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Abstract

The literature on productivity measurement in bus transit systems has
generally focused on two areas: i) the development ef acceptable
measures of productivity (Tomazinis 1974, Fielding 1977) and ii)
establishing relations between these measures and baékgrdﬂnd‘variables.
Recently, lines of inquiry apply economic theory, especially the duality
between production and cost functions, to determine total factor |
productivity in transit systems (Meyer and Goméz-Ibahez 1980, Obeng et.
al 1986, Obeng 1985, Kim 1985). This new approach attempts to overcome
the problems in earlier studies such as the inability of perforpaﬁce_
measures to account for input interaction and prodqctive efficiency -
reflected in the presence or the absence of economieé of scale. This
paper continues fhe'on—going search for a better measure of transit
performance. It presents the total factor productivity method, extends
it by develqging a method to determine the rate of_;héngg é% input
productivity and épplies the method td data pert§inipg toj74 transit
systems for the period from 1977 to 1985. It is shown that the rate of
change of input productivity depends directly on the.rate of change of
total-factor-productivity. [ iy s e e —n

The application shows that vehicle-mile total factor productivity has
been declining at a rate of 0.4% per year while passenger-mile total
factor productivity has been decreasing at a rate of 0.2% per year.
Labor productivity has declined at a yearly rate of 0.8% based on
vehicle-mile of output, and at a rate of 0.7% per year based on

passenger—mile output. The rates of the yearly changes of .vehicle mile

-



and passenger mile capital productivity are respectively an increase of
0.1% and a decrease of 0.3%. With passenger mile and vehicle-mile as
output, fuel productivity declined at the respective_fgtes of 1.45% and
1.72%. Qverall, it is found that relatively large changes in
productivity have occurred in the transit systems studie&-wﬁen vehicle
mile is the output. Although fuel and labar have contributed
substantially to the decline in total factor productivity, on the
average, the effect of capital is neutral. Negative and positive
contributions of vehicle miles and passenger mi}es respectively to the
changes in total factor productivity have also been qbserved.
Associations developed between the changes in policy and backgfound

variables and the changeé in total factor productivity as well as the
productivitiés of the vafious inpdfs reveal that the changes in the daily
hours that each vehicle is operated, the peak-base ratio, the
.Jabor—vehic}e.ratio, the proportion of ekecutives? professionals'and
supervisofs, and fleet age are %he sources of'érpductivity cﬁénges. The

results presented in this paper have been found to be consistent with

those of previous work.



Short Term Productivity Changes in U. S. Bus Transit Svstems

‘1. INTRODUCTION

In the past decade and a half, many sygdies‘including those of
Tomazinis (1974), Fielding (1977), Fielding et. al. (1978) have been
conducted on the performance of United étate;-bﬁs transit systems. These
initial studies focused on developing acceptable measures of éfficienty,
productivity and effectiveness. Receﬁtly, many authors have used some of
these measures in their studies and have developed associations between
the measures and selected policy anq background variables (Obeng 1983a,
1985b, 1987; Andersén 1980;.Barb0ur and Zerillo 1989).~‘9mdﬁ§"the
_findings of these studies.are:' labor prgddctiyify‘ié posit;vely>
associatéd w?th the daily hours thét'each‘vehicle is oheratéd.(Gbehg
1987); tranéit perfarmance is weakf& associated-with organizétional-
structurg (Fielding:et. al. 1978); government ownership and influence
through'subsidies affect transit éqst_(Anderson 1983); ;nd"labpr
productivity is High in small private or'publié busvoperétions~(Baébour.
and Zerillo 1980). These associations provide insight into -and an
understanding of those factors that contribute to the observed
-differences in transit performance. - — e e e

There are, however, problems when system-wide policies are based on
associations between the background variables and a performaqce measure
such as labor or capital productivity or any of the fourteen performance
measures suggested by Fielding et. al. (1977). Because there are many
performance measures, policies become dependent upon which one is used in
a stﬁdy. If an inappropriate measure is chosen, its association with a

policy variable could result in erraoneous policies. Additionally, the



absence of well defined procedures for selecting the correct measure aof
performance makes the choices that are made- sometimes arbitrary.

Finally, in the choice of performance me§§9res‘there does not appear to
be any consideration given to the interactions between the various inputs
used in producing transit output. Thus, the-Eréhsit performance measures
currently in use, such as vehicle-mile or passenger mile per labor or per
gallon of fuel, assume that these inputs are mutually exclusive; an
assumptioﬁ that cannot be supported in practice.

Given these shartcomings, it is qot surprising that many authors are
cur}ently devoting their efforts to developfng a snginﬁ medsure qf
tofal,performance for transit systems. Notably,-Kifby and Green (Talley
aﬁd Becker 1982) developed.a set of criteria f0r selecting the best
measure of t;ansit performance. Talley and Becker (1982) too have
suggested that if the objective function is to maximize passenger miles
‘subject to a deficit constraint then sgbsidy per ride% is theisuperior
'.meésu;e of transit total pefformance: Based on Talley and.Becker‘s_
apbroach the selection of the superior measure depends on the objective
of the analysis. In another paper, Talley (1986) proposes the inclusion
of service-characteristics-in a tranéit—$irm's~operating objectiveand - --———+ - - -—-
argues that the optimal values of these variables in maximizing the
objective function will be the performénce standards.

Borrowing from developments in economics a number of authors in;luding
Meyer and Gomez-Ibanez (1980), Obeng (1985a), Kim (1983), dbeng et. al.

(1986), Caves and Christensen (1588) and Hensher (1987) have suggested
and épplied total factor productivity as the single best measure of the

overall transit performance though Stokes (1979) contends that no measure



of overall performance is available. Simply defined, total factor
productivity is output per all inputs. Its advantage is that it accounts
for all or most of the prob!gps discussed. |

Despite this advantage, the total factor productivity method has not
received widespread use in the E;aﬁsit industry. This is partly due to.
the difficulty of obtaining information on the price of cabital required
as an argument in the cost equation from which the cost elasticity with
respect to output is determined. Second, Aany transif systems.do not
have the personnel to ﬁpply the method on a large scale. The first
reason also explains why, even in the ;cholqr1§_i1teréture; little Bas
been done to determine total factor prodﬁctivity in transit systéms until
recently. ?et, the ﬁsefulness of the method in poligy ahalysis, its
.flexibility that allows the analysf to decompaose the changes in transit
total performance into the changes in output, inputs, and even facégr
ratios, makes a compelling case for its continued gse~in'the transit
industry. It is oﬁly when more reseafch using the méthoé:isfconducted

will its usefulness be fully demonstrated.

