BUS TRANSIT COST, PRODUCTIVITY
AND FACTOR SUBSTITUTION

By Kofi Obeng*

Research on urban transit cost has been conducted by several authors, including
McKnight et al. (1982), Ceglowski et al. (1978) and Cherworny et al. (1982).
Some of their conclusions indicate that there are scale economies in small bus
operations and that labour productivity plays a large part in explaining cost vari-
ations across transit systems. The role in productivity of other non-labour transit
inputs has been considered only peripherally. Meyer and Gomez-Ibanez (1977)
are the only authors who have analysed total factor productivity in transit
systems. In this paper we deviate from the earlier research and analyse bus transit
cost by means of a neoclassical translog model, which allows cost changes to be
further analysed on the basis of total factor productivity and factor substitution.
This paper tests the hypothesis that changes in bus operating cost are due to low
total productivity of all factors and low levels of factor substitution. We develop
a method of determining total factor productivity and apply it to 62 bus systems.

The results of the application show that 66% to 72% of total factor product-
ivity can be attributed to labour. The rest is due to fuel productivity. This
indicates that fuel productivity contributes most to increases in average cost.
Also, factor substitution is low across all the transit systems analysed. There is
substantial evidence of long-run diseconomies in all the bus systems, but short-
run cost increases from changes in output are possible only in bus systems oper-
ating less than 50 vehicles. Diseconomies in small bus systems in both the short
and the long run mean that small systems are the most expensive to operate. It
is suggested that they should be separately classified and subject to further
research so that we may understand the factors making them more expensive to
operate than the larger bus systems.

1. METHODOLOGY

To test the outlined hypothesis, a method is required which permits simultaneous
analysis of factor substitution, productivity and cost variations across transit
systems. There is abundant research on transit productivity and cost, but the
methods of analysis used do not bear significantly on the issues considered here.
For example, the method of fully distributed cost suggested by Cherworny et al,
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(1982) and Cherworny (1977) is of little relevance to this paper. Similarly we
cannot test the hypothesis by the statistical cost modelling approaches adopted
by Miller (1970) and Wabe and Coles (1975) or by the partial productivity and
performance measures in Allen (1979), Tomazinis (1975), Meyer and Gomez-
Ibanez (1977) and Anderson and Fielding (1982). The method of analysis
adopted in this paper uses recent developments in duality theory which allow
productivity and cost to be analysed simultaneously. References to application
of this approach to transit can be found in Viton (1979), Pozdena and Meriwitz
(1978), Berechman (1983), and Obeng (1983). Excellent examples of its applic-
ation to freight transport are provided by Friedlander, Spady and Chiang (1981),
Hirschey (1979), and Caves, Christensen and Swanson (1980).

The theoretical basis of this method is that cost is minimised, and the question
is whether such a strong assumption applies to transit operations. Can it be
assumed that transit managers act rationally and choose labour, vehicles, fuel,
and materials to produce transit output at minimum cost? Certainly, if one
considers transit as a social service, cost minimisation ceases to be a policy issue,
since deficits would be absorbed by the government. In that case, service delivery
and universality of service become very important policy issues. The U.S. transit
systems, as operated today, are far from being in the category of social service
which systems in Europe are fast approaching. European systems focus on deficit
minimisation, and this makes it proper to apply duality theory.

The essential element in transit operations today is that transit managers must
compete for inputs of which the prices are exogenously determined. The prices
of gasoline, electricity and materials required as transit inputs are all determined
exogenously. In the same way, average wage rate per transit driver or employee
depends on what labour with equivalent qualifications and experience would
obtain elsewhere. As a result, transit managers must selectively choose that
combination of inputs which minimises cost in order to reduce deficits.

Formally, if a bus system uses the inputs z,, z,, z;, representing vehicles,
fuel and labour respectively, in the production of an output Q, then the produc-
tion function relating Q to all the z’s is

Q=fz,, 2,2, 23) €}

Assume short-run conditions in which capital is fixed. Then the dual of the
production function is

C=g(Q, P, P3, V) (2)
where
c = operating cost
zy = V, the fixed capital input
P, = price of fuel
P; = price of labour

This cost function is homogeneous of degree plus one, non-decreasing, and con-
cave in input prices, and is also equal to

where i = number of vairable inputs utilised in the short run. It follows from
equations (2) and (3) that input demand is given by:
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oC _

aP, 4)

which is Shepard’s (1953) lemma. Thus, if a cost function is linearly homo-
geneous in input prices, the partial derivative of that function with respect to
input price gives input demand. From equation (4) the share of each input in cost
is dInC/dInP; = S;, where S; is the cost share of input i and where the sum of all
cost shares is equal to one.

