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| nt roducti on

Thi s paper exam nes the inpact of federal grant policies on
capi tal scrappage decisions by | ocal governnments. Large subsidies for new
capital potentially shorten equipnent life by inducing substitution of new
capital for the nmaintenance of existing capital, |eading to shorter
equi prrent |'i fe than woul d occur under cost-minimzation. This distortion
provi des one possi bl e expl anation for the "infrastructure crisis" that has

drawn recent attentionin political and nedia circles.1

I n a conpani on paper, | denonstrate that vehicl e mai nt enance
spending is significantly higher anong private owners of transit capital
t han anmong public owners of simlar equi pment, suggesting that federal

subsi dies distort local public capital deci si ons. 2

The present paper uses new y devel oped hazard nodel estinmators to
exam ne scrappage decisions in the public and private sectors. The results
denonstrate that federal policy has inportant effects on | ocal public

scrappage deci si ons.

The operations research literature includes extensive anal ysis of
scrappage and nai nt enance deci sions and of the inplied conditions for
optimal equi prent |ife and nai nt enance policies.3 A nmodel fromthis
tradition is used to examne the inpact of federal capital subsidies on

| ocal decisions and to show that a subsidy for new capital purchases(but



not for nai ntenance of existing capital) wll induce | ocal governnents to
scrap equi prent before the optimal scrappage point. The bias in federal

pol i cy towards subsidi zi ng capital purchases versus operating expenses thus
offers a potential explanation for the perceived excessive deteriorationin

the local public capital stock.

To exam ne the inportance of federal grant policies for |ocal
scrappage deci sions, | use hazard nodel i ng t echni ques with a new dat a set
on operations and vehicle fleets of |ocal nass-transit providers. The
data, col |l ected by the Urban Mass Transportati on Adnmi ni strati on(UMA),
provi de an unusual Iy preci se measure of the physical capital stock of 436
public and private transit properties nationwi de. The enpirical anal ysis
uses estinmators common to studi es of unenpl oynent duration, including the
Kapl an-Mei er enpirical hazard estimator, a fully-parametric proportional
hazard estimator, and Meyer's (1988) sem paranetric hazard estinmator
(SPHB). The results denonstrate the advant ages of SPHE and provi de strong
evi dence that federal grant policies have a direct inpact on | ocal

scrappage deci si ons.

The paper is organized as follows. Section 1 uses a nodel of
optimal equipnent life to predict the inpact of federal grants on scrappage
deci sions. Section 2 discusses the data set and federal grant policies for
mass-transit capital. Sections 3 and 4 present the Kapl an-Mei er and the
fully-paranetric proportional hazard nodel estimates, respectively.

Section 5 presents results using SPHE and di scusses the differences between



SPHE and the previous estimators. Finally, section 6 presents concl usions

and di scusses the inplications of the results for federal grant policies.



. A Mdel of ptinal Equipment Life

Thi s section nodel s scrappage to denonstrate the inpact of
federal subsidies on optimal equi pnent life.* Consider a cost-m ni m zi ng
firmor |ocal government that decides when to scrap a nachine it already
owns. W assune that the machine is not replaced when scrapped and t hat
mai nt enance M(t) increases while operating recei pts Q(t) decrease over
tinme. The firmchooses the scrappage tine T that naxi m zes the present

val ue of net receipts, A(T), flow ng fromthe machi ne

T
(1) A(T) = { et [Q(t) - WM(t)] d, - q,

where W" is the price of maintenance and q is the purchase price of the

machine. Setting A'(T) = 0 yields first-order condition

(2) [ ) - wa(T) J &' =0,

whi ch hol ds that equi pment is scrapped when the return on it is offset by
necessary nai ntenance expenditures. Notice that in this sinple problem
with no replacenent, the price of new capital does not affect scrappage

deci si ons.

If a machine is replaced by an identical nachi ne when scrapped,

and if this process continues indefinitely, the firmis problemthenis to



choose T to maxi m ze B(T), the discounted val ue of net receipts fromthis

sequence.

(3) B(T) = % e [ A(T) ]
k=0

Setting B'(T) = O yields first-order condition(4) that

(4) [ Q) - WD) - B(M)] £ =0
(1-e7tT)
shows that scrappage occurs when the current accrual of costs

Q(T) - W™(T), equal s the | ong-run average costs of the infinite

sequence, rB(T).

Noting that the purchase price enters this condition through
the definitions of B(T) and A(T), we can use standard conparative statics

to showthe effects of subsidies on scrappage decisions. Substituting
these definitions into(4) and noting that B(T) = A(T)/(1 - e™*T)

yi el ds

T
(5)  (Q(T) - WwM(T))(1 - e*T) - r[fe-rt(Q(t) - WM(t))dt - q:l -0,
0

which forns an inplicit function (T, q, W) = 0. Ve then have



T, = (Q - WM - e*) <0

¥ =r >0, and

T
T, = - [M(T)(l - e ) - rfe'rtM(t)dc]
0
- - To-reM(t)
= - M(T)l: 1 - e T . r{e tM(T)dt

T
< - M(T)[ 1 - e - rfe'r"'dt:l =0
0

- -,
4 e dfT _ _9>pand 9L - W < 0 ,
yielding dq 7, 0 aw® T,

It follows that a federal subsidy for newcapital purchases at a
mat ching rate G°; lowers the effective equi pnent price to
(1 - G°%)q and reduces the optimal equipnent |ife T chosen by a

| ocal government. A federal subsidy for operating expenses at natching

rate G°, however, reduces the effective nmaintenance price to

(l-Gof)Wm and woul d raise T*. If both subsidies are in place, the

net effect on T is anbi guous.

