
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


3 5556 028 232759

Proceedings

of the 39mAnnual Meeting of the

Transportation Research Forum

Montreal, PQ, Canada
October 16 -18, 1997

Volume 2

TRANSPORTATION LIBRARY

APR 0 1 1998

NORTHWESTERN U■1vtKSlTY



Title: The Effect of Privatization on Public Transit Costs

Authors: MatthewKarlaftis, PurdueUniversity2
Patrick McCarthy, PurdueUniversity1

Abstract: In an effort to reduceoperatingdeficits, increaseproductivity,and improvethequality of
services,thepublic transitsectorhasbeenmovingawayfrom public ownershipand

operationtowardsa franchisingarrangementwherebya local governmentauthorizesa

privatefirm to manageandoperatethecity's public transitsystem.Profit maximization

considerationsimply thatprivatemanagershavestrongerincentivesfor cost efficiency than
their counterpartsin thepublic sector.One suchexampleis thecity of Indianapolis which

privatizedits transitoperationsin January 1996.Baseduponmonthlydatafrom January
1991throughMarch 1997,this studyexaminestheeffectof privatizationon thecity's cost
of providing transitservices.In additionto its contributionon privatization,this study

explorestherole of serialcorrelation in translog cost functionmodels.Failure to accountfor

serialcorrelationhasserious implications for hypothesistestsandmay leadto incorrect

public policy prescriptions.

Keywords: Transit privatization,transitcosts,translogfunctions,serialcorrelation

JEL: R41

Telephone: (765)494-4460

FAX: (765)494-9658

Internet: mccarthy@mgmt.purdue.edu

' Departmentof Economics,PurdueUniversity, West Lafayette,IN 47907

2School of Civil Engineering,PurdueUniversity, West Lafayette,IN 47907

734



L INTRODUCTION

Before 1960,urbanmasstransportationsystemsin theUnited Stateswere largelyprivatelyowned

andoperatedandreceivedno public financial assistance,althoughtheywerestill subjectto stateand local

regulations(Orski 1985).The typical privatelyowned systemoperatedunderanexclusive franchise

agreement,effectivelyinsulatingit from competitivemarketforces,andreceivedno governmentfinancial

assistance.Beginning in theearly 1960s,however, theprivateownershipof transitsystemswasno longer

profitable,andpublic ownershipbecamethe norm. Smerk(1974, 1979),andSaltzman(1979)extensively

reviewthetrendsin transitridershipandthe institutionalandmarketforcesthatcontributedto thedeclineof

transitafter 19S0.Among themost importantfactorswerethe increasingavailability of automobilesaswell

as thegovernmentassistancein highwaybuilding and thesuburbanizationof housing.As a result, the

financial resourcesof mostprivatebuscompaniesweredepleted,leadingto anappealfor eitherpublic

assistanceor takeover.Indeed,basedon primarily social equityarguments,thegovernmentassistedthe

ailing transitsystemsby takingover their operationandprovidingfinancialassistancein theform of

subsidies.

The totaloperatingsubsidyfrom all levelsof government(local, state,andFederal) rosefrom $318

million in 1970to $9.27billion in 1990,a 30-fold increasein twentyyears(Pucher 1995).Although there

maybe a retums-to-scaleargumentthatwould justify capitalsubsidiesto theindustry(Obeng 1987),the

increasein operatingsubsidieswasjustified by various social arguments.It wasexpected,for example,that

transitwould play an importantrole in preservingandrevitalizingcities,satisfyingthetransportneedsof the

underpriviledged,creatinga betterurbanenvironment,andprovidingamoreenergyefficient form of

transport(Altshuler 1981).

Unfortunately,theeffectsof operatingsubsidieson theperformanceof transitsystemshavenot

beenencouraging.Many authorscontendthatsubsidieshaveencouragedproductivitydeclines, lack of

innovationand initiative,andfinancial mismanagementof transitproperties.Many studies,using awide

varietyof dataandmethodologies,haveexaminedtheeffectsof governmentfinancial assistanceon the

performanceof transitsystems(Pucher etal. 1983,Cervero 1984,Pickrell 1985,Bly andOldfield 1986,

Obengetal. 1995,Karlaftis andMcCarthy 1997).While thespecific resultsvary amongthestudies,the
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conclusionsoverwhelminglysupportthenotion thatthereareclear links betweenincreasesin subsidies,on

onehand,and reductionsin theperformanceandproductivity,on theother.

