234 -0.107
Group B stations: within 1/4 mile 0.698*** 1.215** 0.708*** 0.441* 0.547** 0.636**
Group B stations: within 1/4 to 1/2 mi 0.326* 0.397** 0.272 0.326* 0.176 0.464*
Group B stations: within 1/2 to 1 mi 0.031 0.110 0.010 0.200 -0.225 0.324*
Group Cstations: within <=1/4 mile 0.964 1.894** 1.530 1.915* 1.160 -18.923
Group C stations: within 1/4 to 1/2 mi -0.471 1.439** 0.643 -2.423* -1.527 -18.861
Group C stations: within 1/2 to 1 mi 0.193 0.428 0.205 0.230 0.095 -0.101
Accessibility ratio 0.933** 0.918*+* 1.229*** 1.026*** 1.383*** 1.519%**
Population per sg. mi. (in 1000s) -0.044*** -0.074*** -0.093*** -0.073*** -0.028* -0.107***
Employee per sg. mi. (in 1000s) 0.063** 0.145*+* 0.140** 0.138*** 0.075*+* 0.114*
Number of firms 0.019*** 0.010*** 0.014*** 0.006*** 0.001 0.014***
Firms in the same industry sectors 0.006 0.008** 0.047*** 0.180*** 0.097*** 0.173***
Firm births -0.002 0.007*** 0.008*** 0.003 0.012**+* -0.002
Firm closures 0.006*** 0.003*** 0.001 -0.004*** 0.009*** 0.006***
Firm inward relocations -0.036*** -0.030*** -0.057*** -0.035*** -0.019%** -0.046***
Average age of firms 0.019*** 0.017*+* 0.019*** 0.013*+* 0.017*+* 0.019*+*
Median HH Income (in $1000s) -0.001 0.007*** 0.001 0.008*** 0.005*** 0.002
Unemployment rate 1.536** 3.158**+* 2. 767+ 2.241 %+ 2.073** 1.082
Percent college educated -0.069 1.12]%** 0.817*** -0.062 0.845*** -0.609*
Percent AfricarAmerican 0.076 0.577*** 0.189 0.516*** 0.472%** 0.066
Median housing rent (in $1000s) 0.232**+* 0.304*** 0.043 0.194*** 0.284*** 0.043
Distance to highway (in mi) -0.107*** -0.117%** -0.129%** -0.039* -0.088** -0.176***
Distance to CBD (in mi) 0.035*** 0.084*** 0.054*** 0.055*** 0.035*** 0.049**+*
Property tax (in $1000) -0.085 -0.158*** -0.149** -0.065 -0.093 0.051
Constant -1.156%** -3.509*** -2.354%** -3.193*** -3.31 1% -2.181 %+
In_r
Constant 2.672** 1.560*** 2.19] % 2.459*** 2.253** 2.757**
In_s
Constant -1.074*** -0.845*** -0.803*** -0.122 -0.769%** -0.679***
N. of cases 116820 116820 116820 116820 116820 116820
Log Likelihood -8684.918 -14100.135 -7846.35 -9001.28 -6459.769 -4592.683
chi2 1991.137 3929.085 2357.543 3715.128 2216.41 1536.544

* p<0.05, ** p<0.01, *** p<0.001
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Table 33. Estimated coefficients of thePSweighted NB method:outward firm relocation by selected industry sectors

