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1. INTRODUCTION

Following Farrell's pioneering work (1957), the development and
refinements of the econemic and statistical foundations of production and cost
frontiers has progressed rapidly im recent years. Some of the more recent
developments, 1in particular the formulation of stochastic (or "composed
error”)} frontiers, attempt to recognize that the measurement of technical and
allocative efficiency is fraught with difficulties: (a) the firm operates in
& world where its performance is likely to be affected by events outside its
control; (b) the empirical relationship contains a good deal of statistical
noise in the form of measurement error, omitted variables and so on. Yet the
1llustration of new techniques, including the comparison of different
approaches, has generally taken place on a limited number of data sets: the
Swedish milk industry {[Van der Broeck et al (1980)] and the U.S. steam pOwWer
generating plants [Kopp and Smith (1981)]. The usefulness of these technlques
would be enhanced as tools for policy analysis if they yielded plausible (and
hopefully similar} results on a wider range of data sets including
manufacturing census data where there is great interest in measuring and
understanding firm efficiency within and across sectors.

The purpose of this paper is to provide a comparison of these
alternative approaches on such a data set. To our knowledge with the
exception of the two above-mentioned studies, no one has yet undertaken such a
comparative performance of alternative methods. The comparison is undertaken
with the 1967 Chilean manufacturing census where data is gathered at the four~
digit ISIC level for all establishments employing more than five workers.

Comparison takes place over the range of production frontiers

(deterministic parametric, deterministic statistical and stochastic) which
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have appeared In the literature since Farrell's (1957) pioneering work. These
recent developments allow both the estimation of statistically more robust
frontiers and the retrieval of indices of efficiency at the Ffirm level
(Section II and Appendix I). We start in Section Il with definitions and
interpretations of measures of efficliency upon which the analysis is bhased.
Section 111 discusses various ways to estimate production fronters and
presents the alternative methods that are subjected to comparison. Section IV
discusses the choice of functional form and estimation procedures for the
production frontiers; section V presents efficiency estimates under different
models and their interpretation. Section VI reports the results of a
comparison of estimates based on the different models. Conclusions follow in

Section VII.

11. DEFINITIONS AND INTERPRETATIONS OF EFFICIENCY

Consider Figure 1 where a sample of firms is depicted for an industry
producing a single output y, with two inputs X 2(Xy, X5) available at fixed
prices W = (W, Wy). The output can be sold at a fixed price, P. The
frontier production function can be characterized by the unit isaquant QQ,

provided that technology can be described by a linear homogeneous production

X z
function so that we can express the production function as 1 = f (w%g W%)m

Farrell distinguished between technlcal and allocative efficiency. These
concepts are discussed with the help of Figure 1. For the constant rsturns to
scale case, a firm is technically efficient if it chooses an input wix on the
unit isoquant. A firm 1s allocatively efficient 1f the marginal rate of

substitution between the two inputs is equal to the factor price ratio. Given
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Figure 1
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the factor prices Wy firm A is the only firm in the industry which 1s bhoth
technically and allocatively efficient; firm B is technically efficient and is
allocatively inefficient, for it {is using the wrong factor proportions and a
relative index of its inefficiency, derived from unit cost compavisons, is
given by Ep = OD/OF. Finally, firm € is both technically and allocatively
inefficient and its overall inefficiency OD/OC can be decomposed into an

allocative and a technical compounent .

. 0D _0D OE

B¢ " o6 " BF o6

Total inefficiency = allocative inefficiency x technical inefficiency,

The above analysis does not consider the optimality of the level of
production, since the sgcale of production is indeterminate in the cage of
constant returns to scale., However if the technology is non constant refurns
to scale (homogenous or not), then the scale of production will be optimal if
and only 1f at the chosen levl of output, price is equal to marginal
cost. 1/ A firm 1s on the cost frontier if it is both technically and
allocatively efficient. Finally, a firm is said to be scale aefficient if it
chooses a profit maximizing level of production.

Since in our comparison we only rely on information on output and

input quantities we cannot distinguish allocative from technical or acale

jj For a general {contant returns or not) well~behaved production funection
y = £f{x), a firm is technically efficient if the observed production and
input combination (xgs Yo7 satisfies Yo = £(x,). Technical inefficiency
arises when Yo 4 f(xo). The definition of allocative efficiency 1s not
altered.
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inefficlency. Thus the figures below ghould be interpreted as measures of
techoical Inefficlency with respect to the industry production fromtisr. To
illustrate, refer back to figure I: both firms A and E will appear as
efficient, and firm G will appear as Inefficient even though it is
allocatively efficient and it achleves the same degree of overall efficiency
as flrm E.

There are several interpretations to the scatter of points in figure
I+ One explanation is that firms do not have access to the same techunology,
in which case there is no reason to investigate differences in efficiency. If
observations could be grouped by technology class, then efficiency could be
studied within classes. Along the same lines one can attribute the scatter to
the sample containing firms with equipment of different vintage. In this case
the relevant efficiency fromtier is different for observations belonging to
different vintages. Observations should then be grouped by vintages and
comparisons should be made within a vintage. This is clearly an fwmportant
consideration in a world where the technological structure of manufacturing
industries has different substitution possibilities before and after
fovestments in new technigques. A third Interpretation is that all firms face
the same technology but that some are wore successful in using it than
athers. Thigs corresponds to the full-frontier {or deterministic fromtier)
approach discussed below.