If equation (2) is expanded according to Taylor’s series and terms higher than
the quadratic term are omitted, and if symmetry is assumed, the translog approx-
imation

B11(InQ)?
InC =By +B;InQ + B,InP, + B3InP; + B4InV + — + B;,1InQ InP,

InP,)?
+ B,3InQ InP; + B,,InQ InV +M2—2)— + B231nP; InP;, (5)

B33 (InPy)? | B44(InV)?
+BaglnPyIny 42— 4 By InPyIny +

is obtained. If the interaction terms (B;;’s) are each equal to zero, then, as noted
by Halter, Carter and Hocking (1957), the model represents a true generalisation
of the well-known Cobb-Douglas function. Hirschey (1979) concludes that the
“multivariate second order Taylor series model is a highly descriptive and approp-
riate model of cost-output relationship”. Similar conclusions have been drawn by
Christensen et al. (1973), who state that this cost function provides an accurate
global approximation which permits a greater variety of input substitution. For
the equation to be linearly homogeneous of degree plus one in input prices, the
following restrictions are required:

By +B3=1,8, *+B13=0,85, + 8,3 =0,B23 + 853 =0,0,4 + B34 =0. (6)

This set of restrictions does not imply constant returns to scale, nor does it affect
the underlying production function. Thus, all characteristics of the production
function are preserved. Using equations (4) and (6), it has been shown elsewhere
(Obeng, 1983) that the direct and cross elasticities of demand are respectively

%; = (1/S))[B;; + S;(S; — 1] ™
Q,’j = [(B,'j/S,') + Sj] ; 1))
where
L own price elasticity of input i

i = cross elasticity of input i with respect to the price of input j.
The Allen-Uzawa partial elasticities of substitution are then 0;; = %;;/S; and
o;i = Q;]-/Sj. These elasticities enable us to compare input substitution across
transit systems. Some properties of equations (7) and (8) are summarised in
Table 1. As indicated in the table, input demand is elastic if —0.75 > B; = 1.
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TABLE 1

Some Elasticity Properties of the Translog Model

Elastic range* Bi; < 5;(S; —2)

Inelastic range 1S;(S; —1) | > B;; for §;; >0
B; > S,(S; — 2) for B, <0
~0.75 <, <0

Cross elasticitiest =

} for the two-inputs case

%= %;

* Assume the absolute value of the price elasticity is 1. Then g; + S;(S; — 1) = S; and
Bi; = Si(S; — 2). For ;; < 0, this becomes g;; = S;(S; — 2). The largest absolute value of
S;(S; — 1) occurs when S; = 0.5. Substituting S; = 0.5 into S;(S; — 2) gives g;; = —0.75 as the
largest value of g;;. Thus if g;; = —0.75 we approach the elastic range. The smallest value of
S;(S; — 1) occurs with §; = 1. Substituting into S;(S; — 2) gives the smallest value of g;; = —1.
Thus —0.75 > g4 > —1.

T We know that &; = §;[ g;; + S;(S; —1)]. The homogeneity assumption indicates g;; = —Bij,
and g;; = —g;; so that g;; = Bjj. Thus by substitution, ¢; = 1/8;[—8i + Si(S; — 1D} =
—(ﬁij/yi +87) = —2;;.

When —0.75 < g;; <0, input demand is inelastic. Also, for the case of two vari~
able inputs analysed in this paper, the property R;j = —L;; holds.

To compare the performance of the various bus systems in the short and in
the long run, a measure of scale economies is developed and used. Following
convention, scale economies are defined as reductions in average cost from in-
creases in output. If total operating cost is defined as

C=ACQ 9
where AC is the average cost, then the partial derivative of the logarithm of cost
with respect to the logarithm of output is

0InC/0InQ = (dlnAC/dInQ) + 1. 10)

If we rearrange the terms, the average cost elasticity (ECS), which is a measure of
scale economies, is

AnAC  dInC
ECS=—22 =90 (11)
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When ECS < 0, there are economies of scale, and ECS = 0 indicates constant
returns to scale. Finally, ECS > 0 indicates diseconomies of scale. Using this
measure, the economies of scale hypothesis can be tested. Furthermore the ECS
values for various transit systems can be compared with o; and a relationship
established between them. Such a relationship allows cost variations across transit
systems to be studied on the basis of input substitution. In that case, factor
substitution would be considered as explaining some of the variations in ECS.,
Another approach is to determine factor productivity and use it to explain
changes in cost: this uses the duality between cost and production functions
to derive factor productivity. If the underlying production function is homo-

geneous of degree # and if A; is the output elasticity with respect to the quantity
of input j, then

ZA,=h (12)

Solving for A; in this expression gives

24,
a=h|1-= (13

The value of % is equal to the inverse value of the cost elasticity with respect to
output defined earlier as (1 + ECS) (see Intriligator, 1978). Furthermore, the
ratio A]-/h is the cost share of input j.! With this information the productivity
equation can be rewritten as:

S;

Ais—r—ou— [1 -2 5] = ———

i“arrey U ES T G Es)

Thus the contribution of factor productivity to cost changes can be determined

by using equation (14). The consistency of this approach with production

function analysis is further demonstrated by assuming constant returns to scale.
In that case ECS in equation (14) is zero and

(14)

’,EAi-_—iESi: 1 (15)
This equation characterises production functions homogeneous of degree plus
one. If there are economies of scale, (1 + ECS) < 0, and factor productivity will
be large. The reverse is true when there are diseconomies of scale.

Further analysis of equation (14) also shows that factor productivity varies
directly with factor share of cost. An a priori expectation from this equation is

! The si'm.pl?st way to prove this is to assume a Cobb-Douglas technology for a two-input case.
Then minimise C = P; L + PpF subject to Q = AL*FY where P; and Py, are the prices of labour

" and fuel respectively. The resulting cost function is then

, C=470 [(a/b)?? + (a/b)=4%] P PRO QO
where 0 = 1/(a+b). The share of labour from this cost equation is then
Sy = (8InC)/(81nPr ) = a6 = af(a+b)

In this case too, 3InC/aInQ = 1/ (a+b}, so that S; = a(31nC/3InQ).
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that, since labour has generally a large share of cost (typically about 65% to 85%),
its productivity will be large. On the other hand, since the fuel share of cost is
generally small, fuel is expected to have little productivity. The equation indicates
that in transit systems in which capital and fuel have very large shares in cost the
productivities of these inputs are likely to be high. If an input has a large share of
cost, this may be because it does not have substitutes of comparable productivity
so it will continue to be used in large quantities even if its price increases sharply.