1) 2) 3) 4) ®) (6)
Dependent Variable: Outward Relocations Retail Prgfeer\s/}s;ggal FIRE Administrative Health Manufacturing
Distance to Raistation (in mi) -0.033** -0.066*** -0.058*** -0.055*** -0.042%** -0.049***
Within <=1/4 mile (Group B) 0.437 0.711%** 0.323 0.215 0.898*** 0.254
Within 1/4 to 1/2 mi (Group B) 0.139 0.253 0.195 0.403* 0.139 0.128
Within 1/2 to 1 mi (Group B) -0.157 0.207 -0.135 0.233 -0.194 0.107
Accessibility ratio 0.243 0.999** 1.395%** 0.658 1.888*** 1.304*
Population per sg. mi. (in 1000s) -0.049** -0.048*** -0.037 -0.070*** -0.016 -0.070*
Employee per sg. mi. (in 1000s) 0.082** 0.106*** 0.063 0.133*** 0.051 0.042
Number of firms 0.026*** 0.011*** 0.013*** 0.003 0.010*** 0.008***
Firms in the same industry sectors 0.042** 0.098*** 0.137*** 0.194*** 0.086*** 0.296***
Firm births 0.008** 0.020*** 0.015*** 0.015*** 0.015%** 0.015**
Firm closures -0.010*** -0.004* -0.007*** 0 0.005** -0.003*
Firm inward relocations -0.085*** -0.049*** -0.073*** -0.023** -0.058*** -0.055***
Average age of firms 0.016*** 0.014*** 0.016*** 0.012*** 0.015%** 0.018***
Median HH Income (in $1000s) 0.003* 0.009*** 0.005*** 0.008*** 0.006*** 0.005**
Unemployment rate 1.799*** 2.144%** 1.869** 2.274%** 1.550* 0.982
Percent college educated -0.551* 0.166 0.334 -0.280 0.654** -1.118***
Percent AfricarAmerican 0.065 0.577*** 0.249* 0.604*** 0.549%** 0.100
Median housing rer(in $1000s) 0.148* 0.253*** 0.073 0.170** 0.321%** 0.034
Distance to highway (in mi) -0.093** -0.113%** -0.117%** -0.039 -0.081** -0.181***
Distance to CBD (in mi) 0.021* 0.073*** 0.044*** 0.049*** 0.025** 0.051**
Property tax (in $1000) 0.021 -0.116 -0.135* -0.073 -0.092 0.197*
Constant -4.885*** -5.667*** -5.488*** -5.681*** -6.306*** -5.747%*
chi2 6422.559 11840.065 6733.981 8978.717 6730.168 5891.078
N. of cases 101859 101859 101859 101859 101859 101859

* p<0.05, ** p<0.01, *** p<0.001

198



Thenet predicted effects on firm relocation are mostly positive batlsm
magnitude in thguarter tohalf milebuffer and théhalf to onemile bufferof group A
stations Surprisingly, blocks within a half mile distance of the matarkstations have
experienced a negative net effect on firm relocatiomther wordsfor retail firms,the
predicted effecof outward relocation is much higher than gredicted effecof inward
relocation in areas within a half mile distance of grdustations (seBigure33). The
same blocks, however, had high net predicted effect of firm birth to firm closure of retail
firms, as discussed earlier.
Figure 33. The difference between the predicted effects of inward relocation and the

predicted effect of outward relocation within groupA station buffers by selected
industry sectors.
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statistical insignificance of the estimated coefficients of rotlard andoutward relocation
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Theprobability ofnetfirm relocationin areas nearrgup B rail stations also
varies across different industry sect@esmeprobabilitiesof net relocatiorvaryin
direction (whether positive or negativa)jross théwo regression methods/hichmeans
thatcontrollingfor theendogeneityf areas near theiil stationscanlead todifferent
predicted effectsf the measured outcomieor instance, the P8eighted NB method
predicts a positiveet probabilityof firm relocationfor firms belonging to FIREectorn
areadocated within aguarterto halfmile of group B statioa (20%), whereathe net
probability of relocation is negative in teandard NB metho@12), asshownin Figure
34.

Figure 34. The difference between the predicted effects of inward relocation and the

predicted effect of outward relocation within group B station buffersby selected
industry sectors(comparing the Standard and PS~veighted NB methods).
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stations are those opened betweed0l#hd 199. The symbol (#) shows trstatistical
insignificance of the estimated coefficients of both inward and outward relocation.

Theprobabilitiesof net relocatiorare mostly negative and statistically
insignificantin areas locatedithin close proximity tdhe more recently opened stas
(group C stationspened after 20Q0For instance, areas withingaarter mileof group C
stations have negative probabilities of net relocation (ranging betg@g&mnand291%)
across five of the six sectors (the only posipvebability of net riocation is for
manufacturing sector, but the estimated coefficients were statistically insignificant), a
shown inFigure35.

Figure 35. The difference between the predicted effects of inward relocation and the

predicted effect of outward relocation within group C station buffers byselected
industry sectors.

Group C Rail Stations

400% #
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5
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o
T 100% #
£ - -
0% —
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Z # # . . #
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8 #
[ -200%
o #
-300% #
-400%
<=1/4 mile 1/4 to 1/2 mi 1/2to 1 mi
M Retail -30% -21% -57%
B Proffesional Services -285% -338% -70%
FIRE -116% -190% -41%
B Admininstrative -291% 97% -9%
M Health -245% 1% 24%
B Manufacturing 378% 170% 68%

Note: The yaxis shows the inwartb-outward net firm relocation effects relativeedontrol

Census blocks, all else held equal. Tkexis shows the three distartestation buffers.