Simlar argurments hold for a private firmthat receives tax
benefits fromnew investment through investrment tax credits ¢ and the

present val ue of depreciation deductions rz, yielding an effective

- € - rz)q, but deducts nai nt enance expenses from

- W .

equi prrent price of (1

profits, yielding an effective maintenance price of (1

Consi der a federal subsidy that can only be used to repl ace equi pnent



that is as least as old as some T, so that q = q, for T<T and
that q = a, = (1- G°f)q1 for T = T. From the comparative
statics results we have that T*l(ql) > T*z(qz) and will

observe the following pattern of scrappage:

if T, < T , then scrappage occurs at T = T", and no capital

grant is received,;

i f T*2 > T , then scrappage occurs at T = T*, and a capital

grant is received; 'finally,

if T, < T <T", then scrappage occurs at T = T with a

capital grant received.

Because of variations in operating conditions and wage rates across

firms we can expect that T would be distributed across a sample of

properties. Given a grant structure of this type, we would then expect to

see a marked shift in the overall scrappage rate at T = T. This paper

will examine a subsidy program with a structure similar to that above and

test if the observed scrappage follows the predicted pattern.



I1. Data on Local Mass-Transit Providers

The | ocal mass-transit industry is the focus of the enpirical
anal ysis for several reasons. First, the production processes of transit
providers are rel ativel y homogeneous and their inputs(labor hours and
vehicle mles) are neasurable. This facilitates conparisons of cost-
efficiency across transit providers. Second, the stock of transit capita
is also relatively honogenous and can be neasured fromfleet and m | eage
data. Finally, transit service is provided by a heterogeneous set of
institutions -- including city governments, regional authorities, public
agenci es managed by private concerns, and whol |y private operators. Thes
provi ders recei ve revenues froma w de variety of sources -- including
fares, federal operating assistance, state and federal capital grants,
| ocal general revenues, and | ocal dedicated taxes. By controlling for
operating conditions and wage rates, | use this heterogeneity to exam ne

the inpact of subsidies on scrappage.

The data used here are collected under the Section 15 Reporting
Systemadm ni stered by the Urban Mass Transportati on Adm ni strati on( UVIA
Section 15 of the Wban Mass Transportation Act (UMI Act), establishes a
uni formaccounti ng systemfor public mass transportation finances and
operations. Al applicants and beneficiaries of Federal assistance under
Section 9 of the UMI Act are subject to this systemand are required to

file annual reports with uvrI'A5



Section 15 data for fiscal year (FY) 1979 through FY 1985 are
avail abl e for 435 transit systens and include detailed infornmation on
revenue sources, expenses, enpl oyees, and hours and mles of service
provided.6 These data provide an unusual |y detail ed panel of |oca
governnents' physical assets. I n particular, vehicle inventories for each

systemare broken down by nodel, year of manufacture, and nil eage.

The sanple was linmted to 112 properties that only ran bus service
-- as opposed to rail, ferry, etc. -- and that had nore than five vehicl es.
By tracki ng vehicles across the 1982 t hrough 1985 reporting years,
scrappage deci si ons were observed for 15, 829 vehi cl es, including 1, 005
privately owned vehicles from1l privately owned conpani es. Vehicles that
changed fromactive to inactive status or that were dropped fromthe fleets

bet ween report years were counted as scrapped.

Federal Transit Policies

The federal governnent finances a najor part of |ocal public mass
transportation. The |argest conponent of federal transit aid is the
Section 3 discretionary grant programthat funds up to 75 percent of
approved capital expenditures by local transit authorities. A ngority of
these grants pay for major construction projects and expansi ons of |arge
transit properties with rail systens. The principal federal grant program
for properties that only operate bus lines is the Section 9 formul a grant

programthat distributes funds to urbanized areas for use in transit
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operating and capital expenditures. Due to a desire by UMIA to wean | ocal
properties away fromoperating assi stance, the Surface Transportation Act

of 1982 capped the level of funds available for operating assistance for FY
1983 and beyond to some 90 percent of the FY 1982 | evel, or to 50 percent

of a property's operating deficit, whichever was | ower. The overwhel n ng
majority of public-transit properties are constrained by the cap and

recei ve no operating assistance on the margin. The Section 9 capital funds
are principally used for vehicle replacement and pay up to 80 percent of

the cost of a new vehicl e.

Federal control over maintenance principally consists of setting an
upper limt for deterioration of federally purchased equi pnent. UVIA
requires local transit properties to operate buses purchased wth federal
funds for at |east 12 years or 500, 000 mi | es. 7 Fail ure to do so results
inapenalty in federal assistance for new capital purchases. This 12-year
limt, however, is belowthe potential operating life 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 nmaxi numservi ce be no hi gher than 20 percent, thus
putting an upper limt on fleet size. This guideline, however, is not as

rigorously enforced as the 12-year vehicle |ife guideline.