A fourth interpretation is that all firms face the same technology up
to a random factor that takes into account the effects on production of
measurement errors in the output variable and other random shocks outside the

firm's contrcl. Thus, the resulting production frontier is stochastic and
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departure from this frontier reflects technical iIsefficiency. 1/ This
corvesponds te the stochastic fromtier concept discussed below.

The measures of efficlency reported in this paper refer to a single
polnt in time and are therefore statfe. Glven our selection of inputs in the
production function, what is being wmeasured is the technical efficlency of:
physical plant and eguipment, wunskilled, and skilled labor in producing
output. Therefore the resulting measuve of efficlency ds a mltiple~factor

frdex. gj

1Y, ESTIMATION OF PRODUCTION FRONTIERS 3/

The estimation of productieon E£rontlers has proceeded along two
genaeral paths: full-frontiers which force all observations to be on or below
the frontier and hence where all deviation from the frontier 1s attributed to
inefficiency; and stochastic frontiers where deviation from the fromtier is
decomposed into & rvandom component reflecting wmeasuvement eryrvor and
statistical nolse, and a component reflecting inefficliency. The advantage of

the stochastic frontiler approach is that 1t incorporates the traditional

1/ See Forsund et al {1980, pp. 21-23) and Stigler {1976} for further
discussion on the interpretation of inefficlency.

2/ See Kopp (1981) who introduces single-factor Farrell efficiency measures
for full frontiers. This corresponds to the case where the technical
gfficiency of a subset of f{actor inputs is flxed by ewx-ante decisions.
Then single~factor measures of efficlency may be more appropriste measures
of a plant's ex-post efficiency since they do not penallize a production
organization for ex—ante mistakes. And, in the case where data on factor
prices are avallable, the firm Is not penalized by its inabllity to
adjust.

3/ This section draws on Forsund et al (1980) who alsc discuss cost and
profit frontiers.
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random error of the regression. in this case the random error - besides
capturing the effeect of unimportant left out variables and errors of
feasurement  In the dependent wvarfable -~ would also capture the effect of
random breakdown on input supply channels not correlated with the error of the
regression, The measures reported in this paper arve based on both full
frontiers and stochastic frontiers. Below we deseribe briefly  both
approaches; models and estimation techniques are presented in the appendlx.

A.  FULL-FRONTIERS

In Farrell's work, the hasic procedure was to construct the efficient
unit  lsoquant from the observed input~output ratios by linear programming
techniques. Although constant returns to scale (CRTS) was asgumed, the wajor
advantage of thie approach 1is that it iwmposes no functional form on the
data, Furthermore, Farrell's approach has been lately extended ro allow for
non~homothetic and inhomogenocus functiensawif Thus one approximates with a
minimum of restrictions the unknown frontier without particular Ffunctional
form restrictions. However, only in the case of CRTS does this procedure
provide enough information to determine a production function. The estimation
is termed non-parametric in the literature in the sense that the medel s not
based on any explicit model of the frontier. This is the approach followed by
Meller {1976) on the same data set used in this paper.

The next step in the estimation of production fromtiers was o move
to a parametrvic full-frontier where a functional fForm is imposed on the

production function and the elements of the parameter vector describing the

4/ Bee Kopp (1981) for the weak restrictions on the functional form and on
the derivation of efficiency indexes.
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production function are estimated by programming [Algner and Chu (1968)] or by
statistical [Richmond (1974), Greena {(1980a)] technigues. This is one of the
approaches used in this paper. The drawback of thege techoigues is that, like
the Farrell technique, they ave extremely sensitive to outliers; and hence if
the outliers reflect wmeasurement errors they will heavily distort the
agtimated frontier and the efficiency measures derived from it.

The advantage of estimating full frontiers by statistical rather than
programming technigues s that 1f the distribution of technical inefficiency
e properly specified, then gndar certaln regulavity comditions [sse Greene
(1980a)] one can derive maximum likelihood estimates with their usual
desirable statistical oproperties. This gain in confidence aboutr the
statistical properties of the parameters is made at the cost of imposing a
particular distribution of technical inefficiency which, as discussed below,
introduces another form of gensitivity to the results, 1/

Next consider the relation between the “"average” function and the
“frontier” function. In the standard estimation of production models it is
usually assumed that y = ﬁ(x}ea, where vy is output, x is the input vector
and € is a random variable distributed in the interval (==, =), The estimated
model o this case Is an "average” production model. The "frontier” Ffunctien
is given by: vy = f(x) e ™, where u 2 0 is a randem variable, which is
genevated by independently identically distributed {({id) statistical drawings

from some distribution. The vector u represents inefficliency.