The effect of input substitution on productivity can also be incorporated into
equation (14). Specifically, equation (8) can be solved for S; and the result sub-
stituted into equation (14). This procedure yields

#7505 — D(1+ ECS) 16

A

Summing this equation over i gives total factor productivity. Thus,
1 B..

Y
TFP=XA; =

z = forj=1,2,...n. (@17)
771U+ ECS) § S0, — 1) (1+ECS)

Equations (16) and (17) enable us to analyse factor productivity on the basis of
input substitution. Input substitution increases or decreases cost shares. If an
input has a relatively large cross-elasticity of demand, this reflects the relative ease
of substitution and the presence of substitutes of comparable productivity. Con-
versely, if an input has a relatively small cross-elasticity of demand, either there
are fewer substitutes of comparable productivity or the prices of the substitutes
may be so large as to deter substitution. If substitution occurs, because the price
of this input has changed, its share of cost will change and the elasticity of sub-
stitution will also change. If two inputs are highly interchangeable, which means
that elasticity of substitution is very large, the productivity of inputi will be very
small if the share of input j increases. The substitution of a more productive input
j for i will depress the value of the productivity of input i,

This approach allows us to test the hypothesis underlying this paper and
emphasises the flexibility of duality theory in the analysis of transit cost. The
elasticities required to calculate factor productivity will be obtained from joint
estimation of the cost and labour share equations. The fuel share equation can be
obtained from the relationship S, + S; = 1. The application is discussed in the
next section.

2. DATA AND ESTIMATION RESULTS

The section 15 data reported by United States Department of Transportation
(1982) have been used in this paper. We used operating cost and other data per-
taining to 62 transit firms operating between 25 and 600 vehicles. Since the
section 15 data do not report input prices but report cost shares, average input
prices were calculated and used. These prices were calculated as the product of
the cost share of each input, and total operating cost was then divided by the
physical quantity of the input.

188



BUS TRANSIT COST, PRODUCTIVITY AND FACTOR SUBSTITUTION K. Obeng

The total number of passenger vehicles operated is used as the measure of fixed
capital, and enters the model as an exogenous variable. As a result, the choice of
an output measure has been constrained by considerations of multicollinearity.
We do not use measures of supplied output such as vehicle mile and seat-mile,
as they correlate highly with total number of passenger vehicles. Passenger mile
is used as the measure of output.

The estimation of the cost and labour share equations was carried out by con-
strained joint generalised least square methods. Specifically, the Aitkens estimator
for constrained equations and the Kronecker product method were used. In
addition to the homogeneity restrictions already discussed, we imposed pairwise
equality constraints on the coefficients common to both the labour share and cost
equations. An APL software program was developed and used in the estimation.
The results of the estimation are shown in Table 2. All coefficients except two
are statistically significant at the 95% level. In addition, the coefficients of
determination show that 94.18% of the variations in the labour share equations
are explained, and 98.92% in the labout cost equation. The unexplained variation
is quite small and shows the reliability of the estimated coefficients.

Using the results, Table 3 shows short-run economies, productivity and
elasticities. Detailed system results are provided in Table 4. Short-run economies
are observed in about 69% of the transit systems analysed. The rest, 31%, are
characterised by diseconomies of density. These are the small transit systems
operating less than 50 vehicles. This result clearly shows that small transit systems
incur a more than proportionate increase in cost when they increase output.
A partial explanation for the cost increase is the relatively low factor productivity
in these systems. The productivities of labour and fuel are small (except in
transit systems operating more than 150 vehicles), and this partly explains the
high average cost elasticities in the small systems. Factor productivity, however,
increases with system size; but it is clear from the table that labour accounts for
the largest percentage of total factor productivity.

The economies observed in the large systems could be explained by differences
among transit systems in levels of utilisation of capacity, especially since
passenger mile is used in the transit output in the cost equation. The average cost
per passenger mile could be reduced if the level of capacity utilisation increases.
From the capacity mile data in the section 15 report, an index of capacity utilis-
ation is constructed, and statistical association is developed between the index
and (dis)economies of scale. This index is defined as the ratio of passenger miles
to capacity miles. The equation obtained is:

ECS= 0.1585 — 2.2020 (Fraction of capacity utilised)
(0.1056) (0.5774) (18)

R? =0.3881.