The percentages are calculated from the regression coefficidntgasfifirm relocationand
outwardfirm relocationrmo d e 1 s us i ngl)foi mtwwmarrddl(9e((Bpiimher e P i
the coefficient for the dummy variable of the respective distamstation buffer. Groue

passenger rail stations are those opened bet2@@dand2004
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For other control variables, ¢hrest of this section discusses onlyghebabilities
of net firm relocatiorthat are different in direction across the selected industry sectors
and opposite tthe probabilitiesdiscussedn the previous section (section 5.4he
variable on the levedf education shows some clear differences in the direction of
influence on outward relocation across the six examined industry sectors. The percent of
population with a college or higher degree has a negative association with outward firm
relocation for irms in the retail, administrative, and manufacturing sectors, whereas the
association is positive for the remaining secf{eeeTable32). The negative association
is statistically significantdt the 95% level of confidengéor firms in the manufacturing
sector only suggesting thdilockswith on average highly educated population are more
likely to upholdfirms in the manufacturing industfyom outwardrelocation compared to

firms belonging to other industry sectors.

The presence of high number of firms of the same sector within a block is
positively associated witthe numbenf outward relocatiosn For example, the higher the
number of retail firms within a block, the higher the probability of outward relocation of
retail firms within that block, which is obvious. What is not obvioubéseffectof the
presence of high number of retail firms within a blocknehretail firm relocationAs
discussed earlier, comparing the predicted effects of inward relocation and outward
relocationprovide aroverall measure of what impact a control variable has ofirmet
relocation. For instance, turning back to the level of education variableyehage
predicted effects ahis variable omet firm relocatior(inward predicted effect outward
predicted effectjeveal that higheaveragdevel of educatiorwithin a block is a more

important factor for firms in the professional service, Health, and FIRE industry sectors
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That is blocksthat have populati@with high average education legglull firms in the
professional servicdiealth, and FIREectordo reloate within more than pushing them
to relocate outSimilarly, across all industry sectoithe higher the number of firnos

owrrindustrywithin a block the highe thenet probability of firm relocation

5.5. Chapter summary

This chaptetested severdhctors that influence firm relocatiomhe mainfocuswason
factors related to proximity tihe passenger rail statiois The State of Maryland
Inwardrelocationand outward relocation aexamined separatety determinghenet
probability of firmrelocationwithin three station buffers (trguarter mile quarter to

half mile andhalf to one milduffer). The relocation analysis overall suggests that areas
within close proximity tahe mature rail stationgroup A stationsopened before 1990
hawe experienced a net gain in the numbdaagjerrelocating firmswith more than five
employeescompared to control areas located more than a mile of the st@iotise
contrary areasvithin a mile ofgroup Bstations(opened between 1990 and 1999)éav
experience@ netlossin the number of relocating firmsompared to control areésee

Figure36).

Areas within a mile of group C stations (opened after 20@@) etperienced
negative net probability of firm relocati@tross the industry sectors, with one exception.
Firms in he administrate sector hadsitive but statistically insignificant net probability
of firm relocation(see Appendix D)It is important © note that most of the estimated
coefficients for group C statidouffers were statistically insignificant, whiclan lead to

incorrect conclusions
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Figure 36. The net probability of firm relocation of station distance variables by
firm size (group A and B stations).

Net probability of firm relocation
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The yaxis shows the predictgmobabilities ofnetfirm relocationas calculated from the

coefficient \alues ofinward relocatiorandoutward relocationThe lines plotted in thgraph are
calculated a¥ =inward ( e€1p)i ) + (di st anc+€))]foutward ¢ ¢ @) + pn *
(distance frd)hwhbeme i pin i*sfqrthi dumroyovaribfeithei e n t
respectivestation buffea nd o i s t h the condinudud distande-siation ¥atiable.

Similar to thefirm relocationanalysis by firm size, there are mixed relationships

betweerproximity torail stations and theetprobability of firmrelocationacrosshe six

industry sectordrigure37 summarizes the results of four industry sectoashave

dominantpresencen the study area by distance from the mature rail stations (group A).

Firms belonging to the FIRE and administratisectos are the most likely to benefit

from areas within a mile of the mature rail statidnscomparisonareas within a quarter

mile of group B stations alsead apositivenet probabilityof firm relocationfor the

administrative sectobut the net probability was negative in between a quarter to one

mile of the stations (sd&igure38).
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Figure 37. Probability of net firm relocation of station distance variables by selected

industry sectors(group A stations).

Probability of inward relocation - probability of outward relocation
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Figure 38. Probability of net firm relocation of station distance variables by selected

industry sectors(group B stations).
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The yaxis shows the predictgmtobabilities of net firm relocation as calculated from the

coefficient \alues of inward relocation and outward relocation. The lines plotted gripé are
calculated a¥ =inward ( e€13 #+(ds t ance f r o ml)f-toatwaido(ne €1 i()e ( o)
+ (distance f-I)pwh esrtea tfiio ni s*ortheedunryovariébfeithei e n t
respectivestation buffea nd o i s t h the continudus distaride-station ¥arable.