To expand present knowledge, about the usefulness of the total factor

productivity method in-the—transit industry,—the method—is-appited-to —- - -

data covering the period from 1979 to 1985 and pertaining to seventy-four
United States bus transit systems. Thig paper formally derives the total
factor productivity method, extends it to develop avmethod to ﬁetermine
the rate of change of the productivity of each input and apﬁlieé these
methods to data pertaining to seventy-four transit systems; It is shown
that the rate of change of input productivity is directly related to the

rate of change of total factor productivity. The new method of



determining the rate of growth of input productivity is shown to give the
same result as the traditional definition of productivity as output per
an input.

Using regression analysis, associations between the changes in total
factor productivity, input producfgvf}y, and important palicy and
background variables are determined. The results of the analysis show
that from 1979 to 1985 vehicle-mile total factor productivity declined at
a yearly rate of 0.5% and passepger—mile total factor productivity
decreased at a rate of 0.24% per year. Large variation in taotal factor
productivity ;hange-is observed when the»results‘EFE ;ombared system by
system. That comparison gives the range o% total factor productiQity
change per year as - 13.3% fo 12.2% when vehicle mile is the output.
N{th passenger mile as output the rahge of total factor productivity
change is a 7.8% yearly decline to a yearly increase of 13.3%. Simii;;
results have been obtained for the-rate of change of input productivity.
The results of the analysis also show that the-peak bage ratio; the -

average daily-hours that each vehicle is operated, fleet age, the

labor-vehicle ratio, and the propoftion of executives,.supervisors and

" professionals ‘are the significant sources™of "total factor and "ifpat”
productivity changes.
2. METHODOLOGY
To determine total factor productivity in bus transit systems assume

), and fuel (X)) are used to

that three inputs, labor (Xl)’ capital (X 5

2

" produce either passenger-mile or vehicle-mile of output(@). The
production function relating these inputs and the output is

Qet) = g(X, (t), X_(t), X_(t)) + € (1

1 2 3



where t represents a variable such as productivity or time that shifts
the production function. Further, assume that underlying equation 1 is a
dual cost function which is homogeneous of degree one in input prices and

represent this cost function by C = F(Pl’ PE’ P3, Q) where Pl'

PE’ P3 are the respective prices of labor, capital and fUEI: This cost
function is alsa equal to C = %Pi'xi. Thus, the total cost is the sum
of the products of the input prices and their respective quantities. The
first order partial derivative of the cost function with respect to the
price of an input givesrthe demand for that input. This impartant
propefty is Shephard'sALemma and gppfiés to cost fuﬁéfid;s that are
homogeneoﬁs of degree oﬁe'in input prices. ‘From Shephard's Lemma;
dinC/d1lnP, is the cost share of input i. .

Changes in productivity cause thé cost functioh and the production
function to shift. A downward shift in the cost functiag represents
1mprovement in productivity wh1ch reduces the cost per unit of output.
But, for technolog1es that exhxbxt economies of scale, product1v1ty
growth may be due to a movement alang the cost function and not to a
downward shift in cost (Baltagi and Griffin 1988). On the other hand an
’ upWard'shift;iﬁ‘the production function‘impTTES"an—Tncreage im—-——
productivity or technicél change brought about by innovations or
inventions. The rate of change in either the production or cost function
represents the rate of change in total factor productivity. This rate of
change of the production function is obtained by totally differentiating

the natural logarithm of equation 1 with respect to t and solving for

dlng/dt. This approach yields:



3
dlng/dt = (dInQ(t)/dt) - L (dlng/dlnxi(t)) ° (dlnXi(t)/dt) (2)

i=1
Equation 2 is the measure of the rate of change of total factor
productivity. The various inputs are combined in this equation by
weighting them'b; their respective elasticities (dlnq/dlnxi(t));
A major problem”éssoc}ated with equations 1 and 2 which limits their

application is that in selecting labor, capital andvfuel to produce
transit output, management may consider their gqualities and, even,
variations in technoiogy. These considered variables are not included in
the equation; they are Hot directly observable, and yet are correlated

with the error term. As a result,-an input elasticity- based on-equation

1 will be biased. — _

A’solutioﬁ to this problem is to e;timate the cost anction that is
the dual of.equation 1 and use iﬁ ‘to derive the output elasticities. The
dual cost function is homogeneous of degree one in input prices. It
assumes that the input prices are exogeneously determined in_Fompetitiye
marke? sit@ations s0 tha; the prices of the inputs'reflect:their qualify
attributesl To derive the input elasticities from a cost function, let

the elasticity of output with respect to each input be denoted as Ai(t).

: i
h(t) in input gquantities. Then, it follows that h(t) = % Ai(t) =

1/(dInF(t)/dIln@(t)). It can be shown that solving this expression for
Aj(t) gives the elasticity of each input j:

Aj(t) = h(t) « S = Sj /(dInF(t)/dInQ(t)) (37

it t
where Sjt is the cost share of input j in period t (Obeng 1987,

Intriligator 1978, p. 283). Substituting equation 3 into equation 2, the



rate of change of total factor productivity based on shifts in the
production function is:
dlng/dt-= (dln@(t)/dt) — (1/(dInF(t)/d1lnQ(t))) . zSi(dlnXi(t)/dt) (4)
Equation 4 can be used to determine the rate of change of total factor
productivity.- In the alternative, multiplying both sides of this
equat@oﬁ‘by dlnF(t)/dlpO(t) gives the rate of change of the cast function
which is also a measure of the rate of change of total factor
productivity. Thus:

dinF(t)/dt = (dlnF(t)/din@(t)) (dIn@(t)/dt) - % S (dinX. (t)/dt) (3)
where dlnF(t)/dt 1s the Shlft in- the cost functiaon due-to- product1v1ty
changes or time. The r1ght hand sxde of equation S is clearly the same
resuit obtained ey Caves et..e;. (1979). Thus,_the-ebove procedure for
deriving the rate of change of total factor productivity is-an
alternative to the derivation presented by Caves et. al. Note that
dInF(t)/dlnG(t) is the cost elastxcxty with respect to output. .If this
elast1e1ty is equal tovone, there are constant returns to scale and
eqeat1ons 2 and S are the same. Under increasing (decreasing) returns to -

scale when the elasticity is less (greater) than one, both equations are

not the same.

