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| nt roducti on

Thi s paper exam nes whet her state and federal grant policies induce
| ocal governments to substitute new investment for the nai ntenance of
existing capital, resulting i n excessive deteriorationof public
infrastructure. Using a newdata set on the mai ntenance policies of | ocal
mass-transit providers, it shows that private owners of transit capital
equi pnent devote significantly greater resources to nai ntenance than do
public owners of simlar capital. | measure the elasticity of maintenance
with respect to capital subsidy rates using this public/private
differential and using cross-state variation in capital subsidy policies.
The results, which are corroborated i n a conpani on anal ysi s of scrappage in
the public and private sectors, support the position that publicly owned
capital deteriorates faster than simlar private capital because of state

and federal grant policies.

The condition of public infrastructure received nuch political and
nedia attention in the early 1980s. This interest was sparked i n part by
Pat Choate and Susan WAl ter's book, Arerica in Ruins, which gave striking
exanpl es of crunbling infrastructure, and by tragedi es such as the 1983
col | apse of the Interstate 95 bridge i n Connecticut. Mjor studies by the
Urban Institute and the Congressional Budget Cffice(1983) catal ogued the
exi sting state of public infrastructure and projected the need for new

public investnent.



D | api dat ed i nfrastructure, however, does not necessarily point to
governrent i nefficiency. Equipment and structures have specified design
l'ives, and crunbling capital could merely reflect the age of the existing
capital stock. Leonard (1985), however, argues that federal grant
pol i ci es, conbi ned wi th budget rules and political pressures, induce |ocal
governments to systematical |y underfund nai ntenance. He identifies the
resul ting excessive deterioration of public infrastructure as the princi pal

source of the recent "infrastructure crisis."

Wiile the rate of depreciation of physical assets is assumed to be a
constant technical parameter in nost enpirical studies of investnent, a
smal | body of literature argues that utilization and nai nt enance have
inportant effects on the rate of capital deterioration. Drawing on this
literature, and on nodel s of bureaucratic behavior, this paper presents a
nodel of mai ntenance and investrment that nmore fornally illustrates
Leonard’'s argunents. Wile possible effects of bureaucratic behavior and
political and budgetary pressures are briefly discussed, this paper focuses
on the potentially large distortions that result from nassive

i ntergover nnent al subsi di es for capital purchases by | ocal governments.

The inpact of state and federal grant structure on the nai nt enance
efforts of | ocal governnents is exam ned using data on the maintenance
policies of both publicly and privately owned | ocal nass-transit providers.
The data were col |l ected by the Wrban Mass Transportation Adm ni stration

(WMA. Previ ous research into the maintenance efforts of |oca



gover nment s has been hanpered by the | ack of consist'ent measures of public
capital and mai ntenance efforts. The UMIA data set, however, contains
extensive information on vehicle fleets as well as expenditures and | abor
hours for vehicle mai ntenance. Furthernore, local transit-system

het erogenei ty provi des useful natural experinental variation for conparing

the nai ntenance policies of public versus private transit providers.

The results show that privately owned transit conpani es devote sone
14 to 17 percent nore | abor hours to nai ntenance than do publicly owned and
managed transit conpanies. This public/private differential, along with
cross-state variationin grant policies, is used to measure the elasticity
of mai ntenance with respect to capital subsidies. The point estinates
suggest an elasticity of -0.16, neaning that a 10 percent increase in the
subsidy rate for transit capital reduces vehicle maintenance by 1.6
percent. | n a conpanion paper, Oomell (1988), | examne the hazard rates
for retirenment and scrappage of public and private equi pnent and find
evi dence that federal capital grant policies | ead to shorter equipnent life

in the local public sector.

The paper is organized as follows. Section | reviews previous
studi es of governnent efficiency and di scusses the extension to anal ysis of
depreci ation and mai nt enance. Section II presents a nodel of public
i nvest ment and mai nt enance that serves as a framework for the enpirica
anal ysis. Section III discusses the application of this analysis to the

nmass transit industry and di scusses the data set used in the enpirical



work. Section |V presents enpirical evidence concerning the maintenance
policies of public versus private transit providers. Section V discusses
variation in subsidy policies across states and presents an estimate of the
el asticity of maintenance with respect to capital subsidies. Finally,
Section VI presents concl usions and briefly di scusses the scrappage results

fromthe conpani on paper.



. Public Sector Efficiencv and Capital Mi nt enance

Public Sector Efficiency

D scussi ons of public good provision often assune that public
bureaucrats are sel fl ess persons who efficiently provide the | evel of
goods desired by the public. The Ievel of public goods dermanded i s assumed
to be reveal ed through ngjority voting or some other political process.
The public choice literature, however, hol ds that public officials and
bur eaucrats have obj ectives that diverge frommaxi mzing public welfare.
This literature expl ores whet her government overproduces goods and services
and whet her governnent is cost-efficient in the |level of services it does

pr oduce.

The over producti on debat e stens from N skanen's (1975) nodel of
bureaucracy. N skanen posits that a bureaucracy maxi m zes the | evel of
service it provides(hence the size of its budget) subject to its
production constraints and to the total amount of resources that its
political superiors will provide. S nce an agency negotiates wth
political |eaders over a total budget as opposed to increnmental units of
service, and since the agency is often the sol e provider of the service, it
can use its nonopoly power to establish a | evel of service greater than
that desired by voters. Wether | ocal governments adequately reflect the
desires of the nedian voter, or whether the | evel of governnent services
exceeds the wi shes of the nedian voter as N skanen's nodel predicts,

remai ns cont roversi al .1



Wil e the service-maxi m zi ng nmodel inplies that bureaucrats m nimze
production costs per unit of service, work by Mgue and Bel anger (1974) and
O zechowski (1977) explicitly recognizes that bureaucrats desire higher
wages, fringe benefits, and staff levels and will use their nonopoly powers
to obtain them Wile these nodels inply that |ocal government production
is labor-intensive, De Allesi (1969) argues that budget-m nded bureaus
favor production nethods that are capital-intensive, since these nethods
tend to concentrate a larger proportion of costs over a shorter time
horizon. |n either case, bureaucratic preference for capital or |abor

results i n production decisions that are no | onger cost-m ni m zi ng.

Enpirical work usual |y conpares public versus private provision of
simlar services and i n general shows significant cost savings from
privatization. Bennett and Johnson(1979) found a 32-percent saving in
gar bage col l ection costs in Fairfax, Virginia. Ahlbrandt (1973) docurented
a 50-percent saving in fire protection costs in Scottsdal e, Arizona.
Davi es (1971) showed 13 percent | ower costs in a privately operated airline
in Australia conpared with its public conpetitor. The technique of private

versus public conparisonis used in the enpirical work that foll ows.