Thefirm relocation analysigverall shows thatareas within close proximity to
rail stations have not consistendlitracted relocating firmxcept in the case of areas
near the mature rail stations that were opened before $880dar trend was found
earlier for the firm retainment analysis in ChaptefHle inconsistency inet firm
relocationnear rail stations raises the question of what policymakers should do
differently toattract relocating firms to select areas near dflestations Areas near the
rail stationsdo not appear to experience positive net relocatibleast in the short run,
without proper zoning and land use regulations that make station areas a more desirable
place for firms to relocate withifFor moréammediate results, policymakers advocating
for transitoriented development should be more proactive in focusing development

around transit stationas discussed in Chapter 4

206



CHAPTERG: SUMMARY, CONCLUSIONS, AND POLICY

IMPLICATIONS

Rail transit netwrk playsa critical role in the U.S. transportation system and economy.
Investments in rail transit systemsntributeto: (1) improved overall efficiency of
transportation systems, (2) environmental sustainability, (3) reducing automobile
dependence armbngestion, and (4) promoting economic development. While the first
three influences of rail investments are wigcumented, the contribution of these
investments to economic development is less understood and has recently attracted close
attentions by ansportation scholars and economists, as well as local officials and

planners.

The objective of this dissertation research is to examine the magnitude of impact
that the close proximity to the passenger rail station has on firm dynamics, controlling for
other influential factors. The central question this dissertatimwers is-how transit
investments influence the spatial dynamics of economic activitiestPén words, the
study examines the spatial variation of three patterns of firm dynasfiros birth, firm
closure, and firm relocation patterafn relation to areas within a short walking distance

to the passenger rail stations in the State of Maryland.

This dissertation uses standard negative binomial and propensityweighted
negative momial regression methods to analyze the dependent variables of firm
dynamics constructed frothe National Establishment Time Series (NEp&yel data

for the period from 1990 to 2010. In particular, this study considers six important
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research design jpscts when examining the associati@tweerthe patterns of firm

dynamicsand proximity topassenger rail stations:

1)

2)

3)

4)

5)

6)

maturity of passenger rail stations (i.e. the analysis considers the opening date of
the passenger rail stations);

distanceto-station threshold (i.e. whether the examined areas are withuarger

mile, quarter to half mileor half to one milalistance from rail stations);

firm size category in terms of number of employees (i.e. whether a firm has a sole
proprietor more than one employee, five or less employees, or more than five
employees);

disaggregation by industry sector (i.e. whether a firm is categorized as retail,
professional service, FIRE, health, administrative, or manufacturing firm based on
NAICS clasdication); and

the method used for the statistically controlled analysis, specifically, whether or
not the analysis controls for the endogeneity of the treatment (i.e. the placement
of passenger rail stations).

the choice of absolute numbers of firmslapendent variables, as compared to

the proportion of firms relative to existing firms or relative to the size of labor
forcein the past studiesn firm dynamicsNegative binomial regressions are

applied to the panel data set as an appropriate methoduot dependent

variables.

In addition to taking these six research design aspects into account, the analyses

control forrelevant factors related to transportation, agglomeration, and-escarmmic
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characteristics that influentiee patterns of firm dyamics identified through a review of
relevant empirical and theoretical literature (see Chapterefgral inferences can be

drawnfrom the collection of resultpresented in Chapter 4 and Chapter 5.

When other factors are controlled for, higher ratiefrm births (or startups) and
relocating firms have located within a short walking distance to the passenger rail stations
regardless of the differences in the level of maturity of the stations. The level of maturity
of the rail stations impacted the gmtude but not the direction of influence. That is,
areas within a short walking distancatore recently opened statioattracted higher
numbers of smaller startups and relocating firms (with five or fewer employees) than
areaswithin ashort walking dstanceto the mature stations that wenegened before
1990 The mature rail stations were more likely to attract larger firms (with more than
five employees) than stations that were opened after B&2@wuse ofthe improved level
of market accessibilitynore recent rail statioriend toinfluence thespatial setting for
smaller firms more substantially compared to mature rail stations that have a higher
influence ornthe spatial settinfpr larger firms Evidently, there is atrong effect when
newtranst stations are introduced to a less develogitin terms of jobsand thus
locational decisios of new and relocating firmend to be unconstrained by the existing

employment densities

Although most of the past studies on firm dynamics exanfimacbirth and
inward relocation (i.e. positive impacts), two other types of firm dynamics should be
examined to get a more comprehensive understanding of firm dynamics in relation to

proximity to passenger rail stations; this dissertation provides deepgsiarialexamine
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firm closure and outward relocation as well (i.e. negative impacts). By comparing the
positive effects of firm dynamics (firm birth and inward relocation) to the negative
predicted impacts (firm closure and outward relocation), it waskgedsi estimate the
combined probability of firm retainment and net relocation for areas near the passenger

rail stations.

