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Abstract 

A model ot bus scrapping behavior yields the 

hypothesis that capital-biased subsidies will 

increase the scrapping probability and reduce the 

expected life for urban transit buses and hence 

waste resources. Governments have instituted 

bureaucratic approval requirements to prevent 

capital-biased subsidies from leading to "premature" 

scrapping of buses. If effective, these 

requirements would reduce the impact of capital

biased subsidies on the scrapping probability for 

buses which are less han 15 years old. Estimates, 

of a pr obit model using data for Ontario in 19 63-81 

support the hypothesis that capital-biased subsidies 

increase the scrapping probability but do not 

support the hypothesis that bureaucratic monitoring 

has prevented "premature" scrapping. 
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l. Introduction 

Government subsidies for the cost of producing a number of 

goods and services have been criticized by economists on the 

grounds that they are "capital biased, " i. e., that the 

percentage rate of subsidy is greater for capital costs than 

for non-capital costs. Provided that the elasticity of 

substitutio n between capital and other inputs in the 

production function is positive, capital-biased subsidies 

provide producers with an incentive to choose an inefficiently 

. high capital intensity because the capital intensity which 

will minimize private costs will exceed the capital intensity 

which will minimize social costs. The excess social cost of 

the chosen capital intensity represents a waste of resources. 

In some cases governments have instituted bureaucratic 

monitoring and approval procedures to limit the extent to 

which subsidi zed producers can respond to the incentive to 

increase capital intensity. This does not eliminate the 

inefficiency, because the monitoring costs could be avoided if 

the capital bias were removed. However, the monitoring costs 

may be less than the waste of resourc es that would occur if 

producers were free to minimize private costs given a capital

biased subsidy. 

The purpose of this paper is to evaluate empirically the 

impact of a capital-biased subsidy program for which the 

government claims to have bureaucratic checks sufficient to 

prevent any distortion in capital intensity. I analyze the 

effect of Ontario, Canada provincial government subsidies on 
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the scrapping of urban transit buses. The results should be 

of interest to people concerned with the design of subsidy 

pr ograms and with bureau cratic behav ior. 

2. Ontario Transit Subsidies1 

Urban transit services in Ontario are pr ovided mainly by 

firms owned by municipal g overnments and operated by quasi

independent commissions. All systems began to receive 

operating subsidies from their municipal governments at some 

time during the decade preceding 1972. These municipal 

government subsidies do not concern us here because they did 

not pr ovide an incentive to change bus scrapping behav ior. 

Since December 1972 the Ontari o pr ovincial government has 

paid 75 percent of the cost of purchasing urban transit buses. 

The subsidy is paid on the difference between expenditures on 

new or used buses and revenues from the sale of used buses.2 

In addition, between 1971 and 1976 the 

pr ovince paid 50 percent of the operating losses of urban 

transit firms. Since 1977 the province has paid 13.5 to 25 

percent (depending on urban area populati on) of the cost of 

non-capital inputs. 

It is clear that since 1977 there has been a severe 

capital bias in prov incia -subsidies. It is hard to be 

certain exactly h ow much capital bias there was between 

December 1972 and 1976, however. Municipalities paid the 50 

percent of operating losses not covered by the province. If 

the municipal operating subsidy was a lump-sum grant, then the 

pr ovincial operating subsidy was a matching lump-sum grant; in 
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this case, there was no subsidy for n on-capital costs, and the 

capital bias was very severe. However, if the municipal 

subsidy was based on non-capital costs, then the province 

effectively gave an equal subsidy for non-capital costs; in 

this case, the capital bias was less. Still, since operating 

losses were always less than 75 percent of operating costs, the 

combined rate of provincial and municipal subsidies for non

capital costs was less than 75 percent, and there was some 

capital bias. 

In sn ort, until the end of 1972 there was no capital 

bias. Beginning in 1977 there was a severe capital bias. 

Between December 1972 and 1976 there was a capital bias, which 

may have been s omewhat greater or less than the bias since 

1977. 

In order t o  obtain the 75 percent subsidy for th€ cost of 

buses, a transit system has to obtain the approval of the 

prov incial ministry of transp ortati on bef ore placing an order 

for buses. The implications of this requirement for 

bureaucratic appr oval are imp ortant in this study and will be 

made clear shortly. 