Capital Mi nt enance

Thi s paper does not address the questions of whether governnent

over produces or is | abor- or capital-intensive in production. |Instead, |



ask whet her capital services used for production are provided in a cost-
m ni m zi ng manner or, alternatively, whether governnent efficiently rmanages

the stock of capital fromwhich capital services flow

Leonard (1985) argues that several institutional, political, and
financial aspects of |ocal governments may di stort mai ntenance and capital
procurenent policies anay fromthe cost-mnimzing ones. First, capita
budgeti ng procedures for |ocal governnents, if they exist, use inadequate
nmeasures of capital and depreciation. Mre inportant, naintenance is
counted as an operating expense. S nce the costs of deferred mai ntenance
are not felt until later, Leonard argues that these budget procedures
encourage public officials to underfund mai ntenance. This tendency is nore
pronounced when public officials and bureaucrats operate under short tine
hori zons because of budgetary or political pressures. Finally, federal
grant policies heavily subsidize the acquisition of new capital as opposed
to mai ntenance of existing infrastructure, a policy that encourages | ocal
governments to negl ect mai ntenance of current infrastructure in favor of

pur chasi ng new capital goods.

Bureaucrats may al so derive utility fromnew investnent. Wi ngast,
et al. (1981) present a nodel of |egislative behavior in which the
geogr aphi ¢ i nci dence of benefits and costs systematical |y biases public
deci sions toward | arger-than-efficient projects. Capital projects give
benefits directly to a snmall group, while their costs are w dely

distributed. Possible sources of utility fromcapital projects for public



of ficials include ki ckbacks, political support, and contributions from
direct project beneficiaries. Leonard(1985) enphasizes the political
benefit that conmes frombei ng associated with [ arge and vi si bl e i nvest ment
projects, a "ribbon-cutting" effect. Such effects further encourage the

substitution of investnent for naintenance.

Tr eat nent _of Depreci ation

In enpirical investment studies, depreciationis comonly considered

to take the formof "output decay,"” in which equiprment productivity
decreases at a constant exponential rate over time.2 Thi s assunption

yi el ds nathematical tractability and results in a constant repl acenent
investnment ratio. Feldstein and Rothschild (1974), however, argue that the
conditions for a constant rate of depreciationare overly stringent and
that shifts in tax policy change equipnent |ife and scrappage rates,
resulting i n a nonconstant replacenment-investnent rati o. Feldstein's

anal ysis of equiprent life follows the standard treatment of Jorgenson,
McCall, and Radnor (1967) in which the fl ow of capital services froma

pi ece of equipment is assuned to be constant over time, but in which
operating, mai ntenance, and reliability costs increase at a constant rate
with equi pnent age. The optim zation problemis to find the equipnent life
that mnimzes the discounted streamof operating and repl acenent costs
over time. Depreciation occurs in the formof "input decay,"” in which the

i nput costs per unit of service increase with age while maintenance is just

an operating expense, providing no future benefits.



An al ternative approach assunes that depreciation takes the "out put
decay" formbut depends on the | evel of maintenance and the rate of
utilization. Mintenance retards the rate of decay of existing capital and
increases the level of capital in future periods; it is therefore a type of
investment. The deci si on-maker can preserve the existing stock of capital
today or purchase new capital tonorrow Depreciationis not a technica
constant, but is determned through optimzing behavior. Nadiri and Rosen
(1969) denonstrate the inportance of the interaction between capita
utilizationand investrment, while Bitros(1976) estimates the inpact of
nmai nt enance on investment deci sions. Schworm(1979) denonstrates how
utilization and mai ntenance decisions are affected by tax policies. These
studi es argue that enpirical anal yses of investment that assume constant
depreci ation and repl acement investnent are msspecified. | use this
approach to illustrate how public managers' maintenance deci sions are
potentially distorted, resulting in an inefficient rate of deterioration of

capital assets.3



II. A Mdel of Investrment and Mi nt enance

Thi s section shows how state and federal grant policies potentially
di stort mai ntenance decisions fromtheir optimal level. It begins with a
sinpl e i nput-choi ce nodel that addresses the question of howa firmor
| ocal governnent can efficiently provide a desired fl ow of capital
services. The optinal naintenance level in this setting depends on
relative prices and on the time preference rate. Capital grant policies,
by altering the relative price of newcapital, distort the mai ntenance

deci si on.

Consi der a | ocal governnent that seeks to provide a desired fl ow of
capital services k'y fromt = 1,...,= at mninmumcost. The desired

services k*, are assuned proportional to a desired capital stock

*

K',. The cost of providing capital services in any periodt is the

sum of new i nvest nent and nai nt enance cost s,

(2) Qost, = q T, + WM, ,

is the

wher e qt is the price of investnent, I, is investnent, W",

price of maintenance, and M, i s nai ntenance.

The stock of capital in period tH equals newinvestnment plus the

capital stock fromperiodt left after depreci ation.4
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(2) Kiwp = (1 - 8K, + Ty

The capital stock and investnent in the initial period t=0 are assuned to

be fixed at K, and I,, respectively.

Al capital depreciates at the same rate §. This rate, however,
is affected by the | evel of naintenance per unit of capital and, as such,
is not constant over time. Maintenance per unit of capital, m,, reduces

the rate of depreciation, but at a decreasingrate.

(3) 6‘=8[%)’ §,<0, §.>0

Assuming perfect certainty, the | ocal governnent's problemis to

mni mze obj ective function(4) over a flow of nmaintenance and i nvest nent

subj ect to K, = K, and to conditions(2 and (3.

® . + _ L
(4 Mn tzo g [ WM, toqI, ] where g "

M, t=0,...,

I. t=0,...,=

t

Future costs are discounted by a rate of tine preference 6. For a

sur pl us-nmaxi m zi ng community, this rate is its effective borrow ng rate.



As di scussed bel ow, however, bureaucrats and public officials may di scount
future costs and benefits at a higher rate because of political or fiscal

pressures. For private firms, § is assumed to be the after-tax interest

rate.5
The first-order conditions for this problemare
(5) M, BV, + A8, =0 and
t = O’ »y®
(6) Ty B9y = e = 0-
t=0,...,»

The first-order condition for M, and I.,, can be solved to
illustrate the trade-of f between nai ntenance of existing capital (this
period) and investrment in newcapital (next period). The ratio of the
prices equal s the ratio at which mai ntenance in period t and investment in

period tH create capital in period t+l.

- 9K, 4,
oM,

7 to-
7 ﬂqt.+1 _31(“1
<

Thi s equation can be solved for the optinal mai ntenance | evel as a
function of the price of maintenance, the price of newinvestnent, and the

di scount rate.



(8) MY, = MW", q__, 6)

t+1l

Standard conparative static anal ysis of (7) vyields

&
<

t t
- -t <o,
aw”, B
M t wmtﬂt >0
dq Pq ’
Rt t+l
dM*
and 7~ - Wik <0,
wher e a, = % >0 .
6 md

t+1

Mai ntenance is decreasing in the price of nai ntenance, increasing in the

price of newinvestnent, and decreasing i n the di scount rate.

These results can be used to predict relative naintenance | evel s for
two types of service providers: a profit-naximzing firmand a community-
sur pl us-maxi m zi ng | ocal governnent. Table 1 outlines differences between
these two nodel s i n discount rates, investnent prices, and nai nt enance

wages.



