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Abstract 

This paper reviews and contrasts the results from different 

approaches to the measurement of technical efficiency. The measurement of 

efficiency is based on the estimation of production function frontiers. The 

alternatives considered include full frontiers and stochastic frontiers under 

different assumptions about the error structure. The comparison is carried 

out on the 1962 Chilean manufacturing census. The few previous attempts that 

have compared alternative approaches were based on extremely narrow data sets 

such as the Swedish milk industry and the U.S. steam power generating 

plants. The results for 43 &digit ISIC sectors indicate that the measurement 

of sectoral efficiency is sensitive to the selection between statistical and 

stochastic frontiers but not to the choice of error structure. In general 

there is a high correlation across measures for establishment-level efficiency 

estimates vithin a sector. Finally in contrast to pther studies, about 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 vrong sign. This result suggests at least two explanations: the error 

structures cansidered in the literature are not appropriate or the purged data 

might still include observations with measurement errors. 



Following Fartell's pioneering work (19 57) ,  the developme.~t and 

refinements of the ecozomic and statistical. foundations of production and cost 

frontiers has progressed rapidly in recent years. Some of the more recent 

developments, in 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 

a 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 measuremeni error, omitted variables and so on. Yet the 

illustration 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 den Broeck et a1 (1980)I and the U.S. steam power 

generating plants [Kopp and Smith (1981) 1 .  The usefulness of these techniques 

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 vhere 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-me?tioned,s:udies, no one has yet undertaken such a 

comparative performance of alternative methods. The comparison is undertaken 

with the 1967 C h i l e a n  r n r n ~ ~ f q c t r ~ t i n ~  r p v - ~ y -  *.hn-n ,I-+- - 
I 

digit ISIC level for alt establishments employing more than five workers. 
* 

Comparison t a b s  place over che range of production frontiers 
I) 

(deterministic parametric, deterministic statistical and stochastic) which 



have appeared i n  the  l i t e r a t u r e  s i n c e  F a r r e l l ' s  (1957) p ioneer ing work. These 

recen t  developments a l l o v  both the  e s t i m a t i o n  of s t a t i s t i c a l l y  more robus t  

f r o n t i e r s  and t h e  r e t r i e v a l  of i n d i c e s  of e f f i c i e n c y  a t  t h e  f i r m  leve; 

(Sect ion 11 and Appendix I). We s t a r t  i n  Sect ion 11 with d e f i n i t i o n s  and 

i n t e r p r e t a t i o n s  of measures of e f f i c i e n c y  u?on which t h e  a n a l y s i s  is based. 

Sec t ion  111 d i s c u s s e s  var ious  ways t o  e s t ima te  product ion f r o n t e r s  and 

p r e s e n t s  t h e  a l t e r n a t i v e  methods t h a t  a r e  subjected t o  comparison. ' Sec t ion  I V  

d i s c u s s e s  t h e  choice  of f u n c t i o n a l  fonn and e s t i m a t i o n  procedures f o r  t h e  

product ion f r o n t i e r s ;  s e c t i o n  V presen t s  e f f i c i e n c y  e s t i m a t e s  under d i f f e r e n t  

models and t h e i r  i n t e r p r e t a t i o n .  Sec t ion  V I  r e p o r t s  the  r e s u l t s  of a  

comparison of e s t i m a t e s  based on the  d i f f e r e n t  models. Conclusions fo l low i n  

Sec t ion  V I I .  

11. DEFINITIONS AND INTERPRETATIONS OF EFFICIENCY 

' Consider Figure 1 where a  sample of f i rms  is dep ic ted  f o r  an i n d u s t r y  

producing a  s i n g l e  output  y, v i t h  two i n p u t s  :: :(XIS X2) a v a i l a b l e  a t  f i x e d  

p r i c e s  W - (WlS W2). The output  can be s o l d  a t  a  f ixed  p r i c e ,  P. The 

f r o n t i e r  production func t ion  can be c h a r a c t e r i z e d  by the  u n i t  isoquant QQ, 

provided t h a t  technology can be descr ibed by a  l inei r r  homogeneous production 

X1 X2 func t ion  so  t h a t  we can express  the  production f u n c t i o n  a s  1 - f  (Y, -). 
Y 

F a r r e l l  d i s t i n g u i s h a d  between t e c h n i c a l  and a l l o c a  t i v e  e f f i c i e n c y .  , These 

concepts  a r e  d iscussed v i t h  the  he lp  of Figure 1. For the  cons tan t  r e t u r n s  t o  . 
- .  . r~ - -  I - . - 1  - 1 -  . - ? . ,  n e e * p t  ..-- * e  4 -  r~-.-...,,v qn I ~ , . , , F  7 4 - r  ,.,- - L ~  

* 
u n i t  i soquant .  A f i n n  i s  a l l o c a t i v e l y  e f f i c i e n t  if the  marginal r a t e  of - - - 
s u m t i t u t i o n  between the  tbo inpu t s  is  equal  t o  the  f a m o t  p r i c e  r a t i o .  Given . - 



Figure 1 



the factor prices Wo, firm A is the only firm in the industry which is both 

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 comparisons, is 

given by EB = ODIOF. Finally, firm C is both technically and allocatively 

inefficient and its overall inefficiency ODIOC can be decomposed into an 

allocative and a technical component. . 

Total inefficiency = allocative inefficiency x technical inefficiency. 

The above analysis does not consider the optimality of the level of 

production, since the scale of production is indeterminate in the case of 

constant returns to scale. However if the technology is non constant returns 

to scale (homcgenous or not), then the scale of production will be optimal if 

and only if at the chosen level of output, prlce is equal to marginal cost. 11 - 
A firm is on the cost frontier if it is both technically and allocatively 

efficient. Finally, a firm is said to be scale efficient if it chooses a 

profit maximizing level of production. 

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

input quantities we cannot distinguish allocative from technical or scale 

11 For a general (contant returns or not) well-behaved production function - 
y - f (x), a finn is technically efficient if the observed production and 
input combination (xo, yo) satisfies yo = f(x ). Technic.) inefficiency 
arises when yo < f(xo). The definition of allocative eff ciency is not 
altered. 



inefficiency. Thus the figures below should be interpreted as measures of 

technical inefficiency with respect to the industry production frontier. To 

illustrate, refet back to figure 1: both firms A and E will appear as 

efficient, and firm G will appear as inefficient even though it is 

allocatively efficient and it achieves the same degree of overall efficiency 

as firm E. 

There are several interpretations to the scatter of points in figure 
- 

1. One explanation is that firms do not have access to the same technology, 

in which case there is no reason to investigate differences in efficiency. If 

observations could be grouped by technology class, then efficiency could bo, 

studied within classes. A second interpretation along the same lines vould 

attribute the scatter to the sample containing firms with equipment of 

different vintage. In this case the relevant efficiency frontiet 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 important consideration in a world where the technological 

structure of manufacturing industries has different substitution possibilities 

before and after investments in new techniques. A third interpretation is 

that all firms face the w o e  technology but that some are more successful in 

using it than others. This corresponds to the full-frontier (or deterministic 

frontier) approach discussed below. , , 

A fourth interpretation is that all firms face the same technology up 

i 
meaeurement errors in fie output variable and other random shocks outside the - 
f irm'e control. Thue, &e resulting production frontier is stochastic and - 



departure from this frontier reflects technical inefficjency. I/ This - 
corresponds to the stochastic frontier concept discussed below. 

The measures of efficiency reported in this paper refer to a single 

point in time and are therefore static. Given our selection of inputs in the 

productiotl function, what is being measured is the technical efficiency of: 

physical plant and equipment, unskilled, and skilled labor in producing 

output. Therefore the resulting measure of efficiency is a multiple-factor 

index. 21 - 

11 I. ESTIMATIOlJ OF PRODUCTION FRONTIERS 31 - 
The estimation of production frostier8 has proceeded along two 

general paths: full-frontiers which force all observetions to be on or below 

the frontier and hence where all deviation from the frontier is attributed to 

inefficiency; and stochastic frontiers where deviaticn from the frontier is 

decomposed into a random compgnent reflecting measurement error and 

statistical noise, and a componect reflecting inefficiency. The advantage of 

the stochastic frontier approach is thnt it incorporates the traditional 

1 See Forsund et a1 (1980, pp. 21-23) and Stigler (1976) for further - 
diecussion on the interpretation of inefficiency. 