3. A Model of Bus Scrapping Behavior 

In order to evaluate the effect of capital-biased 

subsidies, we begin with a model of bus scrapping behav ior 

which is similar to the model of aut om obile scrapping used by 

Pa rks (1977). 

Suppose that during each period a bus requires a number 

of units of maintenance an d repairs in order t o  remain in 
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operati on. The amount of maintenance is assumed to be a 

random variable whose distributi on depends on the durability 

of the bus-type and the age of the vehicle. Durability may, 

for example, be different for gasoline and diesel buses and 

for different makes. Let Mi (A) be the amount of maintenance 

required for a bus of type i and age A. We assume that the 

exp ected value of such maintenance increases with age, i.e., 

dE (Mi) /dA > 0. This assumption is supported by a study by 

Puccini (1979, Fig. 11), which rep orts that f or a transit firm 

in Ontario in 1976 average maintenance costs per kil ometer 

increased by 0. 69 cents with each year of bus age. 

The decis ion t o  scrap a particular bus is assumed t o  be 

ma de n ot on the basis of the expected 

value of M i but rather taking acc ount of the rea li zed value of 

Mi . Letting C (t) be the cost per unit of maintenance in 

period t, a tra nsi t firm will scrap a bus if and onl y i f  the 

realized maintenance cost C (t) Mi (A) exceeds the difference 

between the value of an operable A year old bus of type i, 

Pi (A, t) , and its scrap val ue, si (A, t) . 

Given fi (Mi;A) , the density functi on for Mi , one can 

determine zi (A,t) , the conditional pr obability that a bus 

which has survi ved t o  age A will be scrapped at that age: 

(1) zi (A,t) = Iaoo fi (Mi;A) dMi 

where B = (Pi - si) /  C. The pr obability of scrapping is an 

increasing function of bus age, of the cost per unit of 

maintenance, and of the scrap value of the bus and is a 

decreasing function of the value of an ope rable used bus. 
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4. Hypotheses 

A "neutral" 
' I ( 

Concerning the Ef f ects of Subsidies 

cost subsidy for urban transit which applies 

at the same percentage rate to all c osts w ould n o  t change the 

scrapping pr obabilities for buses, provided the supply of new 

buses and the demand for scrapped buses were perfectly elastic 

with respect to price. This is because it would not change 

the lower limit of integrati on in Equation (1) ab ove. 

However, a capital-biased subsidy would reduce the l ower limit 

of integration and increase the probability of scrapping . 

The prediction that a capital-biased subsidy would 

increase the pr obability of scrapping for buses has not 

previously been tested empirically.3 H owever, two studies 

have used engineering data to simulate the effects of capital

biased subsidies on the (expected) age at which urban transit 

vehicles would be scrapped. Tye (1969) simulated the effect 

of the capital-biased subsidies tha t existed in the u.s. in 

the late 1960s, when the federal government provided a 66 2/3 

percent subsidy for the purchase of new transit vehicles but 

no subsidy f or their operation or maintenance. Tye calculated 

that this subsidy would induce a transit firm which was 

minimizing private cost per vehicle mile to replace buses at 

half the efficient age. He als o calculated that the resulting 

waste of resources would equal 27 percent of the amount of the 

subsidy. 

Armour (1980) analy zed the effect of an 80 percent u.s. 

federal subsidy for the purchase of new transit vehicles, 

combined with no subsidy for operati on or maintenance, on the 
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age at which buses would be replaced in Seattle in order to 

minimize local costs. He concluded: 

For Seattle Metro, which operates a bus an average 

of 40,500 miles per year, the economic 

replacement age is between 20.5 and 26 years at full 

capital costs, depending on utilization. The same 

utili zation would place the economic replacement age 

between 8.5 and 10 years if the 20 percen t local 

share•••is perceived as the only capital cost. Obviously 

the UMTA (U.S. Federal Urban Mass Transportation 

Administration) capital grant program can influence a 

premature retirement of vehicles. It reduces by about 60 

percent the years a vehicle need be utilized at given 

outputs in order to minimize local costs. (p. 53) 

Thus, standard economic models and simulation exercises 

predict that a capital-biased subsidy would increase the 

probability ot scrapping for buses of all ages. However, this 

specification of the model ignores the implications of 

bureaucratic procedures designed to prevent "premature" 

scrapping of buses in response to the incentives provided by 

the subsidy. For example, in Ontario bureaucrats at the 

Ministry of Transportation and Communications, which 

administers the transit subsidy program, claim that they will 

not approve applications for subsidies to replace buses 

prematurely, i.e., at less than what they ref er to as "the 

expected service life of 15-18 years. " Similarly, Hilton 
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(197 4 ,  p. 59) reports that u.s. federal bureaucrats claim to 

·r equire that buses be at least 15 years old before th ey will 

approve a subsidy for their replacement. 