To dealwith therealityof thedegradingeffectsof subsidieson transitsystemperformance,several

authorshavesuggestedthreepossiblesolutions:

1. alter thefederalandstatesubsidyprogramsto rewardthosesystemsthatraiseproductivity, increase

ridership,or enhancethequality of their services(Fielding 1987);

2. shift subsidyresponsibilityfrom federalto moredecentralizedstateand local sourcesto increasethe

pressurefor costcontrol andpotentiallyproduceefficiency gains in transitsystems(Shughartand

Kimenyi 1991,Pucher 1995);

3. re-examinetheprivatealternativesto public ownership(Gwilliam etal. 1985a,b, Beesleyand

Glaister 1985a,b).

This papercontributesto theexisting literatureby investigatingthe impactthatprivatizationhashad

uponamedium-sizedpublic transitsystem.' The Indianapolis Public TransportationCorporation(METRO)

was createdin 1972to meetthegrowing transportationneedsof theIndianapolisurbanareaand to promote

travel to and from theCentralBusinessDistrict. While the Indianapolisareacontinuedto grow steadily, the

busserviceremainedvirtually unchanged,makingno plans to expandserviceto therapidlydeveloping

surroundingsuburbancommunities.In recentyears,METRO's ridershiphasbeendecliningwhile at the

sametime subsidieshavebeenincreasing.A total of $1.2million of local tax fundswereusedto subsidize

METRO in 1982,growingto $6.4million in 1992.Moreover, while thepercentageof thepublic using

METRO decreased,thepriceof supportingthesystemsteadily increased.By 1992,a SI. 2 million budget

deficit existed,andthecompanywas forced to lay off a largenumberof employeesaswell as reduce

service.

To dealwith this financial trouble, senioradministrativeandmanagerialpersonnelwerereplaced,

andmostexpressrouteswereeliminated.In early 1992,METRO, theIndianapoliscity government,and

' The Indianapolistransitsystemhasoperatedasapublicenterprisesince1972,serving,fortheperiodunderstudy,an
averagepopulationof 950,000withanaveragefleetof 220buses.
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IndianapolisMayor SteveGoldsmith developeda setof objectivestc :versethedecline in theperformance

of thetransitsystem.First, thecity agreedto halt theincreaseof proj. ,ty taxesto supportthefailing bus

system.Second,METRO would focus on thetransitdependentsegmentof thepopulation,including

individualswith disabilities, theelderly, andthosewithoutprivateautomobiles.Third, andprobably the

mostimportantobjective,was to createa self-sustaining,customerservicedriven transitsystem.With the

full supportof theGoldsmith administration,it wasdecidedthatto achievethesegoalsMETRO should be

placedin thecompetitivemarket.In a 1994 speech,Goldsmithnotedthatthegoal of Indianapolis'

privatizationis to increasetheefficiency andeffectivenessof service.

To examinetheprospectsof privatizationfor METRO, a panelof internationalexperts,consultants,

andcitizenswas formed.The outcomeof this panelwasa StrategicPlan for Public Transit which

overwhelminglysupportedtheprivateoperationof thetransitsystem,to encourageinnovationand

experimentationandamoremarket-drivenandcustomerorientedtransitsystem.As a pilot study,a small

numberof routeswas contractedout to a privateproviderin 1995.Partly dueto thesuccessfuloperationof

theprivatizedroutes,1995saw thefirst ridershipincreasefor METRO (2.7% over 1994)in over 10years.

With thesuccessof this pilot program,all of METRO's routeswerecontractedout to a privatefirm.2

Startingon January 1
st

of 1996,theentireMETRO operationwasprivatizedwith expectationof increasing

operatingefficiency andsaving Indianapolis S3million by 1999.

This paperexplorestheeffectof privatizationon Indianapolis' systemcostsby estimating a translog

cost functiononmonthlydatafor Indianapolis' transitsystemthatspanstheperiodJanuary 1991through

March 1997.Further, in contrastto all othertranslogcoststudiesof public transit,we explicitly accountfor

theeffectsof serialcorrelation in this analysis.Section II summarizesrecentliteratureon privatization in

public transit,Section III developsthe translogcost functionempiricalmodel, SectionIV summarizesthe

data,andSectionV presentstheestimationresults.SectionVI providesconcludingcomments.

1 METRO is still a municipallyownedoperationgovernedby a boardof directorsappointedbytheIndianapolisCity
Council.Theentiresystemoperationthough is contractedoutandoperatedbyRYDER logistics.
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n. REVIEW OF RECENT FINDINGS

Most researcherssupportingthenotion of privatization(andderegulation)arguethatthe

governmentis ineffectiveandcounterproductivein respondingto citizensneeds.This canbeattributedto

theinherentinefficiencyof governmentservices,theoftenuncontrollablegrowthof thepublic sector,and

thereducedpersonalinitiativeof individuals andorganizations(Berechman1993).Overall, becausethe

privatesectoris moresensitiveto economic incentivesandmoreresponsiveto changingmarketconditions,

it is expectedto producea given level of servicemoreefficientlythanthepublic sector.