21 See Kapp (1981) who introduces single-factor Farrell efficiency measures - 
for 'fdll frontiers. This correeponds to the case where the technical 
efficiency of a eubeet of factor inpute ie fixed by ex-ante decieions. 
Then single-factor measures of efficiency may be more appropriate measures 
of a plant'e -- ax-post - - . - - efficiency eince they do not penalize a production 
4 - D " L L ' U ' - " L L  - " -  C'. . A l l L C  I * d . L ' . L I .  .-.. 'A, L i .  . I . -  L L . 0 . .  - .... C . . * - - -  - . I  

3 a pricee are available, the firm is not penalized by its inability to 

- adjust. . - 
31 This section draws on Forsund et a1 (1980) who also discus@ cost and - 

profit frontiers. 



random error of the regression. In this case the raqdom error - besides 
capturing the effect of unimportant left out variables and errors of 

measurement in the dependent variable - would also capture the effect of 

random breakdown on input supply chnnnels not correlated with the error of the 

regression. The measures reported in this paper are based on both full 

frontiers and stochastic frontiers. Below we describe briefly both 

approaches; ~podels and estimation techniques are presented in the appendix. 

A. FULL-FRONTIERS 

In Farrell's work, the basic procedure was to construct the efficient 

unit isoquant from the observed input-output ratios by. linear programming 

techniques. Although codstant returns to scale (CRTS) was assumed, the major 

advantage of this approach is that it imposes no functional form on the 

data. Furthermore, Farrell's approach has been lately extended to allow for 

non-homothetic and inhomogenous functions. - 1/ Thus one approximates with a 

minimum of restrictions the unknown frontier without particular functional 

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 model is 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 frontiers was to move 
, I 

to a parametric full-frontier where a functional form is imposed on the 

production function and - the elements of the parameter vector describing the 

11 See Kopp (1981) for?the weak restrictions on the functional form and ot. - 
the derivation of efficiency indexes. 



abduction function are estimated by programing [Aigner and Chu (1968)) or by 

statistical [Richmond (1974). Greene (1980a)l techniques. This is one of the 

approaches used in this paper. The drawback of these techniques is that, like 

the Farrell technique, they are extremely sensitive to outliers; and hence if 

the autliers reflect measurement errors they will heavily distort the 

estimated frontier and the efficiency measures derived from it. 

The advantage of estimating full frontiers by statistical rather than 

programming techniques is that i f  the distribution of technical inefficiency 

is properly specified, then under certain regularity conditions [see Greene 

(1980a)l one can derive maximum likelihood estimates with their usual 

desirable statistical properties. This gain in confidence about the 

statistical properties of the parameters is made at che cost of imposing a 

particular distribution of technical inefficiency which, as discussed below, 

introduces another form of sensitivity to the results. - 11 

Next consider the relation between the "average" function 'and i . h ~  

"frontier" function. In the standard estimation of production models it is 

usually assumed that y - f (x)ec, where y is output, x is the input veccor 

and c is a random variable distributed in the interval (-s, -). The estitmted 

model in this case is an "average" production model. The "frontier" function 

is given by: y - f(x) c-', where u - > 0 is a random variable, which is 

generated by independently identically distributed (iid) statistical drawings 

, , 
from some distributio;. The vector u represents inefficiency. 

A r u l o ~ r i e r  d A L c e r e r i c e  1s t l i a r  A r l  L i r e  1 1 0 1 1 - 6 L d t L ~ L L # a l  cdble, m a x l m a l ~ ~ y  - 
describing the frontier is over all the points in the sample. Hence, one 
obtains a best-practice frontier, whereas in the statistical case, 
pximality takes place over all possible sample poiq&p given technology so 
one obtains an absolute frontier [(Forsund, et a1 (p- ZC;].  



Under t h e  c o n d i t i o n s  s p e c i f  f e d  above t h e  ave rage  f u n c t i o n  is 

c o n c e p t u a l l y  i d e n t i c a l  t o  t h e  f r o n t i e r  excep t  f o r  tho, r e a l i z e d  va lue  of t h e  

m u l t i p l i c a t i v e  e f f i c i e n c y  term. - 1/ In  c o n t r a s t ,  i n  t h e  n o n - s t a t i s t i c a l  ca se ,  

t h e  unknovn f r o n t i e r  i s  e s t i m a t e d  d i r e c t l y  r a t h e r  than  l h r  r e l a t i o n  t o  t he  

average .  F i n a l l y ,  u n t i l  r e c e n t l y ,  t he  major advantage  of f u l l  f r o n t i e r  models 

ove r  t he  s t o c h a s t i c  model p re sen ted  below was t h a t  they  provided e f f i c i e n c y  

indexes  f o r  each  f i rm .  However, l a t e l y  Jondrow e t  a 1  (1982) have d e r i v e d  

e s t i m a t e s  of  expec ted  e f f i c i e n c y  a t  t he  f i r m  l e v e l  f o r  t h e  s t o c h a s t i c  f r o n t i e r  

model. 

B. STOCHASTIC FRONTIERS 

The s t o c h a s t i c  f r o n t i e r s  models is  given  by: 

s t o c h a s t i c  f r o n t i e r  i n e f f i c i e n c y  term v  is  a  random v a r i a b l e  
t h a t  t a k e s  v a l u e s  i n  
t h e  range (--, i-) 

From t h e  e s t i m a t i o n  of t h i s  model one g e t s  a set of e f f i c i e n c y  v a l u e s  

s c c h  a s :  (1) an  average  e f f i c i e n c y  index f o r  t h e  s e c t o r ;  (2)  an  expected  

e f f i c i e n c y  index  f o r  each o b s e r v a t i o n  r e l a t i v e  t o  t h e s t o c l \ a s t i c  f r o n t i e r ;  and  

(3) a  measure, A - aU/av, i n d i c a t i n g  whether  most of t h e  v a r i a n c e  from t h e  

f r o n t i e r  is due t o  randomness o r  t o  i n e - f i c i e n c y .  2/ - 
L 

-, ,+o c n p ~ d ~ n r a  W L O W ,  it is t h i s  r e l a t i o n s h i p  which a l lows  us  t o  o b t a i n  an - i 
A 

e s t i m a t e  of t h e  f r o n t i e r  by c o r r e c t i n g  t h e  c o n s t a n t  term from the  OLS 
* 

t ~ t i m a t e  of t h e  average  f r o n r i e r  (hence t h e  name COLS). - 
m 

2/ See the  appendix  f o r  d e r i v a t i ~ n s .  - 



As mentioned above, w e  e s t i m a t e  both f u l l  f r o n t i e r s  and s t o c h a s t i c  

f r o n t i e r s .  The g r e a t  advantage of t h e  s t o c h a s t i c  f r o n t i e r  f o r  our da ta  s e t  i s  

t h a t  i t  a l lows  f o r  randomness and measurement e r r o r s  i n  t h e  dependent 

va r i ab le .  One apparent  d isadvantage of :he s t o c h a s t i c  f r o n t i e r  i s  t h a t  t h e  

c o r r e c t i o n  f a c t o r  required t o  obcain a  c o n s i s t e n t  eot imate  of t h e  e f f i c i e n c y  

term draws on a n  e s t i m a t e  of t h e  t h i r d  c e n t r a l  moment of t h e  composite e r r o r  

r u .  I f  t h e  model is c o r r e c t ,  then t h e  popula t ion value  of t h i s  t h i r d  moment 

is negat ive .  However, i f  t h e  sample value  of t h i s  tRird  moment is  p o s i t i v e  

then t h e  e s t i m a t i o n  procedure breaks down ( t h i s  corresponds t o  t h e  type I 

e r r o r  i n  Olson e t  a 1  (1980)) 

I n  e f f e c t ,  a s  shown i r ?  Appendix I, a  c o n s i s t e n t  e s t i m a t e  of t h e  

constant  r e q u i r e s  the  use of a  c o n s i s t e n t  e s t i m a t e  of E[u: which can be 

obta ined by t h e  method of moments. IF we assume t h a t  v  is ~ ( 0 , a ~ )  then  t h e  v  

second and t h i r d  c e n t r a l  moments of t h e  d i s t r i b u t i o n  of t h e  composite 

e r r o r  c=v-u provide the  informat ion t o  e s t i m a t e  E(u) under a l t e r n a t i v e  

assumptions about t h e  d i s t r i b u t i o n  of u. Regardless of t h e  d i s t r i b u t i o n a l  

assumptjon about  u, t h e  popula t ion va lue  of t h e  t h i r d  c e n t r a l  moment 

of E,  p;, i s  always negat ive .  However, t h e r e  is  nothing guaranteeing t h a t  t h e  
L) 

sample e s t i m a t i o n ,  u;, which . i s  a  c o n s i s t e n t  e s t ima t ion  of p i ,  w i l l  be 

nega t ive  i n  which case  we have what Olson e t  a 1  (1980) r e f e r  t o  a s  a  Type I 
, I 

e r r o r .  Likewise, i f  the  sample e s t i m a t e  is negat ive  t h e  e s t i m a t i o n  a l s o  

breaks  down i n  what Olson e t  a 1  (1980) r e f e r  t o  a s  a  Type I1 e r r o r .  I n  t h a t  

case  X is  meaningless. 