Table 1
Private Versus Local Public Sector:
D scount Rates, Investnent Prices, and Mai nt enance Wages

LOCAL
PRI VATE PUBLI C
SECTCR SECTCR
D scount 1 - nr r,
Rat e
Ef fective (1L -c - r2z)q (1 - 6% - G°)q
| nvest ment
Price
Ef fective a1 - )W (1 - 6% - G°HW"
Mai nt enance
Wage

Source: author's cal cul ati ons.

Since profit-maximzing firns can deduct interest payments from
taxabl e i ncone, their effective discount rate is the after-tax interest
rate(l - r)r. The discount rate for a surpl us-maxi mzing | ocal
governnent woul d be its effective nunicipal borrowngrate r,. There
are good reasons to suspect, however, that the rate at which public
deci si on-naker s di scount future costs and benefits exceeds r,. Cohen
and Nol1(1984) denonstrate that |egislators maxi mzing the probability of
reel ection seek to defer costs. Furthernore, | ocal budget procedures often

ignore future costs and benefits.



Leonard (1985) argues that capital budgets, if they exist, use
i nadequat e measures of capital and depreciation while officials
are often legal ly constrained to neet bal anced operating budgets year to
year. This discounting of future costs is enhanced in tines of fiscal
pressures. Section |V examnes differences i n mai nt enance out comes due to
such effects by conparing transit systens run by city governments with
t hose operated by independent authorities or managed by private

consul tants.

The effective price of investnent for a private firmis the
i nvestnent price g nminus the present value of any investnent tax credit and
deductions for depreciation,(1 - c - rz)q, where c is the investnent tax
credit and rz is the per-dollar present val ue of depreciation deductions.
Local governments, on the other hand, often receive substantial matching
federal subsidies for newcapital goods. In nass transit, for exanple, the
federal government pays up to 80 percent of the cost of new investnent.

Furthernore, nmany states al so subsidi ze the | ocal share.

M/ survey of state policies identified five states that pay the
entire renmai ning 20 percent, resulting in an effective capital price of
zero. 6 Ten other states al so contributed between 10 and 20 percent

subsidies for transit capital. The effective price of newcapital for a
sur pl us-maxi m zing | ocal government is thus(1l - G° - G°))q,
where G°% and G°, are the matching federal and state grant rates

for capital expenses, respectively. The price of maintenance faced by
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| ocal governnents in nost cases is the noninal price W°,. Incertain

i nstances, however, | ocal governnments are subsidized at the margin for
oper ating expenses and the effective price of maintenance is

(1 - 6% - G°)W",, where G¢° and G°, are the narginal

subsi di es for operating expenses fromthe federal and state governmnents,
respectively. Since firns can deduct mai nt enance expenses fromtaxabl e

i ncorme, the effective naintenance price for the private sector is

(1 - nHw,.

If the present val ue of the investment tax credit and depreciation
deductions equal s the val ue of being able to wite off investnent
i medi ately -- that is, if (1-r) =(1 - c - rz) -- the ratio of prices
facing the private firmis undistorted. Smlarly, for the public sector,
if the narginal subsidy for operating expenses equal s the nargi nal subsidy
for capital -- that is, if (1 - 6% - G°) =(1 - G°% - G°) --
relative prices are undi storted. Massive subsidies for capital in the
| ocal public sector, however, inply a large distortioninrelative prices

and suggest that their maintenance efforts will be | ower than in the

private sector.

Judgrent s about the relative efficiency of these provi ders depend on

assunptions as to the appropriate social discount rate and about the
rel ative strengths of the distortions mentioned above. |f one assumes,

however, that the distortions faced by a private firmbetween nai nt enance



and investment are small conpared to those in the public sector and that
the after-tax interest rate is a reasonable approxination of the social

di scount rate, then nmaintenance efforts of private firnms represent a
natural benchmark with which to evaluate the maintenance policies of |ocal

gover nnment s.
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11T Depreciation Comparison for lLocal Mss Transit

The local mass-transit industry is the focus of the enpirical
anal ysis for several reasons. First, the production processes of transit
provi ders are rel ativel y honmogeneous and their inputs(labor hours and
vehicle nmles) are neasurable, facilitating conparisons of cost-efficiency
across transit providers. Second, the flowof transit capital services,
assuned here to be annual vehicle nmiles, is also relatively homogeneous and
easily measured. Conbined with data on expenses and | abor hours for

mai nt enance, this permts conparison of maintenance per unit of capital.

Finally, transit service is provided by a heterogeneous set of
institutions--includingcity governnents, regional authorities, public
agenci es nmanaged by private concerns, and whol |y private operators. These
provi ders recei ve revenues froma w de variety of sources, includingfares,
federal operating assistance, state and federal capital grants, |ocal
general revenues, and | ocal dedicated taxes. This heterogeneity enabl es ne
to control for variations in operating conditions and to neasure the inpact

of subsidies and institutional settings on mai ntenance poli ci es.

The data source for this work is the Section 15 Reporting System
adm ni stered by the Urban Mass Transportati on Adm ni strati on(UMA).
Section 15 of the Urban Mass Transportation Act (UMI Act) establishes a

uni f ormaccounting systemfor public mass-transportation finances and



operations. Al applicants and direct beneficiaries of federal assistance
under Section 9 of the UMI Act are subject to this systemand are required

to file annual reports with UMIA !

Section 15 data for fiscal year (FY) 1979 through FY 1984 are
avail able for some 435 transit systens and include detailed i nfornation on
revenue sources, expenses, enpl oyees, and hours and niles of service
provided.8 These data provi de an unprecedented vi ew of a cross-section
of local governnent entities that performsimlar activities. The revenue
data are broken into revenues fromboth transit operations and public
subsi di es, including infornation on federal, state, and | ocal contributions
for operations and capital procurement. Dedicated state and | ocal revenues

are identified.

The expense data are broken down i nto wages, fringe benefits,
materials, and services for the areas of adm ni stration, operations, and
mai nt enance. Data on |abor hours for types of enpl oyees are provided as
wel . Wsing the expense and enpl oyee data, average sal ary rates can be
constructed for the different types of enployees. Vehicle inventories for
each systemare broken down by nodel, year of manufacture, and m | eage,
provi ding an unusual | y detail ed cross-section of data on publicly owned
physi cal assets. Finally, operating statistics include data on passengers,
vehicle mles, and vehicle hours. The detail ed data on mai nt enance
enpl oyee hours, nmai ntenance expenses, vehicle mles, and vehicle

inventories are of particular interest for this work.



Federal Transit Policies

The federal government plays an inportant role in financing the
| ocal public mass-transportationindustry. The |argest conponent of
federal transit aid is the Section 3 discretionary grant program which
provides up to 75 percent of approved capital expenditures by local transit
authorities. A majority of these grants go to large transit systens with
rail systens for najor construction projects and expansi ons. The princi pal
federal grant programfor properties that operate only bus |ines, however,
is the Section 9 fornul a grant program which distributes funds to

urbani zed areas for use in transit operating and capital expenditures.