The terms in parentheses under the coefficients are the standard errors. The
coefficient of capa01ty utilisation is statistically significant and negative. Th1s
suggests that any increase in capacity utilisation reduces the elasticity of average
transit cost. Thus part of the short-run economies of density observed in some of
the transit systems can be attributed to different levels of capacity utilisation in
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TABLE 2

Estimates of the Coefficients of the Short Run Cost
and Labour Share Equations

Equation Coefficient Variable Estimate Standard
Error
Cost B, InQ 1.79692 0.36787
Equation B, InP, ~0.83114 0.22311
Bs InP; 1.83114 0.22311
Bs InvV —1.42547 0.66964
Bi4 0.5(InQ)? —0.17115 0.14503
Bi2 InQ InP, —0.07281 0.01282
Bis InQ InP, 0.07281 0.01282
Bia InQ InV —0.38317 0.27510
B2 0.5(InP, )? 0.07262 0.02576
[ InP, InP, —0.07262 0.02576
Baa InP, In¥V 0.04928 0.02004
Bss 0.5(1nP3)? 0.07262 0.02576
Bsa InP; In¥V —0.04928 0.02004
Baa 0.5(In¥)? 1.45804 0.74926
Labour Bs Constant 1.83114 0.22311
Share B3 InQ —0.07281 0.01282
Equation
B3 InP, —0.07262 0.02576
Bs3 InP, 0.07262 0.02576
B34 InvV —0.04928 0.02004
R2

Labour Share
Equation 0.9418

Cost Equation 0.9892
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TABLE 3

Summary of Short Run Economies and Factor Productivity

Buses Operated

Less than 50 50—-149 150-557
Share of Labour®? 0.666 0.658 0.728
ECS 0.19317 to —0.4269 to —-0.27587 to
0.34571 —0.23397 —0.85523
Price Elasticity of Labour? —-0.218 -0.201 —-0.164
Price Elasticity of Fuel —0.441 -0474 —0.449
Labour Productivity 0.558 to 0.687 to 1.005 to
0.4949 0.859 5.029
Labour Share of TFP 66.6% 65.8% 72.8%
Fuel Productivity 0.280 to 0.357 to 0.376 to
0.248 0.446 1.8788
Fuel Share of TFP 33.3% 34.2% 27.2%
TFP 0.838 to 1.044 to 1.381 to
0.743 1.305 6.9078

3Average values are used

DShare of fuel is obtained from §, + §3 = 1.

these systems. A similar relationship between short-run (dis)economies and speed
is shown in the equation

ECS = 0.0046 (Speed) — 0.2716
(0.0183) (0.2535) (19)

R? =0.2406.

The coefficient of speed in this equation is, however, statistically insignificant and
does not allow us to draw strong inferences about speed.

Another explanation for the existence of economies is that large transit systems
attract large proportions of short trips because of high densities, and this reduces
the average cost of providing short haul service. If economies of short haul are
realised (especially in the absence of severe delay from traffic congestion and
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TABLE 4

Short-Run Economies and Input Elasticities

System Name Short-Run Labour Price Fuel Price Cross Cross ~
Economies Elasticity Elasticity Elasticity Elasticity

of Fuel of Labour

with with

respect to  respect to

Labour Price Fuel Price
Niagara Frontier -0.76210 —0.10301 —0.43073 0.43073 0.10301
Dallas Transit —0.76272 —0.14445 —0.45742 0.45742 0.14445
Honolulu —0.74029 —0.20306 —0.45622 0.45622 0.20306
Sorta-Cincinnati —-0.74187 —0.11100 —0.43850 0.43850 0.11100
Conn. Tr.-Hartford -0.67224 —0.19455 —0.45831 0.45831 0.19455
Utah Transit —0.66325 —0.19540 —0.45812 0.45812 0.19540
San Diego -0.67019 —0.12161 —0.44665 0.44€65 0.12161
Hato-Rey-MBA —0.62492 —0.18258 —0.46030 0.46030 0.18258
TA of River City —-0.58154 —0.09590 —0.42246 0.42246 0.09590
New Orleans —0.81498 —0.18000 —0.46057 0.46057 0.18000
Tri County MTD —0.03551 —0.18343 —0.46019 0.46019 0.18343
Orange County —-0.79179 —0.19541 —0.45812 0.45812 0.19541
Golden Gate —0.53650 —0.13481 —0.45388 0.45388 0.13481
Rochester —-0.51507 —0.12690 —0.44991 0.44991 0.12690
Sacramento —0.47945 —0.14969 —0.45880 0.45880 0.14969
Mercer County —0.13509 —0.19628 —0.45733 0.45733 0.19628
Grand Rapids —0.04269 —0.11808 —0.44419 0.44419 0.11808
St. Petersburg —0.05156 —-0.28215 —0.41625 041625 0.28215
Memphis —0.61294 —-0.16706 —0.46099 0.46099 0.16706
City of Spokane —0.05999 —-0.18172 —0.46039 0.46039 0.18172
Gt. Richmond —0.44318 —0.23662 —0.44332 0.44332 0.23662
Dart-Wilmington —0.14295 —0.25228 —0.43512 0.43512 0.25228
Fresno -0.12207 —0.23993 —0.44169 0.44169 0.23993
Charlotte —0.18274 -0.21657 —0.45186 0.45186 0.21657
Oceansville —0.20218 —0.11542 —0.44218 0.44218 0.11542
Santa Monica —0.23397 —0.14445 —0.45742 045742 0.14445
Tacoma —0.19392 —-0.29792 —0.40473 0.40473 0.29792
Suburban Safeway —0.28659 —0.15056 —0.45899 0.45899 0.15056
Sumtra of Tucson —0.27587 -0.11719 —0.44354 0.44354 0.11719
Omaha TA —0.44811 —0.15839 —0.46033 0.46033 0.15839
Rhode Island —0.50140 —0.08698 —-0.41003 0.41003 0.08698
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TABLE 4 continued