I f  t h e  vrong s i g n  of t h i s  moment is  due t o  a  few h t l i e r s  a r i s i n g  
a 

from measurement e r r o r s  then t h e  c o r r e c t l y  s p e c i f i e d  mLdel cannot be 

es t imated.  Th i s  drawback is  not apparent  with t h e  d e t e r m i n i s t i c  e t a t ! s t i c a l  



f u l l - f r o n t i e r s ,  a l t hough  o u t l i e r s  would c r e a t e  a  b i a s  of unknown consequences.  

we a l s o  p r e s e n t  measures based on t h e  programming e s t i m a t i o n  t echn ique  s i n c e ,  

u n l i k e  t h e  o t h e r  r;rrf_'rods, i t  p rov ides  a  d i r e c t  e s t i m a t e  of t h e  f r o n t i e r  and 

does  not  f o r c e  t h e  unknown f r o n t i e r  t o  be approximated by t h e  a v e r a g e  

f r o n t i e r .  

I V .  DATA, SPECIFICATION OF FUNCTIONAL FORM, AND ESTIMATION 

A s  shown i n  Appendix I, f o r  bo th  t h e  s t a t i s t i c a l  f u l l  f r o n t i e r  c a s e  

and the  s t o c h a s t i c  f r o n t i e r  c a s e ,  OLSQ e s t i m a t i o n  of a  model l i n e a r  i n  t h e  

pa rame te r s  p r o v i d e s  SLUE e s t i m a t o r s  of  a l l  t h e  c o e f f i c i e n t s  excep t  t h e  

c o n s t a n t .  T h i s  j u s t i f i e s  drawing on p rev ious  work on "average f r o n t i e r s "  f o r  

t h e  s e l e c t i o n  of t h e  app rop r ' i a t e  f u n c t i o n a l  form. Of cou r se ,  OLSQ is BLUE 

on ly  i f  t h e  model i s  c o r r e c t  and only  i f  t h e  le f t -hand s i d e  v a r i a b l e s  a r e  

exog~nous ' .  Exogenous r i g h t  hand s i d e  v a r i a b l e s  can be o b t a i n e d  i n  models 

where t h e  f i r m  maximizes expec t ed  p r o f i t s  [ Z e l l n e r ,  Kmenta and Dreze (1966) l .  

The s p e c i f i c a t i o n  of t h e  p roduc t ion  f r o n t i e r  draws on p r e v i o u s  work 

by Corbo and M e l l e r  (1979b and 1982), where t h e  technology of Ch i l ean  manufac- 

t u r i n g  s e c t o r s  was s t u d i e d  i n  d e t a i l  u s i n g  t h e  same d a t a  s e t .  The d a t a  s e t  

p rovides  c r o s s - s e c t i o n  d a t a  f o r  i n d i v i d u a l  e s t a b l i  shments w i t h i n  each s e c t o r .  

Thus whenever r e f e r e n c e  i s  made t o  e f f i c i e n c y  e s t i m a t e s  of f i r m s  i t  shou ld  be 

I unders tood  a s  e f f i c i e n c y  e s t i m a t e s  of e s t a b l i s h m e n t s  where a n  e s t a b l i s h m e n t  i n  

t h e  r o n n l l q  1s deffnsrd ns q q f n p l p  q l g n t  P q + R h l  1 shmon+.  ~ h -  as+. ,  r n . r m t c  b h  

i 
I f o u r - d i g i t  ISIC manufac tur ing  s e c t o r s .  The o u t p u t  v a r i a b l e  is value-added (V) 

* 

and t h e  i n p u t s  a r e :  >umber of man days (L),  s k i l l  u n i t s  (S) and t h e  v a l u e  of 



fixed assets (K), all variables used by Corbo and Meller (1982) - 11 
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 vorkers, blue-collar vorkers in auxiliary 
activities, vhite-cc' .'ar vorkers, and entrepreneurs times 
the number of days vorked by the establishment. - 21 

S = skill-days units. It is measured by the average annual 
number of blue-collar days equivalent minus 1. 31 The 
number of blue cellar days equivalent, is measured-by the 
ratio of the total vage payments, plus an imputation for 
entrepreneurs, to the minimum vage rate of the whole 
industrial sector. 41 - 

K = Book value of machinery at 1967 prices less accumulated 
depreciation. - 51 

11 In another paper [Corbo and Meller (1979a)) inputs yere defined as blue - 
collar vorkers, white collar workers, and value of fixed assets. 

21 As reported in Corbo and Meller (1979b), preliminary statistical tests and - 
regressions vere performed using the number of annual man-hours worked by 
production vorkers; hovever, this variable turned out to be highly 
unreliable. The only other available measurement of a flov variable for 
labor is the number of vorkers times the number of days vorked by an 
establishment during the year. The use of this variable implies the 
folloving for all establishments of the same industry: vorkers work the 
same number of hours; absenteeism and part-time workers are equally 
distributed (part-time workers are negligible in Chilean manufacturing); 
and the number of rhifte worked is the same (most Chilean manufacturing 
establishments work only one shift). 

3 The implicit assumption here is that each worker is composed of t ~ o  - 
parts: bodyeand skills and that vage differentials are due ,to quality 
differences. See Criliches (1967). 

41 The vage rate of entrepreneurs is assumed to be two and a half times the - 
* . r o r * c n  r . r ? o o  - * e n  n p  7 . l - 4  * n - r m l ~ * -  .,n-kn*ff ?.lf tbf? I o { \ ? p n  n c t ? h l  4 s h - p n t .  

To minimize the possibility of measurement erroq the minimum wage rate ot 
the vhole industrial sector is computed as the'simple average of the ten - lovest vage rates of blue-collar workers observed in the census. 

E s 
-51 - In a persistently inflationary economy like Ghile's, the use of book 

values to measure the capital service factor, (besides the traditional 
limitations of ignoring differences in capacity utilization, accounting 



Y - Gross v a l u e  added a t  1967 p r i c e s .  

The u n i t s  of L, S, K, and Y a r e  chosen i n  such a  way t h a t  f o r  a  g iven  i n d u s t r y  

i, t h e  mean of each  one of them is e q u a l  t o  one. 

I n  t h a t  paper  t h e  technology was r e p r e s e n t e d  by a  t r a n s l o g  p roduc t ion  

f u n c t i o n .  The t r a n s l o g  f u n c t i o n  was e s t i m a t e d  d i r e c t l y  and then  more 

r e s t r i c t e d  n e s t e d  models were e s t i m a t e d  t e s t i n g  f o r  CRTS and i n p u t  

s e p a r a b i l i t y .  When t e s t i n g  f o r  CRTS, i n  on ly  t h r e e  c a s e s  o u t  of f o r t y - f o u r  

was t h e  n u l l  h y p o t h e s i s  r e j e c t e d  a t  t h e  1 p e r c e n t  l e v e l .  These s e c t o r s  were 

bakery p roduc t s  (ISIC 3112), wear ing  a p p a r e l  e x c e p t  footwear  (ISIC 3220), and 

cement f o r  c o n s t r u c t i o n  (ISIC 369 3) .  