In the period between 1990 and 2010, there has been incongrstetitin urban
densitynearthe passenger ratationsin the Stée of Maryland. The results in this
dissertation suggest that areas near the passenger rail stations have belated positive
economic impacts, shown by positive probabilities of firm retainment and net relocation
around the mature rail stations that werengokbefore 1990 (séggurel8in Chapter 4
andFigure36in Chapter 5}.In comparison, areas near the less mature stations that were
opened after 1990 had predominantly negative probabilities of firm retainment and net
relocation, compared to the rest of the study area (see Appendix C). Clearly, the State of
Maryland lacked dliberateplanning to encouragerbandensification nearail stations,
and some regulations magveactively discourged densification near the stations in

favor of continuous suburbanization.

Theindustryspecific analys of this researckhows eviderce thatareas within a
short walking distance to theaturepassengerail stationsexperienced a positive
probability of firm retainment in the case of firms belonging to the retail, FIRE, and

professional services sectors (fégure19in Chapter 4). For relocating firms, areas near

1 This dissertation calculates the probability of firm retainment by subtracting the probability of firm
closure from the probabilitof firm birth. Similarly, the probability of net firm relocation equals the
difference between the probability of inward relocation and the probability of outward relocation.
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the mature rail stations experienced a positive net firm relocation in the case of firms
belonging to the FIRE and administrative ses{@ed-igure37in Chapter 5). This
research finds no positive probabilities of firm retainment and net firm relocation in areas
around the rail stations opened aft€90 (see Appendix C and D). Therefore,
policymakersshouldintroduceproactive policies that encouralgesinessebelonging to
these sectors to locate near the passenger rail stdéistnese areas face extended

delays to realizing development potentials.

The firm birth and inward relocation results by industry sesiigigest that
industriesare more likely tdocate in specialized economic environments to share a
common pool of speialized workers. These results may lead one to wrongly conclude
that a more specialized economic environment at the local level is a more suitable
strategy to guide development. The reality is completely the opposite when considering
all the four spatiahspects of firm dynamics (i.e. firm birth, closure, inward relocation,
and outward relocation). This research provides empirical evidence that urbanization
economies lead to higher probabilities of firm retainment than localization economies at a
micro-level. In a Census block, the number of firms in ewdustry (localization
economies) negatively influences the probability of firm retainment, while the total

number of firms (urbanization economies) has a positive influencé&igee16in

Chapter 4). Therefore, a more diverse economic environment around rail stations can lead

to higher probability of firm retainment compared to a nspexialized economic

environmenh
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Both a more diverse economic environmandhigher population densities can
lead to higher probability dfrm retainment The results of this research on population
density appeared contradictory at firEhe results show that at a midevel, popuation
density may not necessarily have a positive associatiorthvatpositive effects of firm
dynamics—firm birth andinward relocation. The micro analysis carried out recemtly
Chatman and Noland (2016) on firm birth also presented some evidenoegstave
association between population density and the rate of firm birth in Portland, Oregon.
However, the analysis conductedhis dissertation shows that population density has an
overall positive influence wlacallevelgakifgi r ms ’
into account all patterns of firm dynamics. Population density positively influences the
probability of firm retainment and net relocation at the Census block levetigpae13
in Chapter 4 an#igure34in Chapter 5). Not surprisingly, the impact of population
density at the local level on the probability of firm retainment is higher for retailors

compared to the other analyzed sectors Fsgere 16 in Chapter 4).

The inconsistency in firm retainment near rail stations raises the question of what
policymakers shouldo differentlyto encourage transitriented developmenafter all,
the densification of station areas (implied by positive firm retainment and net firm
relocation) is what advocates of trarsitenteddevelopment promote to bring about,
including improved accessibility, reduced traffic gestion and air pollution due to
modal shift, and increased walkability whisbcommodatemore healthy and active
lifestyles. Areas near the stations do not experience an increase in firm density, at least i
the short term, without proper policies. Iflispgmakerswant to encourageansit