As shown in section 1, the structure of the UMIA grants |leads to
the prediction that in the public sector we will observe | ow | evel s of
scrappage before the 13-year point, a marked shift in the scrappage at 13

years, then high level s of scrappage thereafter. A simlar pattern for



privat el y-owned vehicles is unlikely as they are not subject to such a

discontinuity in the price of new equi prent.

Used-Bus Mar ket

The definition of scrappage used here has drawbacks since the
di sposi tion of equipment is not reported in the Section 15 data. The
used-bus narket is highly fragmented and is ad hoc in nature. No centra
dat a source of used-bus prices or sales exists. UMIA officials report,
however, that the used transit bus market is depressed. The supply of
public vehicles over 12 years old far exceeds demand and vehi cl es are nost
commonly sold for scrap. To confirmthis, | collected transaction prices
for sone 645 transit vehicles sold in 1987 and 1988 by contacting al

properties that solicited bids for used vehicles during this period.9

The results of this survey are shown in table 1. Prices for
publ i cly owned vehi cl es manuf actured before 1971 ranged from $100 to
$3500 wi th an average price of $511. Even vehicles reported to be
wel | -mai ntained typically did not sell for over $3,000. Prices for
vehi cl es manuf act ured bet ween 1971 and 1975 ranged from $250 for scrapped
vehi cl es to $6, 000 for wel | -nai ntai ned vehicles. Prices for newer vehicles

manuf act ur ed bet ween 1976 and 1980 aver aged $8, 863.

Typically, less than 10 bids were received per auctionwth a
mean of five bids reported by properties that woul d provide this

i nformati on. Those bi ddi ng i ncl uded Cari bbean nati ons, church groups,



Table 1
Wsed Transit Vehicle Prices
in 1987 and 1988

Year of Aver age Nunber of
Manuf act ur e Price(9$) Max. M n. (bservat i ons

Public

1961-65 $ 301 $ 1000 $ 100 255

1966-70 841 3500 400 163

1971-75 1648 6000 250 239

1976-80 8863 17000 3300 8
Private

1961-65 $ 3500 .- .- 11

1966-70 6590 .- .- 11

1971-75 7500 - —-- 9

1976-80 18000 S I 1

Sour ce: Tel ephone survey by aut hor.
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charter-bus operators, people planning to nake recreational vehicles, and
farnmers in need of storage space. |f the vehicles were purchased with
federal funds, UMIA col |l ected 80 percent of the proceeds with an al |l owance
nmade for admnistrative expenses. The costs of soliciting bids or hol ding
an auction, however, often were reported to exceed the renai ni ng | ocal
share. Gven the | ow prices received for even wel | -mai nt ai ned vehi cl es,
sal vage and resal e val ues represent a negligi bl e percentage of the total
cost of owning and operating transit equi pment and are assumed not to

af f ect nai nt enance and scrappage deci si ons.

The private properties consist of seven in the New York

0 Thei r

nmetropolitan area with the rest scattered across the c:ountry.l
inclusionin the Section 15 data results fromcontracting with a public
reci pient of Section 9 funds to provide transit services. As these
contracts often provide for the | easing of public vehicles, care was taken
to exam ne scrappage deci sions only on vehicles owned outright by private
operators. | was able to obtain used-vehicle prices for a much snal | er
sanpl e of privately owned vehicles. These prices, also shownin table 1,
suggest that the private vehicles are in better condition and command a

hi gher price, with prices averaging from$3,500to $7,500 for vehicles
manuf act ured before 1976. Qher private conpani es, however, reported
selling their vehicles for scrap at the depressed prices sinilar to those
recei ved by public agencies. Again, given the depressed nature of the

used-bus market, it is assumed that resal e and scrap val ue does not affect

scrappage deci si ons.



IIT Enpirical Hazard Estinates

Thi s section presents nonpararetric Kapl an-Mei er estinates of the
basel i ne hazard for public and private vehicles. These estimates are
presented in tables 2 and 3, respectively. The hazards are also plotted,
wi th 95 percent confidence intervals, infigures 1 and 2. The Kapl an-Mei er
estimator directly estimates the hazard function fromthe sanpl e of
vehicles. For each time t, the nunber of failures D(t) (that is, the
nunber of vehicles scrapped) is divided by the total nunber of vehicles at

1 Gensored spells(that is, vehicles

risk at the start of tine t, R(t).1
that are not observed to be scrapped) are included in the risk set previous
to their censor time and are dropped thereafter. This treatment of
censoring yields a consistent estimate of the true hazard at each time t as
I ong as the censoring nechani smand vehi cl e age are i ndependent of each
other. Since censoringin this sanple is due to the | ack of data after
1985 for vehicles of all ages, this is a reasonabl e assunption. A further
assunption of this estimator is that the popul ati on i s hormbgenous acr oss
time, a not unreasonabl e assunption for the GMC and Fl xi bl e NewLook buses
manufactured in the pre-1977 period. bservations of vehicles |lasting nore
than 20 years were truncated at 20. Less than 4 percent of observed

vehicles were active after this age and strong paranetri c assunptions woul d

be needed to nake i nferences about them

The estimates in general denonstrate the inportance of federal grant

policies for public-sector scrappage. The hazard for public vehicles



Table 2
Public Vehicles: Failures, Censorings,
and the Kapl an-Mei er Enpirical Hazard