For  t h e  forty-one CRTS s e c t o r s ,  f u r t h e r  tests f o r  g l o b a l  s e p a r a b i l i t y  

(a  Cobb-Douglas technology)  were performed. For  t h i r t y - f i v e  o u t  of  t h e  f o r t y -  

one s e c t o r s  t h e  Cobb-Douglas technology cou ld  no t  be r e j e c t e d  [See Corbo and 

Mel le r  (1982, Table  5.2)) .  Thus, t h e r e  were s i x  CRTS s e c t o r s  f o r  which t h e  

Cobb-Douglas technology was r e j e c t e d :  s p i n n i n g ,  weaving, and f i n i s h i n g  

p rocedures ,  and d e p r e c i a t i o n  r a t e s )  l e a d s  t o  a n  unde re s t ima t ion  of t h e  
c a p i t a l  f a c t o r  of t h e  o l d e r  e s t a b l i s h m e n t s ,  thereby .  e x a g g e r a t i n g  t h e i r  
t e c h n i c a l  e f f i c i e n c y .  However, t h e  u s e  of a n  a v a i l a b l e  a l t e r n a t i v e  
measure would no t  g r e a t l y  a f f e c t  our  r e s u l t s .  Mel le r  (1976) used a  f low 
measure of c a p i t a l  s e r v i c e s  i n s t e a d  of t h e  v a l u e  of t h e  s t o c k .  The 
c a p i t a l  s e r v i c e  v a r i a b l e  was d e f i n e d  a s  K - .10 $ + .03 KB + .20 KV + .10 
($ + Kg + I$, + KI), where I$.,, Kg, I$,, and KI a r e  t h e  book v a l u e s  of 
machinery,  b u i l d i n g s ,  v e h i c l e s ,  and i n v e n t o r y  goods. Geometr ic  dep rec i a -  
t i o n  r a t e s  of . lo ,  .03, and .20 were used f o r  machinery.  b u i l d i n g s .  and 

- i i ~ - - - ~ ,  u i ~ u  u - r  ~ C L L C L L L  L C U A  A I I L C L C ~ L  ~ U L L  UC1.d UbCU db Li l t? C U b L  U L  

c a p i t a l .  The s imple  c o r r e l a t i o n  between t h e  c a p i t a l  s e r v i c e  measure and 
t h e  book v a l u e  of machinery peasu re  was above .95 i n  s i x t e e n  o u t  of t h e  
tventy-one i n d u s t r i a l  s e c t o r s  cons ide red  i n  t h a t  s t u d y ,  w i t h  t h e  s m a l l e s t  
c o r r e l a t i o n  c o e f f i c i e n t  be ing  7 8 2 3 .  S i m i l a r  h igh  c o r r e l a t i o n  c o e f f i c i e n t s  
v e r e  o b t a i n e d  wi th  s t a n d a r d  a l t e r n a t i v e  c a p i t a l  measures l i k e  e l e c t r i c i t y  
consumed by t h e  e s t a b l i s h m e n t  measured i n  k i l o w a t t  hou r s  and i n s t a l l e d  
c a p a c i t y  of  t h e  product ion  mach ine r j  measured i n  horsepower. 



t e x t i l e s  (3211);  s a v P i l l s ,  p l a n i n g ,  and o t h e r  wood d l l s  (3311); p r i n t i n g ,  

p u b l i s h i n g ,  and all ied i n d u s t i e s  (3420);  f u r n i t u r e  and f i x t u r e s  p r i m a r i l y  o f  

me ta l  (3812); s p e c i a l  i n d u s t r i a l  machinery (3824);  and machinery and equipment 

no t  e l s ewhere  c l a s s i f i e d  (3829). For  t h e s e  s i x  s e c t o r s  t h e  d a t a  i n d i c a t e  t h a t  

a  CRTS t r a n s l o g  f u n c t i o n  is  a p p r o p r i a t e .  F i n a l l y ,  f o r  t h e  t h r e e  s e c t o r s  f o r  

which t h e  CRTS h y p o t h e s i s  was r e j e c t e d ,  tests were performed f o r  a  Cobb- 

Douglas non CRTS technology.  I n  a l l  t h r e e  cases t h e  n u l l  h y p o t h e s i s  could  n o t  

be r e j e c t e d  a t  t h e  12 s i g n i f i c a n c e  l e v e l .  

For t h e  r e s u l t s  r e p o r t e d  h e r e ,  we have r e l i e d  on a CRTS Cobb-Douglas 

f u n c t i o n a l  form. Thus f o r  our  d a t a  s e t ,  w i t h  t h e  few e x c e p t i o n s  mentioned 

above,  t h e  Cobb-Douglas technology p rov ides  a n  a p p r o p r i a t e  r e p r e s e n t a t i o n  of 

t h e  "average" s e c t o r a l  p roduc t ion  f u n c t i o n .  

A f i n a l  i s s u e  is t h e  proper  measurement of t h e  o u t p u t  v a r i a b l e  i n  t h e  

p roduc t ion  f u n c t i o n .  I f  i t  is b e l i e v e d  t h a t  t h e  proper  d e f i n i t i o n  should  be  

a t  world p r i c e s  and i f  t h e r e  is a  s y s t e m a t i c  v a r i a t i o n  i n  p r o t e c t i o n  a c r o s s  

f i r m s  w i t h i n  a  s e c t o r ,  t h e n  t h e  e s t i m a t e d  c o e f f i c i e n t s  w i l l  be b i a s e d .  

Appendix I1 d e r i v e s  t h e  b i a s  f o r  t h e  Cobb-Douglas case .  

We b r i e f l y  i l l u s t r a t e  o u r  e s t i m a t i o n  procedure  w i th  t h e  more g e n e r a l  

c a s e  of t h e  stochastic f r o n t i e r  model. The model is  l i n e a r  i n  pa rame te r s  and 

g iven  by: 
. I 

where E - V - u  
Z - v l i d  N (0 ,  a v )  

u  l i d  ha l f -normal  ?or e x p o n e n t i a l  
u  - > O  



and u and v are independently distributed. If the columns of X are exogenous, 
I I 

then the OLSQ estimator B1 of B 1  is BLUE. However, the OLS estimator B O  of 

the constant term is biased. The biases arise from the fact that E(c) # 0. 

By adding and subtracting E(c) to the right hand side of (1). the transformed 

model has a new random error given by c - E(c) and a constant equal 

to B O  + E(c). In this transformed model, the expected value of the error term 

is zero. Therefore OLSQ provides BLU estimates of all coefficients including 

the new constant BO + E(c). A consistent estimate of a0  is given by 

subtracting a consistent estimates of E(c) from the OLSQ estimator 

of B O  + 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 (MI,) 

which yields different results from OLS. As is well-known ML only has 

asymptotic properties. Montecarlo experiments for a similar model (Olson et 

a1 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 COLS estimates 

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

all sectors by COLS. 

. 8 

This section presents efficiency results obtained using both 
- 

determinletic and stoche)tic models. Results will be interpreted both at the 
L - - * 

1/ Ae 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. 



sector and within each Gdigit 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 rcoduction (X). Import competing sectors 

C-X 
are sectors where 0.01 < ( T )  < 0.75 non-import-competing sectors are 

C-X 
sectors where (T) > 0.75. Finally non tradables are sectors where 

C-X 
0 < < 0.01. - 11 

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 is not surprising given the bias against exporting activities of the then 

existing trade regime. - 21 Ae expected, import-competing sectors did not 

appear to be exposed to much foreign competition as indicated by the low 

import penetration ratios in column 5. 

Altogether, *there are 44 G-digit sectors which had 'enough 

observations (i.e., number of establishments) for statistical estimation. As 

5 

11 This claseification is inspired by Krueger, et al. C1981, ch. 1) and Corbo - - 
and Meller (1981). - 

!e 
21 -The biascs of this trade regime are enalyzed in  errm man (1976) and Corbo - 

and Meller (1981). 
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can be seen from column 1 the number of firms per sector ranges from a minimum 

of 19 establishments up to a maximum of 252 establishments. Only establish- 

ments with a minimum of five employees are included in the census. Since 

Heller (1976) found substantial aifferences in technology between establish- 

ments employing less than ten employes and establishment employing more than 

ten employ, we exclude establishments with less than ten employees. Table 2 

gives the measures of efficiency according to the trade classification 

discussed above. 