System Name Short-Run Labour Price Fuel Price Cross Cross
Economies Elasticity Elasticity Elasticity Elasticity
of Fuel of Labour

with with

respect to  respect to
Labour Price Fuel Price

Albany —0.48247 —0.20814 —0.45473 0.45473 0.20814
Indianapolis —0.47035 —0.28692 —0.41288 041288 0.28692
Maplewood —0.48385 —0.16706 —0.46099 0.46099 0.16706
Pioneer Valley —0.40258 —0.18943 —0.45930 0.45930 0.18943
Milwaukee —0.85523 —0.12690 —0.44991 0.44991 0.12690
Madison Metro —0.37836 —0.20983 —0.45419 0.45419 0.20983
Toledo —-0.37515 —0.20983 —0.45419 0.45419 0.20983
Long Beach —0.33971 —0.24241 —0.45915 0.45915 0.19028
Nashville —0.31064 —0.20360 —0.44044 0.44044 0.24241
New York Bus Tours —0.13507 —0.20360 —0.45668 0.45668 0.20360
Des Moines —0.15708 —0.15143 —0.45918 0.45918 0.15143
Duluth —0.13334 —0.24076 —0.44128 0.44128 0.24076
Pentran 0.18096 —0.21405 —0.45277 0.45277 0.21405
Orange-Seminole 0.19317 —0.27817 —0.41899 041899 0.27817
Southcoast 0.20414 —0.26853 —0.42535 0.42535 0.26853
Springfield 0.23092 —0.14270 —0.45687 0.45687 0.14270
Mobile 0.23380 —0.21489 —0.45247 0.45247 0.21489
Cambria County 0.25326 —0.32851 —0.37949 0.37949 0.32851
Waukegan 0.24652 —0.16793 —0.46101 046101 0.16793
Tri-State 0.18597 —0.23330 —0.44490 0.44490 0.23330
Central Rapids 0.23022 —0.20221 —0.45645 0.45645 0.20221
Central Pinellas 0.25468 —0.25309 —0.43466 0.43466 0.25309
Montebello 0.27486 —0.28771 0.41231 0.41231 0.28771
Broome County 0.26378 —0.16100 —0.45051 0.45051 0.16100
Connecticut Transit 0.27460 —0.16879 —0.46103 0.46103 0.16879
Greater Roanoke 0.28350 —0.26368 —0.42840 0.42840 0.26368
City of Lackawanna 0.29013 —0.20648 —0.45524 045524 0.20648
Manchester TA 0.31826 —0.14445 —0.45742 0.45742 0.14445
City of Torrance 0.34571 -0.25718 —0.43231 0.43231 0.25718
Rock Island Metro 0.32084 —0.22161 —0.44994 0.44994 0.22161
Lowell RTA 0.32370 —0.23993 —0.44169 0.44169 0.23993
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other causes), and if they exceed other increases in cost, average cost will fall with
increases in output. Despite these economies, long-run expansion of transit system
size to meet increased demand and increased trip length could increase the average
cost of operating the transit systems (see section 3).

Tables 3 and 4 show that input demand is inelastic. The elasticity of fuel
demand falls in the range of —0.46099 to —0.38949. In comparison, elasticity of
labour demand is in the range of —0.29752 to —0.0959; so labour demand is more
inelastic than fuel demand. This suggests that increases in prices of transit inputs
could reduce demand for fuel by a relatively large proportion. The ability of
management to control use of fuel could reflect the relative ease of input sub-
stitution; but Table 5 shows that this may not be possible, since the substitution
of labour for fuel is low across all the bus systems. Bus systems with high labour
share of cost, such as the Rhode Island and River City systems, which have labour
cost shares of 81.5% and 82.5% respectively, have low levels of input substitution.
From equation (16), low levels of input substitution mean that the input with the
larger share of cost is very essential and contributes more to productivity changes
than the other input, which has a very small share of cost. This explains why
labour productivity in Table 3 is larger than fuel productivity. Beyond the data
used in this study, an a priori explanation for the low level of input substitution
is that rigid work rules and high labour costs in transit systems make even a small
increase in the quantity of labour demanded expensive, and inhibit input sub-
stitution. As a result, transit systems require a well coordinated energy policy to
mitigate the effects of fuel price increases on the service provided in the short run.
Measures to reduce short-run energy requirements include training of drivers,
adoption of proper maintenance practices, and non-management actions which
improve traffic flow. Management should also bear in mind possible conflicts and
trade-offs between objectives such as saving energy and increasing ridership. These
trade-offs could take the form of comparing the net benefits, both social and
economic, of pursuing these objectives simultaneously.

3. THE LONG RUN

In the long run the conditions described above may not hold, since transit systems
are faced with different decisions from those required in the short run. It must
still be decided what combination of inputs incurs the minimum cost, but the size
of the transit system can be changed by the acquisition of more buses. This could
change the ratio of factor substitution. For example, fuel may be substituted for
labour by operating longer and bigger vehicles. The success of this substitution
depends on the fuel efficiency of the vehicles and the ability of management to
substitute heavily loaded vehicles for small vehicles as in view of the increase in
drivers’ wages (Friedlander, Spady and Chiang, 1981).

