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abstract: The long-run efficiency of the trucking industry in United States of America has

been the subject of debates in the past two decades. However, whether one uses a
production function or a cost function, the analysis should be consistent with economic
theory as well as proper methodology. In this paper, the previous studies of trucking
industry productivity are examined for justification of analysis as wellas limitations of the
functional form analysis. The stochastic frontier or composed error functional form
approach allows one to test for each individual firm's efficiency measure in contrast to the
average firm used in the traditional approaches. The study focuses on the efficiency
changes as regulatory policy was initiated. The result indicates that the technical efficiency
increases about 5% in the tested periods. Also, the size related effects concerning
efficiency of the trucking industry are indifferent between large and small carriers.

I.INTRODUCTION

The long-run effrciency of the motor carrier industry has been the subject of debates and
numerous studies in the past two decades. However, whether one uses a production
function or a cost function, the analysis should be consistent with economic theory as well
as economic methodology.

The economic definition of production stated that it gives maximum possible output, which
can be produced from a given set of inputs. Most of the previous studies have shown the
result of tests for the size effect upon efficiency. The size effect has implications for the
Interstate Commerce Commission (ICC) regulatory policy of the trucking industry.

But in spite of the popularity of the flexible functional form analysis in studies on the
trucking industry's structure, the theoretical meaning of efliciency becomes ambiguous
when researchers operationalize the concept of effrciency to test by using a flexible
functional form analysis.

In this paper, the previous studies are examined for their justification and the limitations of
the cost functional form analysis, and then an altemative methodology is introduced. The
stochastic frontier functional form approach allows one to test for each individual firm's
efficiency measure, in contrast to the average firm used in the traditional approaches.

Section 2 discusses the limitations of the flexible functional form approach in testing some
relationships involving effrciency. In Section 3 presents the alternative stochastic frontier
approach and its advantages over the other types of frontier models. Section 4 examines
the model specification of this study design and its estimation procedures. Section 5
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presents some empirical results and their policy implications, followed by the conclusions.

2. LIMITATIONS OF THE FLEXIBLE FUNCTIONAL APPROACH

Most economic relationships are based on the optimization of an objective as discussed in
elsewhere. Optimization involves a search for a maximum or minimum value subject only
to the barriers of binding constraints. The locus of constrained maximum or minimum
values defines a frontier a set of best obtainable positions. The failure to attain a position
on the frontier signifies inefficiency with respect to the stated objective and specified
constraints. Inefficient performance may result from a conflict of objectives among firms, a

mis-identification of the objectives, or a failure to identify all the relevant binding
constraints.

Also, regardless of the sources of inefficiency, all observations will very unlikely lie on the
frontier of normative or positive interest. Traditional econometrics techniques may not be

suitable to estimate frontier relationships. The flexible functional forms are estimated by
least square methods which are essentially a reflection of the average performance of the
firms in the industry. Deviation from the estimated function sum to zero since statistically
one expects the firm's costs on lie to the estimated cost function.

But the true cost function is the frontier which is the relationship between minimum levels
of cost on the one hand and the given sets of input prices and output prices and output
levels on the other Theoretically, the deviation from the frontier function due to
inefficiency should be in one direction only - the direction of increased cost (cost frontier)
or decreased output (productioLftofficr). Thus, the estimation of a frontier function by the
least squares method should produce an average performance frontier function that lies
above, in the case ofthe cost frontier, or below, in the case ofthe production frontier

The assumption that all observed deviations from the frontier can only take place in one
direction, however, may be too strict. Although deviation due to inefficiency can only take
positive values for cost frontier or negative values for production frontier, the concept ofa
frontier function can encompass stochastic elements The production processes may have
some random components that are unrelated to inefficiency such as weather conditions,
vehicle performance, or due to measurement errors in the dependent variables.