There are six measures corresponding to four deterministic and two 

stochastic models. Comparing the measures for a given sector (across columns) 

one notes several systemtic differences. 'Among the statistical deterministic 

models, the lowest levels of average efficiency are necessarily those from the 

"distribution free" model (see Appendix I). In all cases the estimates under 

the assumption of a Gamma distribution for the error structure yield higher 

values than those obtained vith an exponential distribution. This is so 

because the differences in 'the estimated expected efficiency is only a 
n 

function of a vhich is estimated by the standard error of the regression). 
n n 

It is easy to shov that for 0 < a < 1 (a > 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 

standgrd error of the regression (vhich is a consistent estimate of the . 
parameter (4) of the Camma distribution (see Appendix I) is less than unity. 

the distribution is at u - 0 (u is the non-negative error corresponding to - 
inefficiency) which in turn implies a distribution of inefjiciency across . 
firms such that most firms are efficient, a result similar to the one found by 
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Richmond f o r  Norwegian n n n u f a c t u r i n g  but  s u r p r i s i n g  f o r  our  sample. Hovever, 
I 

t h e  va lue  o f  a i s  n o t  independent  of t h e  u n i t  o f  measurement of t h e  

independent  v a r i a b l e  s o  t h a t  one cannot  draw any  c o n c l u s i o n s  from t h i s  

comparison. 1/ 

As shown by Schmidt (1976) i n  a  l o g a r i t h m i c  mode l i k e  o u r s ,  t h e  LP 

procedure  i s  e q u i v a l e n t  t o  t h e  d e t e r m i n i s t i c  s t a t i s t i c a l  model w i th  a n  

e x p o n e n t i a l  e r r o r  s t r u c t u r e .  Thus, t h e  d i f f e r e n c e  be tveen  t h e  t v o  measures 

( c o l s  1 and 4 i n  Table  2) can  be vieved as a comparison of two c o n s i s t e n t  

e s t i m a t i o n  methods f o r  t h e  s t a t i s t i c a l  d e t e r m i n i s t i c  f r o n t i e r  (COLS and ML). 

F i n a l l y ,  i n  t h e  s t o c h a s t i c  c a s e ,  expec t ed  e f f i c i e n c y  under  a h a l f -  

normal  assumpt ion  f o r  t h e  e r r o r  s t r u c t u r e  i s  always l o v e r  t h a n  under  t h e  

assumpt ion  of a n  e x p o n e n t i a l  d i s t r i b u t i o n  f o r  t h e .  i n e f f i c i e n c y  e r r o r .  As can  

b e  s een  from Appendix I t h i s  r e s u l t  i s  a l s o  r e l a t e d  t o  t h e  v a l u e  of t h e  

s t a n d a r d  e r r o r  of t h e  r e g r e s s i o n  vh ich  is t h e  o n l y  parameter  t h a t  e n t e r s  i n  

t h e  c a l c u l a t i o n  of t h e  expec t ed  e f f i c i e n c y  i n  b o t h  c a s e s .  

A g e n e r a l  p a t t e r n  of t h e  r e s u l t s  under  a l l  models is a l o v  l e v e l  of  

measured e f f i c i e n c y .  Tab le  3 compares ou r  r e s u l t s  v i t h  t h o s e  o b t a i n e d  by 

o t h e r  a u t h o r s .  That  t a b l e  p r e s e n t s  under  a l t e r n a t i v e  Cobb-Douglas model 

s p e c i f i c a t i o n s ' ,  t h e  minimum and maximum s e c t o r a l  v a l u e s  of '  e f f i c i e n c y .  I n  

g e n e r a l ,  s e c t o r s  v i t h  h igh  e f f i c i e n c y  a r e  t h o s e  producing  t h e  more homogenous 

p roduc t s  and t h e  o p p o s i t e  is  t h e  case f o r  s e c t o r s  v i t h  t h e  l owes t  l e v e l  of 
I , I 

e f f i c i e n c y .  However, though func tLona l  forms a r e  t h e  same, d i r e c t  comparison 

w i t h  o t h e r  s t u d i e s  i s  d i f f i c u l t .  F i r s t  ve have d i f f e r e n t  d e f i n i t i o n s  f o r  t h e  

El/ T h i s  p o i n t  seems t o  have been overlooked i n  t h e l i t e r a t u r e .  See Richmond 
C 

(p. 519) and Forsund e t  a1 (pp. 12-13). - 
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inpu t  and ou tpu t  v a r i a b l e s .  Second our r e s u l t s  a r e  a t  a  much more Gisagdre- 

gated l e v e l  and thus  we a r e  a b l e  t o  c o n t r o l  much b e t t e r  f o r  product 

he te rogene i ty .  

I n  i n t e r p r e t i n g  the  low va lues  of e f f i c i e n c y  f o r  the  d e t e r m i n i s t i c  

s t a t i s t i c a l  and s t o c h a s t i c  models, one should keep i n  mind poss ib le  b i a s e s  i n  

our e s t ima tes .  A s  shown i n  Appendix 11, i f  v a r i a t i o n s  i n  e f f e c t i v e s  r a t e s  of 

p r o t e c t i o n  a c r o s s  f i rms  wi th in  a sec::or a r e  p o s i t i v e l y  (nega t ive ly )  c o r r e l a t e d  

wi th  c a p i t a l  ( l a b o r )  uses then not only w i l l  t h e  e l a s t i c i t y  e s t i m a t e s  be 

bia'sed but the  es t imated va r i ances  of the  e r r o r  w i l l  be upward biased.  In  t h e  

case  of the  exponen t i a l ,  t h i s  w i l l  r e s u l t  i n  a  downward-biased es t ima te  f o r  

the  expected e f f i c i e n c y .  

Another source  of concern is  t h e  s p e c i f i c e t i o n  of t h e  e r r o r  

s t r u c t u r e .  As can be seen from Table 2, we could not compute the  s t o c h a s t i c  

half-normal f r o n t i e r  i n  25 out  of 43 cases  and t h e  s t o c h a s t i c  exponen t i a l  i n  

23 out  of 43 cases .  - 1/ As expla ined i n  t h e  appendix,  t h i s  r e s u l t  a r o s e  

because, f o r  t h e  remaining s e c t o r s ,  the  sample e s t i m a t e  of the  t h i r d  moment of 

the  composite e r r o r  had t h e  wrong s ign.  In  that case  t h e  es t imated va r i ance  

of u  is  negat ive  and the  e s t i m a t i o n  procedure c o l l a p s e s .  This corresponds t o  

the  "type I e r r o r "  (see  Olson e t  a l . ,  1980, p. 70) and is  l i k e l y  t o  occur when 

X + 0 i .e . ,  when most of the  var iance  on the  f r o n t i e r  is  due t o  randomness 

r a t h e r  than i n e f f i c i e n c y .  Since  the  mode of t h e  half-normal (and exponen- 
. I L 

t i a l )  d i s t r i b u t i o n s  desc r ib ing  t h e  i n e f f i c i e n c y  s t r u c t u r e  i s  a l s o  a t  u  = 0, 

1/ I n  the  h a l f  normal case ,  f o r  two s e c t o r s  (3811 and 381>), the  es t imated - 
var iance  of the  two r ided e r r o r  turned out negat ive .  (*s corresponds t o  
t h e  type I1 e r r o r  i n  Olson e t  a l . ,  1980, p. 70.) 



(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 sectors in the whole economy. - 
In turn, the most efficient s2ct?r, 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 fcotwear 

which had one of the lowest effective protection rates in the import competing 

sector (18%). The most inefftcient sectors were wine industries (half normal) 

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 their products have an effective protective rate ellghtly below the median 

(64%) but is the fifth most concentrated sector in manufacturing (see column 

6, Table 1). 
. I 

VI. COMPARISON OF ALTERNATIVE KEASURES 

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

practitioner=is the sensitivity of results to model selection including the * - 
- 

1/ Corbo and Meller (1981 p. 96). - 



se1ecti.m of functional form for the average production frontier. Yet, for a 

given functional form, an empirical issue remains: how sensitive are the 

resulting measures of technical efficiency to the selection of error structure 

and to the specific characteristics of the distribution of the error term? 