1/ Another difference 1s that in the nen-statistical case, maximality

describing the frontier is over all the points in the sample. Hence one
obtains a best-practice frontier, whereas in the statistical case,
maximality takes place over all possible sample points given technology so
one obtains an absolute frontier [(Forsund, et al {p. 20)].
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Under the conditions specified above the average function 1is
conceptually identical to the frontier except for the realized value of the
miltiplicative efficlency term. 1/ In contrast, In the non-statistical case,
the unknown frontier fis estimated directly rather than in relation to the
average. Finally, until recently, the major advantage of full frontier models
over the stochastic wmodel presented below was that they provided efficiency
indexes for each firm. However, lately Jondrow et al (1982) have derived

estimates of expected efficlenecy at the firm level for the stochastic frontier

model.
B. STOCHASTIC FRONTIERS
The stochastic frontiers models is given by:
v = f(xje" . e v u > 0,
stochastic frontier inefficiency term v is & random variable

that takes walues in
the range (-w, +o)

From the estimation of this model one gets a set of efficiency values
such as: (1) an average efficiency index for the sector: (2} an expected
efficiency index for each observation relative to the stochastic frontier; and
{3} a measure, X = du/cv, indicating whether most of the variance from the

frontier is due to randomness or to inefficiency. Ej

L/ As explained below, it is this relationship which allows us to obtain an
estimate of the frontier by correcting the constant term from the OLS
estimate of the average frontier (hence the name COLS).

2/ Bee the appendix for derivations.
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As menticned above, we estimate both full frontiers and stochastic
fromtiers. The great advantage of the stochastic frontier for our data set is
that it allows for randomness and wmeasurement errors in the dependent
variable. One apparent disadvantage of the stochastic frontier is that the
corvection factor requived to obtain a consistent estimate of the efficiency
term draws on an estimate of the thivrd central moment of the composite error
v-u. I the model is correct, then the population value of this third moment
ts wnegative, However, if the sample value of this third moment is positive
then the estimation procedure breaks down (this corresponds te the type I
error in Olson et al (1980))

In effect, as shown In Appendix [, a cousistent estimate of the
constant requires the use of a consistent estimate of E[ul which can be
obtained by the method of wowments. If we assume that v is N(G§ﬁi) then the
second and third central moments of the distribution of the composite
ervor €=v-u provide the iInformation to estimate E(u) under alternative
assumptions about the distribution of u. Regardiess of the distributional
assunption about u, the population wvalue of the third central moment
of &(ué) is always negative. However, there is nothing guaranteeing that the
sample estimation, ;é which is a consistent estimation of ué, will be negative
in which case we have what Olson et al (1980) refer to as a Type I error.
Likewise, if the sample estimate ;i is negative the estimation alsc breaks
down in what Olson et al (1980) refer tec as a Type I1 error. In that
case A is meaningless.

If the wrong sign of this moment is due to a few outliers arising

from measurement errors then the correctly specified model cannot be

estimated. This drawback is not apparent with the deterministic statistical
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full-fromtiers, although outliers would create a bias of unknown CONSeQUENCes.,
We also present measures based om the programming estimation technique since,
utilike the other methods, it provides a divect estimate of the frontier and
does not force the unknown frontier to be approximated by tha average

fromtier.

i¥.  DATA, SPECIFICATION OF FUNCTIONAL FORM, AND ESTIMATION

As shown in Appeadix I, for both the statistical full frontier case
and the stochastic frontier case, OLSQ estimation of a model linear in the
parameters provides BLUE estimators of all the coefficlents except the
constant, This justifies drawing on previous work on “"average frontiers" for
the selection of the appropriate functional form. Of course, OLSQ is BLUE
only i1f the model is correct and only if the left-hand side variablesg are
BLGEBNOUS . Exogenous right hand side variables can be obtained in models
where the firm maximizes expected profits [Zellner, Kmenta and Dreze (1966)].

The specification of the production frontier draws on previous work
by Corbo and Meller (1979 and 1982), where the technoiogy of Chilean
manufacturing sectors was studied in detail using the same data set. The data
set provides cross-section data for individual establishments within each
sector. The data covers 44 four-digit ISIC manufacturing sectors. The output
variable 1s value-added (V) and the inputs are: number of man days (L), skill
vntts (S) and the value of fixed assets (K}, all variables used by Corbo and

Meller (1982) 1/

L/ In another paper [Corbo and Meller (i97%a)] inputs were defined as blue
collar workers, white collar workers, and value of fixed assets,
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The precise definitions of the input variables used are as follows:

L = average annual number of man days. It is measured by the
sum of production workers, blue-collar workers in auxiliary
activities, white-collar workers, and entrepreneurs times
the number of days worked by the establishment. 1/

b = skill-days units. it is measured by the avarage annual
number of blue~collar days equivalent minus 1. 2/  The
number of blue collar days equivalent is measured by the
ratlo of the total wage payments, plus an imputation for
entrepreneurs, to the minisum wage rate of the whole
industrial gector. 3/

K = Book value of wmachinery at 1967 prices ledgs accumulated
depreciation. 4/

As reported in Corbo and Meller (1979b) preliminary statistical tests and
regressions were performed using the number of annual man-hours worked by
production workers; however, this variable turned out o be highly
unreliable. The only other available measurement of a flow variable for
labor 1is the number of workers times the number of days worked by an
establishment during the year. The wuse of this variable implies the
following for all establishments of the same industry: workers work the
same number of hours; absenteeism and part-time workers are equally
distributed (part-time workers are negligible in Chilesn manufacturing);
and the number of shifts worked is the same (most Chilean manufacturing
establishments work only one shift).