It is theoreticallypossible to show thatprivateproductionof transitserviceshasthepotentialof

beingbothprofitableandwelfare-improving (Viton 1982,DogsonandKatsoulakos 1988).Nevertheless,a

numberof studiesof transitderegulationdo not unanimouslysupportthis theoreticalassertionwith

empirical findings.Oneof theearlier empirical analyseswasParshigian(1976),who analyzeda cross-

sectionof 40 Americantransitpropertieswith 10 yearsof data( 1960-1970).This analysisdemonstratedthat

operatingcostsfor publicly owned propertiesincreasedfasterthanthosefor privatelyownedones.Pucheret

al. (1983),using time-seriesdataon 35 US bus transitsystemsfrom 1970-1979,analyzedthe impactsof

public ownership,public management,andsubsidies,on theoperatingcostsof transitsystems.The most

importantfinding from this studywas thathigh subsidyratios(subsidy/totaloperatingcost)wereassociated

with substantiallylargerincreasesin per-hourcosts in publicly ownedtransitsystemsthancost increasesin

privatelyownedsystems.PucherandMarksted (1982)usedtimeseriesdataon four largetransitsystems

(Chicago, Portland,New Jersey, andNew Orleans) to examinetheimpactof subsidiesandownershiptype

on performance.They concludedthat increasedsubsidiesandpublicownership,in additionto keepingfares

low andexpandingservices,haveencouragedwastefulcost increases.Morlock andViton (1985), in a three

country(Australia, England,US) comparisonof privateversuspublic costsof providing transitservices,

offer evidencethatprivatefirms do in fact operateata lowercostthanpublic firms. Perry andBabitsky

(1988)useda varietyof statisticaltechniqueswith 1980-81Section15datato comparefive ownership-

managementstructures.One of the importantfindings of thatstudywasthatprivatelyownedandoperated

systemsproducedmoreoutputperdollar and generatedgreaterrevenuesthanothertypesof systems.The
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authorsalso notedthatpublicly ownedsystemsmanagedby contractorsperformednomoreefficiently or

effectively thanpublicly ownedandmanagedsystems.

Hensher(1987),usingdatafrom urbanbusoperationsin Australia offers evidencethatprivate

supplyof public transportin generalhasperformedmoreefficiently thanpublic supply. Similar resultswere

reportedby Downs (1988),who found thatprivatelyoperatedtransitsystemsin New York weremore cost

effectivethanthepublic transportagency.

On a differentnote,Bristow etal. (1991)arguethatderegulationis notuniformly beneficial to all

users.In particular,low incomeusersfor trips to work, userswithout cars,andtheelderly are likely to be

hurt.In a relatednote,Meyer andOster (1987) claim thatprivatizationwill harminnercity low income

groupsifnon-uniformfarestructuresareadopted.

m. METHODOLOGY

Assuming oneoutputy (vehicle-miles), threevariable inputsXi- labor, fuel, andmaintenance- and

onefixed inputk (numberof buses),equation(1) identifiesa public transitfirm's short-runtranslogcost

whereVC is thevariablecostof production,p,= price of variable inputXi (i - 1,2, 3) andu is the

disturbanceterm.The model'sparametersareao , Oy,a-,(i = 1,2, 3), at, andyij (
i, j - 1, 2, 3, y, k).

According to equation(1), a transitfirm's fleet size is fixed in theshortrunwhich implies thatthe level of

variable inputsthefirm employsatany given setof pricesandoutputwill dependuponthenumberof buses

availableto thesystem.The associatedshareequations(using Shephard'slemma)are:

function:

3

InVC =o„ +oy Iny +^a, Inp, +ak Ink +

(1)

+Ykylnklny +iY„(lny)J +^ytt(lnk)2 +u

(2)
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wherest is theshareof input i andu; is theerror term for shareequationI (i = 1,2,3). Equations(1) and(2)

constitutea multivariateequationsystemwith thefollowing restrictionsimposedon theparametersto insure

homogeneityof degreeone in variable inputprices,given thefixed factork andoutputy:

3

j>,-!, v.. -v.. Vi,j"'333 C»

i-l J-l i-l M

Following Berndt's(1991) formulation,themultivariatesystemof shareequationscan bewritten

is:

S, =X,b +a, (4)

whereSt is an (n xl) vectorof dependentvariables,X, is an (n xm) vectorof independentvariables,b is an

(mxl) coefficient vector,t denotesa given timeperiod,andu, is an (n xl) vectorof randomdisturbances.