In this paper, the rate of change of total factor productivity is
determined based on equation 3. It is instructive also to note that
dinF(t)/dt = (dInF(t)/dln@Ct)) - dlng/dt; Further, equation.s can be
modified to determine the rate of change of input productivity. 4Define
the rate of change of input productivity as dln(g/xi(t))/dt and subtract

dlnXi(t)/dt from both sides of equation 4. For clarity of expression,



denote the inverse of the cost elasticity with respect to output by h(t)
and solve the resulting equation for dln(g/xi(t))/dt.

Following this procedure yields:

dln(g/X;}t))/dt = h(t) « (dInF(t)/dt) - dlnxi(t)/dt (&)
Equation 6 gives-the rate of change of input productivity and shows that
it can be decomposed among the changes in total factor productivity and
the rate of chénge of the utilization level of that input. It further
shows thgé the rate of change of the Productivity of any input is
directly related to the rate of change of total factor productivity. If

total factor productivity is. decllnlng, some input productivity must. also
be dec11n1ng ceter1§-par16us. An increase in the quéﬁtity bf én input
is, however, not sufficient to-decrease its productivity. .A decline in
input productivity occurs if the rate of increase in the quantity of that
input is greater than the weighted rate of increase in total factor
~product1v1ty derived from the cost funct1on.

Since equatxons a and 6 are for- 1nstantaneou§ changeg they must be
modxfxed to account for discrete changes ;n the inputs, outputs, and the
cost elasticity w1th respect to output. The arithmetic averages of the
. elasticities and the imput cost shares in two_successive periods are used
to approximate these two Qariabies. For the instantaneous changes in
total factor prodﬁctivity and input broductivity, they are approximated

by the logarithmic differences of their values in two successive time

periods. Thus:

nF, - InF, . = i((dlnFt/dant) - (dlnFt-1/dant-1))(ant - 1nQ, )

- Eesy v s, pamx, - Ink,, ) ¢l

and

In(g/X;,) - In(g/X,;, ) = ¥(h, + he_4)(1nF, - 1nF ) - (1nX,, - 1nX . .)

(8)



There are other advantages to using equations 7 and 8 in productivity
studies besides accounting for the interactions between all inputs. Both

equations account for changes in productive efficiency reflected in

either the measure of scale ecoﬁomies or in total factor productivity.
Equations 7 and 8 are therefore more refined and are superior measures of
the raté of productivity change than thé tradit{onal method. The main
disadvantage of equation 7 is that it becomes complex as the total number
of inputs increases. Furthermore, as previousiy noted, both equations
require a knowledge of the elasticity of cost with respect to output and
that can»limif their"aﬁplication. - - | el | -

Althogég a‘k;bwledge'of‘producti;ity cﬁange is important!}it must be.-
related to policy and backgrouhd variables. Spécifically, the chgngeg
that have occurred in total factor-and input productivity must be
as;ociated with whatever changes that have occurred in the policy and
packground variables. Suppose érowth is obsé?ved.in.both:total factor
aﬁd inphf-productithy in a transit system. That g%pwth.coul& be due to -
the changes in rﬁute miles, the average daily hours that each vehicle is
operated and, even, the peak-base ratio. An increase in route miles

—_leads_to_more vehicle-miles and _passenger-miles,_If these increases are_
substantial and are not accompanied by large increases in inpufs ar cost
productivity growth will occur. However, service expansion through.-
increases in route-miles could reduce productivity growth if accompanied
by a large cost increase and a small increase in output.

Let Y ...Y . be the relevant set of all the background and

1t’ YEt’ nt

policy variables with which productivity can be associated. These.

variables include fleet age, fleet composition, the average daily hours



that each vehicle is operated, and route miles of service and are listed

in Table l.. The sum of the yearly rates of change in each variable over
. - . . £ .. .

the entire analysis period is [ dlnYnt/dt. This is approximated by

¢ -
g (lnynt - lnYn

) which also yields lnYn - lnYn Thus, the sum

t-1 t L

of the logarithmic differences in each variable for successive time
period; or the logarithmic_differen;g between the values of each variable
at the ending and beginning periods is used as an independent variable.
Similarly, define the sum of the logarithmic difference of total factor

productivity indices for successive periods as g(lnFt = lnFt-l) = lnFt -

lnFl.. Further, define-the sum of the logarithmic difference of the

productivity of each input in successive time periods as g(ln(g/xit) =

)) = ln(g/Xit) -41n(g/X‘i ). The logarithmic differencés

In (g/Xit_ 1

1
approximate the rates of change of-each of the dependent and independent

variables. .

Using the approximations, the following formal relationship between-

the changes in total factor productivity and the background and poficy
variables is specified: ..

InF_ - lnF1 = A [(1nY

& = 1nY11), (Iny - InY

2t 81),...,
(1InY InY_,)]1 (9)
e T & A...nl e

1t

PR

All the background variables are hypothesized as affecting total factof
productivity. However, only a subset of these variables is specified as
affecting the productivity of each input.

Based on equation 9, the policy and background variables that are‘
significantly associated with productivity are determined using multiple
regression analysis. The signs of the estimated coefficients give the

direction of association while their significance levels test the null

10



Table 1: Changes in the Background Variables

from 1979-1983

Variable

Proportion of Benefits Paid by Employees
Peak-base Ratio

Proportidn of Supervisors, Executives and
Professiaonals

Fleet Age

Speed in miles per hour

.Route Miles

Average Daily Hours ‘Each Vehiéle

is Operated

Vehicle Capacity Utilizatian
Labor-Vehicle Ratio
Proportion"of.Public Funds From'All
Fedéfai'éources B |
Equivalent labor

Gallons of Fuel

Fleet size

1

-0.079

-0.043

0.088
-0.006
0.018

0.094

-0.006
0.024

-0.032

0.448
0.022
-0.003

0.069



hypothesis that each coefficient is not different from zero. Dividing
baoth sides of equation @ by the logarithmic difference of each variable
gives the approximate value of the elasticity of cost with respect to
that variable.