While it is plausible to argue that a true frontier exists only under conditions of perfect
weather condition and perfect vehicle performance, it is perhaps preferable to allow for a

normal symmetric random component for the frontier function. That is, it is not necessary
to restrict the frontiers to be solely deterministic. The next section presents the various
types of frontier models with criticisms.

3. STOCHASTIC FRONTIER PRODUCTION MODEL

In the traditional approach to the functional forms of either the production or cost function,
the concept of maximality or minimality is very important. The word frontier may
meaningfully apply to each case because the function sets a limit to the range of possible
observation. The amount by which a firm lies below its production frontier and the amount
by which it lies above its cost frontier can be regarded as measures of inefliciency.
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3.1 Deterministic Non-parametric Frontier

The chief aim of the frontier production function model is to dispense with average
measures of efficiency for an industry. The seminal works by Farrell (1957) and later by
Farrell and Fieldhouse (1962) provided definitions and a computational framework for
both technical and allocate ineffrciency.

Technical efficiency relates to the allocation of factors and output among firm's which
results in the production of a given output at a minimum expenditure or quantity of
productive factors. Consider a firm using two inputs x, and xr, and producing output y, and
assume that the firms production frontier function is,

/ = f (x1,xz)

Ifit is assumed that equation (l) exhibits constant returns to scale, then equation (l) can be
written as:

1=f(\ly,xrlt)

Define a unit iso-quant as UU' in Figure I

Figure l: Measure of Technical Elliciency

Siuppose the firm is observed as using (x,n, xr') to produce y". Let point A in Figure I
represents (x,"/y, xr'/y). Points B and D are technically effrcient, but point A is technical
inefficient. The ratio 0B/0A can measure technical inefficiency, namely, it is the ratio of
inputs needed to produce y'to the input mix used. By the same token, the ratio 0D/0B can
measures allocative inefficiency.

Farrell's (1957) original approach is appropriate to estimate technical inefficiency as well
as allocative inefficiency. But, as is clearly seen in Figure l, the unit isoquant function UU'
is not observable even though a linear programming approach makes it possible to connect
points which are relatively efficient, and to draw the line UU' from the limited number of
points.

t827

(1)

(2)
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This approach does not need to impose any functional form on the data. But if the constant

return to scales assumption is relaxed, then the estimate procedure is diflicult because any

extreme observations make the results very biased.

3.2 Deterministic Parameter Frontier

This method was suggested by Fanell (1957) to construct the free disposal convex hull of
the observed input-output ratio. As specific functional forms are introduced to construct a

convex hull in the input space, the frontier can be expressed in a simple operational form
even though some arbitrariness exists in the imposition of functional forms. Aigner and

Chu (1968) proposed the following model.

)/i =f (x,:B) (3)
where y, is the maximum obtainable from 4, a vector of inputs, and p is an unknown
parameter vector to be estimated. Aigner and Chu (1968) suggested the estimation of by
mathematical programming. First they suggest a linear-programming technique such as:

Minlly, -r(x,;B)l
p

subject to y, <f(x,: B ). The function/(x,; B/ is constrained to be a linear form in 6, like a
Cobb-Douglas functional form. Second, a quadratic programming problem is written as:

uin\lt -rtr,'l)l' (5)

subject to the same constraints as above.

This approach has an advantage over the non-parametric method since this approach can

characterize frontier technology in simple mathematical forms, and has the ability to
accommodate non-constant relurns to scale. But this approach often imposes a limitation
on the number of observations that can be technically efficient. Also, this approach shares

the same difliculties with the non-parametric case. For example, the estimated frontier is
supported by a subject of data and is, therefore, extremely sensitive to outlier. This
limitation was strongly objected to by Schmidt (1976) stating that, "this approach really
has no statistical properties".

3.3 DeterministicStatisticalFrontiers

(4)

Equation (3) can be written as:

)/ = f (x)e-P (6)
where p>0 and, therefore, 0<e-A<1. It is assumed that p is independently and identically
distributed, and x is exogenous and independent of pr. The distribution of p are

importanr because the maximum likelihood estimates depend on it in a fundamental way.