Because UMTIA seeks to wean | ocal properties away fromoperating
assi stance, the Surface Transportation Act of 1982 capped the | evel of
funds avail abl e for operating assi stance for FY 1983 and beyond to sorme 90
percent of the Fy 1982 | evel, or to 50 percent of a property's operating
deficit, whichever was |ower. The overwhelmng najority of public transit
properties are constrained by the cap and recei ve no operating assi stance
on the margin. The Section 9 capital funds are principally used for

vehi cl e repl acenent and pay up to 80 percent of the cost of a newvehicle.

Federal control over maintenance principally consists of setting an
upper limt for deterioration of federally purchased equi pment. UMIA
requires local transit properties to operate buses purchased wth federal
funds for at least 12 years or 500, OOOrriIes.9 Failure to do so results

ina penalty in federal assistance for new capital purchases. This 12-year



limt, however, is belowthe potential operating |ife of 15 to 20 years for
standard bus nodel s. UMIA al so requires that the nunber of spare vehicles
avai |l abl e at periods of maxi mumservi ce be no hi gher than 20 percent, thus
putting an upper lint on the fleet size. This guideline, however, is not

as rigorously enforced as the 12-year vehicle |ife guideli ne.lo

M/ discussions with .transit professional s have yi el ded anpl e
anecdot al evidence that, in spite of UMIA regul ati ons, inadequate
mai nt enance can lead to rapid depreciationof bus equipnent. In St. Louis,
the Bi-State Transportation Agency attenpted to trade in a set of AM
CGeneral buses after nine years claimng that they were "lenons." UMIA
di sagreed and forced Bi-State to make needed repairs to keep them operating
or to buy out the UMIA share. 1n 1983 the New York Metropolitan Transit
Aut hority convi nced UMTA that the recurring problens with their recently
pur chased Grumman advanced-desi gn buses were due to the nanufacturer's
design. New York was allowed to repl ace these buses with federal
assi stance. The Grummans, however, were resold to sone smaller transit
agenci es such as Pioneer Valley Transit in Springfield, MA, who report

havi ng no probl ens with them

These anecdot es suggest that nai ntenance practices can lead to rapid
deterioration of equipnent in the public sector. It is inportant, however,
to distingui sh between variati ons i n mai nt enance and depreci ati on
attributabl e to unavoi dabl e operating conditions, and variations due to

capital grant policies or bureaucratic behavior that are potential sources



of government inefficiency. The enpirical work that follows attenpts to

identify these separate effects.



V. Public Versus Private Mintenance Efforts

The variation in institutional settings for transit providers allows
for natural experinments on vehicle naintenance policies. Inny first set
of tests, | exam ne the inpact of three distinct types of providers:
transit systens run by city governnents, transit systens nmanaged by private
managenent conpani es, and whol |y private transit conpanies. The contro
group of transit systens are those run by independent transit districts or

regional authorities.

Transit systens nmanaged by city governments are of interest, because
their immediate superiors are elected officials and because they conpete
with other city services for the same revenues. They nay have hi gher rates
of time-preference and are perhaps subject to a greater "ribbon-cutting"
effect than the control group. This suggests that mai ntenance efforts will

be lower for city providers.11

Transit systensnmanaged by private consultants provi de a second
natural test of the nodel. These consultants, such as Amrerican Transit
Enterprises (ATE) of G ncinnati, Chio, provide top managenent and technica
and prof essi onal backup service to public transit systens for a fixed fee.
Wi | e deci sions on the | evel of service are nade by the public superiors,
oper ati on and nai nt enance deci sions are nmade by the managers under standard
conpany pol icies which they claimreflect professionally accepted

practices. Discussions with ATE suggest that this results in greater



pl anni ng and reduced political pressure. Because manager pronotionis
based on prof essi onal consi derations, deci sion-makers are less likely to be
subject to political pressures than the control group. Wile ATE may not
be able to systematically disregard its client's w shes, ATE has a

reput ation for good mai ntenance; thus, a public property's selection of ATE
coul d signal tastes for a professionally run and wel | -mai nt ai ned system
Furthernore, the use of a private nanagenent firmallows public officials
to avoid responsibility for adverse nai ntenance out cones by cl ai m ng that

their hands are ti ed.

Final Iy, the nai ntenance policies of privately owned transit systens
are of interest as a natural benchmark to eval uate the policies of public
properties for reasons discussed in section II. Public transit properties
recei ve enornous capital subsidies on the margin, while margi nal operating
subsi di es are uncommon. The nodel therefore predicts that private

mai nt enance efforts will exceed those of public systens.

M/ initial enpirical work exam nes a cross-section of Section 15
data for FY 1984 from122 transit properties. The sanple consists of
si ngl e-node bus operators -- properties that provide only fixed-route bus
servi ce as opposed to rail or demand-response service -- that operated at
| east five revenue vehicles. Included in this sanple are 27 properties
operated by city governments, 18 properties managed by ATE, and 22
privately owned properties. These private properties consist of 12 in the

New York nmetropolitan areawith the rest scattered across the country.12



Their inclusionin the Section 15 data results fromcontracting with a
public recipient of Section9 funds to provide transit services. As these
contracts often provide for the | easing of public vehicles, care is taken
inthe follow ng anal ysis to distingui sh between m | eage on | eased vehicl es

versus those owned by the private operators.

Table 2 reports sanpl e means for nai nt enance expenses and
mai nt enance enpl oyees, scal ed by annual vehicle niles. 1n general, the
average |l evel s of both expenses and | abor hours follow the predicted
patterns. The private systens on average spend 45 percent nmore on
mai nt enance per mle and devote 29 percent nore | abor hours to mai ntenance
than do the public systens. Wthin the public sector, city governnents
spend 8 percent less than transit authorities, while ATE managed properties
spend 9 percent nore. The pattern for labor hours is slightly different,
with city governments devoting 5 percent nore than average and ATE-nmanaged

properties devoting 7 percent nore.

The nmeans shown in table 2, while consistent with the predicted
results regarding the private and ATE-managed operators, do not control for
systematic differences due to wages, operating conditions, and fl eet
conposition. |In particular, the average age of vehicles in private systens
is substantially higher than that for public fleets, with 38. 4 percent of
the private fleets being more than 12 years old conmpared to 22. 0 percent of
the public fleets. The distribution of vehicles weighted by mles is

simlar, with 26.7 and 11. 2 percent of the nileage being run on vehicl es



Table 2

Vehi cl e Mai nt enance Expenses and Labor Hour s*

------------------ PUBLIC------=cum-mnmn-
Publ i c Aty Transit  ATE-

PR VATE Tot al Onned Aut h. Managed
Expenses per 0.77 0.53 0.49 0.53 0.58
m | e ($1. 00) (0.12) (0.02) (0.03) (0.03) (0.04)
Labor hours 37.8 29.3 30.9 27.9 31.4
per 1,000 miles (3.6) (1.4) (3.3) (1.6) (1.7)
Labor hours 38.9 30.8 33.4 28.9 33.4
per 1,000 mles (3.7) (1.4) (3.3) (1.6) (2.0)
(Adj ust ed)
Percent expense 2.8 4.6 6.9 3.8 4.8
contracted out (1.1) (0.7) (1.9) (0.7) (1.9)
Percent expense 67.8 63.2 60.5 64.1 66.0
for | abor (3.5) (1.6) (2.7) (2.4) (2.7)
Percent of fleet 38.4 22.0 15.9 25.4 12.9
> 12 years ol d
Percent m | eage 26.7 11.2 8.9 12.8 4.7
on vehicl es
> 12 years ol d
NOTE: Nunber 22 100 27 55 18

of Cbservati ons

* 1984 cross-section sanpl e means (standard errors).