3. DATA

Applying the above methodology requires analyzing a large data set on
cost, output, input quantities, éhe policy and background variables.
This data has been obtained from the bound National Urban Mass
Transportation Statistics (United States Department of Transportation,
1982a, -198¢eb, 1983, 1984, 19864, i987):- This data source is the-most
comprehensive of those currently available including the Statistics
collected by the American Public Transit Association.

A number of factors contributed to the choice of. the study period.
First the studies from which the elasticity equations are obtained are
based on the 1979%86 data (Obeng, 1985a, 1987)._ Second, the most recent
Section 15 data publicly available is thét for the calendar year 198S5.
Lastly, researchersvincluding Hobieka et. al. (1983) have pointed to

~inconsistencies, errors and other problems aésociated with the first year
... .Section 15_data which_make its inclusion_in the_current research. __
inappropriate. This choice of the study periocd means that only the
changes that have occurred in transit systems during the first part of
this decade are considered. It also means that the study focuses on a
period during which major changes in federal operating subsidies were
impacting on transit systems.
Although the earlier studies (Obeng 1985, 1987) anélyzed 77 bus

transit systems, we focus on 74 of them which reported consistently on

12



the data required. In particular, three transit systems were eliminated
from thehoriginal set because they did not file Section 13 report from

1980 tao 198S. Of the remaining transit systems, not all reported

information on each variable every year and this resulted in missing
data. No dttempt was made to estimate the values for the missing data.
As a resglt, the descriptive statistics in Table 1 are based on each
variable's own degrees of freedom. For example the degrees of freedom
for thé federal share of public funds and the peak—base ratio are
respectively 39 and 74.

4. TRENDS IN- BACKGROUND VARIABLES -

Table lAsuqmarizes the mean of the total raté of change (tﬁe*meaﬁ of

. the sum of the logérithmic differences) of each of the rélevant variables
from 1979 to 1985. The contents of this Table can be interpreted as
approximations to the rates of change in all the variables (Caves et. al.
1979). Clearly, ﬁhe Table shows that.a gengral decline in five -~
background-variables,occurred during the study peridd (inpgts.ﬁot
c;untéd). The largesf.deglihe, ?.9%, is in the proportion of.the

benefits paid by employees. In many transit systems, employees now

contribute less to_their benefit_programs than they did in 1979.._ _

Additionally, Better.fleet management has reduced the peak—Sase ratio by
4.5%. This reduction in the peak-base ratio has been accompanied-byAa
small decline of 0.6% in the average daily hours that each vehicle is
operated respectively. The decline in the average daily hours of vehiclg
operation is insignificant and shows a relatively stable service between
1979 and 1985. In fact using route miles of service, one can argue that .

service expansion indeed occured between 1979 and 1985. « This is because

13



route miles increased by 9.4%.

Besides the increase in route miles fuel .usage declined by 0.3% in the
transit systems analyzed. Also, the labor-vehicle ratio declined by
3.2%. Two factors that partially account for the decline in the
labor—thiﬁfé ratio are an increase in fleet size of 6.9% and a small
increa;e in employment of E.E%f Because the totalvnumber of buses
aperated has increased through acqqisitiun, while service hours remained
fairly stable and route miles increased, it follows that in 1985 each bus
was operated less intensively than in 1979.

“Although these averageé_gépeér_to suggest that only small changes have
occurred in the quaﬁtities of~the‘inputs used b* the transit systems, the
individual s?stem data reveals that réductions in input utilizatiﬁn is
widespread. About 30%, 4&% and 39% of the transit systems reduced their
amounts. of labor, fﬂel, and vehicle use respec;;vely. This reduction is
not concentraféd in oné group but it is %ound across transit systems of
vatiDQs sizes. ’Thus, it is found in7the very large transft systems such
as the Chicago Transit Agfhority and in small tr#nsit systems such as
Cedar Rapids Transit.

;In—tontrast to this finding -some— transit—systems—increased their—use
of labor, fuel and vehicles. Large increases of up to 114%, 125% and
133% in labor, fuel and vehicles respeétively have been observed. This
. observation shows that while some transit systems have experienced
decline in inputs, others have experienced input growth. But, for the

average transit system, service has remained stable or has expanded, more

14



new buses are now operated, the overall labor requirement has changed
only marginally and employees now enjoy a better benefit package than
they did in 1979. Additionally, in the average transit system, the
composition of employment has changed as more supervisors, professionals
and executives are now employed. From_}??? to 1985, the average transit
system employed an additional 8.8% of supervisars, professionals aﬁd
executives.

From 1979 to 1985 too, the quality of transit service, as measured by
speed, iﬁproveq by 1.8%. In cﬁmparison, vehicle capacity utilization
inéfe;sed by‘2:4% and. the federal”shgre of public funds increasediby
QQ.BZ'QF 7.45% per year. The increaséAin the federal share of public,
funds must be viewed cautiously. The Section 15 data base does not
disaggregate federal subsidy by mode, and it is possible that not all the
observed increase went to bus ope;;tions. This is especially true in
leti-modal transit systems. Also, because of éggregation; the.overall
44 .8% incrgaée does not refiect the decreaée in federal operating.
subsidies during this same period but the on-going emphasis ‘on capital

subsidy.

----- i R -—-——4§r--PRODUGIIVIfY CHANGES:- -~ - ~——=- -
Applying equations 8 and 9 and the data involves a determination of
the cost elasticity with respect to output. The elasticities can be
obtained from a cost function specificaily developed for that purpose.
However, for an analysis using data covering a short time period, as in
this paper, if an assumption is made that the coefficients of the cost
equation remain unchanged in the short run, then a cost function

estimated for one period can be used to determine the elasticities in

15



other periods. This is the approach adopted in this paper. Two cost
functions reported in Obeng (198Sa, 1987) for 77 bus transit systems are
used to calculate the elasticity of cost with respect to vehicle-mile
(VM) and with respect to passenger-miles (PM).

From the referencgd research, the cost elasticity equ;tions are:

dlnF/d1nVM

0.0741nVM -0.16 , _ (10)

dlnF/dlnPM = 0.9822 - 0.022811nPM (11)

Using equation 10, it has been shown in.Obeng (1985a) that there are
economies of scale up to 6 million vehicle-miles, constant returns to
scale from 6 milli;n to 12 million vehicle-miles, and thereafter,

' dECfeasiﬁg returns to scale. Similérly, it has been shown that with
passenéer-miles as output there are increasing returns to scale in the
transit systems studied (Obeng 1987). Comparing the results leads to the
conclusion that the presence of economies of scale across the transit
5ystem§-studied debends upoﬁ the selected output measure.