Various estimation method are proposed such as Afraits (1972) maximum likelihood
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method which assumes a two-parameter beta distribution of e'p. Schmidt (1976) shows
that if p is exponential, then Aigner and Chu's (1968) linear programming procedure is
maximum likelihood, while their quadratic programming procedure is maximum likelihood
if rz is half normal. Also, Greene ( I 980) suggested if a gamma density function for rr is
assumed, then the usual desirable asymptotic properties of the maximum likelihood
estimation hold.

But this deterministic statistical frontier method is diffrcult to justify in empirical analysis
since all the deterministic models assume that all the firms in the sample share a common
family of production, cost, and profit functions. And, all variations in the firm's
performances are attributed to variations in the firm efficiencies relative to the common
family of frontiers.

3.4 Stochastic Frontier Model

Because of the unrealistic assumptions involved in the deterministic frontier models, such
as a common family of functional forms regardless of the firm effrciencies, Aigner, Lovell
and Schmidt (1977) proposed a new approach to estimate the stochastic frontier models.
According to the new method, the error term of the production function has two

)/, =f (x,:B)+e, (7)
components.

where y, is output for the i', firm, 4 is a vector of inputs, p is a vector of parameters to be
estimated, and e, is an errorterm defined below equation (8).

where the error component v i represents the symmetric disturbance, and the other

ei = vi + lli (B)
component/,is assumed to be distributed independently ofz, and satisfies /,.:0. The
distribution of z, is defined as a distribution where only the observations lying on one side
of the mean are considered. The normally distributed component,z, reflects the fact that
the frontier may vary for each firm because ofmeasurement errors and uncertainty such as
favorable or unfavorable external events like luck, climate, topography, and machine
performance.

The one-sided error component reflects the differences in managerial abilities. The basic
assumption of this model is that a firm operating with the best management should reside
on the frontier so any firm not operating on the frontier line in considered to be less
efficiently managed. Using a distribution function for the sum of a symmetric normal
randomvariable u -N(0, o',1and atruncatedrandom variable/t -Nl@,o, ) l. Aigner,
Lovelland Schmidt (1977) derive a log-likelihood function from which the parameters can
be estimated by using maximum likelihood procedures. With n observations, the log-

t;
tnt(1F,6,o2 ) = nnfi+ nrr,6 1+!rn{r - F' (e,6,6-, )}*} u,4", (e)

likelihood function can be written as:
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where O2: o' ,+ (r' ,, 6 - O ,i O y and F* represents the standard normal diStribution

function. Using a well known algorithm such as the Davidon-Fletcher-Powell (DFP)

method for deriving the first derivatives of equation (9) with respect to d , d , o 2, yields

their optimizing values.

Despite the theoretical development in this approach, the estimation of the individual

technical effrciency from equation (7) has remained an unsolved problem for time. Of

E (eo ) = Zeoi (1- /' ) (10 )

course, the average technical inefficiency - the mean of the distribution of p, - can be

easily calculated. With the truncated normal distribution, Lee and Tyler (1978) showed that

the mean technical efficiency measure E(e* ( p)) is

where F* is the standard normal distribution function.

Unfortunately, the inability to calculate individual technical efficiency is a major

disadvantage of this model compare with the programming models. Jondrow, Lovell,
Materor and Schmidt (1982) suggested a decomposition method from the conditional

distribution of ,z; given eL Because of the independent assumption of p and v, the joint

density of p and v is a just the product oftheir.individual densities. Also, if one defines the

distributions of v -N(0, o2,.') and t, -N l@,6') l, then the distribution of v and

lt can be written as:

f (v) = *6,.rr,' ,,4,

42r

f (p) = 16,"'-n'"'
"lZt

md ( r,, y ) = ( tt) f\v ), therefore,

t ( p, v) = ! o,,o ue'-; 
t2? | e( Ptzo;)