The effects of long-run decisions about system size on cost, input substitution
and demand can be examined by modifying the neoclassical short-run cost
function developed in this paper. Following Keeler (1974) and Pozdena and
Meriwitz (1978), we differentiate the short-run cost function with respect to
vehicles and solve it to obtain the number of vehicles required for minimum cost.
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TABLE 5

Input Substitution Levels

System Name (P System Name 012

Niagara Frontier 0.5337 Albany 0.6629
Dallas Transit 0.6019 Indianapolis 0.6998
Honolulu 0.6593 Maplewood 0.6281
Sorta-Cincinnati 0.5495 Pioneer Valley 0.6487
Conn. Tr.-Hartford 0.6529 Milwaukee 0.5768
Utah Transit 0.6535 Madison Metro 0.6640
San Diego 0.5683 Toledo 0.6640
Hato-Rey-MBA 0.6429 Long Beach 0.6494
TA of River City 0.5184 Nashville 0.6828
New Orleans 0.6401 New York Bus Tours 0.6580
Tri County MTD 0.6436 Des Moines 0.6106
Orange County 0.6535 Duluth 0.6820
Golden Gate 0.5887 Pentran 0.6668
Rochester 0.5768 Orange-Seminole 0.6972
Sacramento 0.6085 Southcoast 0.6939
Mercer County 0.6542 Springfield 0.5996
Grand Rapids 0.5623 Mobile 0.6674
St. Petersburg 0.6984 Cambria County 0.7080
Memphis 0.6281 Waukegan 0.6829
City of Spokane 0.6421 Tri-State 0.6782
Gt. Richmond 0.6799 Central Rapids 0.6587
Dart-Wilmington 0.6874 Central Pinellas 0.6878
Fresno 0.6816 Montebello 0.7000
Charlotte 0.6684 Broome County 0.6216
Oceansville 0.5776 Connecticut Transit 0.6298
Santa Monica 0.6019 Greater Roanoke 0.6921
Tacoma 0.7027 City of Lackawanna 0.6617
Suburban Safeway 0.6096 Manchester TA 0.6019
Suntra of Tucson 0.5607 City of Torrance 0.6895
Omaha TA 0.6187 Rock Island Metro 0.6716
Rhode Island 0.4970 Lowell RTA 0.6816
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The result is substituted into the short-run cost function to obtain the long-run
cost function. Table 6, based on this approach, shows the coefficients of the
long-run cost function. The values of a,, (a33) and B,, (B33 ) are approximately
equal and must be well noted, since they indicate that, while demand shifts occur
in the long run, there is no substantial difference between the direct price elastic-
ities. Consequently, long-run elasticities of factor demand are not calculated.
Minor differences occur between short-run and long-run input substitution; they
are reflected in the values of «, ; and 8,3 as well as in the cost elasticity data in
Tables 7 and 8. These minor differences suggest that the ratio at which inputs
are substituted is fairly stable across the transit systems in both the short and the
long run.

Long run diseconomies of scale are also shown in Table 7. All the: transit
systems analysed have diseconomies of scale in the long run. The table further
shows that the size of the diseconomies of scale varies inversely with the number
of passenger vehicles operated. Thus, the smaller the system, the larger the
increase in average cost when output increases in the long run. Low factor prod-
uctivity partly explains the increases in cost. As in the short run, fuel and labour
productivities are very low. We must conclude that these low productivities con-
tribute very much to changes in average cost. In addition to cost-cutting measures,
improvements in productivities of all factors are the key to reducing transit cost.

Long-run diseconomies of scale can also be explained by capacity utilisation
and speed. Equations (20) and (21) show the relationship between capacity
utilisation, speed, and diseconomies of scale.

ECS= 0.7185 — 0.8303 (fraction of capacity utilised)
(0.0260) (0.1424)

(20)
R? =0.9805
ECS = 0.5958 — 0.0012 (speed)
(0.0702) (0.0051) 1)

R? = 0.9695

The standard errors are those in the parentheses under the coefficients. The co-
efficients of determination in both equations are high, suggesting that most of the
variations in the long-run diseconomies can be explained by capacity utilisation
and speed, though the speed coefficient is statistically insignificant. The most
important conclusion from these equations is that an increase in speed and in
capacity utilisation reduces long-run diseconomies associated with transit oper-
ations. Thus, whereas there are economies of capacity utilisation in the short
and long run, the effect of speed is insignificant in both periods. It is therefore
concluded that the most important factors in explaining cost changes across
transit systems are capacity utilisation and other factors such as the transit
systems’ operating environment; these have not been considered in the analysis
but their effect on cost can be traced to the constant terms in equations (18),
(19), (20) and (21).
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TABLE 6

Long Run Cost Function: Estimates of Coefficients

K. Obeng

Coefficient Variable Estimate
(e Constant —0.91572
oy InQ 1.30463
o, InP, —0.76783
05 InP3 1.76783
o, 0.5(InQ)? —0.08328
0, InQ InP, —0.05580
0113 an ln.P3 0.05580
0y 0.5(1nP,)? 0.07231
O3 InP, InP; —0.07043
033 0.5(1nP3)? 0.07231
TABLE 7
Factor Productivity: Long Run
Buses Operated
Less than 50 50-149 150-557
Share of laboura’b 0.666 0.658 0.728
ECS 0.694 0.596 0.456
Price elasticity of labour? ~0.218 ~0.201 —0.164
Price elasticity of fuelb —0.441 —-0.474 —0.449
Labour productivity 0.393 0412 0.500
Labour share of productivity 66.6% 65.8% 72.8%
Fuel productivity 0.197 0.214 0.187
Fuel share of total productivity 33.4% 59.6% 27.2%
TFP 0.590 0.626 0.687

4The share of fuel is obtained from Sp+83=1

bThe average values are used.
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TABLE 8