B;sed on eduations-lb aAd ll,vas weli aslthe data; Tables &, 3, 4 show
the averages -of the changes in total factor prqductivity and input
productivity from 1979 to 198S.

..... The toxal_Iactan.pnaductiyity_lablés_giye“yEtynsimilaL";esults for the
two outputs. In all cases, a majority of the transit systems had a
decline in total factor productivity from 1979 to 1985. With
passenger-mile as output, approximately 60% of. the transit systems had a
decline in total factor productivity. The corresponding percentage of
transit systems with a decline in vehicle-mile total factor productivity

is 55%. However, not all, but 38%, of the transit systems showed a

decline in both passenger-mile total factor productivity and

16



Table 2: Index of Total Factor Productivity
and Changes in Productivity in All
Transit Syetems

Output = Vechile-miles Qutput = Passenger-miles
Average Change Index Average Change : Index
In TFP for all of In TFP for all of
Systems TFP Systems TFP
1980 1.033 1.01¢4
1981 -0.019 1.014 0.019 1.033
1982 -0.048 0.965 : -0.008 ) 1.025
1983 0.036 1.000 -0.025 : 1.000
1984 -0.097 0.903 0.020 _ 1.020
1985 = 0.10S 0.998 -0.012 - 1.008

1983 = 1.00
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vehicle-mile total factor productivity. On the other hand only 12% of
the transit systems showed an increase in vehicle-mile and passenger-mile
total factor productivity simultaneously.

Convertiﬁg the yearly rates of change of total factor productivity
into indices in Table 2 reveals that except from 1982 to 1983 and from
1984 to 1983, there has been a yearly decline in vehicle-mile total
factor productivity. The total decline is 2.5% or 0.4% per year. This
réte is quite small and different from the results obtained by Obeng et.
al. (1986) which showed no substantial change in total factor

productivity in transit systems from 1955 to 1980. The index of
passenger-mile total factor p}oquctivity gives similar results and shows

‘a small decline of 1.2% (0.2% per year). Altﬁéugh these results show
that when all transit systems are combined the change in total féctor
productivity_;s not substantial the individual system data reveals
=otherwise;l Cémparing the resqlts shows fhat,the_decl@neiin vehicle mile
total %actor productivity is twicé the decliné'in passengef mile total
factor productivity.

Additionally, the'range of total factor productivity change is from a

---——fdectine-uf—soi-to—an"increase of—73% with vehicle-mile as outpqt. These
figures translate into a decline of 13.3% per year to an increase of
12.2% per year in vehicle-mile total factor productivity. When
passenger-mile is the output, the range is from a yearly decline of 7.8%

to a yearly increase of 13.3%. The individual system data, therefore,

reveals relatively large changes in total factor productivity.:
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Besides total factor productivity Tables 3 and 4 show the averages of
the rates of change of the productivities of the inputs as well as their
corresponding indices. Considering the labor productivity indices, the
changes that have occurred are not the same for the two outputs. No
definite trend emerges in the changes in labor produc§ivity in Table 3.
Similarly, no trend emerges from Table 4 when labor productivity based on
vehicle-mile output is considered although some deciine occurred before
1983. O0Overall, with either vehicle-mile or passenger—mile>as the output

labor productivity declined at the respective rates of 0.8% and 0.7%4 per

- year. These results, show similar changes in labor productivity

regardless of the output measure.
Ifrespective of the outpﬁt measure, the averages of the yearlytchanges

in capital productivity and in fuel productivity are small. The

productivities of fuel and capital have nqt declined consistently year
.aftér year. Periods of productivity dgcline héve generally been followed
by periods'o%‘productivity growth. The ;i;es of ¥he rates-ﬁf growth and
of decline are al;o small and make the sum of the overall change very
small. Also with passenger mile as output capital and fuel productivity
declinedmby.l,B% and.8.7% respectively. However, with vehicle mile as
output the productivities of capital and fuel declined by 0.7% and iO.S%
respectively. Furthermore, Tables 3 and 4 show that the averages of the
rates of change of labor productivity and of capital productivity
increase or decrease simultaneously.

From the total factor productivity and input productivity analyses,
only the system-by-system comparison reveafé substantial changes in

productivity. Combining all the transit systems, small changes in either
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total factor productivity ar input productivity occurred from 1979 to
1985. These results are true regardless of the output measure used.

6. THE MAJOR SOURCES OF PRODUCTIVITY CHANGE

Table 3 shows the sources of the changes in total factor productivity.
The contribution of each input is the sum of the product of its cost
share and the changes in that input over the entire period of the
analysis. A negative entry for an input in the Table shaws that the
input reduces total factor productivity. The contribution of output to
productivity change is the sum over time of the weighted changes in
outputg“where the weights are the cost.elaéticiéies wifh respect to
Vputput. Here too, a negative sign shdws_that outﬁut reduces total factor
productivity.

From Table 3, the contribution of passenger mile to total factor
productivity is positive. This positive contribution of passenger-mile
to total factor productivity is augmented by scale economies . (see section
S). 'On the other hand, the dsclire ‘in-veiic Ig mile is tertiary behind
labor and fuel respectively in accounting for the decline in vehicle mile
total factor productivity. Increased employment ievels and higher fuel
LpricEs“Jsince‘fuel_use declined from 1979 to 1980 in Table 1) have. .
moderated the growth iﬁ passenger mile taotal faetor productivity and have
contributed substantially -to the observed decline in veﬁicle mile tofal
factor productivity.A In fact S6% of the decline in vehicle mile totai
factor productivity is due to labor with fuel and output accounting for
32% and 12% of the decline respectively. Clearly, none of these results
supports Caves and Christensen's (1988) céntention that in urban bus

transit "much of the industry's productivity decline can be traced to the
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Table S5: Sources of Productivity Change

Source Mean--

. Contributions by output (Vehicle miles) —0.003

. Contributions by output (Passenger-miles) 0.010
Contributions by labor _0.014

. Contributions by fuel -0.008-

. Contributions by capital 0.00

. Vehicle mile total factor productivity - -0.025

. Passenger mile total factor productivity

23
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effects of declining output on ecaonomies of density.” Only a small
praoportion of the productivity decline is due to output.