From the transformation of e : y + 1t ,the joint density of p and e becomes,

r (p,e) = !o,.oue(i tzoi) - ;"' 
(p' + e2 -2pe)

And the density of e is given by:

f (e) = L of - f' (eto 1 )! e-e tzo

J2t

(11)

(12 )

(13 )

(14 )

(1s )

where o r: o' 
r, * o' 

r,,, 6 : 6 t,l o ,, and F* represents the standard normal distribution

function. Given the normal distribution ofyand the half-normal distribution oflr, the

conditional mean of 7r given e is just the ratio of equation (14) to equation (15).
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After some simple modification

E(ple)=o lf (eio')\ ed (16 )

distribution function,
The estimation of r

| - r' (edo-' )) o
where f and F* represent the standard normal density and

respectively, and o *= o2 , 02 pl o', 6':6',* o'r, 6 = o ol o ,,

is, therefore, obtained by replacing e by the observed residual e.

4. MODEL SPECIFICATION AND VARIABLES

4.1Model

A translog stochastic frontier production function is estimated by using data on the
trucking industry in the Middle Atlantic Region for 1976, 1980 and 1982 sample periods.
The translog stochastic frontier production model is specified as:

1831

tny - ao *Zo,tnx, +*ZZ/.r(lnx, )2+ ZZrr(lnx,)(lnx,)+e, (17 )

where y is output, r,'s are inputs and e,'s are the two component error terms specified
above.

4.2 Measurement of Variables

Transportation output is defined of two separate dimensions: total operating revenues and
ton-miles of freight transported. Much of the literature in the field of transportation
economics is devoted to discussing the critical limitations of either of the two measures for
representing the true output generated by a given carrier.

A common reply to the critics, however, is that a more comprehensive measure of
transportation output has yet to be developed and even if some modification methods were
developed such as the hedonically adjusted one (Chiang, 1979, 1981), or some activities
measurement method (Harmatuck, l98l). These methods require extensive data sets not
usually available. The most common complaint against the use of either revenues or ton-
miles as measures of output, is that the quality dimension of output, is that the quality
Cimension of output is ignored. The arguments may not be well founded however, once it
,s recognized that the shippers who utilize motor carriers are, in fact, the final determines
of quality.

Ifa given carriers service is deemed inferior to that ofanother carriers, while both charge
identical prices, then the rational shipper would reduce the purchase of inferior quality
service and substitute it with the service of higher quality. Although prices may not reflect
service quality differentials due to the regulated environment, output adjustments may.
Therefore, the revealed behavior of shippers with respect to the volume of traffrc tendered
to particular carrier signals to a large extent, the higher quality of services. Furthermore,
this choice behavior is reflecled in either higher revenues or higher ton-miles ofservice for
the carriers who are producing higher quality transportation services. In this study, both
traditional revenues and ton-miles are used as measure ofoutput.
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As indicated elsewhere, the capital stock of a firm would be calculated by using a+erpetual
inventory method whereby each equipment price is a function of its cost, age, and expected

lifetime. It is also true that in every industry the depreciation rates used by the carriers in

calculating book values may be affected by taxes or regulatory constraints.

Usually the construction of a perpetual inventory model is not possible due to lack of data

on the vintage of capital items. The lack of vintage data would not be a serious limitation if
the value of a truck were not a function of age. The value of a truck would then be roughly

constant until an accident or major breakdown reduces its value to nearly zero. But
empirical evidence shows that truck usage, fuel effrciency, and maintenance costs are

greatly affected by age.

The book values of capital are reported to the ICC under the title of carrier operating
property net. This category includes all capital except for intangibles such as goodwill and

ICC operating authorities. For this study, carrier-operating property net is used as the

capital input of firms.