Long Run Economies and Cross Elasticities

Name Cross Elasticity Cross Elasticity Long Run
of Labour with of Fuel with Scale
respect to respect to Economies
Fuel Price Labour Price
Niagara 0.10573 0.44208 048102
Dallas 0.14733 0.46654 0.42580
Honolulu 0.20622 0.46333 0.38099
Sorta-Cincinnati 0.11374 0.44934 0.46680
Conn. Tr.-Hartford 0.19767 0.46566 0.51740
Utah Transit 0.19853 0.46545 0.46694
San Diego 0.12439 0.45689 0.45530
Hato-Rey-MBA 0.18563 0.46801 0.44252
TA of River City 0.09858 0.43430 . 0.49433
New Orleans 0.18304 0.46836 0.43844
Tri County MTD 0.18650 0.46788 0.44617
Orange County 0.19853 0.46545 043216
Golden Gate 0.13765 0.46345 0.45860
Rochester 0.12971 0.45986 0.52699
Sacramento 0.15259 0.46770 0.46579
Mercer City 0.19936 0.46523 0.61294
Grand Rapids 0.12085 | 1 0.45462 0.63904
St. Petersburg 0.28583 0.42167 0.57034
Memphis 0.17005 0.46923 0.49781
City of Spokane 0.18477 0.46813 0.60148
Gt. Richmond 0.23998 0.44961 0.53340
Dart-Wilmington 0.25574 0.44109 0.63931
Fresno 0.24331 0.44791 0.57862
Charlotte 0.21981 0.45862 0.57214
Oceanside 0.11819 0.45276 0.54380
Santa Monica 0.14733 0.46654 0.55410
Tacoma 0.30183 0.40989 0.62997
Suburban Safeway 0.15347 0.46786 0.53125
Suntra of Tucson 0.11996 0.45401 0.56300
Omaha TA 0.16134 0.46888 0.55787
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TABLE 8 continued

K. Obeng

Name Cross Elasticity Cross Elasticity Long Run
of Labour with of Fuel with Scale
respect to respect to Economies
Fuel Price Labour Price
Rhode Island 0.08963 0.42254 0.47149
Albany 0.21133 0.46170 0.52921
Indianapolis 0.29063 041822 0.53756
Maplewood 0.17005 0.46923 0.47070
Pioneer Valley 0.19252 0.46680 0.55598
Milwaukee 0.12971 0.45986 0.43717
Madison Metro 0.21303 046112 0.68606
Toledo 0.21303 0.46112 0.53758
Long Beach 0.19338 0.46662 0.50697
Nashville 0.24581 0.44666 0.53752
New York Bus Tours 0.20452 0.46384 0.62570
Des Moines 0.15434 0.46801 0.63730
Duluth 0.24414 0.44748 0.65316
Pentran 0.21727 0.45959 0.65862
Orange Seminole 0.28181 0.42448 0.63797
South Coast 0.27211 0.43101 0.71078
Springfield 0.14557 0.46608 0.71683
Mobile 0.21812 0.45927 0.57725
Cambria County 0.33260 0.38421 0.72904
Waukegan 0.17092 0.46921 0.65711
Tri-State 0.23665 0.45126 0.68225
Central Rapids 0.20537 0.46359 0.65291
Central Pinellas 0.25656 0.44061 0.70907
Montebello 0.29142 0.41764 0.67672
Broome County 0.16395 0.46907 0.66660
Connecticut Transit 0.17178 0.46920 0.72075
Gt. Roanoke 0.26722 0.43414 0.68775
City of Lackawanna 0.20963 0.46227 0.67744
Manchester TA 0.14733 0.46654 0.76359
City of Torrance 0.26067 0.43818 0.81188
Rock Island Metro 0.22488 0.45658 0.73342
Lowell RTA 0.24331 0.44791 0.71775
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4. POLICY ISSUES

The principal finding of this paper is that small transit systems are relatively more
expensive to operate than systems operating more than 50 vehicles, and that the
small systems should be subject to further research. This finding, of course, is
based on a comparison of transit systems of different sizes. We have not con-
sidered in this paper whether the same results would be obtained by developing
a similar cost function for small transit systems only. Evidence from studies of
small bus operations, however, suggest economies of scale (Ceglowski et al.,
1978). From the results of this study, it is concluded that peer group analyses
of transit cost such as those by Ceglowski et al. could yield results different from
cross-sectional analysis, as in this paper, using data which show large variations in
sizes of bus systems. Since this paper indicates consistent diseconomies of density
and scale in both the short and the long run, the bus systems operating less than
50 vehicles should be further analysed to determine the causes of the increases
in cost. As in all transit systems, cost can be reduced by improving factor product-
ivity. Also management can reduce cost by focusing on cost control and on
efficient use of labour, especially at off-peak times, and, whenever possible, by
substituting capital for labour.

Substitution of capital for labour is, however, difficult to achieve. In the first
instance, transit inputs are not perfect substitutes. Second, labour demand
cannot be easily controlled, since there are always clauses in labour contracts
which restrict layoffs. Additionally, section 13(c) of the 1964 UMTA Act pro-
tects employees of transit authorities which receive federal grants from layoffs
which could arise if the capital purchased with the grants is used to replace
labour. What can be done to reduce labour demand and improve the vehicle-labour
ratio, and consequently to improve substitution of fuel for labour, is to explore
the opportunities offered by attrition. For example, a policy to replace retired
operators with part-time labour can increase productivity by reducing the number
of permanent employees on split runs. A good and efficient management, which
can bargain effectively with unions on aspects of labour agreements affecting
scheduling, can also increase the substitution of fuel for labour and improve
productivity. Of course, these objects can also be achieved by using large vehicles
and by adopting innovative scheduling changes, such as combining split runs into
straight runs.