While the contributions of labor, fuel and output to productivity.
changes are substantial Table S shows that transit capital, as ééasured
by the number of vehicles, does not contribute to the changes in tofal-
factor productivity.. Its effect on total factor productivity is neutral.
Conceivably, there has not been any substantial change in the quality of
the buses used by transit systems'thaé will bring about changes in total
factor productivity. Transit.systems continue to operate relatively old
buses as evidenced by the small aecline of 0.6% in fleet ;géAffom 1979 to —e
1985. Even Qhen ne& bu;es are operated their design‘feétures such as
lifts for the handicappéd and increésed length make Fheh slqw and'reduce

vehicle miles.

Comparing the contributions of output and the inputs, specific

conclusions regarding vehicle-mile total factor productivity and

péssenger.mile total factor productivity can be drawn. First,‘with o i.,_
respect to passenger mile total factor productivity,.the positive

contribution of output to productivity changes is the most important.

The positive contribution of output is quite substantial but does not

~overwhelm the moderating effects of the contributions of labor and fuel.

Second, the negative contributions of labor and fuel in that order are
the most important factors in understanding the decline in vehicle mile
total factor productivity. Finally, because transit capital (the number
of buses) has neutral effect on the changes_in tqtal factor productivity,
it (transit capital) could have been excluded from the total factor

productivity analysis in this paper. The exception could be when there
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is strong evidence to suggest substantial changes in both the quantity
and quality of transit capital.

Of course, that transit capital shows a neutral effect on total factor
productivity could be due to measurement erraors. That is, transit
vehicles may not adequately represent transit Eapifglt New and efficient
maintenance machinery is not captured by the use of transit vehicles as
capital. Simila;ly, sdme recent inpovations such as the introduction and
use of micro computers which add to the capital stock are not considered
in the mea;urgment_of capital. It is possible that the effect of transit
'capital on total factor productivity will be different-if these ey -

components of capital are con51dered.

7. IDENTIFYING OTHER SOURCES UF IN PRODUCTIVITY CHANGE

Besides labor,”¥uel, capital and output there are important policy and
background variables that can be associated with the changes in total
-faqtor prodgctiv?ty_and input prpductivity. These associgtions can offer
’furthef'éxplanations'for the changes in pdeuc?iV?ty;,“Iq'thig caction, . © - % F 4 e
multiple regression is usgd to estimate the’coefficientS'qf policy and
backéround variables that affect productivity. A correlation matrix was
used to determ1ne possxble mu1t1colllnearxty—between-the independent- .— . . —— .
variables. The matrix showed very weak correlation between éach pair of
the independent variables. 1In absolute terms, 70% of the correlations
were less than 0.2, 12% were greater than 0.3, 18% were between 0.2 and
0.3 and the largest correlation was 0.4. These low correlation
coefficients suggest that any multicollinearity that may exist is weak.

Tables g and 7 show the estimation regults. The equations show

variations in the sizes of the coefficients of determination.
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Rate of Change
in Independent
Variables

Proportion of
public funds
froa federal
sources

Fleet Age
fAverage Daily
Hours Vehicle-

- Route Miles

Vechile Capacity

Utilization
Proportion of
Executives, pro-
fessionals and -
Supervisors

Peak-Base Ratio

Speed (aph)

Table 6:

Dependent Variable
= Total Factor
Productivity
Coefficients

-0.0079
(0.0239)

0.1094
(0.0538)

0.1228 -
(0.1376)

0.0720
(0.0624)

0.4724%
{0.0608)

0.1385#
(0.0670)

© -0.0857

(0.1411)

0.1024
(0.1307)

Labor-vehicle Ratio -0.2783%

Proportion of
Benefits Paid
By Employees

Constant

R~square

(0.1266)
0.0260
(0.1053)
-0.0726#
{0.0272)

0.6588

#Statistically significant

Effects of Changes in Background
Variables on Changes in Productivity
(Passenger-aile as output)

Dependent = Labor Dependent = Capital Dependent =
Productivity Productivity Fuel Productivity
Coefficients Coefficients _ Coefficients
-0.0148 0.0071 0.0164
(0.0510) (0.2637) {0.0473)
0.2647% 0.1214 0.3147¢
(0.1190) {0.0999) (0.1064)
0.3239 - 0.8185¢# 0.0702
(0.29339) (0.27435) (0.2825) —— =
10.0239 -0.0282 -0.1775
~ (0.1330) (0.1248) {0.1270)
0.5375+ 0.5678% 0.6503#
(0.1296) " (0.1138) {0.1212)
0.3593 n/a n/a
(0.1430) % o i
~0.3602 ~0.4116 -0.2729
(0.3001) (0.2563) {0.2734)
0.2846 0.5808% 0.0850
(0.2789) (0.2563) (0.2773)
12388 o755 ol
(0.2701) (0.2487)
0.1840%
(0.2246) n/a n/a
-0.1511¢ -0.0964 -0.1119%
(0.0580) {0.0505) (0.0532)
0.5846 0.5474 0.4917



Table 7:

Effect of Changes in Background Variables on Changes in Productivity
(Vehicle Mile Qutput)

Dependent Variable

#Gtatistically significant

27

Rate of Change Dependent = Dependent = Dependent =
in the Indepen- Total Factor Rate of Change of Capital Fuel Pro-
dent Variables Productivity Labor Productivity Productivity ductivity
Coefficients Coefficients Coefficients Coefficients
Proportion of
Benefit Paid by -0.0096 0.1202 n/a
Eaployees (0.0846) (0.1789) :
Peak-Base Ratio -0.1392 -0.3573 -0.3342 - -0.2092
(0.1494) (0.2431) (0.1476) (0.2033)
Proportion of
Executives, -
Professionals and 0.1480% 0.3319 . -n/a . -
Supervisors (0.0351) (0.1139)
‘Fleet Age 0.09149% ©0.20688 -0.0266" .39
. (0.0459) (0.0948) - (0.0634) (0.0793).- .-
Speed in aph 0.1346 0.3193 0.5007# 0.1834
(0.1078) (0.2221) {0.1738) (0.2063)
Route-ailes 0.0332 -0.0294 - 0.0231 . -0.1629 -
(0.0513) {0.1039) (0.0829) {0.0944)
fiverage Daily. . . L T e
Hrs. Vehicle 0.1097 0.3020 0.8198% 0.1616
is Operated- (0.1132) (0.2337) (0.17939) - (0.2101)
Vehicle Capacity -0.0511 -0.1447 -0.5229¢ -0.1132
Utilization (0.0501) (0.1039) (0.1626) (0.0901)
Labor-Vehicle -0.0918 -0.9330# -0.7353%
" Ratio (0.1042) {0.2131) (0.2487)
Proportion of o
Public Funds ;
Froa Federal -0.01436 -0.0153 -0.0043) 0.0066
Sources (0.01968) (0.0406) (0.0230) {0.0352)
Constant Tera -0.0630% -0.1152¢ -0.0310 -0.0860%
' (0.022%) {0.0462) (0.0330) (0.0396)
Coefficient of
Deteraination 0.3498 0.4488 0.4057 0.2313