A firms fuel usage are difficult to calculate because Trincs Bluebook data set does provide
the fuel tax expenditures from which the quantities of fuel can be calculated by dividing
fuel and oil tax expenditures by the state tax rates.

ldeally, the labor variable would require the separation of different types of labor used in
the trucking industry such as: drivers, helpers, owner-operator drivers, and administrative
labor. Again, Trincs data set forces one to use a single measure of labor, namely, the total
numbers of employees.

5. EMPIRICAL RESULTS

5.1 Scale Economies

First, a statistical test was carried out in order to test whether the functional form of the
production frontier is Cobb-Douglas or translog, as is used in this paper. The production

frontier is Cobb-Douglas if the estimated coefficients of all interaction terms, i.e., 6,, and

0, in equation (17), arezero.

Tables I through 3 show the estimated parameters and statistics when output is measured

in revenue for the stochastic translog production frontier model. There are some interesting

results. First, the likelihood ratio test is conducted for the null hypothesis where all B ,,:
0, and B, = 0. The test statistics are calculated as:

-2(L?,o,, - tlf,,) " 13 (18 )

where ZcDnr* is maximum log likelihood value of the Cobb-Douglas production frontier,

Z\r* is a maximum log likelihood value of the translog production frontier model, and a',
is the chi-square statistic with ddegrees of freedom.

For all sample periods where output was measured by revenues, the null hypothesis is

clearly rejected. For the selected sample periods, the model being analyzed seems to be

better represented by the translog rather than the Cobb-Douglas production frontier model.
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Table I Stochastic translog production frontier model (Year : 1976)

Variables Coefficient Estimates Standard Error
Constant

Labor
Fuel

Capital
Labor * Labor

Fuel * Fuel

Capital * Capital
Labor * Fuel

Labor * Capital
Fuel * Capital

c[o

c[r

a2

ct3

0,,

0,,
0,,
Tt:

Tr.l

T,r

7.8829
0.6961

0.2239
0.0368

0.2385
0.l2r0
0.0151

-0.0276

-0 0r 10

0.0380

0.0485"
0.0448't
0.0363-'
0.0251
0.0599.
0.0419."
0 0l t5

0.0864'.
0.0473'
0.0282

** Significance at lYo level, * Significance at SYolevel, Technical efficiency: 86.52%

As a whole, the translog frontier model, with revenue used to measure output, was
statistically better fitted when compared to ton-miles as the measure of output. Also, as far
as scale economies are concerned, no significant level of scale economies can be found
regardless of the different measures of output. In fact, during the ICCs strict regulatory
period, 1976 in the sample, there was a significant decreasing returns to scale and this
trend continues in the transition period of 1980.

Table 2 Stochastic translog production frontier model (year : l9g0)

Variables Coefficient Estimates Standard Error
Constant

Labor
Fuel

Capital
Labor * Labor

Fuel * Fuel
Capital * Capital

Labor * Fuel
Labor * Capital

0.0588..
0.0966..
0.0769"
0.0623.
0.1 148.
0.1001'
0.0625
0.1821-
0.1443
0.1124

clo

ctl

o2

c[j

0,'
9,,
F,,
Tn

Tr:

8.3969
0 4907

0 2774

0.1 I 73

0.2400
0 1867

0.0574
-0 4623

-0.0570
0.0389

** Significance at loh level, * Significance at 5% level, Technicar efficiency: 97.12%

And, as the period of more freedom of regulation is entered in the trucking industry in
1982, constant returns to scale are observed, i.e., the value of scale economies is t.O1OZ
with revenue as the output measure in 1982.