For bus systems operating more than 50 vehicles, short-run decreases in cost
are possible from increases in output. The size of the decrease in cost varies
directly with the number of buses operated. Bus systems in this category should
take advantage of the potential decrease in cost which can be made by pursuing
short-run objectives which increase ridership and trip length. Providing better
quality service, effective pricing, advertising, service targeting, and promoting
transit service are among the ways to increase output. In the long run, these bus
systems have diseconomies of scale, and the suggestions already made to improve
the operations of the small bus systems are equally applicable to large ones. In
addition, large vehicles could be acquired and used on the most profitable routes.
Despite this possibility, the amount of fuel-labour (or labour-fuel) substitution
is not likely to change substantially, as we have indicated in section 3. The reason
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is probably that fewer opportunities are available for this type of factor substit-
ution. This suggest that, as a policy, conscious efforts should be made to reduce
the fuel and non-fuel costs of bus operations. A suggested approach is to adopt
energy saving as a policy (Obeng, 1983).

A key issue confronting decision makers is the cost savings associated with
expansion of the bus system in response to increasing demand for service. Within
the range of bus system size considered (less than 557 vehicles), some cost savings
are possible. Long-run cost savings are reflected in the inverse relationship
between diseconomies of scale and the number of passenger vehicles at present
operated. For example, bus systems operating between 50 and 150 vehicles would
experience about 23% decrease in cost if increasing output were to necessitate
expansion of fleet size above 150 vehicles. Bus systems operating less than 50
vehicles would experience about 14% decrease in cost if increased demand for
service required fleet expansion to between 50 and 150 vehicles. The actual gain
of each bus system depends on its performance as measured by the elasticity of
average cost. Fleet expansion as a policy may, however, not be advisable unless
there is enough demand to make a substantial increase in utilisation of capacity.
Capacity utilisation as a policy is discussed later, but it should suffice now to
stress the importance of establishing trade-offs between capacity utilisation and .
policies for expansion of the fleet. Fleet expansion could create excess capacity,
thus reducing the utilisation ratio and also reducing the economies associated
with capacity utilisation. Therefore, in order to realise the cost savings associated
with fleet expansion, there must at the same time be an increase in the capacity
utilisation ratio.

The results of this paper allow us to make a general characterisation of bus
operations. In the long run, all bus systems are characterised by diseconomies of
scale. This conclusion partly resolves the conflicting results of reasearch on scale
economies (Miller, 1970; McDevitt, 1976; Lee and Steedman, 1970; McKnight et
al., 1982). This paper also shows that a general characterisation of short-run bus
operations is not possible. Therefore the shortfall of the cited earlier research on
economies of bus operations may have been caused by failure to distinguish
between short and long run, and to a choice of skewed data which provided
information on a restricted subset of bus systems. The evidence of diseconomies
of scale presented in this paper is clearly overwhelming, and suggests that, from
the point of view of efficiency, long-run marginal cost pricing can be adopted by
the bus systems analysed. As a policy, long-run marginal cost should be deter-
mined by use of the relationship

MC=AC( + ECS) (22)

where AC = average cost and MC = marginal cost, and fares should be set equal
to marginal cost. Except for AC, the ECS values in the equation are provided in
Table 8 and could be used by transit managers interested in pursuing this pricing
policy further.

The variation between short and long run economies in large systems is due to
capacity utilisation. Increases in capacity utilisation reduce average cost. In the
long run, the effect of capacity utilisation in reducing diseconomies of scale is
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outweighed by the effect of other factors, such as the size and structure of the
transit firm. These are not considered in the analysis, but their effects can be
traced to the constant terms in equations (18) and (20). This does not apply
in some systems in the short run because the economies associated with capacity
utilisation outweigh the diseconomies associated with speed and these other
factors. Thus, though capacity utilisation is an important factor explaining
(dis)economies in some transit systems, other factors may negate its potential-
ities for reduction of cost. Even so, increased use of capacity appears to be a
very important policy for transit managers to adopt and pursue. One method
of improving capacity utilisation is to change transit operations to improve
scheduling and service frequency. Speed increase also has the potential to reduce
cost in the long run; but if it is to be used as a short-run policy, the cost savings
associated with the possible increase in capacity utilisation should be carefully
weighed against the cost of the increase in speed. For it is through increases in
capacity utilisation that the benefits of increased speed in the short run can be
realised.

5. CONCLUSION

Bus transit costs have been analysed to enable us to understand cost variations
across bus systems. In addition, explanations have been offered for short and
long run economies and diseconomies of scale. A principal conclusion of the
paper is that long-run diseconomies characterise all the bus systems analysed. This
is partly due to low factor productivity in the long run. The share of labour in
total factor productivity is between 66% and 73%. This leads to the conclusion
that labour productivity contributes less than fuel productivity to the average
increase in cost. Improvements in fuel productivity is therefore essential in
reducing costs. Besides increases in productivity, cost control and energy savings
should be adopted as a policy. This paper has not considered the very large bus
systems in New York, Chicago, Philadelphia and other areas, but the results may
nevertheless be applicable to them. In particular, the demand elasticities and
cross-elasticities may show little variation across bus systems of different sizes.
Differences, however, may be observed between modes.
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