Sour ce: author's cal cul ati ons.



ol der than 12 years for the private and public systens, respectively. The
ol der fleet in the private systens is consistent with privately owned
capital deteriorating slower than publicly owned capital as a result of
greater mai ntenance efforts. It is also consistent with the view, however,
that increased mai ntenance efforts by the private systens nerely reflect
the fact that they operate ol der fleets. In the enpirical analysis that

follows, | attenmpt to control for the age conposition of the vehicle fleet.

For regression analysis, | increased the sanple size to 387
observations by pooling the 1984 cross-section wi th 1983 and 1982 cross-
sections of 125 and 140 properties, respectively. Only 76 properties
appeared in all three cross-sections. The turnover resulted from
properties that added demand-r esponse vehicles to their service, and thus
dropped out of the single-node sanple, as well as turnover in properties
appearing in the Section 15 data. To control for the effects of wages,
operating conditions, and fleet conposition on maintenance, | estinate a
| og-1i near approxi mation of (8 scal ed by capital services using ordinary

| east squares regression(Qy.

(9 LNVAINT = B, t B,LNSIZE + B,LNWAGE + B,CITY + BATE +

B,PRIVATE + BNY + ) BX, + e

The | og of mai ntenance | abor hours per 1, 000vehicle mles, LNVAINT, is

regressed on the log of size, the | og of wage, dummy vari abl es for type of



provider, and a set of variables X, that control for technical and

operating conditions and fleet conposition. The reported OLS standard
errors are corrected for correlation of errors across time periods using a
covariance matrix constructed fromthe residual s of the cross-section OLS
regressions. Wile the OLSresults for the cross-sections are not reported
here in full, they yield results substantively identical to the pool ed

regressi ons, though with higher standard errors.

A unique feature of this data set is its inclusion of a direct
measure of mai ntenance effort: vehicle maintenance | abor hours. This
al l ows anal ysi s of actual mai nt enance conduct ed as opposed to expenditures
which are affected by variations in local price levels. Mny transit
systens, however, contract out for a portion of their naintenance. To
control for this, | gross up the Iabor hours by the percent of naintenance
expenses contracted out, making the assunption that the | abor conponent of
contracted mai ntenance equal s that done i n-house. Use of the adjusted

nmeasure, shown in table 2, does not affect the analysis.

A nore significant potential problemw th the use of the |abor hours
measure is the inplicit assunption that total naintenance effort is in
fixed proportion to | abor hours. As shown in table 2, |abor expenses, on
aver age, account for sonme 60 to 68 percent of total maintenance expenses
for various types of providers, with public transit authorities devoting
64.1 percent of mai ntenance expenses for |abor as opposed to 66. 0 percent

for ATE managed systens and 67. 8 percent for private systens. Wiile this



suggests little variation in the conposition of maintenance efforts across
types of properties, it should be noted that the standard devi ati ons of

mai nt enance conposition are | arge, suggesting either reporting difficulties
or sone substitution between | abor and capital in maintenance efforts. A
present, however, | have no indicationthat such difficulties bias a
conpari son of nmai ntenance efforts between types of providers and believe
that the benefits of directly measuring the naj or mai nt enance i nput

out wei gh any di sadvant ages.

Tabl e 3 reports the means and standard devi ations of independent
vari abl es used to control for wages, operating conditions, and fl eet
conposi tion(1984 cross-sectionvalues only). For a neasure of wages, |
use the average hourly salary and fringe benefits paid to mai nt enance

13 Wiile | do not have neasures of equi prment prices q,

enpl oyees (WAE) .
measur es of discount rates 4, or preferences for newinvestnent, | assune
that the means of these variables shift only with respect to type of
provider. | therefore enploy dummy variables for city government (AQTY),
the ATE nanaged properties(ATE and the privately owned properties
(PRVATE) to pick up these effects. Since nore than half of the private

observations come fromthe New York nmetropolitan region, a dummy variabl e

(NY) is included to pick up any fixed effect associated with this area.

The vari abl es neasuring technical and operating conditions include

systemni de annual mleage(S2ZE), average speed(SPED), the percentage of



Table 3
Qperating Conditions, Wages, and Fl eet Conposition*

VAR ABLE DESCRI PTI ON PR VATE PUBLI C
Sl ZE Total annual m | eage, 1, 000 2,392 3,501
(2,187) (10,217)

WACE Hourly wage and fringe, $ 12. 57 11.75
(4.91) (3.86)

SPEED Aver age speed, MPH 14.8 13.6
(6.6) (2.0)

SPARES % spare vehicles during 19.4 29.7
peak operation (11.8) (12.6)

M LES Average annual niles per vehicle 35.2 37.5
(14.6) (8.6)

ACE Aver age vehi cl e age, wei ght ed 6.8 5.5
by annual m | eage (3.6) (2.3)

LEASED % of mles on | eased vehicles 32.4 14.4
(40.9) (34.1)

CRASH Col lisions per 1,000mles 0. 049 0.038
(0.031) (0.022)

DENSI TY Popul ation density 4,173.0 2,559.7
(1,632.0) (1,140.8)

CR ME Property crimes per 1, 000 persons 13.3 13.6
(17. 6) (16.4)

GMC84 % of mles on GV buses, 20.5 19.3
1977-1984 nodel s (29.6) (31.5)

GMC76 % of mles on GV buses, 16.1 l6.4
1971-1976 nodel s (16.8) (27.6)

GMC70 % of mles on G buses, 14.8 4.8
pre-1971 nodel s (14.6) (9.4)

CRUSER % of mles on MJ buses, 4.3 0.0
intercity-type bus nodel (12.3) (0.2)
AMENERAL % of mles on Amrerican Mtors 0.0 3.5

m d-1970s bus nodel (0.0) (12.6)



Table 3 (cont.)
Operating Conditions, Wages, and Fl eet Conposition*

VARI ABLE DESCRI PTI ON PRI VATE PUBLI C
SMALL ¢ of mles on vehicles 7.1 6.2
seating under 25 (23.4) (20.7)
MDSIZE % of miles on vehicles 12.2 26.6
seating 25-35 (31.1) 41.7)

* 1984 cross-section sanple means (standard deviations).

Source: author's cal cul ations.



spare vehicles at the time of peak operation(SPARES), and average annual
mles per vehicle(MLES. The percentage of niles run on | eased vehicl es
(LEASED) is included since private firns, and some public properties, often
| ease vehicles frompublic agencies. The rate of vehicle collisions
(RAH), population density (DENSITY), and property crinerate(CRM) are

i ncl uded to measure congestion and hazar dous operating conditions.