Assuming a first-orderstationaryunivariateautoregressivestructurefor a, yields

■.-Rum +e, t-1 T (5)

whereR is an (n »n) autocovariancematrix.Combining (4) and(5) resultsin anequationwith uncorrected

disturbances:

S, =RYt.i+(X,-RX,.|)b +e, t=l T (6)

The usualmaximumlikelihood estimationmethodscould beappliedto equation(6). However, as Beradt

andSavin ( 1975)show, theconstraintthatthesharesateachobservationsumto unity implies thatonly

J-l equationsare independent.The J disturbancesmustsumto zeroateachobservationandthe(J x J)

disturbancecovariancematricesaresingular.This singularityof thedisturbancecovariancematrix imposes

restrictionson theautoregressiveprocess.Violation of theserestrictionsleadsto maximumlikelihood

estimatesthatarenot invariantto theshareequationdeletedfrom thesystemwhich implies that likelihood

ratio teststatisticswill dependuponthe factor shareequationdeleted.

Bemdt andSavin (1975)demonstratethatfor equation(6) to be invariantto theshareequation

deleted,thematrix R hasto bediagonalandall thediagonalelementsmustbeequal.They also show that
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thatequation(6) canbeeasily generalizedto accountfor higherordervectorautoregressiveprocesses.In

particular,for anMth orderautoregressiveprocess,

ut=R,a,.l +R2u,.2+" +RMut.M+ei t=l M (7)

To maintainthesystem'sinvariancepropertyto theshareequationdeleted,eachRi is a diagonalmatrix

whosediagonalelementsmustbeequal.

IV. DATA

Datafor theanalysiscomesfrommonthlyobservationsfor thecity of Indianapolis from January

1991throughMarch 1997.The datawerecollectedfrom theIndianapolisPublic Transit Corporation

accounting,maintenance,andoperationsreportsfor fiscal years 1991- March 1997.Short-runoperating

costsareestimatedby thesystem'stotalmonthlyoperatingcost,excludingdepreciationandamortizationof

intangibles.Total vehicle-miles provided ratherthanpassengersservedwas selectedas theoutputmeasure

sincebusoperationsaretheprimary determinantof costs in a transitsystem(Savage,1995).'The total

numberof busesis thenumberthesystemowns andoperatesduringa givenmonth.

Similar to manytranslogcost functionmodelsfor public transit,theredo notexistwell defined

measuresfor theinputprices.For this study,we follow thepricemeasurementmethodologyof Berechman

andGiuliano (19S4),Applebaum andBerechman(1991),andColbum andTalley (1991) by first allocating

themonthlyexpensesto thevarious inputcategories(i.e. laborandmaintenance)andthendividing the

expensesby paidmonthly labor hourspercategory.The monthlypriceof labor, for example,was estimated

bydividing thetotal labor expenses(including wages,fringebenefits,andpensionpaymentsto operators

andadministrativeemployees)by thepaid labor hoursto operatorsandadministrativeemployees.Similarly,

thepriceof maintenancewas estimatedby dividing totalmaintenanceexpenses(including wages, fringe

benefits,andpensionpaymentsto maintenanceemployeesplus totalexpenditureson partsandmaintenance)

by thepaid laborhoursto maintenanceemployees.This methodwasnotused,however,to estimatetheprice

1Fromthedataitwasnotpossibletoseparateoutrevenuevehicle-milesfromdeadheadmiles.Deadheadmilesare
milestraveledbyrevenuevehicleswhennotin revenueservice(notavailableforpassengers)andtypicallyinclude
milestraveledtoandfromstorageandmaintenancefacilitiesaswellassometrainingmileage.
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of fuel since fuel priceswere reportedon themonthly reports.