This is an empirical issue over which there is so far little evidence to draw 

upon. Two cmparative studies are available. One by Van den Broeck et a1 

(1980) is a comparison for a panel of 28 Swedish dairy plants of the 

programming, statistical and stochastic approaches. The other by Kopp and 

Smith (1982) compares alternative formulations of the production function 

(Cobb-Douglas, CES and translog) along with the same three approaches on a 

cross-section of 43 steam electric generating plants.' Although these papers 

are a contribution towards a better understanding of technology and efficiency 

in the specif1.c sectors studied, they are too limited in coverage to be useful 

for assessing whet>er the measures of inefficiency are sensitive to the'selec- 

tion of computational method. Our census data set is the most appropriate for 

such an .?valuation. 

We investigate the correlation among the df.fferent measures, using 

both Pearson and Spearman correlation coefficients. The results are reported 

in ~ a b l e s  4, 5 and 6. Table 4 gives the correlations across sectors while 

Tabies 5 and 6 give the correlations across measur,es at the establishment 

level within each sector. Consider first the correlations across sectors. 

'i 
correlation coefficients are numericalfy very close to m e .  This leads to the - - 
first conclusion: there is little tQbe gained in a cross-sector comparison 

I 

by choosing between a half-normal and an exponential error structure for the 

inefficiency component of the composite error. The same conclusion carries 



Table 4: 

Correlation Among Sectoral Efficiency Estimates 1_/, 2 

W L ?  1.00000 0.81391 0.40982 0.44589 0.05891 -0.14242 
0.0000 0.0001 0.0070 0.0031 .0.8164 0.5492 

42 42 4 2 42 10 2 0 
tF$FR 0.81391 ' 1.00000 0.53542 0.56309 t.43547 0.16280 

Q.0001 0.0000 0.0002 0.0031 0.05)5 0.4929 
4 2 4 3 4 3 43 18 2 0 

fF8O* 0.40982 0.53542 1.00000 0.98511, 0.45912. 0.35700 
0.0070 .0.0001 0.0000 0.0001 OeOSS3, 0.1279 

4 2 43 43 43 10 2 0 
fFSEX 0.44589 0.56309 0.98511 1.00000 0.Z0905 0.41240 

0.0031 0.0001 0.0001 0.0000 0.0310 0.0707 
4 2 43 43 4 3 18 . 20 

ftCHN 0.05891 0.45547 0.45912 0.3C905 1.00000 0.99925 
0.8164 0.0575 0eOSf3 0.031b 0.000C 3.0001 

18 18 10 . 11 18 19 
EFCEX -0.14242 0.1b713 0,35508 0.41246 0.99975 1.00030 

0.5492 0.4929 0.1299 0.0207 0.0001 O.GCOO 
20 2 0 20 20 18 20 - 

a t d 7 1 s t 1 ~ r ~  ~ M ~ L Y S I S  s r a t t n  
S?FlRUAN CORRELITION COEFFICXEMiS I FROB > IRI UWDLR H3:RHU.3 / NUMSER OF 0 3 S E B V A T f O h B  

WL) ffSFR EFSG* CFSEX EFCHH ff CEX 

CFLP 1.00000 0.81'738 0.4S747 0.445?3 0.207S4 -0.09474 
0.0000 0.0001 0.0026 0.0031 0.4086 0.6912 

4 2 42 42 42 18 2 3 
WSFR ' 0.8?778 1.00000 0.55981 O.SSSV5 0.46051 0.17143 

0.0001 0.0003 O.ObOl 0.0061 0.0545 0.46P9 
4 2 4 3 43 43 18 20 

tts~n 0.4~247 o.ssai i.ooooo 0.99~40 0.44444 o.401:6 
o.oo:r 0.0001 0.0~00 0.030: 0.0646 0.0789 

4 2 43 43 43 18 2 0 
t?SfX 0.44tS3 0.S5095 Cot9160 10000?3 0044L2S 0.41761 

0.0031 0*0001 0.530: , 3.0009 0.0641 0.06+V 
4: 43 43 4 3 10 2 0 

EFCHII 0.207S4 0.460S1 0.44444 0.44525 1.00000 0.99943 
0.4081 0.0S45 0.0646 C.0641 O.;O3C 0.00Cl 

18 18 1 e IS 18 18 
ECCEX -0.09474 0.17143~*0~40196 0.41761 0.99948 1.00000 

0.4912 0.46tC 0.6789 0.3119 0.0001 0.0033 
20 20 7 0 20 18 20 

- - - 
w * 

11 The measures 'appear in the same order as in Table 2 columns 1-6. - 
Definitions of efficiency appear in Appendix 1. 

21 The figur,?s under the correlation coefficients are the significance levels - 
for the test that the population value of the respective coefficient is 
equal to zero and the number of observations used in the computation of 
the correlation coefficients. 
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Table 5: Perrron Correlation Among F '  

the onea m t  omput.6 u e  b c r u w  the thlrd n e n t  h a  the w o n 9  dgn. 

lr LP (Al) 
2: D.termlnimtic Exponential 
3: Stochartic Malt-Normal - (Ab) 
4: Stochrrtic txpon*ntirl (A7) 

ex: r12 ir the correlation ktveen the LP'md detrrminirtic exponentirl firm 

mffieiency indexem computed for tb correrponding rrctor in coluw 1. 

--: Not computed kcauae u j  7 0. 

1/ I(raaures refer to equation numb*ra in Appendix 1. - 
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- 27 - 

Table 6: Spearman Rnnk Correlation among Firms v i th in  a S e c t o r ~ l  - 

11 LP 
21  Daterminietic Exponential 
31 S t o c h e t i c  Half-Norul 
4: Stochastic Exponential 

-R 

3111 
3112 
31 13 
31 14 
3115 
31 11 
31 19 
3121 
3131 
3132 
321 1 
3212 
3213 
3220 
3231 
3233 
3240 
3311 
3312 
341 1 
3420 
351 1 
3521 
3522 
3523 
3529 
3559 
3560 
3G2O 
3693 
3710 
381 1 
3812 
3813 
3814 
1815 
3819 
3822 

3824 
3829. * 
3839 
384 1 
3843 

A . r l  uur*  

'-'I Not computed because y j  > 0. 

11 lor  def ini t ioni .  eee  Table 5. - 
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rl2 

0.8411 
0.9254 
0.8289 
0.7186 
0.8227 
0.6357 
0.7473 
0.7063 
0.6570 
0.9720 
0.4687 
0.5417 
0.9082 
0.9117 
0.7209 
0.6888 
0.7788 
0.9344 
0.7813 
0.4482 
0.8828 
0.6486 
0.9211 
0.7087 
0.7546 
0.8660 
0.6623 
0.8447 
0.8870 
0.6477 
0.1385 
0.9117 
0.8377 
0 8860 
0.8592 
0.7719 
0.6875 

0.6359 
0.9174 
0.6855 
0.6538 
4.4502 
0.1050 

~ I L  --  . 

'13 

0.8411 
0.9254 - 
0.1186 - - 
0.7473 - 
0.6570 
0.9120 - - 
0.9083 
0.9111 - 
0.6888 - 
0.9344 - 
. - - - 
0.9211 - 
0.7546 - 
0.6623 - 
0.8870 - 
0.1385 

- - 
0.8592 - - 
0.6359 
0.9174 - - - - 

r14 

0.8409 
0.9257 
0.8289 
0.7186 - - 
0.6812 - 
0.6551 
0.9720 - - 
0.9082 
0.9118 - 
0.6679 - 
0.9344 - - - - 
0.9201 - 
0.7546 - 
0.6623 - 
0.8873 - 
0.7376 
0.91 17 - - 
0.8592 
0.7119 - 
0.6359 
0.9174 - - - - 

r23 

. 1.0 
1.0 - 
1.0 - - 
1.0 - 

. 1.0 
1.0 - - 
1.0 
1.0 - 
1.0 - 
1.0 - - - - 
1.0 - 
1.0 - 
1 .O - 
1.0 - 
1.0 - - - 
1.0 - - 
1 .O 
1.0 - - - - 

- I  ----c 

=24 

1.0 
0.99 
1 .O 
1.0 - - 

0.8242 - 
0.9992 

1 .O - - 
1.0 
1.0 - 

0.9813 - 
1 .O - - - - 

0.9998 - 
. 1.0 - 

1.0 - 
0.9999 - 

1.0 
1.0 - - 
1.0 
1.0 - 
1 .O 
1 .O - - - - 

ho. *ha 

=a4 

1.0 
0.99 - 
1 .O - - 

0.8042 - 
0.9992 

1 .O - - 
1.0 
1.0 - 

0.9813 - 
1.0 - - - - 

0.9998 - 
1.0 - 
1.0 - 

0.9999 - 
1.0 - - - 
1.0 - - 
1 .O 
1 .O - - - - 

uronq u q n .  