The implicit assumption here is that each worker is composed of two
parts: body and skills and that wage differentials are due to quality
differences. See Griliches {1967).

The wage rate of entrepreneurs is assumed to be two and a half times the
average wage rate of white-collar workers within a given establishment.
To minimize the possibility of measurement error, the minimum wage rate of
the whole industrial sector is computed as the simple average of the ten
lowest wage rates of blue-collar workers observed in the census.

In a persistently inflationary economy 1ike Chile's, the use of book
values to measure the capital service factor, (besides the traditional
limitations of ignoring differences in capacity utilization, accounting
procedures, and depreciation rates} leads to an underestimation of the
capital factor of the older establishments, thereby exaggerating their
technical efficiency. However, the use of an avallable alternative
measure would not greatly affect our results. Meller (1976) used a flow
measure of capital services instead of the value of the stock. The
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Y = Gross wvalue added at 1967 prices,

The units of L, 8, K, and Y are chosen in such a way that for a given industry
i, the mean of each one of them is equal to one.

In that paper the technology was represented by a translog production
function. The translog function was estimated directly and then more
restricted nested models were estimated testing for CRTS and input
separability. When testing for CRTS, in only three cases out of forty-four
was the null hypothesis rejected at the 1 percent level. These sectors were
bakery products (ISIC 3112), wearing apparel except footwear {ISIC 3220), and
cement for coanstruction (ISIC 3693},

For the forty-one CRTS sectors, further tests for global separability
(a Cobb-Douglas technology) were performed. For thirty—five out of the forty-
one sectors the Cobb-Douglas technology could not be rejected [See Corbo and
Meller (1982, Table 5.2)]. Thus, there were six CRTS sectors for which the
Cobb-Douglas technology was rejected: spinning, weaving, and finishing
textiles (3211); sawmills, planing, and other wood mills (3311); printing,

publishing, and allied industies (3420); furniture and fixtures primarily of

capital service variable was defined as K = .10 Ky + .03 Ky + «20 Ky + .10
(KM + Ky + Ky + K;), where Ky Ky Ky, and Ky are the book values of
machinery, buildings, vehicles, and inventory goods. Geometric deprecia~-
tion rates of .10, .03, and .20 were used for machinery, buildings, and
vehicles, and a 10 percent real interest rate was used as the cost of
capital. The simple correlation between the capital service measure and
the book value of machinery measure was above .95 in sixteen out of the
twenty-one industrial sectors considered in that study, with the smallest
correlation coefficient being .823. Similar high correlation coefficients
were obtained with standard alternative capital measures like gelactricity
consumed by the establishment measured in kilowatt hours and installed
capacity of the production machinery measured in horsepower.
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metal (3812): special industrial machinery (3824); and machinery and equipment
not elsewhere classified (3829). For these six sectors the data indicate that
a CRTS translog function is appropriate. Finally, for the three sectors for
which the CRTS hypothesis was rejected, tests were performed for a Cobb=-
Dowpglas non CRTS technology. In all three cases the null hypothesis could not
be rejected at the 1% significance level.

For the results reported here, we have relied on a CRIS Cobb-Douglas
functional form. Thus for our data set, with the few ewxceptions mentioned
above, the Cobb-Douglas technology provides an appropriate representation of
the "average” sectoral production function.

A final issue is the proper measurement of the output variable in the
production function. If it is believed that the proper definition should be
at world prices and if there is a systematic variation In protection across
firms within a sector, then the estimated coefficients will be bilased.
Appendix I1 derives the bias for the Cobb-Douglas case.

We briefly illustrate our estimation procedure with the more general
case of the stochastic frontier model. The model Is linear in parameters and

given by:

{1} Y=BO+XBI+E

where g = v -y v 1id N (0, Uzv}
u  1id half-normal or exponential
u >0
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and u and v are independently distyibuted. If the columns of X are exogenous,
then the O0LSQ estimator g} of 31 is BLUE. However, the OLS estimator éO of
the constant term 1s biased. The biases arise from the fact that E(e) # 0.

By adding and subtracting E(e) to the right hand side of (1}, the transformed
model has a new random error given by e - E(e) and a constant equal
to 50 + E(e}. In this transformed model, the expected value of the error term
is zerv. Therefore OLSQ provides BLU estimates of all coefficients including

the new constant + E(e). A consistent estimate of 30 is  given by

fo
subtracting a consistent estimates of E{¢) from the OLSY} estimator
of BO + E(e). (See Appendix I for details). This estimation procedure is
known as corrected least squares or COLS.