Table 1identifiesrelevantoperatingandcost characteristicsbeforeandafterprivatization.From the

table,privatizationappearsto behaving a significant positiveeffectuponoperations.Monthly vehicle miles

have increased27% from anaverageof 536,320prior to privatizationup to 681,938duringthe 15monthsof

privatizedoperations.Consistentwith this, thesystemis carrying5.6%morepassengers.Yet, relativeto the

Table 1

Characteristicsof the Indianapolis System

Before Privatization After Privatization
Jan '91 -Dec '95 Jan '96 -Mar '97

Characteristic Mean Std. Dev. Mean Std. Dev.
Total Vehicle Miles (TVM) 536320 42315 681938 57659
Passengers(PAX) 772535 46894 816340 64853

Total Vehicles (VEH) 228 12 213 4

Total Employees(EMP) 421 30 339 5
MaintenanceEmployees(MEMP) 92 7 66 3
Total Revenue,CurrentS 565745 98487 694738 40222

Total OperatingExpenses,Current$ 1936255 288171 1980383 125087

pre-privatizedperiod,theaveragemonthly increasein totalvehiclemilesandpassengershasoccurredwith

20% fewer totalemployees,28% fewer maintenanceemployees,and6% fewerbuses.Further, in current

dollars,averagemonthlyoperatingcostshave increased2.2% betweenthepre- andpost-privatizedperiods.

Monthly total revenues,on theotherhand,haverisen 22% betweenthetwo periods.During thesame

period,theaverageinflation rateincreased16.2%.Thus, in real terms,revenuesmorethankept pacewith

inflation betweenthepublic andprivatizedperiodswhile realoperatingexpenseshavefallen.

V. ESTIMATION RESULTS

Table 2 reportsthetranslogestimationresultsfor themodelcorrectedfor multiple serial

correlation.'From thesystemR2 , themodel fits thedatawell. 99.8% of thegeneralizedvariancein the

4To explorethepossibilitythatthesystemfacessystematicdifferencesin itsoperatingenvironmentduringdifferent
months,preliminaryrunsof themodelincludedpeak-basevehicleratio,averagespeedof service,andageof fleet.In
eachcase,weacceptedthenullhypothesisthatthevariablewasnotadeterminantof shortrunvariablecosts.
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Table 2
Short-RunModel ParameterEstimates
January 1991- March 1995

OutputMeasure: Vehicle Miles
Number of Observations: 75
Parameter'

i -
Estimate t-statistic

Oo Constant 14.329 231.53

<h Output 0.91 4.56

<*l price of labor 0.64 89.83

<*m priceof maintenance 0.29 45.53

Ok Number of buses -0.028 -0.07

ru price of labor 0.15 6.76

Turn priceof maintenance 0.19 23.26

m Number of buses 4.97 1.20

r» Outputcoefficient 0J5 0.53

n. priceof labor * priceof maintenance -0.17 -13.67

m priceof labor * no. of buses 0.05 0.46

priceof maintenance* no. of buses 0.014 0.14

n, priceof labor* output 0.08 0.62

r-> priceofmaintenance* output -0.09 -2.16

n, Number of buses* output 1.83 121

n Time trend -0.004 -1.52

r« Time trend -0.00006 -0.09

Dbtflaft privatizationdummyvariable -0.201 -5.79
dummyfor 1stquarter 0.014 123
dummyfor 2ndquarter 0.025 2.50
lag 1autocorrelationcoefficient for thecost equation 0J9 4.28

Ar^ lag2 autocorrelationcoefficient for thecostequation 0.24 2.29

ArsM lag 1autocorrelationcoefficient for the shareequations 036 4.23

<^M lag2 autocorrelationcoefficient for theshareequations 025 1.67
lag 12autocorrelationcoefficient for theshareequations -0.16 -1.79

*} systemR" 0.9987

aFull informationmaximumlikelihoodestimatesareinvarianttoshareequationdeleted(Bemdt1991,p.463).The
estimationresultspresentedinTable1normalizeonthepriceof fuel.
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variancein thedependentvariable is "explained" by thevariation in theexplanatoryvariablesin thesystem

of equations.'Further, theestimatedfunction satisfiesthenecessaryneoclassicalconditionsof a cost

function: linearhomogeneityin input prices;monotonicity;andconcavity.6While linearhomogeneityis

imposedon themodel's parameters,monotonicityandconcavitymustbecheckedex-post.The estimated

cost functionsatisfieseachof theseconditionsateverypoint in thesample.

Adjusting for first andsecondorderautocorrelationin thecost functionand first, second,and

twelfthorderautocorrelationin theshareequationsprovidedthebestmodel fit.7It is also importantto note

thattheautocorrelationcoefficients for theshareequations(or,/,;,,ar^ , arjM) arerestrictedto beingequal

acrossshareequationsto satisfy thediagonality requirementof theRi matrices(Bemdt andSavin 1975).

The estimatedpartemof theautocorrelationcoefficients indicatea positive first andsecondorder

correlationanda negativetwelfth order correlationfor theshareequations.While thesourcesof such

correlationsareunclear,the first andsecond-ordertermssuggestthattheeffectsof serviceandpolicy

decisionsmadeduring a givenmonthaffectcostand inputdemandsfor thesubsequenttwo months.