Wii | e the above vari abl es can be thought of as exogenous to the
mai nt enance deci sion, a set of potentially endogenous vari abl es measuri ng
fl eet conposition was al so constructed. The nost inportant of these
variables is the average age of the vehicle fleet weighted by annual
m | eage (A . Thi s measures the age of the capital stock in use.
Measures of the manufacturer, vintage, and type of vehicle are included to

control for variationin the type and quality of equi prent.

Wi | e age and vi ntage of equi pment affect the | evel of subsistence
mai nt enance needed to keep the equi prent runni ng, good preventive
mai nt enance over time permts the operation of an older fleet. Variables
nmeasuri ng age of equipnent are therefore potentially endogenous and coul d
bi as regression estimates. The standard econonetric solution for this
problemis to instrunent for the potentially endogenous variable wth
variables correlated with this variable, but uncorrelated with the error
term Unfortunately, | amaware of no obvious valid instrunents and
i nstead report both reduced-formregressions excluding the fl eet

conposi tion vari abl es, and | arger regressions containing these potentially



endogenous variables. Results for the | arger regressions shoul d be

interpreted with caution due to the potential bias.

Tabl e 4 reports four regression equations. Regression(l) is a
reduced-f ormspeci fication containing the set of operating variabl es but
excl uding the New York (NY) dumy variable and the age and fl eet
conposition variables. The estinated coefficient for PRI VATE, 0.237, has a
standard error of 0.064. It is highly significant, suggesting that private
operators conduct substantially nore nai ntenance. |Inclusion of the NY
dummy variable in (2), however, reduces the estimated coefficient of
PRI VATE to 0.165 with a standard error of 0.076. This still represents a
17 percent higher |evel of maintenance for privately owned systens than for
public systens. The estinated coefficients(standard errors) for the 1982,
1983, and 1984 cross-section regressions are 0.138 (0.905), 0.220 (0.108),

and 0.151 (0.118), respectively.

The | arge positive coefficient of NY can be interpreted in part to
reflect the extrene operating conditions in the New York Aty area caused
by heavy congestion and poor roads. Because half of the observations for
private operators occur in the New York area, it is not surprising that the

NY dummy vari abl e substantially reduces the private coefficient.

The estimated coefficient for the ATE dummy is positive and

significant in both(1) and (2), indicatingthat ATE managed properties



Table 4
Ordinary Least Squares Regression,
1982-1984 Pool ed Cross-Section*

(1L (2) (3) (4)
Const ant 5,200 5.441 5.397 5.187
(0.579) (0.592) (0.594) (0.577)
LNSI ZE 0.141 0.140 0.138 0.139
(0.021) (0.021) (0.021) (0.021)
LNWAGE -0.441 -0.454 -0.456 -0.435
(0.060) (0.060) (0.059) (0.057)
CaTY 0.023 0.011 0.010 -0.007
(Dunmry Var.) (0.056) (0.056) (0.055) (0.052)
ATE 0.120 0.117 0.118 0.137
(Dummy Var.) (0.063) (0.062) (0.061) (0.058)
PRI VATE 0.237 0.165 0.168 0.141
(Dumy Var .) (0.064) (0.076) (0.076) (0.075)
NY --- 0.175 0.175 0.178
(Dunmy Var .) --- (0.103) (0.102) (0.097)
LEASED 0.0003 0.0006 0.0006 0.0004
(0.0006) (0.0006) (0.0006) (0.0006)
LNSPEED -0.663 -0.636 -0.631 -0.691
(0.096) (0.095) (0.095) (0.091)
SPARES 0.0035 0.0037 0.0038 0.0045
(0.0014) (0.0014) (0.0014) (0.0014)
LNMILES -0.247 -0.239 -0.237 -0.222
(0.062) (0.061) (0.060) (0.058)
CRASH 0.966 0.905 0.954 0.688
(0.889) (0.876) (0.864) (0.824)
LNDENSE 0.077 0.033 0.034 0.066
(0.057) (0.062) (0.062) (0.060)
LNCRI ME -0.0100 0.0005 0.0004 0.0042

(0.0540) (0.0538) (0.0531) (0.0522)

AGE 0.0100 -0.0223
(0.0166) (0.0202)



Table 4 (cont.)
Ordinary Least Squares Regression,
1982-1984 Pool ed O oss-Secti on*

(1) (2) (3) (4)
AGE*AGE --- --- -0.0006 0.0018
.- --- (0.0009) (0.0012)
GMC84 - - --- - 0.0010
- --- --- (0.0007)
GMC76 --- --- --- 0.0011
- _-- --- (0.0008)
GMC70 --- --- --- -0.0004
.- - .- (0.0002)
CRU SER --- --- --- 0.0073
- - --- (0.0026)
AMENERAL 0.0020
- --- --- (0.0013)
COWPACT --- --- --- -0.0014
o S --- (0.0009)
M DSI ZE --- --- --- 0.0013
.- .- --- (0.0006)
Nunber of Cbs. 387 387 387 387
Deg. of Freedom 374 373 371 364
Sumof Sg. Res. 40.609 40. 139 40. 089 37. 656
R- Squar ed 0. 430 0. 436 0. 437 0.471

NOTE: Dependent variable = log of maint. hours per 1,000 mles.
Mean of dependent variable = 3.400 .

* COLS standard errors corrected for correl ati on
of errors across peri ods.

Source: author's cal cul ati ons.
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conduct some 12 percent nore mai ntenance than other public systens. This
result holds in all of the regressions that follow The sign of the ATY
dummy, however, is positive and insignificant, in contrast to the
prediction of the nodel. The estinated el asticity of naintenance | abor
hours with respect to the nai ntenance wage ranges from-0.44to -0.46 in

the regressionresults and is significant in all cases.

QG her variables in(1) and(2) include LEASED, to control for |eased
equi prrent, and CRASH, LNDENSE, and CRI ME to control for adverse conditions
associated with operation in the New York area. The coefficient for LEASED
is positive but insignificant. The operating condition variables have the

expected positive signs in nmost cases but are insignificant.

Vari abl es control ling for systemcharacteristics appear to be
i nportant determ nants of nai ntenance efforts. Maintenance is increasing
with the size of operation, with an estimated elasticity of 0.141,
suggesting di seconom es of scale in that a doubling of size raises
mai nt enance hours 14 percent. Mintenance decreases with the average speed
of operation, possibly due to | ess wear and tear of highway mles versus
st op-and-go operation in congested areas. Finally, two variabl es neasuring
equi pnent utilization, SPARES and LNM LES, enter with positive and negative
estimated coefficients, respectively. Al of the estimated coefficients

for these variables are statistically significant.



Regression(3) controls for the age-distributionof the fleet
entering ACE and AGE-squared to account for any nonlinearities associated
wi th mai nt enance of agi ng equi pment. The estimated coefficients for these
vari abl es are of opposite sign, suggesting an age-nmai nt enance profile in
whi ch mai ntenance efforts first increase, then decrease with the age of
equi pnent, but are insignificant. The coefficient for PR VATE rises

slightly to 0.168 and remains statistically significant.