The above model could also be estimated by maximum likelihood (ML)
which yields different results from OLS. As 1s well-kaown ML only has
asymptotic properties. Montecarle experiments for a similar model (Olson et
al 1980) indicate that for sample sizes below 400, COLS is superior or equal
to MLE for all parameters. 1/ Estimation performed by ML, for a few sectors,
not reported in this paper, yielded results very similar to the CUOLS estimates

provided below. Based on these findings and cost considerations we estimate

all sectors by COLS.

V. EFFICIENCY ESTIMATES AND INTERPRETATION

This section presents efficlency results obtained wusing both

deterministic and stochastic models. HResults will be interpreted both at the

1/ As with all Montecarlo experiments, these results could be sensitive to
the particular values selected for the inputs and the parameters of the
distribution of the random errors.
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sector and within each 4-digit ISIC sector.

Table 1 lays out the main characteristics of individual sectors. We
present variables related to size (gross value of production}, technology
{capital/labor ratio}, trade orientation {exports/gross production:
imports/(imports + gross production)); industrial concentration {Hirschman-
Herfindahl index, HD). Sectors have been grouped into four categories:
exportables, import~competing, non-import competing and non~tradables.
Exportables are those sectors for which apparent consumption {production +
imports - exports), C, is less than production (X). Import competing sectors
are sectors where 0.01 £ (§é§) < 0.75 non-import-competing sSectors are

sectors where (Eééﬁ > 0.75. V¥Finally non tradables are sectors where
0 < (&8 <001 Yy

As can be seen from the resulting distribution of sectors in the above
categories, there is a clustering of sectors in the import competing group.
This 1s not surprising given the bias against exporting activities of the then
exlsting trade regime. ‘gj As expected, import-competing sectors did not
appear to be exposed to much foreign competition as indicated by the low
import penetration ratios ia column 5.

Altogether, there are 44 4-digit sectors which had enough

observations (i.e., number of firms) for statistical estimation. As can be

1/ This classification is inspired by Krueger, et al. (1981, che 1) and Corbo
and Meller (19B1).

2/ The biases of this trade regime are enalyzed in Behrman (1976} and Corbo
and Meller (1981).
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seen from column 1 the number of firms per sector ranges from & minimum of 19
establishments up toe a maximum of 252 establishments. Only establishments
with a minimum of five emplovees are included in the census. Since Meller
(1976} found substantial differences in technology bhetween establishments
enploying less than ten employes and establishment emplioving more than ten
employ, we exclude establishments with less than ten employees. Table 2 gives
the measures of efficiency aceording to the trade classification discussed
above.

There are six measures corresponding to four deterministic and two
stechastic models. Comparing the measures for a given sector {across columns)
one notes several systematic differences. Among the statistical deterministic
models, the lowest levels of average efficiency are necessarily those from the
“distribution free” model (see Appendix 1). In all cases the estimates under
the assumption of a Gamma distribution for the error structure yield higher
values than those obtained with an exponential distribution. This is so
because the differences in the estimated expected efficiency is only a
function of g which is estimated by the standard error of the regression).
it 18 easy to show that for 0 ( ; <1 (; > 1) the expected efficiency from the
Gamma distribution is higher (lower) than the expected efficiency computed
from the exponential distribution. for our data set, in all cases the
standard error of the regression (which is a consistent estimate of the
parameter (¢) of the Gamma distribution (see Appendix I) is less than unity.
As shown by Richmond (1974} ¢ < 1 corresponds to the case where the mode of
the distribution is at u = 0 (u is the non-negative error corresponding to
inefficiency) which in turn implies a distribution of inefficiency across

firms such that most firms are efficient, a result similar to the one found by
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Table 2

EFFICIENCY MEASURES
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Richmond for Norweglan manufacturing but surprising for our sample. However,
the wvalue of ; is not independent of the unit of measurement of the
independent wvariable so that one cannot draw any conclusiong from this
comparison. 1f

As shown by Schmidt (1976}, the LP procedure is equivalent to the
deterministic statistical mode}l with an exponential error structure. Thus,
the difference between the two measures (cols 1 and 4 im Table Z) can be
viewed as a comparison of two consistent estimation methods for the
statistical deterministic frontier {(COLS and ML).

Finally, in the stochastic case, expected efficiency under a half-
normal assumption for the error structure is always lower than under the
assumption of an exponential distribution for the inefficiency ervor. As can
be seen from Appendix I this result is also related to the value of the
standard error of the regression which is the only parameter that enters in
the calculation of the expected efficiency in both cases.