N.Ob8. 

100 
46 
3 2 
37 
34 
293 ' 

26 
39 
2 5 
70 
232 
2 2 
145 
239 
51 
3 0 
138 
252 
27 
19 
149 
3 2 
25 
4 5 
5 2 
31 
24 
71 
3 2 
39 
4 2 
2 6 
41 
76 
56 
3 1 
30 

3 0 
19 
89 
19 
19 
13 



over to the comparison between the Gamma (EFGA) and exponential (EFEX) error 

etructuree for the statistical frontiere. 

Comparing the statistical and stochastic models indicates that 

although the correlation coefficients are etatistically different from zero 

(approximately 5% significance level), they are only around 0.5. Therefore, a 

eecond conclusion is that in a crose-sector comparison of efficiency levels, 

the results are sensitive to the choice between a statistical deterministic 

and a etochastic frontier. 

Within the deterministic frontiers, there is a high correlation 

between the LP and the "dietribution-free' statistical measures. Although 

both meaeures are the only ones in the set that force all observations to be 

below the frontier, one should note that while the "dietribution free" 

frontier differs from the other statistical and stochastic 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 be 

gained in chooeing between alternative full frontier models. Thus, for the 

error structures usually considered in the literature, the main choice to be 

made is between a full frontier and a etochaetic frontier approach. 

Turning to the results within eectore, Table 5 gives the Peareon 

correlation between all pairs of efficiency measures at the establishment 
L . I 

level. The selected measuree are: LP, deterministic exponential, etochastic 

half-normal and etochaetic exponential. With a couple of exceptione, the 

highest correlation is between the! two etochaetic measures (r34), con£ irming 

the reeulte from the croee-eector fomparieons in Table 4. In the same vein, * 
the correlation between the etatifiical exponential and the two stochastic 

measuree (t23 and t24) are fairly similar and quite high. 
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As mentioned e a r l i e r ,  t h e  comparison of t h e  LP and t h e  s t a t i s t i c a l  

e x p o n e n t i a l  r e s u l t s  is i n  f a c t  a comparison of two a l t e r n a t i v e  methods o f  

e s t i m a t i n g  a s t a t i s t i c a l  e x p o n e n t i a l  f r o n t i e r  w i t h  t h e  LP method co r r e spond ing  

t o  ML e s t i m a t i o n  (Schmidt,  1976). With a few e x c e p t i o n s ,  t h e  c o r r e l a t i o n s  are 

a l v a y s  above 0.5 and,  a s  expec t ed ,  a r e  u s u a l l y  h i g h e r  f o r  s e c , t o r s  w i th  t h e  

l a r g e s t  number of o b s e r v a t i o n s  s i n c e  ML- h a s  o n l y  d e s i r a b l e  a s v m p t o t i c  

p r o p e r t i e s .  

The r e s u l t s  f o r  t h e  r ank  c o r r e l a t i o n s  among t h e  same p a i r s  of  

measures a p p e a r  i n  Table  6- The most s u r p r i s i n g  r e s u l t  is t h a t  t h e  

s t a t i s t i c a l  e x p o n e n t i a l  and t h e  s t o c h a s t i c  half-normal  measures a r e  rank- 

p r e s e r v i n g  f o r  eve ry  s e c t o r .  I n  f a c t ,  r ank -p re se rva t ion  p r a c t i c a l l y  h o l d s  f o r  

a l l  t h e  s t a t i s t i c a l  and s t o c h a s t i c  measures. Only f o r  t h e  LP measure can  one 

say  t h a t  r ank -p re se rva t ion  does  not  ho ld  i n  s p i t e  of g e n e r a l l y  h igh  r a n k  

c o r r e l a t i o n s .  

The g e n e r a l  p a t t e r n  of  rank  c o r r e l a t i o n s  i s  h igh  a c r o s s  measures 

s u g g e s t i n g  t h a t  t h e  cho ice  of  t h e  p a t t e r n  of e r r o r s  does  no t  impinge much on a 

r ank ing  of f i r m  e f f i c i e n c y  v i t h i n  a  s e c t o r .  Taken t o g e t h e r ,  t h e  r e s u l t s  i n  

Tab le s  4, 5 and 6 s u g g e s t  t h a t  t h e  d i f f e r e n t  t e chn iques  f o r  measuring 

t e c h n i c a l  e f f i c i e n c y  b road ly  s i m i l a r  r e s u l t s ,  a t  l e a s t  f o r  ou r  c h o i c e  of 

f u n c t i o n a l  form. 11 - 

11 P r e l i m i n a r y  r e s u l t s  of vork  i n  p rog re s s  sugges t  t h a t  t h e  above c o n c l u s i ~ n  - 
a l s o  h o l d s  f o r  a l t e r n a t i v e  f u n c t i o n a l  forms. 
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VII. CONCLUSIONS 

The purpose of this paper was to provide some guidance on the effect 

of alternative frontier model specifications on the measurement of technical 

efficiency. As stated in the introduction, the only systematic comparisons 

available so far were undertaken with extremely small and limited data sets. 

The alternatives considered in the paper included parametric full frontier 

models (linear programming and statistical deterministic) and stochastic 

models. For the 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 

employing more than tea vorkers in the 1967 Chilean manufacturing census 

giving rise to estimation over 43 manufacturing sectors classified at the four 

digit ISIC level. The model comparisons indicated that the choice of error 

structures proposed in the literature has a very small impact on the 

measurement of inefficiency. Hovever, in a cross-sector comparison of 

efficiency, results are sensitive to the selection betveen statistical and 

stochastic formulations. And, vithin the full frontier models, the linear 

programming and statistical models. yield highly correlated measures of 

technical efficiency. Finally, a high correlation across measures for firm- 

level efficiency estimates vithin sectors confirms the generaJ results from 

our conparisone: namely that the different approaches to measuring technical 

- - .  . . .  . . . , . . 7 .  

Another important finding is that, in contrast to other studies, we - 
found that approximately half of the sectors Bonsidered 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. 



APPENDIX I: ESTLMATION OF PRODUCTION FRONTIERS 

This  appendix p r e s e n t s  the  t h r e e  models e s t ima ted  i n  the  main body of the  

paper. It a l s o  g'rves t h e  formulas f o r  the  e f f i c i e n c y  measures presented i n  

t h e  t e x t .  

Model 1: Dete rmin i s t i c  F u l l  F r o n t i e r  

The model is given by: y  = f (x)eeu;  U> - 0  where f ( x )  is Cobb-Douglas i n  n 

f a c t o r  inputs .  