Age Risk Set Failures Censorings Hazard St andard
t R(t) D(t) c(t) H(t) error
1 2621 84 621 0.0320 0.0034
2 3880 124 1117 0.0320 0.0028
3 3448 103 593 0.0299 0.0029
4 3095 46 1897 0.0149 0.0022
5 2037 33 792 0.0162 0.0028
6 2242 106 327 0.0473 0.0045
7 -2381 67 715 0.0281 0.0034
8 3088 95 1020 0.0308 0.0031
9 2738 175 412 0.0639 0.0047

10 2701 83 1368 0.0307 0.0033
11 1471 50 705 0.0340 0.0047
12 1201 20 500 0.0167 0.0037
13 1041 116 202 0.1114 0.0098
14 1103 120 330 0.1088 0.00%4
15 1227 255 208 0.2078 0.0116
16 1082 209 157 0.1932 0.0120
17 1129 196 400 0.1736 0.0113
18 997 313 172 0.3139 0.0147
19 712 263 154 0.3694 0.0181
20 676 134 542 0.1982 0.0153

Note: 2592 failures were observed and 12,232 censori ngs.
Source: Calcul ated from Section 15 data, 1982 - 1985 report years.
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Figure 1
Scrappage Rate
Percent Public Vehicles
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Figure 2
Scrappage Rate
Percent Private Vehicles
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averages under 4 percent for years prior to age 13, then junps to over 11

percent at age 13, decreases slightly at age 14, thenrises steadily to 37
percent by age 19. Standard errors cal culated for these estinates suggest
that the public hazards are measured wi th nuch precision and that the shift

at the 13-year point is statistically si gnificant.12

The private estimates are estinated with | ess precision and exhibit
nore volatility, but in general showa rise in scrappage fromnear 0 for
the 1- to 6-year period to an average 5 percent for the 7- to 10-year
period to 9 percent at the 13-year point. Due to only 1 scrappage out of
143 in the age-12 risk set, however, the estinated hazard at year 12 is
quite I ow, and a shift appears to occur at the 13-year point -- contrary to
the predicted pattern. This shift can be attributed, however, to the
smal | ness of the sanpl e size and, given the estimated hazards in the
surroundi ng years, the pattern of estimnmated hazards for private vehicles

appears to be nmarkedly different fromthe public sector.

The Kapl an-Mei er estinates have the benefit of not inposing any
structure upon the underlying baseline hazard. Since a ngjor interest in
this paper is howthe hazard changes over tine, these baseline estinates
are of primary inportance. They do not all ow, however, for the control of
observed heterogeneity i n wage rates and operating conditions. G ven the
| arge nunber of private vehicles operating in the New York netropolitan
area, for exanpl e, adverse operating conditions mght have a major inpact

on observed private-sector scrappage. Accounting for this heterogeneity



requires the introduction of paranetric estimators discussed in the next

two sections.



V. The Fully Paranetric Proportional Hazards Mbdel

This section presents results froma fully paranetric
proportional hazards nodel that inposes the cormonly used Wi bul |l structure
on the underlying basel i ne hazard.13 The advantage of this approach is
that it controls for covariants, such as wages and operating conditions,
that affect scrappage. The drawback is that if the underlying baseline
specificationis incorrect, the estinates will be inconsistent. Due to the
short four-year tine period of the data, the begi nning and end of nost
durations is not observed. Allowance is thus made for |eft- and right-

censoring, respectively. The notation follows that used i n Meyer (1988).

The hazard for vehicle i is assuned to be of the Cox(1972)

proportional hazard formwi th baseline hazard A,(t),

(7 A (B) = Ag(t)exp{z;(t)B}, i.e.

prob[ t+h > T, = t |T; = t]

(8) I}Ems 5 = X(t)exp(z;(t)B},

wher e
T, = the age vehicle i is scrapped,

z{t) = avector of time-dependent expl anatory variables for
vehicle i, and

B = avector of paraneters that is unknown.



The probability of a vehicle lasting until tH given that it has |asted

until t can then be witten as a function of the hazard given that z (t)

is constant between t and t+1.
t+1

9 P[T,=zt+l | T, 2 t ] = exp{ -f Ag(u)exp(z; (t)'B)du }
t

A Wi bul | basel i ne hazard of X (t) = «t** is now

i mposed and equation(9) becones

(10) P[TyrtH | T2t ] = exp{ -[ (e41)e- t“]exp{zi(t)’ﬁ) ),

wher e
(11) h,(t) = [ (e+1)* - t“]eXP{Zi(t)'ﬂ}

is the average of the hazard over the interval [t,t+l). This specification
results in the hazard function exhibiting positive(negative) age
dependence as a is greater (less) than 1. The likelihood for a sanpl e of

N vehi cles can be witten as a function of the hazard and is shown i n(12)

with the | og-li kel i hood gi ven i n(13).