In general,theestimationresultsareconsistentwith expectations.The price coefficientsarepositive

andstronglysignificant. Further,thecoefficient for outputindicatesthattheIndianapolismasstransit

systemoperatesundermildly increasingreturnsto densityatmeanproductionlevel.A 10%increasein

outputincreasesshort runvariablecosts9.1%.' It is importantto note,however,thatwe cannotrejectthe

1MoststudiesthatestimateflexiblecostfunctionsforpublictransitreporttheR2fortheindividualequations.This is
misleadinginanequationsystemcontextfor tworeasons(Bemdt1991): first,theR2couldbenegativesinceit is not
requiredinequationsvstemsthatwithineachequationthesumof residualsis zero;second,singleequationleast-
squaresmaximizeŝ but equationsystemsestimationmethodsdonotmaximizeindividualequationR^s.Thesystem
Rr reportedin thetableiscomputedas(Bemdt1991):

R 1
|*H

where|££'| is thedeterminantof theresidualcross-productmatrixof thefull model,and\y'y\ is thedeterminantof

theresidualcross-productmatrixof amodelinwhichail slopeparametersaresimultaneouslysettozero.
*Monotonicityrequiresthatthecostfunctionbenon-decreasingin inputpricesandis satisfiedif thefittedfactorshares
arepositiveateachobservation.Concavityof thecostfunctionin inputpricesissatisfiedif theHessianmatrixbasedon
thefittedfactorsharesis negativesemidefinite.
7To testforserialcorrelation,themodelwasinitiallyestimatedundertheconstraintthattheRi matrices(fromequation

(6))equalzeroandthenre-estimatingthemodelforRi notequaltozero.Theusuallikelihoodratiotestis basedupon
thesamplemaximizedlog-likelihoodfunctionsobtainedfromthepreviousmodels(Bemdt1991).Thenullhypothesis
ofnoautocorrelationwasrejectedatthe.01level.
1BaseduponannualtimeseriesdatafromBelgium,deBorger(1984)foundasimilarresult.
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hypothesisof constantreturnsto density.The t-statisticfor thenull hypothesisof constantreturnsto density

is -.45, well below the 1.67critical value.We also seethattheestimatedcoefficient for 'Number of buses',

thefixed factorof productionis negativebut not statisticallysignificant.

Holding all elseconstant,thecoefficient for Time Trend indicatesthatmonthly public transitcosts

havebeendecliningon theorderof .004%duringthesampleperiod,which translatesinto a .048% annual

reduction.And relativeto the latterpartof theyear,Indianapolis' transitsystemexperienceshigher costs

duringthewinter andspringquartersof theyear.'

In additionto output,inputprices, andthefixed factorof production,theempiricalmodel reported

in Table 2 also includesa dummyprivatizationvariable,EW,fl , which equalszero for theperiodof public

transitownershipandoperation(1991- 1995)andonefor theperiodof public ownershipbut privatized

operation(January 1996- March 1997).From Table 2, thecoefficientfor this variable is negativeand

highly significant.Holding all elseconstant,the-.201 estimatedcoefficientforDyu indicatesthat

transferringoperationsfrom thepublic to theprivatesectorhasreducedmonthlyoperatingcosts .201%

which reflectsa 2.4%annualcostsavings from privatization.

Further Analvsis of theModel

Tables 3 presentstestresultsfor homotheticityandCobb-Douglasproductiontechnologiesfor the

estimatedmodel.10Consistentwith otherstudies,a Cobb-Douglasproductiontechnologyis strongly rejected

in eachcase." In addition,themodel rejectsthehypothesisof homotheticityimplying thatthecost function

is not separablein outputand thatchangesin a factor's pricewill notonly affectan input'sdemandbut also

thecostelasticitywith respectto output."

9In earliermodelruns,a full complementofmonthlydummyvariableswereincludedbutlikelihoodratiotestscould
notrejectthenullhypothesisthatthemonthlydummyvariablesin aquarterwereequal.
10TestingforhomotheticityisequivalenttotestingthenullhypothesisthatYiy=0 (i =labor,maintenance)versusthe
alternativehypothesisthatatleastoneof theseparametersis non-zero.
11A Cobb-Douglastechnologycharacterizestheproductionof transittripsif wecanacceptthenullhypothesisthat

yw =T(j"Tiy =0,Vi. Viton(1981)andObeng(1984)rejectaCobb-Douglastechnologyin short-runanalyseswhile

WilliamsandHall (1981),WilliamsandDalai(1981),BerechmanandGiuliano(1984),anddeRus(1989)rejecta
Cobb-Douglastechnologyin longrunanalyses.
'! Theliteratureprovidesmixedevidenceonhomotheticity.BerechmanandGiuliano(1984),deBorger(1984),
Berechman(1987),anddeRus(1989)alsofoundanon-homotheticproductionstructure.However,WilliamsandDalai
(1981),WilliamsandHall (1981),andBerechman(1983)couldnotrejectthenullhypothesisof anomothetic
productionstructure.However,in noneof thetimeseriesmodelsdidtheauthorscorrectforautocorrelation.