Regression(4) includes the fleet conposition variabl es di scussed
previously. GMC84 accounts for the percentage of mles run on the
advanced-desi gn buses manuf act ured bet ween 1977-1984, whil e GMC76 and GMC70
control for the workhorse newl ook buses manuf act ured bet ween 1971-1976 and
pre-1970, respectively. The coefficients for GMC84 and GMC76 enter with
positive but statistically insignificant coefficients, while the GMC70
coefficient enters with a negative and statistically significant
coefficient of -0.0004, suggesting that buses of this vintage on average
require sone 4 percent |ess nmai ntenance. The conposition variabl es al so
control for mleage on snall (COWACT) and midsized vehicles(MDS ZE) as
well as nileage on intercity-type buses(CRUSER) and a m d-1970s nodel
manuf act ured by Anerican Mtors (AMENERAL) that is reported to have had
signi ficant mai ntenance problens. The coefficients for MDSI ZE and CRU SER
are positive and significant, suggesting that controlling for operating
condi tions, these type of vehicles require greater |evels of maintenance.
The coefficient on AMGENERAL is estimated at 0.0020with a t-statistic of

1. 56, suggesting that these vehicles require 20 percent nore mnai nt enance on
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average. Finally, the results suggest that COMPACT vehicles require | ess

nmai nt enance t han aver age.

I nclusion of the fleet conposition variables results ina flipping
of the signs for AGE and AGE-squar ed, suggesting an age profile in which
mai nt enance first decreases, then increases with age. These results are
consistent with reported experience in the transit industry. The
coefficient for PRIVATE i n regression(4) declines to 0.141with a t-

statistic of 1.88.

The results of these regressions suggest that private owners of
transit capital devote sone 14 to 17 percent greater resources to
mai nt enance than do public owners of simlar equipment. This result
survives controlling for wages and operating conditions as well as the age
di stribution and conposition of the fleet, suggesting that private
mai nt enance efforts exceed the subsi stence | evel needed to keep the fl eet

i n operati on.



V. Coss-State Variationin Capital Subsidv Policies

Wiile the analysis in section |V suggests that an inportant
differential exists between the maintenance efforts of private versus
public owners of capital, the zero/one nature of the experiment does not
provi de enough variation to estimate the inpact of grant policies with any
degree of confidence. Mdels of bureaucratic behavior or political
pressures coul d al so expl ain the public/private differential. To identify
the price effects of capital subsidies, therefore, | will use variations in

grant policies across states.

The federal Section 9 grant program subsidi zes new capital purchases
by public mass-transit providers at a rate of 80 percent. This rate is
constant across properties and effectively is a narginal subsidy for all
publ i c vehicle purchases. Certain states, however, contribute up to 100
percent of the |ocal share, that is, the 20 percent not paid for with
federal funds. To identify those states which contributed capital funds at
the margin, | conducted a tel ephone survey of Departnents of Transportation
(DOTs) in the 29 states represented in the sanple. The information
recei ved was cross-checked with a survey conducted by the American
Associ ation of State H ghway and Transportati on Oficial s (1986). Table 5
presents survey results that categorize states by size of capital subsidy.
Hal f of the state DOTs contacted report that they provide no direct subsidy
for capital, while seven states subsidize capital at a rate of 10 percent,

or half of the |ocal share, two states subsidize capital at a rate between



Table 5
State Capital Subsidy Policies

10 - 20
ZERO 10 PERCENT PERCENT 20 PERCENT

SUBSI DY SUBSI DY SUBSI DY SUBSI DY
Ar kansas H orida Pennsyl vani a Al aska
Col or ado Georgi a Virginia Connect i cut
Del anar e Mai ne Illinois
I ndi ana Nevada M chi gan
Loui si ana North Carolina New Yor k
M ssi ssi ppi Ghio
M ssour i Tennessee
Rhode 1 sl and
Texas
Washi ngt on
W sconsi n
Sout h Dakot a
CGialifornia
Mont ana
Ari zona

Sour ce: tel ephone survey by aut hor.



10 and 20 percent, and five states pick up the full local share,

subsi di zi ng new capi tal purchases at a rate of 20 percent.

Through this survey | also identified a few instances where
operating expendi tures are subsidi zed on the margin. Wi | e nost states
give transit operating subsidies on the basis of a forrmula unrelated to
expenses or deficit, Wsconsin, Pennsyl vani a, Connecticut, and Illinois
(for downstate communities) cover a significant share of operating expenses
at the margin. Furthernore, small transit systens in North Carolina and
CGeorgi a are subsi dized on the margin by 50 percent through the Section 9

federal funds controlled by the state governor.

To conduct enpirical analysis, | constructed a capital subsidy
vari abl e CAPSUB that equal s the relative subsidy for capital faced by the

| ocal government.

(1 B Gcf B Gcs]

(10) CAPSUB =
[1 B Gof ) Gos]

For a local transit systemreceiving a 20 percent subsidy fromthe state as
wel | as a 80 percent subsidy fromthe federal governnent, the effective

price of capital is zero. The controlling factor in purchasing newcapita



i n such cases are UMIA regul ati ons regarding fl eet size and m ni mrumvehicle
life. Public properties are permtted a spare vehicle ratio of only 20
percent at times of peak operation and are required to make buses | ast at

| east 12 years.

To construct CAPSUB for private operators requires an estimate of
the after-tax price of capital. This can be defined as the price of
i nvest ment mnus any investment tax credit or gains fromdepreciation.
CAPSUB for a private firmthus equals(1 -c¢ - rz) /(1 - 7). For this
estimate | used a value of 0.10for the investnent tax credit c, cal cul ated
the per-dol | ar present val ue of depreciation allowances rz for buses as
0.41 using the ACRS tax rules, and used the corporate tax rate of 0.46 for

T.

Table 6 reports results fromthe pool ed reduced-f or m mai nt enance
regressions that exclude the age and fleet conposition variabl es but
i ncl ude CAPSUB. I n regression (1), which excludes both the PR VATE and NY
dummy vari abl es, the estinated coefficient for CAPSUB is 0.251with a
standard error of 0.114. Wen the NY variable is included, the CAPSUB
variable is estimated at 0.158 with a standard error of 0.088. This
estimate suggests that a 100 percent subsidi zation of capital purchase
results in a 16 percent reduction in vehicle naintenance. This is the best
estinmate avail abl e, because when the PR VATE dummy variable is entered in
(3), the CAPSUB variabl e no | onger has the power to distinguisha price

effect. The estinmated coefficients of PR VATE, NY, and CAPSUB are all



Table 6
Ordinary Least Squares Regression with Capital Subsidy
Variable, 1982-1984 Pooled Cross-Section*