oriented development, they should realize that without proactive interventions decades
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may pass before any urban agglomeration occurs near the rail stationsore
immediate results, policymakers advocating for titamsented development should be
more proactive imirectingdevelopmenhearrail stations, by adopting poles such as
removing minimum parking requirements and even setting maximum parkingaodps
by promoing higher residential densi{{ervero, 208), moremixedlanduse(Cervero
andDuncan, 2006)better street connectivity and landscépervero, 2007)and other

devel opment that provides locations for

The tension between the two types of agglomeraemmomies (i.e. localization
and urbanization economies) at a mi@eel is another key factor that policymakers
should consider when directing policies towards tramsénted development.
Policymakersshould also pay close attention to the linkage betwfirms, industrial
sectors, and rail station areas. Certain industry sectors may gain more from the
accessibility benefits provided by rail stan, such as access to a lapgml| of workforce
andcustomes, compared to other sectoFr any tansitoriented developmero
emerge and thrive, policymakers must proactively encouragealh@tise economic
activitiesand residential development aroymabksenger rail stationghis is certainly
facilitated not only by mixed land use development in eaclostatiea, but could be also
facilitated among a few stations close to each other along a transit line. In other words,
while one station has a more focus on residential development, the nearby stations have
more employment. As a group of stations in praginthese stations can work as a

transitoriented development.
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While the analysis in this dissertation would have ideally included data related to
changes indnd us#and coversuch data is not always easily availal8patialtemporal
data on landisebetter depicts changes in local policies over tibaad use related
covariates would alsallow for more robuspropensity score matching analysisjem

that planners locate transit stations depending oaxiséing land use patterns

Future studis can take a step further when analyzing the connection between rail
transit and firm dynamics to include factors related to the level of service and the
physicalcharacteristics of railway linemnd stations. Bferencesin the spee@nd the
frequency ofpassengerail servicegnay have varying influences on the patterns of firm
dynamics. Certain physicaharacteristicef transit stations can also be more appealing
in the location decisions of certain firms compared with others. Moreover, qualitative
research on factors influencing the decisions of startups and relocating firms to locate
near the passenger rail stations would provide a deeper understainitieofluence

passenger rail systems have on firm dynamics
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Appendices

Appendix A: The geographic accuracy of the latitudes and longitudes of the NETS
dataset

The level at whichthe NETS dataset provided th®ngitude and latitudef firm location

| sie|
Latitude Decimal (8,4) 8 | Establishment Latitude
Longitude Decimal (8,4) 8 | Establishment Longitude
1 | Level at which latitude/longitude provided (D = Block Face, B = Block
LevelCode Text Group, T = Census Tract Centroid, Z = ZIP Code Centroid, N = Not
Coded, S = Street Level)
OriginLatitude Decimal (8,4) 8 | Latitude of Move Origin
OriginLongitude Decimal (8.,4) 8 | Longitude of Move Origin
1 | Level at which origin latitude/longitude provided (D = Block Face, B =
OriginLevelCode Text Block Group, T = Census Tract Centroid, Z = ZIP Code Centroid, N =
Not Coded, S = Street Level)
DestLatitude Decimal (8,4) 8 | Latitude of Move Destination
DestLongitude Decimal (8,4) 8 | Longitude of Move Destination
1 | Level at which destination latitude/longitude provided (D = Block Face,
DestLevelCode Text B = Block Group, T = Census Tract Centroid, Z = ZIP Code Centroid, N
= Not Coded, S = Street Level)

SourceWalls & AssociatesSNETS Database2012 Database Description

The variablé* Le vel Code ” hi g hbbve ghbws thd gedgraphic ledeht NETS data a
recorded the longitude and latitude of the location of fifRes.relocating firms, NETS data provided the
longitude and latitude dhelocation of origin and destinaticaiso at various levels highlighted in the

table. The table below shows the level code of the longitude and latitude of the location of firms within the
study aredy year Clearly, NETSdata provided most dhe latitude andbngitude offirm locationsat the

Census block level (D).

| evel code
year B D S T z Tot al
1990 171 78,777 123 150 32,276 111, 497
1991 181 83, 065 128 164 32,431 115, 969
1992 189 86, 376 138 172 30, 301 117,176
1993 201 98, 757 161 206 35, 146 134, 471
1994 216 104, 434 163 209 35, 337 140, 359
1995 241 114, 034 188 226 36, 730 151, 419
1996 253 118, 653 197 237 34, 239 153, 579
1997 270 127, 287 218 263 33,521 161, 559
1998 289 134, 770 235 274 33, 359 168, 927
1999 298 136, 249 246 282 29, 382 166, 457
2000 307 138, 463 260 290 24,399 163, 719
2001 315 148, 026 279 300 22,930 171, 850
2002 457 176, 556 326 348 23, 368 201, 055
2003 601 196, 504 341 420 18, 749 216, 615
2004 629 202, 556 361 453 12, 867 216, 866
2005 565 209, 785 383 451 6, 849 218, 033
2006 337 223, 653 397 373 6, 431 231, 191
2007 264 235, 858 407 322 4,968 241, 819
2008 265 257, 221 444 269 5,616 263, 815
2009 267 286, 686 483 247 5,797 293, 480
2010 219 265, 226 538 156 4,283 270, 422
Tot al 6,535 3,422,936 6, 016 5, 812 468, 979 3,910, 278
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Appendix B: The geps to calculate the Inverse Probability of Treatment (IPT)
weightsand including them in the negative binomial regression.