Results in labor being statistically and the dominant factor in the whole sample period
using revenue as output measure. But if ton-miles are used as the output, the fuel factor has
the same role as the labor factor did with revenue as the output measure.
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Table 3 Stochastic translog production frontier model (Year : 1982)

Variables Coefficient Estimates Standard Error

Constant
Labor
Fuel

Capital
Labor * Labor

Fuel * Fuel

Capital * Capital
Labor * Fuel

Labor * Capital
Fuel * Capital

ct)

clr

c[2

C[.1

0,,

0,,
9,,
Tt:

8.3217
0.7733
0. I 786

0.0744
0.2500
0.3416
0.0395
-0.4804

-0.0499

0.1453"
0.0845"
0.0823

0.0599
0. I 197'

0. I 109'
0.0419
0. r483'
0. I 842

-0.0987 0. l4l 9
F Signincarce at lo/o level, * Significance at 5% level. Technical efficiency: 90.44o/o

5.2 Technical Inefficiency

The subject of scale economies that were discussed above are not a major research

objectivi of this study. The main objective of this paper is to determine whether technical

efficiency differs from periods of regulation to periods of deregulation. What are the

impacts of the ICC's regulatory policy on this industry's technical effrciency? What are the

difterences in effrciency among caniers? And if inefficiencies exist, then what are the

sources? As far as these questions are concerned, they are never been successfully

answered even though the importance of these questions is mentioned frequently in the

literature.

Answering these questions item by item: First, what are the technical efficiency differences

among different regulatory policies. ln 1976, which is the period when the governments

strict regulation policy was in force, the symmetric error is a dominant part of the

inefliciency measuring such factors as climate, machine failure, and luck where these types

of error are assumed to be outside of the firms control. This trend continues into 1980 even

though the proportion of these symmetric elrors was decreasing dramatically.

But the results are quite the opposite for 1982. The proportion of managerial inefficiencies

to the symmetric ineffrciencies has changed. Namely, the portion of errors treated as

symmetric errors which were outside of the firms control in the regulated period comes

under the firms control (i e., depends on managerial performances) in the deregulated

period.

The samples average technical effrciency is 86.52Yo in 1976 under the ICC's strict

regulation policy. This value increases to about 90.44% in 1982. This observation,

combined with the above, suggests that during much of the strict regulation period,

agencies such as ICC, CAB etc., have reflected a conservative attitude towards innovation

in the transportation sectors. Specially, entry, exit, and pricing regulations have usually

been structured largely to preserve the competitive status quo. That is, entry and exit have

been substantially constrained, and rates have been subject to constraint via regional rate

bureaus.

If the frontier is assumed to be a hest-fractice frontier as shown in Table I, the average

Tr:

T:l
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sample technical efliciency value was 86.52%, which means that there was about 13.5olo

technical inefficiency among carriers in1976.

Also, as shown in Table 3, the sample, average technical efliciency value is 90.44oh in
1982, rising by 4% compared to 1976. Also the value of decreased (1.69 to.87) over the
period. This decrease denotes the increasing importance of managerial actions in
increasing overall technical efliciency. The results confirms that Gellman (1980)
hypothesis of the innovation process in the transportation sector under such conditions,
which often include the imposition of price identity among competitors in the same market.
It is not surprising that the propensities to innovate of the regulated (and their suppliers)
have been dramatically different than would have been observed without such regulation.

5.3 The Sources of Technical Inefliciency

The value of the technical efficiency for each observation is calculated from estimates of
the one-sided error component p, in equation (16). The individual technical efficiencies
for all firms in the sample period are not presented here. Rather, the frequency distribution
of these efficiencies for large and small firms is shown in Table 4.

Table 4: Frequency Distribution of Efiiciency (Year:1976, Year: 1982)

Year 1976 Year 1982

Effrciency Number of Number of Number of Number of Small
Ranges Large Firms Small Firms Large Firms Firms

.950-.975 I 3

.925-.950 6 13

.900-.925 5 t7

.875 -.900 6 13

.850-.875 5 7

.82s -.8s0 4 6

.800-.825 5 6

.775-.800 2 4

1

I
8

6
I
I
z
2

I
7
9
l3
4
I
2
4

Total ))