N ki-l
(12) 1(e,p) - { [ l-exp(-h(©)})]* T exp(-h,(t)) }
i=1

t= oi

i

N k.-1
(13) L(a,B) =§ { Silog[ 1-exp(-h;(t)) ] - h, (t) }
i=1

=t

wher e
§; = 1if vehicle i is scrapped and
0 ot herwi se,
k, = the age a vehicle is scrapped or censored, and
¢ . — the age at which vehicle i is initially observed.

o1

Maxi m zation of L(a,B8) allows for consistent estimation of a and 8 i f

the Vi bul | specificationis correct.

Descriptive statistics of the explanatory variabl es used in the
estimation are given in table 4 for both the public and private properties.
I ncl uded are the mai ntenance wage rate (WA&E) to control for the cost of
mai nt enance, the average speed of operation(SPEED) to control for
congestion, the rati o of vehicles needed at peak periods to total vehicles
(SPARE) to control for utilization, and dummy vari abl es for nanufact urer
types (FLX and AM3 to control for vehicles manufactured by Fl xibl e
Cor poration and Anerican Motors, respectively. (The renaining vehicles were

manuf act ured by General Mtors.)



Table 4
Descriptive Statistics:*
Public versus Private Transit Properties

| ndependent

Vari abl es Publ i c Private

Nunber of

Properties 101 11

WAGE 11.06 14.37
($/hour) (3.15) (5.38)

aTy 28/101

ATE 19/101

NY 2/101 7/11

SPEED 13. 22 11.12
(miles/hour) (1.91) (2.88)

SPARE 31.11 25.09

(% spare at (11. 25) (8.71)

peak period)

CRASH 41.25 59.79

(crashes per (18.41) (32.25)
1, 000, 000ni | es)

CR ME 76. 39 83.42

(property crimes (24.21) (50. 30)

per 1, 000 persons)

* Means, (standard deviations).

Source: Author's cal cul ations.
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Dumy vari abl es are included for operation by city governnent
(ATY) and operation by the private consulting firmAmeri can Transit
Enterprises(ATB), which has a reputation for havi ng wel | -mai nt ai ned
fleets. Finally, a dummy variable for operation in the New York
nmetropolitan area(NY) is included to control for adverse conditions uni que
to this area. As over half of the observations of private vehicles occur
inthe NY area, this is an inportant control. The property crime rate
(CRME) and vehicle accident rate(CRASH are also used to control for

hazar dous operating conditions. Finally the popul ation density (DENSE) is
i ncluded to measure congestion. Due to data limtations, nost vari abl es
are assuned to be constant for each property over the 1982 to 1985 tinme

period with the mean of the avail abl e val ues for the period used in the

estimation.

The log |ikelihood function of equation(13) was maxi m zed using
the Berndt, Hal |, Hal |, Hausman(1974) algorithm the inverse of the outer
product of the gradients evaluated at the final paraneter estinmates was
used as an estimate of the asynptotic vari ance-covari ance natri Xx.
Dfferent starting values led to the sane estinates, so the estinates

seened to be stable. The results are shown in table 5.

Equation 1 includes vari abl es nmeasuri ng wages and operati ng

condi tions, but does not control for differences between the public and



Table 5
Weibull Hazard Model Estimates*

(1) (2)
a 2.0574 2.0815
(0.0041) (0.0042)
Constant -5.6442 -5.5499
(0.0125) (0.0131)
AX -0.6340 -0.4560
(0.0083) (0.0100)
AMG -0.9629 . -0.8159
(0.0155) ' (0.0166)
WAGE -0.0124 -0.0250
(0.0018) (0.0020)
CITY 0.0306 0.1235
(0.0188) (0.0196)
ATE 0.5453 0.6036
(0.0115) (0.0123)
NY -0.1713 -0.1824
(0.0265) (0.0285)
SPEED -0.0169 0.0087
(0.0037) (0.0043)
SPARE 0.0045 0.0035
(0.0005) (0.0006)
CRASH -0.0085 -0.0080
(0.0003) (0.0003)
CRIME -0.0003 -0.0012
(0.0002) (0.0003)
DENSE 0.00025 0.00025

(0.00001) (0.000001)



Table 5 (cont.)
Wei bul | Hazard Model Estimates

(1) (2)
AGES8 --- -0.8374
(0.0256)
AGE9 --- -0.2262
(0.0166)
AGE10 --- -0.9792
(0.0284)
AGE11 --- -1.3032
(0.0546)
AGE12 --- -2.0550
: (0.1298)
AGE13 --- -0.3141
(0.0152)
AGEl4 --- -0.5308
(0.0247)
AGE15 --- 0.2786
(0.0145)
Sanpl e Size 15, 829 15,829
Li kel i hood Val ue -10, 241. 41 -10,220.99

*Estimated coefficents, (standard errors)

Source: Author's cal cul ations.



private sectors. The results, in general, are consistent with conventiona
wi sdomin the transit industry. (Note that positive val ues indicate that
the variabl e has a positive effect on scrappage). The basel i ne hazard
shows a strongly positive tinme-dependence with a estinated at 2. 0574.