Following are thesteps undertaken to calculae tinverse Probability of Treatment
(IPT) weights that are used to adjust W& regression

1. Running alogistic regression

The study uses logistic regression to calculate the propensity scores. The Stata commands
used to calculate the propensity scores afelksv:

logisticxnt x1 x2

predict propensity

where x1 to xn are the covariates that determine the vabhe pfopensity scores; and t

is the treatment dummy variable (treatment=1 if Census blocks are withmitmne

distance from rail stations; treatment=0 if the blocks are more thamibmaway from

the stations). The treatment is restricted to passengstatdns that were opened

between 1990 and 1998 (all the 43 grdptations). Census blocks within emgle

from the other stations (stations opened before 1990 or after 2000) are omitted from the
PSweighted analysiBBelow arethe results from the lodis regression used to calculate
the propensity scorefollowed by goodness of fit test and the PS distribution

The results of logistic regression to calculate propensity seoegzresenteih
theregressionable belowThe initial goodnessf-fit test showed that the logistic
regression does not fit the data untiliateraction term between two covariates was
added to the logistic regressidhd two covariates ateusing rent and unemployment
ratg. Theinteractionsetween all of the covariates regested to determirnvehich
interaction to be added to the logistic regression (Lunt, 20#) covariates used in the
PS logistic regression are: population and employment densities, household income,
unemployment rate, percent of population that allege graduate, percent of the
population that are African American, housing rent, and distance to the nearest highway
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exit. Theonly interaction termadded tahe logistic regressiofas shown in th&ble

below) is the interactiorbetween unemploymentteaand housing rent covariates.

Logi stic regression Nunber of obs = 33, 953
LR chi 2(9) = 769. 34
Prob > chi2 = 0. 0000
Log likelihood = -1838.044 Pseudo R2 = 0.1731
b one m B | Odds Ratio Std. Err. z P>| z| [95% Conf. Interval]
popul ation_density 1.097182 . 0341401 2.98 0.003 1. 032269 1.166178
enpl oyrment _densi ty . 892292 . 0516094 -1.97 0.049 . 7966623 . 9994009
HH i ncone . 9320958 .0049613 -13.21 0.000 . 9224225 . 9418706
unenpl oynent _rate 1.21e-18 1.03e-17 -4.87 0.000 7.47e-26 1.97e-11
percent _col | ege_edu 94.32743  33.65915 12.74  0.000 46. 87067 189. 8344
per cent _bl ack .4377389 . 1219774 -2.96 0.003 . 2535275 . 7557971
housi ng_rent 154. 1104  75.09762 10.34 0.000 59. 29848 400. 5165
di stance_t o_hi ghway . 6333226 . 0355322 -8.14 0.000 . 5673732 . 7069378
rent _x_unenp 7.81e+23 7.88e+24 5.45 0.000 2.02e+15 3. 02e+32
_cons .0032808 .0011423 -16.43 0.000 . 0016582 . 0064914

2. Testing goodness of fibf the PSlogistic model

The HosmeiLemeshowtest is used to determine the goodness of fit of the propensity
score logistic model. Data is first regrouped by ordering the predicted probabildies an

forming the number of groups. The formula of HL test is in the following form:

10 3
; (0; — E;)* _
f?fu. = E E-'lJ E_j T 1;3
j=1 _I‘. - _I."ll”_l]

Where:y? = chi squared, nj = number of observations in the jth group, Oj = number of
observed cases in the jth group, and Oj = number of expected cases in the jth group.

Small p-valuesof the LH tesimean that the model is a poor fit.