(1) 2 (3)
Constant 5.106 5.428 5.457
(0.585) (0.596) (0.588)
LNSIZE 0.138 0.138 0.142
(0.022) (0.021) (0.021)
INWAGE -0.439 -0.455 -0.456
(0.061) (0.060) (0.060)
CITY 0.011 0.0003 0.020
(Dummy Var.) (0.057) (0.0554) (0.056)
ATE 0.116 0.113 0.114
(Dummy Var.) (0.064) (0.062) (0.061)
PRIVATE --- --- 0.384
(Dummy Var.) --- --- (0.251)
NY ~-- 0.210 0.158
(Dummy Var.) --- (0.100) (0.103)
CAPSUB 0.251 0.158 -0.263
(0.114) (0.088) (0.289)
LEASED 0.0006 0.0008 0.0003
(0.0006) (0.0006) (0.0007)
LNSPEED -0.660 -0.628 -0.635
(0.098) (0.096) (0.095)
SPARES 0.0034 0.0037 0.0036
(0.0015) (0.0014) (0.0014)
LNMILES -0.247 -0.238 -0.243
(0.062) (0.061) (0.060)
CRASH 1.110 0.985 0.838
(0.900) (0.881) (0.871)
LNDENSE 0.090 0.032 0.033
(0.057) (0.063) (0.062)
LNCRIME -0.017 -0.002 0.007

(0.055) (0.054) (0.054)



Table 6 (cont.)
Ordinary Least Squares Regressionw th Capital Subsidy
Vari abl e, 1982-1984 Pool ed O oss-Secti on*

(L) (2) (3
Nunber of Cbs. 387 387 387
Deg. of Freedom 374 373 372
Sum of Sg. Res. 41. 110 40. 371 40. 010
R- Squar ed 0. 422 0. 433 0.438

NOTE: Dependent variable = log of maint. hours per 1,000 mles.
Mean of dependent variable = 3.400 .

* COLS standard errors corrected for correl ati on
of errors across periods.

Source: author's cal cul ati ons.



insignificant with the sign of CAPSUB reversing. |t appears, however, that
t he PRI VATE vari abl e doni nates the CAPSUB vari abl e when both are placed in
the regression equation. Since the estimated coefficient of CAPSUB is
insignificant in the unrestrictedregression (3), the hypothesis that the
correct regression specification excludes CAPSUB cannot be rejected. The
t-statistic of the PRVATE variable in (3), however, is 1.53, and the

hypot hesi s that the correct regression specification excludes PR VATE can
be rejected at the 80 percent confidence | evel, though not at the 95
percent |evel. This suggests that there are influences other than price
effects that |ead private operators to devote hi gher | evels of maintenance
than public operators and supports the viewthat bureaucratic and political

factors reduce mai ntenance efforts in the public sector.



V. Conclusion

Thi s paper exani nes whet her state and federal grant policies induce
| ocal governnents to substitute newinvestment for the nmaintenance of
existing capital. An enpirical analysis of the maintenance practices of
| ocal nmass-transit providers shows that privately owned transit conpanies
devote sonme 14 to 17 percent nore | abor hours to mai ntenance t han do
publicly owned and managed transit conpanies. This result is robust under
several specifications controlling for wages, operating conditions, system

characteristics, and fl eet conposition

Noting that the federal governnent subsidizes newtransit capital
purchases in the public sector at a matching rate of 80 percent, the
private/public differential and cross-state variation in grant policies are
used to neasure the elasticity of maintenance with respect to capital
subsi di es. The point estimates suggest an elasticity of -0.16, that is, a
10 percent increase in the subsidy rate for transit capital reduces vehicle
mai ntenance by 1.6 percent. The results are unable to distinguish,
however, between a price effect fromcapital subsidies versus a fixed
ef fect associated with private operation. Non-nested hypothesis tests
suggest that the fixed effect dom nates and that influences other than
price effects | ead private operators to devote higher |evels of naintenance
than public operators. This supports the viewthat bureaucratic and

political factors reduce nai ntenance efforts in the public sector.



Wiile the results in this paper establish that private owners of
transit capital devote significantly greater resources to nai ntenance than
do public owners of simlar capital, they do not necessarily denonstrate
that public capital deteriorates at a faster rate than privately owned
capital. The higher |evels of maintenance | abor hours could be attributed
to nore capital-intensive mai ntenance practices. Furthernore, aninplicit
assunption that mai ntenance is qualitatively simlar between the two
sectors could be false. |f one sector fixes equi pnent upon failure, as
opposed to conducting preventive mai ntenance, differences in overal
mai nt enance | evel s could result. A conpani on paper (G omel |, 1988),
however, directly exam nes the scrappage and retirement rates of private
versus public equi pnent to determ ne whet her the hi gher maintenance in the

private sector is reflected in |onger equipnent life.

Usi ng a panel of fleet data, | examne the hazard rates for
retirement and scrappage of public and private equi pment. A significant
upward shift is seen in the scrappage rate for public vehicles at the 13-
year point. This shift is inportant because federal regul ations require
vehi cl es purchased with federal funds to remain active for at |east 12
years before replacenent. The fact that this response does not al so occur
inthe private sector strongly suggests that it is caused by the drop in
price of replacenent at the 13-year nmark for public vehicles as opposed to
any underlying techni cal process of deterioration. It is strong evidence
that federal capital-grant policies lead to shorter equipnent life in the

| ocal public sector and corroborates the evidence in this paper that



public properties substitute new investnent for the maintenance of existing

capital.



8.

9.

Endnot es
For a reviewof this debate, see Dudl ey and MontMarquette (1984).
For areviewof the literature, see Jorgenson(1971).

Deci sions about utilizationrates represent an inportant extension of
this anal ysis not presented here.

A variant of this nodel not presented here incorporates the fact that

| ocal governments can issue debt for new capital purchases, but finance
mai nt enance fromcurrent revenues. This condition affects the analysis
when a | ocal government is constrainedinits ability to achi eve some
overal|l desired | evel of debt. Gordon and Sl enrod (1985), however,
argue that communities do not face such binding limts. GOne potential
limt on borrow ng woul d be statutory limts set by the state specifying
that the outstanding debt in a municipality cannot exceed some percent
of the assessed property val ue of the comunity. Separate limts,
however, are set for school bonds and for debt of special districts, so
that creating special districts allows nore debt to be issued. In

addi tion, they argue, sone forns of debt are normally entirely exenpt
fromthese linmts, and states often provi de a nechanismto rel ax a

bi nding restriction on debt issues.

Thi s assunption avoi ds the conpl exities associated with the financial
structure of the firmdiscussed in Stiglitz(1973) and Ki ng(1975).

In the zero price case, | ocal governnents are constrained by federa
regul ati ons regardi ng mni nrumvehicle |ife and naxi rumsi ze of fleet.
See section III.

See UMIA(1983).

Figure cited is as of the 1983 report year.

See UMTA (1985).

10. See Touche Ross (1986).

11.

12.

The provision of transit services by city governments as opposed to
regi onal agencies is assumed to reflect the geographi c area of service
provi sion and state policies toward the creation of independent
districts as opposed to tastes for mai ntenance. Thus, the provision of
service by city government is assumed to be exogenous to the

mai nt enance probl em

Privately owned conpani es were identified using UMIA(1986). The
survival of these private conpanies over a time when nost were failing



and bei ng bought out by public agencies reflects | ocal demand
conditions for transit (as in the New York area) and policy decisions
by local authorities not to get into the transit business, in addition

to the probability that they were wel |l -run properties. | assune that
these historical conditions are independent of current naintenance
pol i ci es.

13. Transit properties are assuned to be price-takers in the |abor market.
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