A general pattern of the results under all models is a low level of
measured efficiency. Table 3 compares our results with those obtained by
other authors, That table presents under alternative Cobb~Douglas model
specifications, the minimum and maximum sectoral wvalues of efficiency. In
general, sectors with high efficiency are those producing the more homogenous
products and the opposite is the case for sectors with the lowest level of
efficiency. However, though functional forms are the same, direct comparison

with other studies is difficult. TFirst we have different definitions for the

1/ This point seems to have been overlooked in the literature. See Richmond
(p. 519) and Forsund et al (pp. 12-13),




R-125/3DD/d3 - 21 -

input and cutput variables. Second our results are at a much more disaggre=
gated level and thus we are able to control much better for product
heterogeneity.

in interpreting the low values of efficiency for the deterministic
gtatistical stochastic models, one should keep In mind possible bilases in our
sgtimates. As shown in Appendix II, 1if variations in effectrives rates of
protection across firms within a sector are pesitively (negatively) correlated
with capital (labor) uses then not only will the elasticity estimates be
biased but the estimated variances of the error will be upward biased. In the
case of the exponential, this will result in a downward-biased estimate for
the expected efficiency.

Another source of concern is the specification of the error
structure. As can be seen from Table 2, we could not compute the stochastic
half-normal frontier im 25 out of 43 cases and the stochastic exponential in
23 out of 43 cases. 1/ As explained in the appendix, this result arose
because, for the remaining sectors, the sample estimate of the third moment of
the composite error had the wrong sign. In that case the estimated variance
¢f u is negative and the estimation procedure collapses. This corresponds to
the “"type I error" (see QOlson at al., 1980, p. 70) and 1s likely to occur when
A+ 0 d.e., when most of the variance on the frontier is due to randomness
rather than inefficiency. Since the mode of the half-normal (and exponen-—

tial) distributions describing the inefficiency structure is also at u = g,

1/ In the half normal case, for two sectors (3811 and 3815y, the estimated
variance of the two sided error turned out negative. (This corresponds to
the type II error in Olson et al., 1980, p. 70.)
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{implying that most firms are forced to have close to zero inefficiency), our
results suggest caution regarding the appropriateness of this error structure.
Turning to the pattern of sectoral results, we find them in general
to be plausible. For instance, spinning weaving and finishing of textiles has
the lowest efficiency for both the statistical and non-parametic deterministic
cases (the efficiency for this sector could not be estimated for the
stochastic case). This sector, with an effective rate of protection of
492%, 1/ was one of the most highly protected secters in the whole eCONOMmY .

In turmn, the most efficient sector, pulp, paper and paperboard, has a
fairly homogenous output and was the leading export sector, by far, in
manufacturing (42% of output was exported). For the stochastic measures of
efficiency, the most efficient sector was leather products except footwear
which had one of the lowest effective protection rates in the import competing
sector (18Z). The most inefficient sectors were wine industriss {(half wnormal)
and cable wire and their products (exponential case). This result for the
wine sector is surprising as this is an exportable sector. However, it could
be due to a overly restrictive measure of capital that excludes inventories
(aging wine) which is an essential input in production. Finally, cable wire
and thelr products have an effective protective rate slightly below the median
(64%) but is the fifth most concentrated sector in manufacturing {(see column

ég Tahle })v

VI. COMPARISON OF ALTERNATIVE MEASURES

As menrtioned in the introduction, one of the problems faced by the

praccitioner is the sensitivity of results to model selection including the

1/ Corbo and Meller (1981 p. 96).
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selection of functional form for the average production fromtier. Yet, for a
given functional form, an empirical lssue remalns: how sensitive are the
resulting measures of technlcal efficiency to the selection of error structure
and to the sgpecific charactevistics of the distribution of the error term?
This is an empirical issue over which there is so far little evidence to draw
upopn. Twoe comparative studles are available. One by Van den Broeck et al
(1980} 4is a comparison for a panel of 28 Swedish dairy plants of the
programming, statistical and stochastic approaches. The other by HKopp and
Smith {1982} compares alternative formulations of the productien function
{Cobb-Douglas, CES and translog) alomg with the same three approaches on a
eross—gection of 43 steam electric generating plants. Although these papers
are a contribution towards a better understanding of technology and efficiency
in the specific sectors studied, they are too limited In coverage to be useful
for assessing whether the measures of inefficlency are sensitive te the
selection of computational method. Qur census data set is the most
appropriate for such an evaluation.

We investigate the correlation among the different measures, using
both Pearson and Spearman correlation coefficients. The resulits are reported
in Table 4 which also gives the significance level for the test that the
population value of the respective coefficient 1s egqual to zerc as well as the
number of observations used in the computation of the correlation
coafficients. Consider first the two stochastic measures (EFCHN, EFCEX).
Both correlation coefficients are numerically very close to one. This leads
to the first conclusion: there 1is little to be gained in a cross—sector
comparison by <choosing between a half-normal and an exponential error

structure for the inefficiency component of the composite error. The same
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Table 4

Correlation Among Efficiency Estimates 1/
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1/ the measures appear In the same order as in Table 2 columms 1-6.
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conclusion carries over to the comparison between the Gamma (EFGA) and
exponential (EFX) ervor structures for the statistical frontiers,

Comparing the statistical and stochastic models indicates that
although the correlation coefficlents are statistically different from zero
(approximately 5% significance level), they are only around 0.5. Therefore, a
second conclusion is that in a cross—sector comparison of efficlency levels,
the results are sensitive to the choice between a statistical deterministic
and a stochastic fromitier.