TheHL goodnesof-fit test belowdetermines whether the predicted probabilities
deviate from the observed probabiliti#fie goodness of fit test beldwf the improved
propensity modelyhows that th@-value for the goodneas-fit test is lower tharthe
significance leve(95%), which means thahe predicted probabilitiedo notdeviate

from the observed probabilitie®nce aestfit of the PS model is achieved
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Logi stic nodel for b one m B, goodness-of-fit test

(Tabl e col |l apsed on quantiles of estinmated probabilities)

G oup Pr ob Obs_1 Exp_1 Cbs_0O Exp_0O Tot a

1 0. 0003 0 0.3 3396 3395.7 3396

2 0. 0008 4 1.7 3391 3393. 3 3395

3 0. 0016 3 4.2 3392 3390. 8 3395

4 0. 0026 9 7.2 3387 3388. 8 3396

5 0. 0041 8 11.3 3387 3383.7 3395

6 0. 0068 10 18. 3 3385 3376.7 3395

7 0. 0108 37 29.2 3359 3366. 8 3396

8 0. 0181 40 47.8 3355 3347.2 3395

9 0. 0313 90 80. 6 3305 3314. 4 3395

10 0. 4089 210 210.5 3185 3184.5 3395
nunber of observations = 33953
nunber of groups = 10

Hosner - Leneshow chi 2(8) = 13. 33
Prob > chi2 = 0. 1010

Thegraphbelow stows thedistributionof the propensity score in the treated and

the untreate@€ensus blocks (blocks within one mile of the stations).

The Distribution of Propensity Score

150
|

100
|

50

kdensity p - control —— kdensity p - treatment
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It is recommended, however, to use the log of the odds of the propensity score
(also called the linear predictor), rather than the propensity score shown above, since it
tends to be more normally distributed (Lunt, 2014). The graph below shows the log odd
of the propensity scores used in this studgaiculatethe regression weights the PS

weighted negative binomial model

TheDistributionof log odds of Propensity Score

kdensity Ip - control kdensity Ip - treatment

The map belovllustratesthe estimated propensity scores of the logistic regression

explained above.
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Map showing theestimated propensity score$or each Census block of thetudy
areaexcept blocks located within a mile radius of group A and C

Propensity Scores
B - 19 5td Dev.
I 15-1.95td Dev.
[ 12 -1.55td. Dev.

0.85-12 Std_Dev.
0.51- 085 Std. Dev.

017 - 0.51 Std. Dev.

0.33-0.17 Std. Dev. &
Ommitted blocks

Passenger rail Stations
| Opened between:
= 1978 - 1989 (Group A stations)
= 1990 - 1999 (Group B stations)
2000 - 2004 (Group C stations)
——— Highways
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The St at propwk s yseddomredte the IPT weights. The Stata

command is as follow:
propwt t propensity ipt

wheret is the treatment variable (i.e. the dummy variable indicatingtheror not a
Census block is within a mile of group B rail statiomsfpensityis the prpensity scores
variablegenerated earlier by the logistic regressemd ipt is the calculated inverse

probability of treatment.

In order to use the IPT weightstime analysisthey are specified as part thie
Stataregressiomommand f t he ne gat i xtabred bymddinghe 1 mo d el

syntax[pweight=ip{ to the conmand before any options
xtnbregoutcomecovariates[pweight=ipi, pa

Note that the populatieaveraged (pa) option is added to the end of the negative

binomial regressin model that includes the IPT weights because the raadfeact

option does not permibr the inclusion ofegression weightd he difference between

the randorreffects and populaticaveraged estimatoese very subtle, howeveror
continuous or courdgutcomes, the twapproaches amearly identical. Differences

emerge between the two specifications only when analyzivagy outcomes¢Hilbe,

2011) The results remained the same when a standard negative binomial model (without

weights) was tested usimgth estimators (populatieseveraged and randeeffects).

A brief explanation of the subtle difference between randéfects and
populationaverage estimators is shown below. See HB4.J) for more detail on the

difference between the two estimators.

Randomeffects estimators fit the following model
Pr(Yij=1 | Xij, ui) = F(Xij b + ui)
whereas populatieaverage estimators fit the following model:

Pr(Yij=1 | Xij) = G(Xij b*)
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The subtle point is that b and b* are different population parameterstiuegh the
estimators appear to be estimating different things, in practice, however, b and b* are
often very close. The populati@veraged model does not fully specify the distribution of
the population but rather specifies a marginal distribution. &hdameffect model, on

the other hand, fully specify the distribution (ui is given a distribution), which allows the

mean of the dependent variable to vary across the subjects.
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Appendix C: Firm -retainment predicted-effects of stationdistance variables for
group B (opened between 1990 and 1998) and group C stations
(opened after 2000) by firm size and industry sector
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Probability of birth - probability of closure
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Appendix D: Net Predicted effects of firm relocation of station distance variables for
group B (opened between 1990 and 1998) and group C stations (opened
after 2000), by firm size and industry sector
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