745



Table 3
Test Statisticsfor Homotheticity andCobb-Douglas P: j : : Technologies

Null Number of x •1
)

Hypothesis -2(lnZrIn£(/)' Restrictions (n) at0.0 i level Result

Homotheticity 82.11 2 9 - ! Rejected
Cobb-Douglas 233.47 10 23.21 Rejected
A , ,— - .. 1

Inly is thesamplemaximized log-likelihood valuewithoutrestrictions(unconstrained)
And In!* is thesamplemaximized log-likelihood with restrictionsimposed(constrained)

Table 4 presentstheown price (e-,0andAllen elasticitiesof substitution(Oij) evaluatedat thesample

meanfor Indianapolis' public transitsystemduring thepublicly operatedandprivatizedperiods.As

expected,theownpriceelasticitieshave thecorrectnegativesign.During bothperiods,andconsistentwith

Table 4

Short-RunOwn Factor Demand Elasticities
andElasticities of Substitution

Price Elasticity"

Period eii e<r 'mm S|f Sim W
Before -0.114 -0.311 -0.018 0.541 0.089 -0.341

After -0.118 -0.307 -0.035 0.568 0.110 -0.353

'

e:own-priceelasticityof demand,s:Allen partialelasticityof
substitution,wheret =labor, f=fuel,m * maintenance
Elasticitiesof substitutionaresymmetric

otherstudies,theelasticitiesare relatively small for laborandmaintenancewhile thedemandfor fuel is

moreelastic.Althoughprivatizationdid not have a demonstrableeffectuponthedemandfor labor or fuel,

we seethatthedemandfor maintenancehasbecomemoreelasticduringprivatization.This is consistent

with the28% reduction in maintenanceemployeessincethesystemprivatizedits operations.The Allen

elasticityresultsindicatethatprivatization hashad little effectuponsubstitutionelasticities.During both

periods,labor is a substitutefor maintenanceand fuel while maintenanceand fuel arecomplements in the

productionof public transitservices.
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OptimalFleet Size

In this section,we usetheestimationresultsto estimateoptimalfleet size in orderto evaluatethe

extenttowhich privatizationhasaffectedcapital investmentin Indianapolis' public transitsystem.Long-run

total costsarealways lessthanshort-runtotal costs,exceptattheoutputlevelatwhich the fixed factor is

appropriatefor long-runcostminimization. Thus, theoptimal levelof thefixed factor (optimal numberof

buses)solvesthefollowing equation:

3VC ...-rj-'-Pt (7)
OK/

wherethesubscriptF refersto thefixed factor,VC is short-runtotalvariablecost,pi is theprice of input i,

and xj is theoptimal levelof the fixed factor (optimal numberof buses).Sincethereis nota closed form

solution for x
'F , theoptimal levelof rolling stock, given p
,

and y
, wasobtainedthrough a numerical

procedure."

Table 5 presentsactualandoptimal fleet sizesalongwith long-runcostestimatesfor thepre-

privatizedandpost-privatizedperiods.During the 5 yearperiodwhenthepublic transitsystemwas publicly

operated,we see in thetablethattheestimatedlong runmarginalcost is greaterthan long run averagecost

indicatingthatthesystem is operatingunderdecreasingreturnsto scale.Further,in comparisonwith an

averagefareof $.95pervehicle-mile, long run marginalcostpricing implies a subsidyof $2.04per vehicle-

mile. During theprivatizedperiod,on theotherhand,thesystem'scoststructure is lower. Long run

marginalcost,for example,hasfallen to $ 1 .62pervehiclemile. Further,thesystem is operatingclose to

constantreturns.Sinceprivatization,long run marginalcost is on average5.3%higherthanlong run average

1
1

To computetheeconomiccostof capitaltothefirm,thepresentstudyusesthemodifiedNelson(1972)approach
(BerechmanandGiuliano(1984)).The formulafortheannualcostof capitalforbuscategoryi in year t