Finally, within the deterministic froutfers, there 1s a high
correlation between the LF and the “distribution—free” statistical measureg.
Although both measures are the only ones in the set that Fforce all
observations to be below the frontier, one should note that while the
“distribution free” frontier differs from the other statistieal and stochastie
frontiers by the value of the constant term, the LP frontier also allows for
different slopes vis-a-vis the other measures. It therefore appears that
there is little to bhe gained in choosing between alternative full frontiler
medels, Thus, for the erreor structures usually considered in the literature,
the main choice to be made is between 2z full fromtier and a stochastic

frontier approach.

VIL. CONCLUSIONS

The purpose of this paper was Lo provide some guidance on the effect
of alternative frontier models specifications on the measurement of technical
efficiency. As stated in the introduction, the only systematic comparisons
avallable so far wevre undertaken with extremely small data sets. The

alternatives considered in the paper included parametric full frontier models
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{linear programming and statistical determinisiic) and stochastic models. For
rhe statistical deterministic and the stochastic models, we examined the
influence of the various error structures proposed in the literature.

The models and error structures were evaluated on all establishments
enploving more than ten workers in the 1967 Chilean wmwanufacturing census
giving rise to estimation over 43 manufacturing sectors classified at the four
digit ISIC level. The model comparisons indicated that the cholce of error
structures proposed in the literature has a very small dmpact on the
measurement  of inefficlency. However, in a cross-sector comparisen of
efficiency, results are sensitive to the selection between statlstical and
stochastic formulations. Finally, within the full frontier models, the linear
programming and statistical models yield highly correlated measures of
technical efficiency.

Another important fimding 1is that, in contrast to other studies, we
found that approximately half of the sectors considered could not support the
estimation of a stochastic frontier because the skewness of the distribution
of the overall residual was of the wrong sign. This result suggests at least
two explanations: the error structures considered in the literature are not
appropriate or the purged data might still include observations with

measurement errors.
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APPENDIX I: ESTIMATION OF PRODUCTION FRONTIERS

This appendix presents the three models estimated in the main body of the
DADET . It also gives the formulas for the efficiency measures presented in

the text.

Model 1: Deterministic Full Frontier

The model is given by: y = f(x)e ; u> O where f(x) is Cobb~Douglas in n
factor inputs.

th

After taking logarithms, we have for the j“" observation Inf(x) = By + zsixij;

Yj = lnyj, Xij = Enxij.

The programming method for estimating the frontier consists of:

Minimize ? !Jj!
i=1
Subject to: éO + élxil T e én al 2‘ Y1
50 + élxlm o én nm 2 Ym
G e B 2 0
and where: Jj = éO + éixlj 4+ ass énxnj - Yj

-~ -~

The estimation yvields an estimate {&O . Sn} for iBO P Bn}. Ses Algner and

Chu (1968) and Timmer (1971).
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Efficiency Indexes

The efficlency index of firm j, Ej’ is given by:

¥
E, S T—
exp{Y,)
P 3
where Yj = 80 + f 81 Xij

and the sector's weighted average efficiency index is gliven by:

AE = W E
13
¥y
where W, = e
3 Eyj

Model 2: Statistical Frontier

Model: y = f{x)e™ u» 0

The model to be estimated is linear in parameters and is given by:

- u, where Y = fny, X = [l fnx,, ee. fnx ]

i n

and By= (B yree B 3

and X is independent of u

Case (a) u is 1id from the one parameter Gamma distribution

glu; ¢) = ﬁ%u(‘?‘“l)&xp ()

for which E(u) = ¢, var(u) = ¢
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Case {(b): wu is iid from the exponential distribution of
g(u, ¢) = 1/¢ exp (~u/¢)

for which E{u) = ¢; var (u) = ¢2

Efficiency Indexes

-~ -

Ej = yj / exp (§j) = exp (“Jj)

_ -
~ -~

where Yj is obtained using the COLS estimator described below and uj is the
residual from the COLS estimator. The COLS unbiased estimator of 80 is given

by:
By = By t E(u)
where 60 is the OLS estimator of BO’
A consistent estimate for E{u) i1s derived from the choice of the distribution

function for u. Two efficiency indexes can be defined. The first measure is

the avevage efficiency index computed at the point of means:

AE = i?p Y - e"E(u)
exp [Y + E(u)}
where Y = 1n £(x)

Figures obtained from this measure are not reported in the paper since they
are very close to the wvalues obtained from the expected efficiency measure

presented below.
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The second measure is the expected efficiency of the sector. It is obtained
by aggregating over firms and 1s given by:

-~

Q—ﬁz for the Gamma case

-y
E(e}a
(1 + U)“i for the exponential case

P

Where ¢ is the standard error of the OLS regression.