Eval uated at the neans, this indicates that the baseline hazard ri ses
steadily fromunder 2 percent for newvehicles to over 15 percent for
vehi cl es over 18 years of age as shown in figure 3. (Wsing the estimated
constant and estinmated a in equation 11 yields this baseline hazard

estimate since neans were subtracted fromthe explanatory vari abl es.) The
estimated hazards for FLX and AMGtype buses, al so shown on figure 3, are
significantly lower than for the GVC buses. Since AM5 vehicl es were only
manuf act ur ed bet ween 1975 and 1978, however, this result should be treated
with caution. The estimated hazard is higher in properties nanaged by ATE
and | ower in those managed by city governments. The variables controlling
for operating conditions do not all have the expected signs. Qperationin
New York has a small negative effect, which is surprising, and areas wth
hi gher crime rates and accidents appear to have | ower hazards. H gher
speeds increase the hazard as does a hi gher spare ratio and a hi gher

popul ati on density.

The estimated coefficient for WAGE has a negative sign, contrary
to the prediction of the nodel, but is extremely small, suggesting that the
| evel of mai ntenance wage has essentially no effect on scrappage deci sions.
A 10-percent increase in wages | owers the annual hazard by less than 0. 2

percent. In specifications that do not include operating characteristics,
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such as DENSE, CRI ME, and CRASH, the sign of WAGE is positive and
significant -- but this appears to be due to the effects of operating

condi tions in hi gh-wage areas such as New Yor k.

To expl ore how public scrappage mght vary fromthis baseli ne,
equation 2 includes dummy vari abl es that equal one for public vehicles aged
8 through 15, AGE8 through AGEl5, respectively. The results(shown in
table 5 and figure 4) highlight the inportance of the 13-year point in
public behavior. 1In the five years preceding this point, public-sector
scrappage i s reduced by 9 percentage points bel owthe baseline, then shifts
up by 6 percentage points at the 13-year point and rises above the baseline
by year 15. This shift suggests that the availability of federal subsidies

are an inportant deterninant of |ocal scrappage deci sions.

The drawback of using the Wi bull specificationto exan ne shifts
in public versus private scrappage over time is readily apparent in that
al l owi ng public-sector scrappage to vary with the use of dummy vari abl es
i nposes the Wi bull structure on the private estimates. G ven the extent
that the public estimates diverge fromthe Wi bull pattern when allowed to
vary, this structure appears to be too constraining. |n the next section,
we will use a nore flexible functional formto nore reliably determn ne

shifts in the underlying basel i ne hazards.
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V. The Semiparametric Hazard FEsti nator

The fully parametric hazard nodel allows for estimation of the
i npact of econom c and environnental conditions on scrappage. These
estimates are consi stent, however, only if the specification of the
basel i ne hazard is correct. For this reason, statisticians have argued for
the nonparanetric estimati on of the baseline hazard. Meyer (1988),
follow ng Prenti ce and G oekner (1978), presents a seniparanetric hazard
estimator (SPHE) that conbi nes bot h approaches -- all ow ng for
nonparametric .estimation of the baseline hazard while permtting estimation
of the inpact of explanatory variables. W use this approach to assess the
robust ness and consi stency of the Wi bull estinates and to obtain a fuller
anal ysis of the differences between the public- and private-sector baseline

hazar ds.

As before, the hazard for vehicle i is of the proportional hazards

formwi th basel i ne hazard A, (t).
(13) A (8) = X(t)exp{z;(t)B)},

where 0 =t <T <, and A,(t) and g are unknown. No structure,
however, is inposed on A ,(t). Myer notes that the average of the
hazard over the interval [t,t+l) is

t+1

(14) h(t) = [ Aj(wexp{z, (t)f)du
t



and rmakes the substitution

t+l
(15) y(t) = In [ Aj(u)du
t

so that h;(t) = exp(vy(t) +z, (t)B). The | og-1i kel i hood is now

N k;-1
(16) L(v,B) = z { 6ilog[ 1-exp{-h,(t)) ] - h, (t) }
i=1

t‘=t‘oi

Maxi m zation of L(vy,8) allows consistent estimati on of B and of
y(t), (t=0,1, . . .,T-1). HEquation 1 was reestinated with the sane g8 but
with 20 4(t) instead of the VWi bull baseline hazard. (Note that the
constant is omtted fromg inthe SPHE) The results are shown under

equation 3 intable 6 with the estinated y(t)'s reported in table 7.