These coefficients range from 0.2313 to 0.6588.
Considering the passenger mile total factor. productivity equation,

only three variables, vehicle capacity utilization, the proportion of

executives, professionals and supervisors, and the labor-vehicle ratio
significantly affect it. Of these variables, the 4ab0r—vehic1e ratio and
the peak-base ratio are the only ones that have a negative association
with total factor productivity. Passenger-mile total factor produétivity
is positively associated with the praoportion of %upervisors, execﬁtives
and professionals. It follows that changes in passenger-mile total
factor producéivity can be traced to ggese variables.‘ With regaras to
vehicle mile tétal factorvprodgctivity,.only the proporfion of
executives, professionals ;nd supervisbrs_;ignificantly afféct it. The
other variables are insignificantly "associated with it and cannot be
regarded as the major sources of labor productivity change.

Extending the analysis to labor productivity in Column 3 of both
"tables, the sbg%ces 6f'labor.producti§ity cﬁangeé can, again, be traced
to those variables whose coefficients are statistically significant.
These variables are fleet age, vehicle capacif* utilization, the

proportian of-benefits_paid.by.employeeg.and the.praoportion of __.

executives, supervisars and profegsionals. Except the labor-vehicle
ratio, these variables are positively assoéiated with passenger mile
labor productivity. Also, except the proportion of beﬁefifs paid by
employees and vehicle capacity utilization, these same variables
significantly affect vehicle-mile labor productivity and have the same

signs.
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In addition to total factor productivity and labar productivity,
Tables 6 and 7 show the associations between the rates of change of
capital productivity and the changes in eight of the variables discussed.
Two variables, the proportion of benefits paid by employees and the.
propartion of executives, superv{;nﬁé and professionals, which are
directly related to labor productivity, are excluded from the analysis
because it is not conceivable that they affect .capital proquctivity. As
Table & shows, changes in the labor-vehicle ratio, the average dailf
hours that each vehicle_is operated, speed and vehicle capacity
utilization are significantly assaciated withsﬁhE"Ehanéés in passenger. e
‘mile capifal productivity. Similaély vehiclé-mile capital prbddctivityl
is éignificantiy affected by changes in speed, the averagé'aaiiyvhours of
thicle operation and the'labor—ve%icle ratio.

Contrary to expeﬁtation, the federal share of public fundsris no£_
‘significantly associated_with vehiclé productivity regafdless of the"'
output; A large portion of these federal -funds are used'to'réplace
existing capital and to cover operating losses. If vehicle produﬁtivity
has been declining and if a large federal subsidy is obtained to replace
part of the fleet, the déctine'wiTr'cnntinue.—‘This—ismbecause—the---;'"_-~“—’~-
federal subsidy variable will increase vehicle productivity.only if it is
required as part of an overall serv@ce expansion program or if it adds to
the existing stock of capital. Using the subsidy for capital replacement
does not add to productivity unless the new capital has embodied
technical improvements. As it is well known, much of the federal subsidy

to bus transit systems, today, is mostly spent on new buses whose ’

performance levels are questionable.

29



In column 3 of Tables 6 and 7, the sources af the changes in fuel
productivity are traced to fleet age and vehicle-capacity utilization.
These are the only variables'yhose coefficients are statistically
significant. In both Tables, fuel productivity increases are associated
with transit systems which oﬁera%g older buses. This finding is
plausible and is explained by the new requirements, such as lifts, which
all new buses must have. These requirements increase the weight of .a new
bus and make it less fuel efficient. It is, however, evident in both
tables that vehicle—capécity utilization is signifi;antly associated with
p;ssénger—mile fuel productivity and not vehicle-mile fuel_productiiﬁty..
Thus, finanﬁial variables and those variables that.describe the ievel qf

transit service are not significantly associated with fuel productivity

changes and cannot be considered as the sources of these changes.

8. SIMILARITIES AND DIFFERENCES IN THE EFFECTS OF VARIABLES
"~ Reading Tables 6 and 7 row by row reveals diffgrences in thé effect
that each background va;jable has on the rate of‘change.af total factor
productivity gnd on the rates of change of the productivities of the
inputs. Of course, similarities in these effects are also observed. For
example,” focussing only-én—the coefficients—that are~s¢at&sticaiiy-"; oo o
significant in Table 6, while the vehicle capacity uﬁilizatiqn and the
proportion of executives, profesisonals ans supervisors and fleet age
have consistent positive effects on total factor productivity as well as
on input productivity, the labor-vehicle ratio has consistent negative
effects on total faﬁtor productivity and on input productivity. Very
similar results are observed in Table 7 where, again, the statistically

significant variables have the same signs on total factor productivity as
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on input productivity. On the aother ﬁand considering the statistically
insignificant coefficients some, such as the federal share of public
funds and route miles in Table 6, have eixed effects on total factor
productivity and on input productivity.