Suppose then that the government introduces a capital-

biased subsidy for transit buses and imposes the condition 

that the subsidy for a new bus will be deni ed if a bus les s 

than 15 years old is scrapped within Y months of the time the 

new bus is acquired. Some small transit systems might be able 

to evade this fairly asily because they could do their buying 

and scrapping at different times. However, larger systems 

would have difficulty doing this unless Y was small. (They· 

might, however, hold on to but not use buses less than 15 

years old and then scrap them when they reach 15 years old.) 
< 

Suppose, therefore, that the condition is effective. The 

bureaucrats in question evidently believe that such a 

condition will prevent the subsidy program from affecting the 

expected life of a bus, but obviously this is not true in our 

model. The subsidy will still be capital biased for buses 15 

years old and older, and hence we would predict that it would 

increase the probability of scrapping for such buses. By 

contrast, introduction of a subsidy for replacement of buses 

15 or more years old would gy g the proba bility of scrapping 

for buses less than 15 years old because a transit fi rm has a 

strong incentive to postpone scrapping of a bus until it is 15 

years old. 

Thus, we have two alternative hypotheses, depending upon 

whether bureaucrats really would withhold subsidies if a bus 

under 15 years old were scrapped. If subsidies would not be 
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withheld, we predict that a capital-biased subsidy program 

would increase the probability of scrapping for buses of all 

ages. If subsidies would be withheld, we predict that the 

same subsidy progra m would reduce the probability of scrapping 

for buses less than 15 years old and increase the probability 

of scrapping for buses 15 years old and older (assuming all 

buses scrapped are replaced, which is realistic during the 

period under study.) 

5. Specification of the Econometric Model 

In order to develop an econometric model for the purposes 

of estimation, we assume that the probit of the scrapping 

probability for a bus is a linear function of the relevant 

independent variables. The scrapping probability is, of 

course, unobservable. What we observe is whether or not a bus 

is scrapped. The variable S CRAP is defined to take a value of 

1 if a bus is scrapped during a one-year period and 0 if it is 

not. The following independent variables were included in the 

analysis: 

(a) FUEL 

We in tially estimated probit equations for diesel and 

gasoline buses combined. In these equations we included a 

dummy variable, FUEL, for type of fuel {!=diesel, O=gasoline) 

to allow for any difference in durability between buses using 

different fuels. We had no theoretical reason for expecting 

one type of bus to be more durable, but casual observation 

suggested that diesel road vehicles are more durable and hence 
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that the sign of the coefficient on FUEL would be negative. 

The fuel variable was omitted when the sample was partitioned 

by fuel and make. 

(b) MAKE 

We estimated the probit equations initially for all buses 

combined regardless of make. One might expect that different 

makes of buses would differ in durability. Since 88 percent 

of our observations were for Gen ral Motors Canada (GMC) 

buses, while the other 12 percent were for several different 

makes, we included a single dummy variable, MAKE (O=GMC, 

l=other) . We had no theoretical reason to expect GM C buses to 

be more or less durable than others. The make variable was 

omitted when the sample was partitioned by make and fuel. 

(c) AGE 

The theoretical model outlined in Section 3 above yields 

the hypothesis that the probability of scrapping increases 

with age (measured here in years) . 

(d) Subsidy Policy Variables 

we considered two alternative specifications of the 

subsidy policy. First, we considered the 

possibility that capital-biased subsidies were introduced 

without bureaucratic monitoring to prevent "premature" 

retirement of buses. For this case, we used a dummy variab le, 

Sl, which takes a va lue of 1 when subsidy po licies are 

capital-biased and 0 otherwise. The Ontario government 

introduced capital-biased subsidies in December 1972, and 
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there was an order backlog of about a year for buses. 