\s mentioned above, the sample average technical efficiency increased ftom 86.52oh in
,976 to 90.44yo in 1982. The managerial role, defined as a one-sided error component o :,,

has increased dramatically. This indicates that the technical efficiency under the firm's
control increased over time. The results suggested that under the deregulation period, the
managerial role was far more important than it was under the regulation periods. Also,
size related effects were tested for differences in effrciencies among the carriers. The null
hypothesis states that large firms and small firms have the same technical efficiency
distribution. According to the two-sample Kolmogorov-Smirnov test of the difference
between two cumulative distributions, the test statistic is:

D = MaxlF,(x)- F,(x)l
where F.(x) is the cumulative frequency distribution of m large firms, and F,(x) is that of n
small firms. Drsro:0. ll2 is much smaller than the critical value of 0.264 at the 5o/o

428838
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significance level. D,nrr=0. 116 is also much smaller than the critical value of 0.337 at the

salme significance level. The estimated results suggest that there is no significant technical

efficieniy difference between large and small firms statistically'

Also, the difference in capital stock ratio, defined as the total capital stock divided by the

operating revenue, in botir sample periods was tested. The mean capital ratio is l7.6Yo in

tbzo ana 8.9%o in 1982, which indicates that there were no significant capital investment

differences between the regulated and deregulated and deregulated periods.

Other hypotheses were tested, e.g., can labor usage and fuel consumption influence the

differences in technical efficienciJs among carriers? The results are opposite for labor and

fuel inputs. Regardless of the regulatory policy, the more technical efficient firms have a

relatively highei level of fuel consumption and a relatively lower level of labor usage.

6. CONCLUSIONS

In this study, answers to equations relating to effrciency in the trucking industry were

sought by using the stochastic translog frontier production method. This method separates

theirroitermln the stochastic frontiir model into two components for each observation

unit. This new method enables one to estimate the level of technical ineffrciency for each

observation in the sample, thus largely removing some difficulties that had been viewed as

a considerable disadvantage in the other models, such as the deterministic model'

The results of the test on the size-efficiency using the stochastic translog frontier

production model shows that there were no statistically significant differences among

carriers when revenue was used as a measure ofoutput. This result does not change even if
regulatory policies changed. The average sample technical efficiency increased from
g{.SZN io SO.Uy, in thiJ period. Also, the production of managerial ineffrciencies under

the control of firms increaied dramatically during the same period. This result indicates

that a large portion of inefficiency considered as a symmetric error, which is assumed

outside oithi firm's control during the regulated period, becomes a portion of managerial

efficiency which is regarded under the firm's control during the deregulated period. This is

Gellman;s hypothesiJsuch that the disincentive to innovate in a regulated environment.

During periods of less regulation, managerial ability plays a more important role in the

firm' s technical effi ciency performance.

A firm with relatively higher capital stock ratio is more technically efficient. Also, a firm

with a relatively higher level of fuel, and a lower level of labor, tends to be more

technically effcient. the frontier technique used in this study has limitations which affect

the conclusions. First of all, the technical ineffrciency of a particular observation can be

estimated using Jondrow et al. (1982) method but not consistently. As indicated by

Schmidt and Si-ckles (1984), "...we can consistently estimate the (whole) error term for a

given observation. but it contains statistical noise as well as technical inefficiency. The

iariance of the distribution of technical inefficiency, conditional on the whole error terrn'

does not vanish when the sample sizes increase"(p.367). Second, the estimation of the

model and the specification of technical ineffrciency for statistical noise, requires a specific

assumption about the distribution of technical inefiiciency such as, half-normal,

exponintial, and gamma. Furthermore, statistical noise such as the normal, which is used

in this study, should not be simply assumed a priori.
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But it not clear what assumptions about a specific distribution should be made. Schmidt
and Sickles (1984) developed a frontier production model using panel data and they
claimed that the above mentioned problems can be eliminated or tested at least. Recently
bayesian method to analyze stochastic frontier models developed. Bayesian methods had
several advantages over classical method which applied in this paper in the treatment of the
stochastic model. Also, this study investigated only technical efficiency. But how about
allocative effrciency? These questions require further study with the frontier model
approaches.
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