A f t e r  t ak ing  logar i thms,  we have f o r  the  jth obse rva t ion  ln f  ( x )  = 80  + mi$); 

The programming method f o r  e s t i m a t i n g  the  f r o n t i e r  c o n s i s t s  of :  

m 
Minimize & C u C  

j-1 1 

n A n 

Subject  to: + BIXll  + ... BnXnl - > yl 

n n n A 

and where: u, Bo  + B1Xij + B n n  - Y -1 

The es t ima t ion  y i e l d s  an e s t i m a t e  [BO 9 . Bn] f o r  [BO - Bn]* See Aigner and 
- 

Chu (1968) and Timmer (1971). - 



E f f i c i e n c y  Indexes  

The e f f i c i e n c y  index  of  f i r m  j, E,, i s  g iven  by: 

where Y = B O + C B  X 
J i i i J  

and t h e  sec to r ' s  weighted ave rage  e f f i c i e n c y  index  is  given by: 

EFLP = I34 E 
J J  

where 

Model 2: S t a t i s t i c a l  F r o n t i e r  

Model: y  = f  ( ~ ) e - ~  u > o  - 

The model t o  be e s t ima ted  i e  l i n e a r  i n  parameters  and is given  by: 

Y = B O +  XB-l - U ,  where Y = Iny ,  X = [ I  Eml, ... I a n ]  

and 

and X is independent  of u  

Case (a) u  is i i d  from t h e  one parameter  Gamma d i s t r i b u t i o n  - - 
((- )exp (-u ) 8 ( u i  0 ' U 

* - 
f o r  which E(u) I 4 ,  v a r ( u )  I + 



Case (b): u  i s  i i d  from t h e  e x p o n e n t i a l  d i s t r i b u t i o n  of 

g (u ,  4) = 1 / 4  exp  (-u/4) 

f o r  vh i ch  E(u) = 4; v a r  (u )  = 4 2 

E f f i c i e n c y  Indexes  

E - y j  / exp (Y ) - exp (-u ) J J J 

where Y is o b t a i n e d  u s i n g  t h e  COLS e s t i m a t o r  d e s c r i b e d  below and u is  t h e  
J J 

r e s i d u a l  from t h e  COLS e s t i m a t o r .  The COLS unb ia sed  e s t i m a t o r  of B O  is g iven  

by: 

A 

where B O  is t h e  OLS e s t i m a t o r  of Boa 

A c o n s i s t e n t  e s t i m a t e  f o r  E(u) i s  d e r i v e d  from t h e  cho ice  of t h e  d i s t r i b u t i o n  

f u n c t i o n  f o r  u. Two e f f i c i e n c y  indexes  can be d e f i n e d .  The f i r s t  measure is  

t h e  ave rage  e f f i c i e n c y  index  computed a t  t h e  p o i n t  of  means: 

- 
A .  - exp Y = e -E(u) 

exp  (3 + E(u) ] 

- 
F i g u r e s  ob t a ined  from t h i s  measure a r e 9 o t  r e p o r t e d  i n  t h e  paper  s i n c e  the:. 

a r e  very  c l o s e  t o  t h e  v a l u e s  ob t a ined  from t h e  expec ted  e f f i c i e n c y  measure 

p re sen ted  below. 



The second measure i s  t h e  expected e f f i c i e n c y  of t h e  s e c t o r .  It is obta ined 

by aggrega t ing  over f i r m s  and i s  given by: 
I 

2  f o r  t h e  Gamma c a s e  (EFSGA) 

E (eeU) = 
-1 f o r  t h e  exponen t i a l  case  (EFSEX) 

(1 + a)  

I 

Where a is  t h e  s t andard  e r r o r  of the  OLS r e g r e s s i o n .  

It should be noted t h a t  some o b s e r v a t i o n s  may l i e  above the  f r o n t i e r  which is 

troublesome when computing e f f i c i e n c y  a t  t h e  f i r m  l e v e l .  The only  way t o  

guarantee  t h a t  a l l  obse rva t ions  l i e  under t h e  f r o n t i e r  is t o  app ly  t h e  

c o n s i s t e n t  e s t i m a t e  f o r  B O  proposed by Greene (1980, pp. 31-34). 

I 

A I I 

Bo = Bo + max c (ui)  c 

The use of t h i s  c o r r e c t i o n  f a c t o r ,  a l though  i t  a f f e c t s  t h e  measure of 

e f f i c i e n c y  f o r  i n d i v i d u a l  e s t ab l i shment s ,  i t  does not  a f f e c t  t h e  computation 
I 

of expected e f f i c i e n ~ y  s i n c e  i t  does not  a l t e r  t h e  value  of a. Although 

c o n s i s t e n t ,  t h i s  e s t i m a t o r  is  d i f f e r e n t  from t h e  COLS e s t i m a t o r  

of B d i scussed  above. , 0  

I n  t h i s  case,,  a  " d i s t r i b u t i o n  f r e e "  measure of average  e f f i c i e n c y  computed a t  

the  point  of means i e  given by: 

i - 
i EFSPR = exp Y 

* 

exp (I+ l a x  c (u i )  c 1 

This  is t h e  measure r epor ted  i n  Table 2, c o l .  2. 



Model 3: Stochastic Frontier 

Model: y - f(x) eru 

After taking logs, the model is linear in parameters and given by: 

Y - B0 + + E 

v ' iid 
L 

where E - V - u  N (0, a v) 

u > o  - u ' iid half-normal, exponential (or Gamma), . 
u and v independently distributed. 

n 

As before, is unbiased and efficient and an unbiased estimator of $ 0 is 

given by: 

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

Estimation of E(u), aU, uV relies on the observation that the moments of the 

distribution of E - v - u can be expressed in terms of the moment of the 

distribution describing u and v and of the property that the nomeits of c can 

be estimated consistently from the moments of the OLS residuals. - 11 However 

2 
11 Since v ' N (0, uV), the - second and third central momen:s of the 

distribution of c are given by: . I 

* 
Replacing. u i  and u j  by t h d r  estimates from the OLS residuals and 

replacing moments by the relevant parameters yields the desired estimates. 



- 
it may either turn out that the estimate of (which is always negative) 

has the vrong sign or that i2 - i2 - i2 < 0. 1 Either ocurrence, raises 
v C u - - 

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

structure. 

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

are : 

Distribution of u 

Half Normal Exponential 

Notation (EFCHN) ( EFCEX) 

Finally, to compare'levels of efficiency &crr,ss observations, one form; the 

conditional distribution of ui given ei, f(u /C ): 
i I. 

1/ See O 1 ~ 3 n  et a1 (1980, p. 70), Schmidt and Love11 (1976, p .  351). - 



and use the mean of this distribution as a point estimate of u. 

As derived by Jotdrow et a1 (1982). the measure of firm efficiency based on 

the means are given by: 

A 

where E~ are the residuals of the COLS regression a a 2  = aU A 2  + i2 and thr- other 

parameters take the values given by the estimatzs discussed above. The 

estimates in the text use the mean of the conditional distribution of ui 

given E as a p i n t  estimate of ui. 
.C 



APPENDIX 11: 

THE IEASIIWIENT OF EFFICIENCY UNDER A PROTECTED TRADE RECLYE 

One of the difficulties with the estimation of efficiency within a sector is 

the existence of a differtntiated 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: 

whereas the correct model is: 

Where Q' is value added at international prices. 
i 

Under prctection, value added at domestic prices is given by: . I 

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. 



vhere  ERPi is t h e  e f f e c t i v e  r a t e  of p r o t e c t i o n  f o r  s e c t o r  is and s u p e r s c r i p t s  

D and I r e f e r  t o  v a l u a t i o n  a t  domest ic  and world p r i c e s  r e spec t i vey .  

From t h e  above equa t i on  ve  ob t a in :  

Replacing i n  t he  c o r r e c t  model of equa t i on  ( 2 )  ve o b t a i n  t he  f o l l o v i n g  model: 

Thus i n  equa t i on  (1)  ve have l e f t  oixt t h e  v a r i a b l e  (l+ERPi). The i m p l i c a t i o n  

of t h i s  s p e c i f i c a t i o n  e r r o r  (Maddala pp. 459-460) is t h a t :  

Where P42 and P43 a r e  t he  c o e f f i c i e n t s  of ln% and lnLi r e s p e c t i v e l y  i n  t h e  

a u x i l i a r y  l i n e a r  r e g r e s s i o n  of ln(l+ERPi) on a  c o n s t a n t ,  l n% and lnLi. 
L . I 

If ln(l+ERPl) and lnKt( l$Ll)  a r e  p o s i t i v e l y  ( n e g a t i v e l y )  a s s o c i a t e d  a s  ha s  

- iJ u s u a l l y  been found, t h a  P42 3 0, P13 < 0 and 0 i s  upward b i a sed  (iU i s  - 
d o ~ v a r d  b iased) .  - 

b - 



- 2 2 
Furthemore E[O > 0 . Where O 2  = v(v)+V(u) and i2  is an 'es t imator  of the  D 

variance obtained from model 1 .  

Therefore,  the es t imator  of the variance obtained from the "wrong"mode1 i s  

upward b iased .  
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