Consequently, the capital bias would not have 

begu  to affect scrapping decisions until 197 4  . We let Sl=l 

for observations during 1974 -81 and Sl=O for 1963-73. 4 Our 

model suggests the hypothesis that the coefficient on Sl is 

positive . 

Second, we considered the claim that the government 

introduced bureaucratic controls designed to prevent capital

biased subsidies from inducing "premature" scrapping of buses. 

Specifically, we considered the possibility that the 

government would have rejected capital subsidy applications 

from firms replacing buses that were less than 15 years old. 

In place of Sl, we defined two variables. We let S2=1 for 

observations during 197 4-81 for buses that were 15 or more 

years old and S3=1 for observations during 197 4 -81 for buses 

that were under 15 years old. For 1963-73, S2=S3=0 regardless 

of bus age. Our basic model suggests the hypothesis that the 

coefficients on both S2 and S3 will be positive. Ho wever, if 

bureaucratic monitoring is entirely ef fecti ve, the coef ficient 

on S3 should be zero or even negative. 

(e) WAGE 

Our model predicts that, other things equal, a higher 

cost per un it of maintenan ce in any period will lead to a 

higher probability of scrapping. Apart from this direct 

effect, a hi gher cost per unit of maintenance may lead to a 

higher anticipated future cost of maintenance and hence a 

lower price for used buses and a higher probability of 
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the real wage , 

unit of-

I
scrapping. Because of availability, we used 

rate (in 1981 Canadian dollars per hour) 

for bus drivers as a proxy for the cost per 

maintenance. However, because the results were mixed, we also 

estimated the equations without this variable and without the 

next three variables on the lis . 

(f) BUS-PR I CE and INTEREST 

The model predicts that an increase in the difference 

between the price of an operable used bus and the scrap value 

of a bus would reduce the scrapping probability. No data on 

these prices are available. However, an economic model of the 

market for used capital goods predicts that the price of an 

operable used bus would increase if the price of new buses 

increased of if expected future interest rates increased. The 

effect of the price of new buses is obvious. The effect of 

interest rates can be explained as follows: new buses yield a 

flow of services over a period longer than that for us ed 

buses. Hence the ratio of the present discounted value of the 

services for a new bus to that for a used bus, and the ratio 

of the price of a new bus to that for a used bus, will decl ine 

if the expected future interest rate increases. Since the 

price of new buses is determined by the cost of producti on, a 

decline in the price ratio implies a rise in the price of a 

used bus. We actua lly used two variables: the real price of 

new buses in thousands of 1981 Canadian dollars (BUS-PR I CE) , 

and the product of the real interest rate and the real price 

of new buses ( INTEREST) . The interest rate is used as a crude 



( 2) 

proxy for expected future rates. The interactive form was 

used because the underlying hypothesis was in terms of a 

ratio . 

(g) POPULATION 

One would expect that the probability of scrapping would 

depend not only on the age of a bus but also the number of 
_) 

miles it has been driven. It seems plausible that the number 

of miles a bus is dr iven per year varies systematicaly with 

urban area population, for example because larger cities offer 

service more hours per week. To allow for this, we included 

POPULATION, the population (in million  

of the area served by the transit system, as an independent 

variable. We would expect the coefficient on POPULATION to be 

positive. This effect would be reinforced during 1977-81 

because the extent of capital bias in subsidy programs was 

positively correlated with the population of the urban area. 

This is a result of the fact that the operating cost subsidy 

varied from 13.5 percent for large cities to 25 percent for 

small ones. 

(h) Specifications 

Thus, the initial specification of the model used for the 

full sample of data was:5 

F-l (z) = a0 + a1 FUEL + a 2MAKE + a3AGE + a 4 Sl 

+a7WAGE + aaBUS-PRICE + agiNTEREST 

+a10POPULATION + e 

1 4  
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We also estimated this equation, without the terms a1FUEL and 

a 2MAKE, for each of the four fuel-make bus types: GMC diesel, 

other diesel, GMC gasoline, and other gasoline. In addition, 

we estimated two alternative specifications for the full 

sample and for each of the four subsamples. First, we 

replaced a 4 s1 by (a5S2 + a6S3) . Second, we deleted the last 

four variables. Thus, we estimated a total of 15 equations. 

The maximum likelihood estimates are presented in Table 1. 