I n general, the SPHE appears to donminate the fully paranetric
estimator for our purposes. A likelihood ratio test rejects the null
hypot hesi s of a Wi bull baseline, indicating that the Wi bull nodel is
m sspeci fied. The chi-square statistic with 18 degrees of freedomis
1118.28 versus a critical value at the .OL | evel of 34.8. This strong
rejectionis not surprising given the extent that the public-sector
estimates in section4 diverged fromthe Wi bull structure. Wile many of
the estimated coefficients for the operating and expl anatory vari abl e

retain the sane sign and nagnitude, 'the estinated coefficients for ATY,



Tabl e 6
Sem paranetri c Hazard Mbdel Estimates*

3 (&)
a - - - - - -
Const ant - ---
ALX -0.2459 -0.2886
(0.0106) (0.0119)
AMG -0.2993 -0.3026
(0.0190) (0.0207)
WAGE -0.0270 -0.0189
(0.0021) (0.0022)
aTy '0.2646 0.2355
(0.0224) (0.0221)
ATE 0.6600 0.6840
(0.0130) (0.0146)
NY 0.1405 - ‘ 0.7494
(0.0321) (0.3225)
SPEED 0.0093 0.0069
(0.0047) (0.0047)
SPARE 0.0056 0.0064
(0.0006) (0.0006)
CRASH -0.0098 -0.0146
(0.0004) (0.0004)
CRI MVE 0.0020 0.0037
(0.0003) (0.0003)
DENSE 0.00023 0.00027
(0.000007) (0.000007)
AGES .- 0.8587

(0.0284)



Table 6 (cont.)
Sem paranetric Hazard Model Estinates

(3) (4)
AGE9 --- 0.3656
(0.0281)
AGE10 --- 0.6250
(0.0436)
AGE1ll --- 0.4124
(0.0244)
AGE12 --- 0.8412
(0.0267)
AGE13 --- 0.9172
(0.1083)
AGE1l4 --- 1.1774
(0.1346)
AGE15 --- 1.3084
(0.0992)
AGElé6 --- 1.7929
(0.0320)
AGE1l7 --- 0.0835
(0.0451)
AGE18 --- 1.0750
(0.0681)
AGE19 --- -0.1512
(0.0525)
AGE20 --- -0.2459
(0.0672)
Sanpl e Size 15, 829 15, 829
Li kel i hood Val ue -9, 682. 27 -9,499. 12

*Estimated coefficents, (standard errors). Baseline hazard estimtes shown on
Table 7.

Source: Author's cal cul ations.



Table 7
Sem paranetric Hazard Model:Baseline Estimates*

Year (3 (4)

1 -4.01 -4.07
(0.03) (0.03)

2 -3.63 -3.69
(0.01) (0.02)

3 -3.64 -3.73
(0.02) (0.02)

4 -4.49 -4.58
(0.04) (0.04)

5 -4.56 -4.63
(0.05) (0.05)

6 -3.40 -3.49
(0.02) (0.02)

7 -3.97 -4.02
(0.03) (0.03)

8 -3.72 -4.59
(0.03) (0.04)

9 -2.96 -3.59
(0.02) (0.04)

10 -3.54 -4.23
(0.03) (0.06)

11 -3.60 -4.56
(0.05) (0.06)

12 -4.45 -5.25
(0.13) (0.13)

13 -2.51 -3.37
(0.02) (0.11)

14 -2.68 -3.80

(0.02) (0.13)



Table 7 (cont.)
Sem paranetric Hazard Model:Baseline Estimates*

(3 (4
15 -1.81 -3.27
(0.01) (0.10)
16 -1.90 -3.60
(0.01) (0.04)
17 -1.90 -2.20
(0.02) (0.04)
18 -1.31 -2.44
(0.01) (0.07)
19 -1.18 -1.42
(0.01) (0.05)
20 -1.41 -1.34
(0.02) (0.07)

*Estimated (t), (standard errors)

Source: Author's cal cul ations.



NY, and CRIME switch signs fromnegative to positive. This is reassuring
given that these signs, especially for NY, are nore inline with the
conventional wi sdomof the transit industry. The estinated coefficient of

WAGE renai ns negative but is highly inelastic.

More inportantly, use of the SPHE permits a nuch fuller analysis
of differences in the baseline hazards between the public and private
sectors. FEquation 3 was reestimated with dummy vari abl es to account for
differences in public- and private-sector scrappage fromage 8 through age

2014

These results are given in equation 4 with the correspondi ng

basel i ne hazards shown in figure 5. The inpact of the grant structure on
publ i c-sector scrappage is readily apparent. Wile the private-sector
basel i ne renai ns under 10 percent until year 16 and then rises steadily

t hrough year 20, the public-sector baseline takes a distinct and
significant junp at the 13-year point from4 percent to over 12 percent,
twice that of the private sector. Scrappage then rises to over 25 percent
for 15- and 16-year-ol d vehicl es and renai ns above the private sector until

year 19. The distinct difference in scrappage rates can be attributed to

the availability of federal grants.

An alternative approach to examning public and private
scrappage is to ook at the survivor functions for the two sectors. The
survivor function is defined as the percentage of vehicles of a given

vi ntage that survive to a given age and is conposed of the estinated hazard

conponents i,,..... A al ty,.e..... ,t, as foll ows:
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k

(16) Fgd = (1 - 4,)

i=1

for k =1,....20. The survivor function estinates cal cul ated fromthe
estimated basel ines are shown in figure 6 and further enphasize the

di fference between public and private scrappage policies. The two functions
track closely through year 12, then diverge as public scrappage sharply
increases. Again, this shift in the survivor function at the 13-year point
can be attributed to the sudden availability of federal subsidies. By age
16 only 47 percent of the public vehicles survive as opposed to 73 percent
for private vehicles. At age 20, 45 percent of private vehicles are still

estimated to be in operation versus 20 percent for the public sector.