Tt should be noted that some observations may lie above the frontier which is
troublesome when computing efficiency at the firm level. The only way to
guarantee that all observations lie under the frontier is to apply the
consistent estimate for BO proposed by Greene (1980, pp. 31343,
By, = By T max 5 (uy) |

The wuse of this correction factor, although it affects the measure of
efficiency for individual establishments, it does not affect the computation
of expected efficiency since it does alter the value of o. Although
consistent, this estimator is different from the COLS estimator

of ﬁa discussed above.

Tn this case, a “"distribution free" measure of average efficlency computed at

the point of means is given by:

exp ¥

AE = - -
exp (Y + max | (ui) P

This is the measure reported in Table 2, col. 2.
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Model 3: Stochastic Frontier

Model: y = f(x) eV ¢

4s before the model is linear in parameters and given by:

Y= 8, +XB, +c¢
where &= v -y v " iid N (0, Uzv)
u >0 u "~ ofid half-normal, exponential (or Gamma),

u and v independently distributed.

3

As before, B__1 is unblased and efficient and an unbiased estimator of B, is

given by:

-~
-~

B

g = By + E(w)

A measure of the relative variability of the two sources of error is given by:
o

u
A= =t

[+

v

Estimation of E(u), 9% % relies on the observation that the moments of the
distribution of € = v ~ u can be expressed in terms of the moment of the

distribution describing u and v and of the property that the moments of & can

be estimated consistently from the moments of the OLS residuals. 1/ However

1/ Since V " N (0, 03), (a, 03), the second and third central moments of the

distribution of € are given by:
. 2 2
by = E@Y) + B - (Bw)

W= 3EGY) E(u) - 26(w) - E(?)

Replacing ué and pé by their estimates from the OLS residuals and

replacing moments by the relevant parameters vields the desired estimates.
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it may either turn out that u§ the estimate of ué (which is always negative)

has the wrong sign or that czv = cze - czu_s 0. 1/ Either ocurrence, raises

questions about the sample and/or the appropriateness of the selected error

structure.

The COLS consistent estimators and formulas for the models used in the text

are:
Distribution of u
Half Normal Exponential
au M3 173
E(u) %- g, {"5"1
A'
2 V2 T, %, (2/3 H3 2/3
oy [ b (;:z) Ha ] { ( "5—) ]
v Wy = (59 g Y T 9,
gzu/Z - 1
E(eY%) 2e (1 - F* (g ) y
u 1 + o'u

Finally, to compare levels of efficiency across observations, one forms the
conditional distribution of uy given e f(ui/ei):
f(ui, Ei)

f(ui/sj) B — e

f(ei)

1/ See Olson et al (1980, p. 70), Schmidt and Lovell (1976, p. 351).
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and use the mean of this distribution as a point estimate of u.

As derived by Jondrow et al (1982), the measure of firm efficiency based on
the means are given by:

A A A

E(uilei)HN = (o % ° )y ——— - € W i
l"F(EiA/U) o
-~ £ 5_1

N f(ei/0v+ A7) . A e
E(uifai) expon. = o_| TR T (Eilqv + A )]

Voi-F(e, fo 42 D)

i v
-~ A2 A2 1\2
where Ei are the residuals of the COLS regression ¢ = au + 9 and the other

parameters take the values given by the estimates discussed above.
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APPENDIX IT:

THE MEASUREMENT OF EFFICIENCY UNDER A PROTECTED TRADE REGIME

One of the difficulties with the estimation of efficiency within a sector is
the existence of a differentiated structure of effective rates of protection

across firms within a specific ISIC sector.

This problem can be studied as a special case of specification error. We take
the special case of a Cobb-Douglas function. 1/

The estimated function is:

D D D D D D
{1 1nQ $ o + 8 ani + },nLi + v § " Yy
whereas the correct model is:
1 1 I 1 I I
(2) 1n Q i o + B ani + v lnLi + v § u’,

Where QIi is value added at international prices.

Under protection, value added at domestic prices is given by:

D I
Q, = (1+ERP)Q,

1/ We saw above that in a majority of cases the null hypothesis of a Cobb-
Douglas technology could not be rejected from the data.
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where ERPi is the effective rate of protection for sector i, and superscripts

D and 1 refer to valuation at domestic and world prices respectivey.
From the above equation we obtailn:
D I
in § (" In {1 + ERPi) + ln Q p

Replacing in the correct model of equation (2) we obtain the following model:

I I I

+ 8I ani + YzlnLi + ln(1+ERPi) + oy - u

D .
In Q g = @ i

i
Thus in equation (1) we have left out the variable (1+ERPi). The implication

of this specification error (Maddala pp. 459-460) ig that:

Where P,o and P43 are the coefficlents of InK{ and 1nLi respectively in the

auxiliary linear regression of 1n(1+ERPi) on a constant, InK; and lnkLy.

If 1n(I+ERP;) and InK;(1nL;) are positively (negatively) associated as has
usually been found, then P42 » 0, P&S £ 0 and BD is upward blased (YD is

downward blased).
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~

Furthermore E[o g] > %, Where o = V(v)+V(u)} and ag is an estimator of the

variance obtained from model 1.

Therefore, the estimator of the variance obtained from the "wrong“model is

upward biased.
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