6. Data 

The full sample for this study consists of observations 

of all full-size intraurban buses operated during 1963-81 by 

Ontario transit systems which were members of the Canadian 

Urban Transit Association. For each calendar year, we 

determined whether or not each bus was scrapped. This gave us 

4 2,3 27 observations, of which 48 percent were for the period 

1963-73 before capital-biased subsidies could have inf luenced 

scrapping decisions, and of which 3.8 percent represented 

scrapped buses. While there were four different fuel-make 

types of bus, 79 percent of the buses were GMC diesels. 

Because this is a relatively homogeneous subsample which 

included a large number of observations for buses of all ages 

both before and after introduction of capital-biased 

subsidies, we place greates t weight on the estimates for GMC 

diesels. By contrast, we give virtually no weight to the 

estimates for other makes of gasoline buses because this 

sample included only two observations for buses between 9 and 

22 years old during the period 1974-81. 
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Notes for Table 1 

Notes: t-statistics in parenth eses . 


asignificantly different from zero at 1 percent level, one


tailed test . 


bsignificantly different from zero at 5 percent level, one


tailed test . 


csi gnificantly different from zero at 10 percent level, one


tailed test . 


dsignificantly different from zero at 1 percent level, two


tailed test . 


esignificantly different from zero at 10 percent level, two


tailed test, but sign opposite that predicted . 
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7. Empirical Results 

In this section we discuss the maximum likelihood 

estimates which are presented in Table 1. 

(a) FUEL and MAKE 

Both FUEL and MAKE dummies are significantly different 

from zero at the 1 percent level in all three specifications 

used for the full sample. Diesel buses are more durable than 

gasoline buses, and GMC buses are more durable on average than 

other makes. Moreover, the effects of diesel fuel and GMC 

make on the probability of scrapping are approximately equal 

in magnitude. 

(b) AGE 
I 

The age variable is positive and significantly dif ferent 

zero at the 1 percent level in all three specifications from 

for all five samples. For the full sample, the effect of a 

one-year increase in age on the probability of scrapping is 

about one-third as large as the ef fect of the MAKE dummy. 6 

(c) Subsidy Policy Variables 

Our in itial hypothesis concerning subsidies was that the 

introduction of capital-biased subsidies in December 197 2 

would increase the probability of scrapping during 197 4-81. 

In fact, the coefficient of Sl is positive and significantly 

different from zero at the 1 percent level as hypothesized for 

all but one sample  the exception is GMC gasoline buses, which 

accounted for only 6 percent of the full sample. 7 For the 

full sample and for the diesel subsamples, which accounted for 
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88 percent of the full sample, Sl has about the same effect as 

a four-year increase in bus age. 

It shou ld be remembered, of course, that Sl is simply a 

dummy variable which takes a value of zero for 1963-73 and a 

value of one for 197 4 -81. The coefficient on Sl is biased if 

some other variable correlated with Sl has been omitted from 

the model. Because of the simple time pattern of Sl, this 

possibility must be kept in mind. 

We also tested a more elaborate hypothesis concerning the 

impact of subsidies, namely that because of bureaucratic 

monitoring intended to prevent "premature" replacement of 

buses, the effect of capital-biased subsidies on the scrapping 

probability for buses less than 15 years ol d would be 

negative, or negligible, or at least less than that for buses 

15 years old and older. The data do not support this 

hypothesis about bureaucratic monitoring. .The coefficient on 

53 (like that on 5 2  and Sl) is positive and significantly 

different from zero for all samples and both specifications in 

which it appears, except for one specification for GMC 

gasoline buses. Furthermore, while the coefficient on 53 is 

smal ler th an that on 5 2  for the full sa mp le, the reverse is 

true for GMC diesel buses. As we explained above, we place 

the greatest weight on the GMC diesel estimates (particularly 

Equat ion 6) . 

(d) Other Variables 

The results for the remaining four variables 

included in the regression--WAGE, BUS-PR ICE, INTEREST, and 
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POPULATION--were all 

thQse hypothesized. 
'· / ."-

mixed. Often the signs were opposite 

One possible explanation for some of 

these results is. that the real wage rate and real bus price 

both followed very simple time paths over the period of the 

study, and hence may have been correlated with omitted 

variables. Fortunately, with the exception of the GM C 

gasoline subsample, the major conclusions of the study, which 

depend on the estimated coefficients of the subsidy variables, 

are not changed if the four variables in question are omitted. 