,

P\b is

Pit=Nit(l-.08)Vil5exp(-6AiI)
wherei is sizeofbus(e.g.40footbus,35footbus,or otherbuscategory),N,t is fleetsizeforbuscategoryi in year t,

Vit is thepricefor a newbus in categoryi in year t
, 8 is thedepreciationrate,Ait is averagefleetagefor buscategoryi

in year t. Theannualcostof capitalfor a givenyear is P
t = £ Pi( . Thedepreciationratewascalculatedusingthe

double-decliningbalancemethodoveranassumedtwelve-yeareconomiclife(basedonFederalTransitAuthority
standardsof a 12year500,000mileminimumbuslife).Theconstantdepreciationrateassumedbythismethod is

determinedfromtheformula5-2/N,whereN is theassumeddepreciationlife.For N equalto 12, 5 is 1/6.V-Kfor the
samplewasobtainedfromtheAmericanPublicTransitAssociation(1994).

747



Table 5
Long-Run Costs andCapital Optimality
January 1991- March 1997

Actual Optimal

Period Fleet Fleet LRACb LRMCC

Before 227 201 2.37 2.99

After 215 209 1.53 1.62

LongRunAverageCost- Estimatebasedonoptimalfleetsize
LongRunMarginalCost- Estimatebasedonoptimalfleetsize

costcomparedwith a 26.2%differenceduring thepre-privatizedperiod.Also, given theSI. 00 fareper

vehicle-mile during this period, long runmarginalcost pricing implies a per-mile subsidyof $.62,which is

32% of the pervehicle-mile subsidyrequiredduring thepublicly operatedperiod."

Complementingtheseresults,thesystemwas overcapitalizedduringthe 1991-1995period.For an

averagemonthduring the 1991-1995period, fleet sizewas 227buseswhich compareswith anestimated

optimal fleetof 201buseswhich reflectsa 13%rateof overcapitalization.Sinceprivatization,however,

optimal fleet size is higher,209 buses,while actual fleet size is on averagelower at215 buses.Although

thereis still someinefficiency, therateof capitalization is relativelysmall at2.8%.One could easily argue

thatthis rateof overcapitalizationis within acceptabletolerancesfor operatingefficiency.

VT. CONCLUSIONS

This paperoffers two contributionsto thepublic transitliterature.First, in contrastto all othertime

seriestranslogcost analysesof public transitoperations,themodelestimatedin this papercorrectsfor serial

correlation.Not correctingfor serialcorrelationbiasesstandarderrorsof coefficientestimates,invalidates

theassociatedhypothesistests,andcanhaveimportantimplicationsfor public transitpolicy."

14Wealsoobservedsimilardifferenceswithrespecttoshortruncosts.Priortoprivatization,estimatedshortrun
marginalcostwasS3.091pervehiclemilewhichimpliesa$2.14operatingsubsidy.Sinceprivatization,however,short
runmarginalcostis estimatedtobeS1.63,implyingasmallerS.63operatingsubsidy.
11As anexample,KarlaftisandMcCarthy(1997)estimatea translogcostmodelforIndianapolisbasedonlyuponthe
pre-privatizedperiodJanuary1991- December1995.In thisanalysis,theauthorsdemonstratethat,whenunadjusted
forserialcorrelation,theextenttowhichIndianapolis'transitsystemisovercapitalizedis considerablygreaterthan
whenthemodeladjustsforserialcorrelation.In otherwords,whennotaccountingforserialcorrelation,themis-
specifiedmodelsuggeststhatIndianapolis'operationsarelessefficientthanmayactuallybethecase.
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Second,this papercontributesto the literatureon privatization.Consistentwith otherstudies,the

resultsof this analysis indicatethatIndianapolis' IS monthexperiencewith privatizationof itsmasstransit

systemhasreapedeconomicfruit. In general,during theprivatizedperiod, Indianapolis is producingmore

vehicle-milesandservingmorepassengersbut doing sowith theexpenditureof fewer resources.According

to thetranslogcost functionresultspresentedin this paper,privatizationof Indianapolis' public transit

systemhasled to anannual2.4% decreasein operatingcosts.Further,estimatedlong run marginalcosts

havefallen 45.8%, from $2.99pervehicle-mile to $1.62per-vehiclemile, andthesystemis moreefficiently

using its busfleet.This is particularly importantin today's environmentin which thereare increasingcalls

for significant reductionsin operatingsubsidiesto public transitsystems.Overall, thepositive initial results

imply thatIndianapoliscontinuewith privatizedmanagementand,moregenerally,suggestthatother

publicly runsystemstakea hard look atprivate-sectoralternativesfor managingtheir transitoperations.
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