As an exanpl e of the difference i n cost between the two scrappage
policies, consider a public transit property that requires 500 vehicles to
neet demand. Wth the public survivor function estinated above, this woul d
requi re new vehi cl e purchases of 35 per year. The average age of the fl eet
woul d be 8.6 years. @G ven the private-sector survivor function, however,
only 31 new vehicles a year woul d be required to naintain a 500-vehicle
fleet. This reductionin new purchases of four vehicles per year at a
price of $150, 000 per vehicle results in annual savings of $600,000. The
average fleet age would rise to 9.6 years. An ol der fleet, however,
entail s hi gher nai ntenance expenses. G omwel| (1988) denonstrates that
private transit properties devote significantly nore resources to

mai nt enance. Using the public/private differential together with
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cross-state variation in capital subsidy policies, an el asticity of

mai nt enance with respect to capital subsidy rates of -0.158 is estinated
with a standard error of 0.088. This inplies that the 80 percent federa
capital subsidy reduces public sector maintenance by 12.8 percent. For an
average public property with 500 vehicl es, such a percentage i ncrease
results in increased costs of $920,000.15 Taki ng a one-st andard-error
range yi el ds an estinate of $410, 000 to $1, 430, 000, bracketing the savi ngs
fromreduced vehicl e purchases. These hi gher nai ntenance expenses thus
potentially nmore than of fset the savings fromreduced repl acenment
investnent, and if attributable to higher vehicle age, suggest that the
change in total costs froman increase i n average vehi cl e age woul d be
small. |f there are unobserved benefits fromincreased nmai nt enance, such
as increased cleanliness and reliability of service, however, the net cost
of the additional maintenance woul d be snaller than the estimates

above.16

The consistently |lower survival rate of publicly owned vehicles
after the availability of federal funds is direct evidence that federal
capital grants reduce equipnent life in the Iocal public sector. It
suggests that federal grant policies that subsidize the purchase of new
capital but ignore the mai ntenance of existing capital result in the
i ncreased deterioration of public infrastructure. The nagnitude of savings
for the transit industry froma shift in policies, however, may be small if

mai nt enance expenses of f set reduced vehi cl e expendi tures.



Vl. Concl usi on

Thi s paper exanines capital policies in the public and private
sector through anal ysis of the scrappage decisions of |ocal mass transit
providers. It shows that the structure of federal grants has a direct
i npact on scrappage rates that |eads to shorter equipnent life in the |ocal
public sector. The analysis applies hazard nodel i ng techni ques previously
used for exam nation of unenpl oynent duration and in the biometrics
literature. The results show the advantage of the sem paranetric hazard
estimator (SPHE), which allows flexibility in conparing underlying baseline
hazards across tinme and between sectors. In particular, the commonly used
Wi bul | approach, which inposes a restrictive structure on the baseline

hazard, is shown to be inconsistent for this application.

Federal grant policies for nass transit subsidize the
repl acenent of transit vehicles at a matching rate of 80 percent once these
vehicles turn 13 years old. Using the SPHE to conpare scrappage deci si ons
and equi prent life in the public sectors shows that the availability of
these grants results in shorter equipnent life in local public transit
properties. Wile the estimates suggest that the net costs in |ocal mass
transit for increased bus repl acement is snall, changes in | ocal behavior
are induced by distortionary grant policies and shoul d be consi dered when
designing federal infrastructure policy. Policies that enphasize new
capital construction, as opposed to the mai nt enance of existing

i nfrastructure, may be counterproducti ve.



10.
11.

12.

13.

14.

15.

16.

Endnot es
A good account of the "crisis" is given in Leonard(1985).
See Oromnel | (1988).

For surveys of this literature, see Pierskall and Voel ker (1976), and
Sherif and Sm t h(1981).

The nodel is an extension of that used i n Jorgenson, McCall, and Radner
(1967) and in Nickell (1978). For further discussion of maintenance
and depreci ation, see O onwel | (1988).

See UMIA(1983).

Figure cited is as of the 1983 report year.

See UMIA(1985).

See Touche Ross (1986).

Solicitations for bids for used buses were found i n back i ssues of
Passenger Transport fromJanuary 1987 through June 1988.

Privately owned conpani es were identified using UMIA(1986).
See Kapl an and Mei er (1958).

The standard errors were cal cul ated usi ng a suggestionin Kal bfleish
and Prentice(1980).

This specificationis used by nunmerous authors. See Lancaster (1979)
and Kat z (1986) .

The basel i nes were constrai ned to equal one another for ages 1 through
8 to reduce conputationtime. Analysis of the Kapl an-Meier estinates
suggests little difference i n scrappage rates during this period.

Thi s estimate assumes average vehicle m | eage of 27,500 per year and
mai nt enance expenses of $0.53 per mle. The nileage estimate is the
average of mleage fromthe 1983, 1984 and 1985 fleet data. The cost-
per-mle estimate is a 1984 average from O onwel | (1988), table 2.

For further discussion of naintenance i ssues, see O omel | (1988).
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