Thus, whatever specification problems underlie the mixed 

results for these four variables do not reduce our confidence 

in the other conclusions of this study. Because the estimates 

for these four variables do not appear sensible, we give 

greatest weight to the estimates which omit them (Equations 3, 

6, 9, and 12) • 

8. Conclusions 

In an earlier study [Frankena (1982) ], I presented 

tabular data on the relative frequency of scrapping for GM C 

diesel, other diesel, and gasoline buses of various ages in 

four Ontario cities during 1963-72 and 1973-77. I concluded 

that "the data suggest that for gasoline and 'other diesel' 

buses thirteen years old and older the introduction of 

provincial capital-biased subsidies did lead to earlier 

scrapping and hence a waste of resources" (p. 137) . 

That conclusion was flatly rejected by the Ontario 

government. In response to my study, the Minister of 

Transportation and Communications, James Snow, issued a news 
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release stating that "there may be a I iy g bias in favour 

of capital replacement as opposed to maintenance, but if you 

examine Ontario•s subsidy policy, there•s no indication the 

I iygg bias has influenced replace/repair decisions . "8 

My conclusion from the present study is that in fact 

introduction of capital-biased subsidies in December 1972 led 

to a statistically signi ficant increase in the scrapping 

probability for buses and hence a reduction in the expected 

life of buses. The subsidy formula did therefore led to a 

waste in resources. Moreover, bureaucratic monitor ing 

procedures did not prevent an increase in the scrapping 

probability even for buses under 15 years old. 

It must be added, however, that while the capital-biased 

subsidies had a statistically significant etfect on scrapping 

decisions, the extent to which scrapping decisions were 

distorted, and hence the waste of resources caused by the 

capital-biased natur e of the subsidies, were a good deal less 

than is sug gested by the si mulations carried out by Tye an d 

Armour, ev en al lowi ng for the fact that the cap ital bias in 

the Ontario program was probably somewhat less than in the 

o.s. programs they considered. 

An extensive theoretical and empirical literature 

demonstrates that there are significant potential efficiency 

gains from urban transit subsidies [Frankena (1982, Ch. 5) ]. 

This paper demonstrates that capital-biased cost subsidies are 

less efficient than neutral cost subsidies. The merits of 

neutral cost subsidies compared to lump-sum and passenger 

subsidies are considered elsewhere [Frankena (1981) , (1983) ]. 
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Footnotes 

*Associate Professor of Economics. The author is grateful to 

Kul Bhatia and Christop her Robi nson fo r su ggestions, to the 

Social Sciences and Humanities Research Council of Canada for 

re search funds , and to Jo yce Jo hnston and Jason Morsink for 

research assistance. This paper was written while the author 

was a bureaucrat at the u.s. Federal Trade Commission, but the 

vi ews expressed here are the author' s and do not necessarily 

r e f lec t the v i  e w s  of the C o m m  issio n or a n y  p a r t i c u l a r  

Commissioner. 

l For a detailed description of these studies, see Frankena 

( 1982, Ch. 6) . 

2The province has now introduced a 75 percent subsidy for 

rebuilding of used buses. 

3A crude test was provided in Frankena (1982, pp. 13 4- 4 1) .  

4 In work which is not reported here, I found that scrapping 

probabilities in 1973 were not significantly differen t from 

those in 1963-72. Also, although the operating subsidy 

formula changed in 1977, I found that scrapping probabilities 

in 1974 -77 were not significantly different from those in 

1978-81. 

S F-1 ( ) is the inverse of the cumu lative distribution function 

of a stan dardized normal variate. F-1 (Z) is the probit of the 

scrapping probability. 
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6Because I have not included the price of used buses in the 

probit equation, AGE picks up the effect of age not only 

through E (M i) but also through Pi . 

7The pattern of results suggests that if the last four 

variables were omitted from the GM C gasol ine equation, the 

coefficient on Sl in that equation would be positive and 

significantly different from zero at the 1 percent level as well. 

8 James Snow, "Study is Narrow, Snow Raps Report," 

N § B l s§ , Ministry of Transportation and 

Communications, Downsview, Ontario, 18 August 1982. 
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