The obvioue implication of these results is that systemwide policies
must be based on the effect of the changes in a policy or a background
variable on the changes in total factor productivity and not on its
effect on the changes in the productivity of an input. This is because
the overall outcame of using a particular background variaele as the
basis of policy is measured by its~ effect on total performance (See Obeng
(1987) for a discussion of this subJect and for approaches to classxfy
policy-and-background variables.) 0f course, 1f'a'p011cy_erva background
variable is negatively or positively associated with the rate of chahge
of total factor productivit9; as well as with the rafe of change of the
productivity of each input, then policies can be based on its association
with the rate“of ehange Of_lhe productivlty of aeyro?‘therinbuts. |

For each background variable that has a different effect on total
factor productivity and on lnput productivity, its effect on total factor
uproductivlty-can be-interpreted as theoutcome.of—the fradeofi-between S
its effects on the productivities af the various ieputs. Using these
outcomes, it is clearly evident that the negative effects of the
proportion of public funds from federal sources, are dominaet. That is,
the positive effects of these variables on the productivities of some of
_the inputs are not of sufficient size to compensate for their negative

effects on the productivities of the ather inputs. Similarly, the

positive effect of route miles is dominant since in both tables its
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effect on total factor productivity is positive though insignificant.
Route mile increases then appears to be a good policy based an total
factor productivity. But, increases in the federal share of public funds
are nagxsupported by productivity improvement; other non-efficiency

objectives will justify those increases.

9. COMPARISON TO PREVIOUS RESEARCH

To generalize the results above, it is necessary to combare,them.to
those of previous research. A major difficulty in compéring the totél
factor productivity results is that very little work has been'done in
éhis_area in'transit.systems-except the-few;refgreﬁced_in this paper.
Hoﬁever,vmany st;dies.have been cﬁnducted on associations between input.
produchVity and backérouﬁd.yafiabies. (See the introduction éection.of
this paper fﬁr references to some of these research.) A condition for

comparing our results to those of previous studies is-that they should be

based on the same output. Similarly, the same definition of the

'; background variables muét be used in the:studies compared.v
Given these conditions, Table 7 compares the signs of the coefficients

in this study to those. reported in Obeng (1987) which used virtually the

the differences in the definition of input productivity (that is the
present study‘used the rate of change of input productivity as the
dependent variable wﬁereas the previous study used the ratio of output to
input), the Table shows that the background variables, ex;épt two, have.
the same ;;gns in both studies. The proportion of executives,
supervisors, and professionais and route miles have different signs in

Table 7. The ratio of executives, professionals and supervisors have a
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Table 9: Comparison To Previous Research

Rate of Rate of Rate of
Change of Change of Change of

L Labor Pro- ) Capital Pro- fuel Pro-

Variables Q/L ductivity R/K ductivity R/F ductivity
" Peak-base

Ratio = = = = - =
Proportion
of Executives,
Supervisors
and Pro- ;
fessionals - + n/a n/a n/a n/a
Fleet age #* & - = + +
Speed + 3 - + ! + +
Route-miles n/a n/a = + - =
Average Daily
hrs. vehicle
is operated + + + + + +
Vehicle
Capacity _
Utilization - - n/a -

A

Notes 1 The signs of these coefficients are from Dbeng,,K. 11987);
: Classification of Bus Transit Policy Variables,"
Transportation Planning and Technology Vol. 11, pp.

appeared only in one of the research compared.
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negative association with the ratio of output per labor input (labor
productivity) and has a positive .association with the rate of change of
labor productivity. On the other hand route-miles has a negative
associgtion with the ratio of aoutput to capital but has a negative
association with all other applicable productivities in Table 7. The
reasons for these differenes is unclear but it is argued éhat they are
atfributable to the definition of productivity used in this paper. That
definition is different from the traditiongl defini£ion of productivity
as output per input.

~ The to?al faq?ocnbroducﬁivity resulﬁs can.bemcompareq.to those
obtained in oéhen studies. Meyer and Gomez-Ibanez (1980) in their-study
found that between.1948 andv1970, total factof pfoduétivify declined by
0.11% per year if vehicle-mile is the output and 1.40% per year if
passengers are the output. This result indicates a relatively large
decline in total factor'produﬁtivity when passenger;mile is the output.
The present reseaféh:ghowé a deéréase of 0.24% pér year in paésquer-mile
total factor productivity and a decline ofVO.S% per year iﬁAvehicle-mile

total factor productivity. Thus, our results are consistent with the

and Gomez-Ibanez. However, the size of the decline in vehicle-mile total
factof productivity is lérger in this study than that reported above and
depicts the short term'nature of the current research. Long term
industry adjustments are possible in terms of changes in input
requirements. In the short term output reduction cannot be immediately
followed by input reductions. Hence, short term productivity changes are

likely to be larger than long term productivity changes.
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In a study of total factor productivity by Benjamin and Obeng (1988)
vehicle-mile total factor“productivity was found not to be significantly
associated with subsidy variables. This result is consistent with the
findings in this paper. Hence, this paper confirms most of the results of
the earlier total factor productivity research.

10. CONCLUSION

This paper has analyzed the changes that have occurred in seventy-four
United States bus transit systems from 1979 to 1985 an¢ how these changes
have affected input.productivity and total factor productivity.
Econometric models have been developed to detérmiﬁe the rates of: change,
of total factorAproductivity and . the rates qf<cﬁange of the
"productivities of iabof;vfuel and capital. The results of the analyses ' .
show that in a system—-by-system comparison, there are substantial
differences in the é;¥es of change in both total factor productivity and
input productivity._ Veryllitt;e change in these prodUct?vities is -
oﬁsefved_wﬁeﬂ all,tranéitAEYStéhs are combined. ’The resultsiélso show °
that on the average passenger-mile total factor productivit9 has been
decreasing largely due to negative input contributions. On the other
hand;—eu%pug-dEEFeaseé—andnthe-négativemeantributions-of—labor-and fuel
have reduced vehicle milg total factor productivity. The effect of
capital on total factor productivity is neutral.-

Based on -the regression results, changes in speed, vehicle capacity
utilization, the average daily hours that each vehicle is operated, and
the proportion of executives, professionals and supervisors and the labor

vehicle ratio are significantly associated with ‘the rate of change of
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either total factor productivity or input productivity. These variables
are the most impartant in understanding the sources of productivity
change. A caomparison of the results of this paper to previous work also
shows consistency in the effects of most of the background variables on
total factor productivity and on input productivity.

To facilitate the widespread use of the total factor productivity
meth9d in industry, more research is required to test the results of thi;un
paper. Future research should focus on two areas: 'i)‘developing simple

methods to determine the cost elasticity with respect to output and ii)

.developing methods. to estimate.the price of transit capital. These. two

research are necessary for the correct application of the total-factor

productivity method.
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